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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 

Sm for TYpe 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 condLitions are evaluated. The worst-case stresses from these analyses 

are presented in Section 2.6.12.4.  

2.6.12.2 Finite Element Model Description - PWR Canister 

To evaluate the PWR Transportable Storage Canister for normal conditions of transport, ANSYS 

is used to construct and ana.',ze 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) 

elements. The model represents a one-half (180') section of the canister and fuel basket. The 

basket support disks are modelled with three-dimensional shell (SHELL63) elements. The model 

uses gap-spring elements to s:imulate contact between adjacent components. Interaction between 
the basket and canister is acccmplished by using three-dimensional gap elements (CONTAC52) 

along the periphery of the support disks. Contact between the canister and the cask inner shell is 

also modeled by using CONTAC52 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 spacef ring is accomplished by using a ring of COMBIN40 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, CONTAC52 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 CONTAC52 gaps are determined from the nominal dimensions of 

contacting components. The COMBIN40 elements used between the structural and shield lids 

and for the spacer ring are assigned small gap sizes of 1(10)-8 in. All gap-spring elements are 

assigned a stiffness of 1(10 8) lb/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 is 

transferred to the canister end and directly to the transport cask end through the cavity spacer.  

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

model. Thie anistersheeJ is designed to be flush with the top surface of the structural lidy!withthe 

worse case tol erance- stack-up... This .ensures that the content weight will be transferrdjthr-o'ugh 

the lidsto th' transport cask _durinR a to end or top corner drop condition. 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 modeled contents weight includes 37,080 lb for all fuel assemblies (24 Class I PWR fuel 
assemblies), the fuel tube weight (3,417 Ib), the aluminum heat transfer disk weight (1,946 Ib), 
the disk spacer weight (1,879 1b), and the tie rod and nut ;nd washer weights (783 + 94 Ib), The 
weight of the support disks and weldments is accounted for by their being physically modeled.  
The PWVTR C!ass_ 10 conffiguration results in the largest load per support disk. The modeled 
canister length is 173.75 inches.  

For the side and corner-drops, the weights of the fuel assemblies (Wf,-),. aluminum heat transfer 
disks- (Wht disj,), fuel tubes (ýWtbes), tie rods (Wr,,), nuts/washers (W,,,), and spacers (Wpacers,) 
are included in the model by applying a pre~ssure load (F to the slot openings of the modeled
supportlweldment disks. This, pressure load is calculated according tothe following equation: 

Fr fuel + Whbdi~kS +WtVlbC + Wrods Wrntis+ Wspacers XgC S: : INsii ! slotý x w ,,xNdi~k.  

where, 

=number of slot openings in each support/weidment disk, 
=width of each slot opening in each support/weldment disk, 

Nd... number of support/weldment disks, and 
gthe associ.. .. ed . -loadin.. for the drop height 

For basket orientations other than 00• the components of this resulting pressure load are appi•e• 
to two faces of the slot operung. Additionally, for the coner-drops, the component resulting 
fro m accco +unting for. the drop angle is used as- the pressure load on the disk slot openings, For the 
PWR ca-isterý dropiaaly6ses, x:ih.24_slot opeings,I a slot opening w'idth of 9.272 inches, and'a 

total of-34 support/weldent disks (32 suppdisksisks and2 weldment disks); the resu1tin-'base 

pressure. load-us[edis: 

37,080 + 1,946 + ,417 +783 +94 + 1,879 
Fco= = g5.974×g F,01 24x, 9.272 x 34 

For the *e enddrp Wa uniffi• p:e§ssure representing theotlalwteigg .f, aandfue!Tbasket 
(52,369 lb) is applied to the' caster& shield lid (for top) end-drdp) or canister bottom 6 iatdJ~&
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Figure 2.6.12.2-4 Canister Bottom Plate Finite Element Mesh

x
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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 (CONTAC52) 

Radial Gaps from Canister Side to Cask Shell (CONTAC52) 

Axial Gaps from Structural Lid Top to Cask Shell (CONTAC52) 

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 (CONTAC52) 

Axial Gaps Between Shield Lid and Canister Wall to Simulate Spacer 

_Rng (COMBIN40) 

Radial Gaps Between Basket and Canister Inner Surface (CONTAC52)

Table 2.6.12.2-2 Material Definition - Canister Model

2.6-128

Component Material 

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

Top and Bottorn 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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Real Constant Sets Defined in Canister Model

1 
2-9 

10-11 
12-13 

100 
200 
300 
400 
500 
600 
700 

800

I.

ComponentReal Constant Set

___________ L
Canister Bottom Plate (SOLTD45) 
Canister Shell (SOL]1D45)
Shield Lid (SOLID45) 
Structural Lid (SOL1D45) 

Axial Gaps from Canister Bottom Plate to Cask Shell (CONTAC52) 

Radial Gaps from Canister Side to Cask Shell (CONTAC52) 

Axial Gaps from Structural Lid Top to Cask Shell (CONTAC52)

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 (CONTAC52) 

Axial Gaps Between Shield Lid and Canister Wall to Simulate Spacer Ring 

(COMBIN40) 
Radial Gaps Between Basket and Canister Inner Surface (CONTAC52) 

Intermediate Basket Thickness Real Constant 
End Basket Thickness Real Constant 
Weak Spring Real Constant

1000 
1100 
1200

Table 2.6.14.2-2 Material Sets Defined in Canister Model
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Material Component Material 

Property Set 

1 Canister Shell and Structural 304L Stainless Steel; ASME SA240 

Lid 

Top and Bottom End Basket 304 Stainless Steel; ASME SA240 

Disk 

3 Shield Lid 304 Stainless Steel; ASME SA240 

4 Support disk ASMIE SA-533, Type B Class 2 
Carbon Steel

I

I Canister 

Bottom Plate (SOLID45) 

Canister 

Shell (SOLID45)

I
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2.6.14.3 Thermal Expansion and Thermal Stress Evaluation of Canister for BWR Fuel 

A thermal stress evaluation is performed by using ANSYS to determine the differential thermal 

expansion and the associated trhermal 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 10° 0 F Yes Yes 
2 -40 0F No Yes 
3 -40 0F No No 

The temperatures employed in the thermal stress analysis are obtained by applying temperatures 

at 36 key locations on the can ister 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 model 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 

w ith 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 III, 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 then.-nal 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 is 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 comer, bottom comer, 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. Aninteral pressure of 150 PSig is applied in the finite ele t 

models to produce the bounding critical stress condition in conjunction with the other loads 

previously discussed. Eighty _aW.O) psig is.9i-sed in the cask-closuire analysis. As ýh~oyv JnJable 
2.7.3.1-4,1 a pressue of 80 Psig cnseratively exceeds the maximum calculated internal 

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

The following method and assumptions are adopted in all the drop analyses:
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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 lb (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 
inner 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 Fuel tddlgl i igEvaluation 

Regulatory Guide 7.9 [41] requires that analysis or test data be provided showing that the 

structural integrity of the fuel rod cladding justifies the amount of integrity claimed. An 

asesetffulrdbd The bondn4 iload conditi~on for the assessment of 

fuehipNdd bucklinFg is th en pd f nton:. The end 2i .maimizes not only the 

axial force coppionent that would bael• the fuel d t it is also the orientation that has the 

maximum axial aceerton. Both.PRan W fuel rodcl iartin are evaluated. The 

evaluations show that buckling of PWR or BWR fuel rods does not occur in the UMS Transport 

Cask.  

The UMSec desigqbaiPWR anid BWR f n.,in SectIon 2.9.1l ine 

Yankeelsite. spepifi fuel is evaluated-fo buckinin Section 2.9.2• The Maine Yankee 

evaluation includes high bunpfeladfeiMt inissig gr.
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2.9.1-U S D~ignasis F~uel B"uckling Evaluation 

~uy~ X 1~Jrodis epe~td imo I1ct the fueL assembly base. The fueI rod 

s pqa a lsi bar undr ude _cmpession.loadat its bottom end. The 

du~ration- of this- impact'is -bonded by the first -'xenIsionImd _shape of the fuel rod.  

Contrib~ution~f higher frequency extensiona modes of the rod would tend to shorten the duration 

of-impact of the fuel rod with the fuel assembly,?bas e The fuel rod, upon initiationi of the impact, 

corresponds t-oan u~ndeformeds-ate. In the process~ othe impact, the compression of the fuel rod 

wYill increase to a maximum -and, then return to a near uncomprq~sed stat~e. At this ~point, the time 

of impact. s completed.. This -actually represents half of a- cycle of the lowest frequency _of an 

extensional mode shape of _the- fuel -rod. The frequency -of this mode- sape is evaluated using 

.ANSYS Revision 5.2.~ The shape of the time dependence ofthe deformation is sinusoidal. The 

single extensional mode shape can also be considered to be a single degree of freedom (SDQD) 

with a corresponding mass and stiffness. In viewing4 such an event as a spring mnas~s systm the 

time variation of the deformation during the ii~p~ct is expected to b~e sinusoidal.  

Th ~~~ ~yt bukigmoouid ~~~y2 ndary codtos Lateral support is 

provided at the. intermediate fuel btihdjesppq lyn~ verticalrestraint is 

fhe erdland th e bas~oe of e y., h vih .considered to be at t e---p o i I t of -contact Iof ih ju dl -se~ ~l~ Th weight 

of the fuel rod pelletsan ca ddingisA1 asur h9toAmunformly 'distribu'edalo te length of, he 

fuel rod.,jn the~ed ldiqphis results in thprmaximum compressiv loddccgurring at the base of 

the fuel rod. _h IsI shp _ cmutdusn 

ANSYS Revision 5.2.: 

ayj4u y ei&that ue thek lais' g_ saicRtW pti alo w dh ytenamicloadeingciCi 

cmltj4f _ _ý pijy og o mao vtmt Xence.D i 

asspeman the 

1opvest mode sha'- t ~ w hdoes (te latrl jYnai6' noied& s~ae_ _ 

bukln ýqo aýh i exetd since2 bohhv pesm ilacement boundary conditions, 

ttý-sm tfqý iN h sic bot ,iht5velhemqanie di ins ie.  

Where.'

29.1
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K structure stiffness matrix 

Seigen~vector 

Xi~eigenvalue 

A P ass matrix for thenmode shape calculation or stress stiffening 

matrix for the btizkling evaluation.  

Based on the time duration of the impact and the inherent inability, of the fuel rod to rapidly 
displace in the lateral direction, the effect of the actual lateral motion of buckling c an be' 
computed with a dynamic load factor (DLE) [47]. The expression for the DLF for a half-sine 

loading for an SDOF is given by: 

iF;20 7E 
DLF= _ csi

2 22P, 

where: 

"I ratio of first extensional model frequency to the first l ateral mode frequency 

The maximnum-dynamic acceleratio _(g-load) which may potentially result in the buckldin-, of the 
fuel rod, is determined by applying the : DL -to the design acceleration of 60g for the 30-foot 

end drop condition (see Section 2.7. 1).  

The critical bucklingz load for 'the fel rod is calculated usingz the sameANSYS. model employed 
for the dynamic, mode. sAp zlcltin The maximum, dyamic g-load is compardt~h 

g-Joad first buc.kling mode s~hape. If the maximum dynamnic gz-load is less than the first buckling 
moesape. g-load,.the fuel rod[ will not buckle indce'r a 30- oot end drop.  

2.91.1 Desi Bss -P Fuel Rod Mode Shapes"and Buckling Eva-uation 

Of the PWR assermbies jtobe transported in the cask, .the following four are identified as 
representative assemblnes 

W -W.sn-ghu-se, 5•i , Z. _id(Class 1) 

17. n -s xJes 'i!u7 S1td d(Cla'ass 1) 
2 B a~bcodkW&�iW •9 ,('15 Mark B1 (Class 2) 

*2:• Cgomb~ustion_ Egnn.iringin.16 x. 16_ystem m8 (Clas s3)

�.9.1-2
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Cha ristics i of.heP2R fuel rods are sho•n in Table 1.2-4 and Table 5.2-2.  

Evaluation is performedfor the four representative PWR fuel assemelies as-,diescribed in Section 

Thef~ pelletý eight is 'ombined. with the clladdi-ng weight, in ,J -he evaluation., To be 

consistent -with 'this- approach,_ an effective cross-sectilonal property is used in ~the evaluation, 

whichincroat~estheprerties,9f the fuel pellet and. the fuel, cladding. The model used in. this 

evaluationi is comprised of ANSYS two-dimensional beam elements (BEAM3). In the model, 

the beam elements considered the weight of the fuel pellet, as well as the clading. The modulus 

of elasticity (Ex)= for the fuel pellet has a nominal value of 27.5 x 106 psi [48]. To be 

conservative, the E- for the fuel pellet used in the model is t3aken -s 130 x 106 psi (less than • 0% 

of the nominalvalue). The Ex used for the Zircaloy cladding is 10.47 x 10,6 psi [60]._ Densities 

for cladding and fuel are 0.237 lb/in 3 and 0.396 lb/in 3, respectively [481. Figure 2.9.1-1 shows a 

typical fuel rod, mdel used for the buckling analysis. Location of constraints for the four, PWR 

fuel types considered in the analysis can be found in Table,2.9.1-1. Only one vertical constraint 

is specified in the model, which is located at ,the bottom end of the fuel rod.  

The .. resu'uits, for the PWR fuel rod buckling evaluation are shown in Table 2.9A1-2. I typi A itlca 

dynamic mode shape, plot and the buckling mode shape plot are shown in FiguIres 2.9•1-2 and 

2.9., i:Jrespectively. For the four PWR fuel classes evaluated, the maximum dynamic g-Ioadis 

less than the ..r.st.bud.ing mode g-load; therefore, the PWR fuel rods do not buckle• during •he 

30-footend drop condition, 

2..1-.2 Desfn Basis BWR Fuei Rod"' Mode Shapýes and Buck-ling Evaluation 

Of .the BWR assemblies to be transported.:in the cask, the "following' are identified as 

iepresentative assemblies: 

QGE 7.x 7 .•.R/2-3 versioin GE-2b (Class 4.) 

'::.GE 8 x 8-2 BW•R2- 3 version GE-5 (Clas 4) 

S....4_GE 8 x BW. R/2-3, versionGE-81 I (Class 4) 

-"_GE 7 x 7.1BWR/4-6 version GE-2 (Class 5) 

GE9 x8-2 BWR4-6 svorsionGE (Cla.s 5) 
~~~~~ b ihG- Class 5) 

~7 G 9 ,29: BWR4-6version GE-li (Class 5)

2 '.9 -3.
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C r.a sifc f-th oId ,ae sho .wn -ifi'Tabi e, 125- and I Tab I e5. 12--6I 

.1,asr is:ae.frhrb '~ ~ BWR confgurtons 

V"YR /4 iate a ehdfr h o-vlalna describedi inSection 
9.1 N -§mod ' -e .,_i-, *d-ete-n -eihe r ia ukigglas Location of lateral 

constraints for the BWR fuel rods are shown in Table 2.9.1-3.  

The buckli~ngg-loads for BW'R fuel rods, are shown in Table~ 2.9.1-. Thle buckling mnode shp s 
are similar to those of the PMWR fuel rods.- For the. three- BWR fuel classes evaluated, the jcritical 
buckling g-load is greater ta the design acceleration of 60g for the 30-foot end drop (the DLE 
is cosratvlignoqred); the ,refor Ie, .th Ie .BWR -fuel. rods do nbt buckle during a 30-foot end drov,

29.,1-4
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Figure?..:G Typical First Lateral Mode Shave Plot for Fuel Rod

ANSYS 5.2 
APD 2 7 '900 
I,: 54:27 
PLOT NO. 2 
DlýýP-ACEýýENT 

SUB 
-REC=32.558 RSYS=,, 
DJX =25.233 

DSCA=.25902V ZV =1 
DiS5T=83.402 
X:- -ý.g55 
Y 7 -7;-. 92 Z BUFFER
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fig!ire 2.9.1-3 rspc1 _ 
o 

ANSYS 5.2 
APA 27 '-999 
'_ L: 5,: 3' 
PLOT NO. 3 
D-SFLACLYENT S EP=I 
SUB =I 
FACT=32.577 
SRSYS=0 
U 

DSCA=7.582 
ZV =1 
I BT=B3. 402 
Z BXF ='.25 Y7 =75. B2 
Z-BUFFER
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Location of'Lateral Constraints - PWR Fuel Rods

JFuel Assembly T~ype Loclation of La~teral Constraints (inch)* 

Westing-house 15x15 Std1 
(Class 1) 2.9 27 53.3 79.5 105.7 131.9 150.6 

Westingho6use 17x 17 St d 
(Class 1) 3.45 27.1 9 48.4 68.9 8 9.5 $l 10.1 1306.6 15 1.2 

Lý=151.64 in.  
Babcock & Wilcox 

15x15 Mark B (Class 2) 4.9 27.2 48.4 69.5 90.6 111.7 132.7 153.7 
"...=153.68 in.  

Combustion Engineegrig 
16x16 System 80 4.1. 19.8 35.5 .51.12 ý66.9 826 98.12 113.9 129.6 15. 6o 

(Class 3) 
I,,= 16 1.00 in._________ 

*Measured-fromthe b-ott'omen-d oft'he fu-el rod.  

Table 2.9.1-2 PWR Fuel Rod Analysis Summary 

Firs -i First Dynamic First 
Extiension~ial Laea Load .Maximum Buckling 

Fuel Assmbly Frquency Frequency Frequency Fco, Dnmc Md 
Class (z) (Hz) Ratio, p~ DLF g-Lgoad* g-'Load 

W es.nghouse 211.5 29.1 7.268 0.280 16.8 4049 
15 xiS 

Wetitnghuse 212.2 :32.7 6.490 0.316 18.9 32.9 

17 x17 

Babcock &Wi-o0 5.410 0-407 24.4 r4..  

E n ineetIr• l 68•x 1"6"{ .... 0.... , .7.0..6.....3.7.  
En*Mai •c m gO 

*Maximum yxnaiqc g. loa~d DLP xz 60g.

2.9.1-8
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Loc-a t .i on .of L.a teral Constraints fo BWR Fuel Rod's

Lro•163.42 .i.  
GEt 9 x 9-2 BWR'4-6 0.00 22.88 43.03 63.18 83.33 103-48 123.63 14.7 163.42 

LOd= 163:.42 in.  

163.42 i•.flO totm_ _elrd 

*Measured from the bott om end of fuel rod.

ITable 2.,9.1-4, BWR.Fuel Ro.d- A.naly-sis, Summary

2.1-9

Fuel Assembly Class Buckling g-Load 

GE 7 x 7 B , WR/4-'6 
i GE 8 x 8-2B WR/4-6

Table 2.9.1-3
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2.9.2 Buckling Evaluation for Maine Yankee Site Specific Fuel 

Th.issectionresents the bu.ckling. evaluation for Maine Yankee high burnup fuel having oxide 

cers thatare 80 and 120 microns thick (Sec-ion,2. 9 .2 .1). A similar evaluation is 

presented in Section_2.9.2.2 foir Maine Yankee high,,bumup fuel with an oxide layer thickness of 

u0 microns that is also mIechanically damaged. These analyses show hat the high burnup. ful 

and the damaged high burnup fuel do not buckle in design basis accident events.  

2.9.2.1 Buckling Evaluation for IMaine Yankee Jliah Burnup Fue 

This section presents the buckling evaluation for Combustion Engineering 14 x 14 fuel rods -with 

a burnup between 45,000 and 50,000 MIWD/MTU and having a cladding oxide layer thickness 

up to 80 microns (0.003 inch) thlick. An-assulme'd cladding oxide layer thickness of 120 microns.  

is also evaluated. The fuel rod cladding thickness is assumed to be reduced by the rnount of the 

oxide layerlthickness.  

An end drop orientation is considered with an acceleration of 60-, which subjects the fuel rod to 

axial loadng.In the end drop orientation, the, fuel rods are laterally restrained by the grids and 

may come intto contact with the fuel assemnbly base. The only vertical constraint for the fuel rod 

"is the base of the assembly. The weight of the fuel pellets is included in this evaluation, as the 

pellets are considered to be vertically supported by the cladding. A. two-dimensional model 

comprised of ANSYS BEAM3 elements, shown in Figure 2.9.2-1, is used for the evaluation.  

This evaluation is considered to be the bounding condi,.on.(as.opp.sed to an evaluation..hat 

considers the cladding only), 

During the end drop, the fuel rod impacts-thef•uel assembly base. The fue d rd itself will res•ond 

as an elastic bar ndr mpsir q -a. sudden compSesso~la tiskto n The duration of this lilpact 

is bounded by thefrýstextensional i.mode hpofie, fuel'rod. Contribution of higher ftequiency 

extensional modes~of the rod-wopuld,,tend to shorten the, duration of imnpact of the fuel rod with 

ihe'fuel a-s'sembl ý"base-- The fuel rodpro to impact, is in an undeformed state., In ,the process of 

the impact, ; •hec psion of the2fuel rod will increase to a maximum. and then return to a near 

uncomWp ressed ' ... state"a 2yNcb •hasnct tim n f-mp-act has- been cpmPlet~ed This actually 

recpnredsets ha ofacyle ofathe oýw ot freqedmw oe _spof thesfuel rod. Theshapeqfn the 

time de~eiidnene of the d~efo~~tq issnusoidal. The singl extenlsional mnode sh~ape can~aso 

be, considered Jo be a si ge, Cre of freedom with~ a correspponding mass and stiffness. -In

2.9.2-1
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viewing such an event as a spring mass system, the. time variation of the deformatio duig te 
inmpact is expected to. be sinusoidal.  

Th'e buckling- m ode- for- theý' fuel rod is governed ~by the__bound~ary conditions. For ~this 
configuration, the grids provide a lateral supportbut no vertical support. The only vertical 

restraint is considered to be at the point of~ con~tact of t~he fuel rod and the base of the assembly.  
The weight of the fuel rod pIlets and cladding is assumed to be uniformly distributed along the 
length of the fuel rod. In the.nd drop, this results in the maximum compressive load occurring 
at the base of thefuel rod. TE'e first buckling mode shape corresponding to these conditions is 
computed as shown in Figure 2.9.2-2.  

Typically,, eigenvalue buckling is applied for static environments. For dynamic loading, it is 
assumed that the duration of't e loading is sufficiently long to allow the system to experience the 
complete load, even as the deformation associated with the ibuckling is commenced.-For 
dynamic loading, the lateral( motion, which would correspond to the buckled shape,will 
correspond to, the lowest mcdee shape. This, lowest frequency mode shape is shown in Figure 
2.9.2-2 and corresponds to a frequency of 25.9 Hz. The similarity of the two shapes shown in 
Figure 2.9.2-2 is expected, since both have the same displacement boundary conditions, the same 
stiffness matrix and the same- governing finite elem:ent equations.  

Based on thetime uration Of the impact and-the inherent inability of the fuel rod to rapidly 
displace in :the lateral direction, the eifect of the actual lateral motion of buckling can be 
computed with a dynamic load factor -DLF-. The expression for the DLF for a half-sine loading 
fora single degree of freedornis given by: 

DLF= 2 ~cosi?•: ::) S12 :::7 203 

where: 

= r a tioof the-,first extensional modejfreqiuency to the first lateral mode frequency 

These vYalues, computedn tis ---- _bjsection areO .:ýJ44_ad DLF 0.24.  

ThisDLFis ap)lied to ihe en~d drop accelerat-ioji -f -60 which is_ thiounding load. to oetay 
result in the buickling _of, th fuel rod._. The product of 601g x DLF =14.4g iswell below the

2.9.2-2
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výq ID 1__ -I - lVt11 -. 9=~ 

__i~dcdejd the_ __ ratio ofte mat'ftefe nto the fuel assembly 

lbase~is sufficiently short. in~ature so that buc klijhg_-,qtheT fuel. rod, cannot occur.  

An effe-ctivec-rs-e-i'nlpT ryi used'injhc delto consideir tepoete ftefe 

pellet and the fuel cladding. The modulus. of eaty_(x e 21fuel -pellet has a nominal 

value of 27.5 x, !,0~ 6 ob osraie esta 0 fti value, or 13.0 x 10f psi, is 

u.sed. The value o E .(19.47.x p1 i i6 used for the irradiated Zircaloy cladd~ing (ISG-12) [60].  

Reference inomtohw hat there is no adiioardcto f the* ductility of the cladding 
due to extiended~bur'nup into the 45,000 - 50,000Q MWD/MTU range _[6 1].  

80 Micron Oxide Layer Evaluation 

The bounding dimensions and physical daa(iiu ldthickness , , mxinmum rod length and 

minimum number of support grids) for the Maine Yank-ee fuel rod -used inithe model are: 

Outer diameter of cladding (inches) 0.434 

,Cladding thickness (inches) 0.023 

ba'd'd-ini g densi~ty _Al 0. 237 
1Fuel pdellt 'density (lb~in') 0_ .-396 

Fuel p ell-et 11Mo dulu Is I-of Elasticity (psi) , -3 -Ox 1066 
Zircialo diý Mdlsof E~aiitr xpsi 00~k 

bie: r'- t oia.vle6 .2'n s- h assume 80 micron 

oxidation layer thickness'O'0 in est003i-e.- iial, ~qIqr ue'imtri 
reduced from 0,e434 inhs'T6_l'ai of the grids, 

mneasured fr __ h oto -f'h flu-el -asemblyae: 2.3, 30 585;70J.71,9ý.(I 108.4,1 27.3 

and 1j44.9,C (qinphes 

The 1ý)drjh beami~ are~ co~ ffe by a dgthe value'f 

cross-sectional moment or inertia. (G esetie 

The ncywdf'orr. ode shpe was 'ei:1J 2189Theaist 
mod__h _______ _____c of2.9 zi.Usiiihtlje~ression for the DLF previously

SAR - UMS® Universal Transport Cask May 2001
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th ~ ~ ~ ~ ~ _ _ ___c~tqjýýdl:mpoc fl obsa ecluain The 

hiý''cceeain imc-. eianthe effective g~load-,of 14.4g, 

corresponding to h 'n drop._Therefore, the. fuel rods d4o not buckle dnjpg ~606end drop.  

120 Micron Oxide LaerThickness Evaluation 

Th Mudigrensiohs pi~ yshical -dat-C niyil ldtikesm immrdlnf-~ 
Iminimum numiber of subpAortgrids)1are'the aeI stoe T for8Qie10 mi c r ,on oxide" Ivr 
thickness evaluation, xc ittecldigisp~ ~ from its imn~ u of 0.026 inich by 

the assumed 120 -Micron oJddation`1Iaer hick,ýnes'- (O.-0 47.,in~cl) to-b02131nich_ S-iil ,aiiy h6 

fuell rod, outer diameter, is, - cue-fo h o nl- au f,0,-ic to "0.4306 ',h me h 

elevations of the --rids, mauefrmthe bottom of the fuel assembly, __: 2_,330 _5.5 

70.7', 89.6, 108.4, 127.3 and 1 44.9 (inches).  

mhifi e hefuielrod m e eac rtioie irdt ukl h u ro biskl oun th e 

t3- end -:p 

2.9'.iJ Buliv L~IIJti~h-fo-r Z-Maine ~Yankee M gh Bumnup Fuel with Mec -ha Inical 

tlieLckinskd tn ub rod is'maxi7ugi d atra thamxiie othem 

144.9~~J _L 7~e~ 
removed, - esutii -1TN -= 0!__ -.ýlhd6-atd f d7F;zý ti-"

SAR - UMSO Universal Transport Cask May 2001
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5_LR53inches isconservatively assumed to be 16cated at 62.3 ihches. esulting iii an unsupporte~d 

---rletigý4h9 of7ýQ hic es2ý 

The c, ondj is evjal 4ae ý h mtoooya o the fuel assembly with 

all. the grds being p 0s1 (Sc -~2.92.1) The ý dimensions n phy~sicj ~data .used 'are th -ose 

aplied to the_80 micron, claddinRigoxie~ke & ut~TQi4 gtikesi 

reduced. fromn its nominal value of .026 J.Pq4hejy -a~xiain lavJer thickness, of 80 mic~rons 

(Q.003-inpch) .t,0.2 -i -c.-Smlarytf~ f rodotr-iaeer isjr~~educ romn the nominial value 

of 0.44 inch to 0.434 inch.,, Thefuel ~pellet modulus of elasticity is conservatively reduced 50%).  

The modulus of elasticity of the claddling is taken from ISG-12; 

FEigures 2).9.2-3 an 2..-4_hwhinteeet __e'sb results and od saie.  

WMith the grid missin~g, the frequenc~y of the fundamental lateral.,mo e shae is 7. H fz. The 

natura frequency of,thefnaetletninlmd is determined to be 218.9 Hz. The DLF 

is __m utdt e002 esulti-gjn an effective acceleration o 0.7 2x 60 43-,Usimý te 

sametlo-..cmppt th accelerati on at which buckling ______, __elw-s-ucl 

accelerations 4-.4g, ishA signifisc4n~tly. gre tr than 4.3g. Therefore, the fuel rod does~ not 

b~uckl~e dur~ing an eind~drop.  

Side Drop.Evaluation 

;The Mai-n-e Yankee fuel rod is fvlatdor a. 60gr'idedrop wit a Lsn upotgin th 

fuel__semblym tpn th ~as on~s'as for the& enfdi drop eyaluatippLjhe span etween 

suppo~rtg 4§Ids 2ýAl~pporte id I engthjs6Q.O in1c} 

the thisensions and physýical tused are: 

Clad~ W l88in.  

30 areg) 

Afue± 0. etiiona)
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hiass of they fulrdp 

as _96,u22' _______is 

El for the fuel~o~d is:; 

7t0. 1 .497 

El~ 13.0E6-, - 1,7 

EL=6878±153,78=722,2ý56 lb 2 

During a side dropp, the~ maxiiumefcto ofafekoqiiae nte fuel ropd spacingof the 

fuellte assernb~yý The cc r~!snter spacng)of fuel rod~4s isG.8 inch. [62]., The maixnmum 
pitch is acr ,o ,s§thIe -diaý o-nl~o'f i[efu __ s . by h aiu is:, 

-0.58 dp=. =0.821in.  

The4~ip~~Q Lf1 odis at the-,top of the fuel ~assemblv, ancLthminimurn 
efecti on is> at. the Ibottom~i o[fsIll-b y 

AssumiIng ~a lI7xi7 Taray~ ý henvelojes the Maine Yankee 14A14 array), the rnaximnurnýfuel 
ro ddeflection is: 

(4 7-h)' 1 P.8-43 =.18 incfe 

Loh-- 7 § 7 17 _ljoadO isgiven, bytheequation 

EP~i84~EL14 
~~38[63] 

~384A4EJ( 1 iu

May 2001
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The claddingb din~g stress is given by the equaýtion:

Insertilng th~e equation for 'a',: 

s 384AcEclad 
40xC

wlhere: 

C = 0.217 inch distance from center of fuel rod to extreme outer fiber 

L =.60 inches (the unsupported fuel rod length) 

A = 6.18 inches (the maximum deflection) 

The.bending stress in the fuel rodis:o 

384x6.18xO.217x10.47E6 ,S =37.4 ksi 
40(60)2 

The maximumr hoop stress du to the fuel rod internal pressure is determined to be 19.1 ksi 

(131.4 Mpa4 ppT Table~ 3.4-7). Thppefqre, the. maximum axial stress is 9.6 ksi,.(one half of the 

Th'e bearingsrs etweeItwojpqIfý pdgr ,_60g load is:

,(0.000143x386.4) x60xlO.47E6 7 ksi 
Sbrg =0.59J 0.22=..4si "[64]

KD D1 D><"ý-0.434x0.434=0.22 
D +D,~ 0.434.+0.434
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The 'totýalstres's IS,: 

-37.4 '+' 9.6 4-- 7.4- 154.4'ksi 

the ultimate strength allo , be for irra diated Zircaloy-4 is 83.4 ksi (Figure 3-2 65]) 

Therefore, the margin of safety for ultimate strength is

MS 83.4 -1= 0.53 
54.4 

The yield strngth, allowabe -hr irradiated Zircaloy-4 is 78.3 ksi (Figure 3-2 [65]). Therefore, 

the margin~of safety for yield sireng~th is: 

S' : 78 3 •:: : i : 
MS= -7 1=0.44 

54.4 

The maximum bearing tress occurs Ibetween Ithe bottom fuelrod and the fuel tube. The-bearing 

stress is: 

,17x 0.00043x386.4x60x110.47E6 
Sbrg =0.59 ..1 0.44 " 21.6 si 

TYhe bending stress is negligibl]e because the~maximurn deflection is equal to.the spacing of the 

fuel rods established by tie grid. Therefore, te top) fuel rod is bounding.  

Consequent y,•,e efue1yods. are demonstratedt to be structurally adequate for the 60g side .drop 

co nd.tl'-,.
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Pigure 2,9,,2-1 ",Tw-D-Pimen~sional Beam Finite Element Model for Maine Yankee Fuel Rod

Typical lateral 
displacement 
boundary condition

4 

•3 
•2 

1.  

a 
9 
L 
7 2 

fi 

4 

3

Typical node number 

Vertical restraint applied at 
the base of the fuel rod
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wdFirst Buki4!ig~ Shp oteMieYne Fuel Rod

First Lateral Dynamic 

Mode Shape at 25.9 Hz

First Buckling 

Shape at 37.9c

ý9.  -, zo
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Figure 2..2-.?'3 o-Di1mensi onal Beam Fimte.Element Model for Fuel Rod

52

Typical lateral displacement 
boundary condition
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Figu 2.9.2-4 M4odal Shape and First Bu ..ing Mode Shape for a Fuel Rod with a

F~irst.Lateral Eiýnamlic 

Mode Shape at 7.8 HzI 

D.

First Buckling Mode 

Shapea 14.4g

2.9.2-12

I
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2.11.1.1 Maine Yankee Site Specific Spent Fuel 

the sta'n~dard- spen't fuel assemblyfor the Maine Yankee site is the Combustion Engineering, (QCE 

'14.x14_-fuel assembly-. ,Fuel* of- the, same ~desigý-n jhas-aso, been, supplied by Westinghouse and ,by 

E6xxon. The standard_ 4x14bfuel assembles are includedin the population of the design basis 

PW,8R fuel. assemblies. for the UMS Transport System (see Table 1.24). _.The structural 

evaluation for theUMSg transport, system loaded with the standard Maine Yankee fuels is 

bounded by the structural evaluations in Sections 2.6' and 2.7 for, the normal conditions of 

transport and hypothetical accident conditions, respectively. The Maine Yankee site specific fuel 

is described in Section 1.3.1.  

The weight of a standard 14x14 fuel assembly with the control element assembly inserted is 

1,36n0 lbs. This weight is bounded by the weight of the design basis PWR fuel asser.nbly 

(37,608/24 = 1,567 lbs) used in the PWR support disk analysis presented in Section 21.6.13.1 The 

fuel configurations with removed fuel rods, with. fuel rods replaced by solid stainelessTstaeel or 

oircaloy rods, or with, poison rods replaced byhollow Zircaloy rods, all weigh less thanthe 

standard 14x14 fuel assembly. The configuration with instrument thimbles, CEA fingertips or 

neutron sources placed in the center guide tube positions, weighs less than the design basis PWR 

fuell as~sembly. Since the. weight of any of. these fuel assembly configuratio~ns is bounded by_ the 

design basis fuel assembly weight, no additional analysis of these configuain irequired.  

Section 2.11.1.1.1 documents' the structural evaluation of the basket support disk for ,the 

configuration holding. con~soli~date~dfulel addamnaged fuel inside the Maine, Yankee fuel caps.  

The struc'tural ev aluati-on-fo~r t-h "M'-a-ine Yýýýan~k~e-e fuel -can is pre-sented in Section 2.11.1.1. .2.  

2.11..1.1 Maine Yankee Sup~port Disk Evaluation 

Astructur'al evaluation is reqqjired for, the suppport disk ,or the crnfigurationi ,holding, consolidiated 

fuel. The~re, are two- cons-oli da ted- fu el -lat-tices.,-e each6 constructed o~f '17x 17 Z-ircalo'y fuel -grids* nd 

stailsssteel- endi'Yttings,,hat are connectedý.by 4, stainless steel ,support *rods. One of tile 

fis'ii crdfuel1i~c "e-ha :,283, fL el ro ds wi th 2 em ypiy q sitio ns:. Teq,o her has 1 2 fuelrod s 

with th'e remajp &piigo~n either, empty, _tin _ steel rods. The calculated weight 

forh-,Jý6`a s oftetwo cosliae fue lathiceýis72,i ,J.Q~ unds.

2.11,14•
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aa~nietric studyJisperformed to show that th~e PWR support disk hl~oding a Maine Yankee 
gq~t(td ulltiei one yteUSPRspotds stress evaluation presented 

in Sectin 2.26.13. N6te that 0onlyvone consohdated fel lattice will be loaded in any single 

ranporabl Strn Caist~r ndthat the loading po~sition -otthe consolidated fuel assemblyis 
restricted t b a sbaket comer o s•tion (see Sction 1L3kJl)9, However, Maine Yankee- uel cans 

holding other intact or• damaged fuel ca be0loaded-in, the other three com!r positions, of the 

basket (Maine Yankee fuel cans may be loaded only i~n the four corner positions, of the basket.  

See Figure 2.11.1.1-1 for corner positions). Therefore, the boun~ding case for Maine Yankee is 

the basket configuration with twenty (20) Maine, Yankee fuel assemblies, three (3.) fuel~ c.ans 

containing spent fuel, and one (1) fuel can containing consolidated fuel.  

The two -dimensional ANSYS model used in~ the~ support disk evaluation (see Figure 2.6.1372) in 

Section 2.6.13 is employed ýftor the parametric study. The boundary condition of the model is 

modifiled by restraining the outer surface of the canister, shell, The load from a PWR fuel 

assemblyis modeled as a pre.ssure load at the inner surface of each support disk slot opening.  

The desigin basis fuel pressure loading is 12.26 psi (see Section 2.6.13.2). Based on the same 

design parameters (slot size 9.272 in., disk th-ickness =0.5 inch, and the number of disks_.=30), 
the, pressure load correspo~ndinig to a Maine Yankee standard CE .14ix 14 fuel a~ssernbly,is, 10.3. psi.  

Thepressure load is.s 11.3 p ora Maine Yankee fuel c 
assembly. For a Maine Yaniee fuel can holding consolidated fuel, the piressure load is 17.0 psi' 

This~~ý stud osiesbtth lfot(g)adhe3fot0g) side drop conditions* for four 

de dro -2 45 shown in Figure 2.111. I A!&. taiof 

five cases areicpsidreod •inthe _ stu dy. Inertialloads aie applied tote suppgrt dsk henllce& 

The ase aseconsiders that all 24 fuel positions hold design basis PWR fuel assemblies.,, 'the 
other fur cases (Casees .tiugh 4)represent four possible load combinations forthe placement 

of ouw Maine Yankefliel.afis n. thef ccrerp isniiions, one of which holds consolidated fuel.i 

The remaining IkjweeZ2)_ x, e~t, ppsitions hold Maine Yankee standard 14xl4 fuel assemblies.  
__pý ýpo4tqnae _W n _ iqr I.IJ.1-1. The load comnbinations evaluated The basket loading ps__osar shown: r!!igure __2_:211:•r : lad:cmmtns vlae 

in the four Mmne, ¥aee fetan loading, as azre:

2.11.t-2
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Cfase Basket Position Basket Position Basket, Po-s it ion Basket Position 
12 3 4 

4 Consolidated Damaged D'amaged Damaged
2 Damaged Consolidated Damaged Damaged 

3 Damaged Damaged Daem aged Consolidated 

4 Damaged Damaged Consolidated Damaged 

Table '2.11.1A.-1 provides. a parametnic comparson between. the, Base Case -and the; .4c ases 

evaluated, base d on the maximum sectional stresses, inthe•suupport disk. As shown in thetiable, 

the maximumn stress in the UMS® basket support disk loaded With 20 standard fuel assemblies 

and four Maine, Yankee, fuel, cans, including' one holding cons~olidated fuel, is bounded by thatfor 

the support disk loaded withthe design basis PWR fuel.  

Additionally, a support disk analysis is performed for the Maine Yankee fuel configuration (20 

standard fuel assemblies, three fuel cans containing spent fuel •nd one fuel can containin gthe 

consolidated fuel assembly), using the two-dimensional PW, support, disk model fortehe 

governing, case, (45-0jIbasket- orientation and thermal -condition, BI) ýfor the. side drop. conitin 

(Section 2.6.13.6). , The loading condition corresponds to CaseJ of the parametric study 

previously discussed. The analysis results of the Pm and P + stresses are summarized in 

Tabls 211.. 1-. ad 2 1713, r spect yl.1he minimum margis f safetyfpyr c.P,,, and 

Pm -+ Pb stresses are +0.82 and +0.24, respectively._ 'The minimumii margin of safety.ojr the 

correspon~ding analysis for ý.the -support. disk for., the UMS®,, System design basis -PW.R 

configuration is +0.79 and +0. 19, for, P..,n Pm .+ Pb stresses, resppegtively,(se.e Tahbes 

2.6,.13.6-16 6and, 2..13.617)- This compaqsiisjr further substantiates the conclusion of. the 

parametric study: based"on the normalized stress rat*os using a two-diensional model (Table 

2.11.1.'11-1).' 

Since n o creditis tak~en fo~r thestruc~turali~n~tgty of the conso.idated fuel orldaagaed fuel inside 

the fuel can, it is assumed that 100% of the fuel rods fail during an accident.. For a Maine 

Yankee standard 14x14 fuel assembly,. the,volume of176 fuehl od•1(00j9% and 5 gid e tubes 

w fill.,ipp 103.6 in hes ofLttefuel can (san overp_21,s}ort)dJisksa 50% volume 

rods •vil1:: fill Upof09.•l'1sPof-qthr 2 esupport sian versmsn••os2sp dg a 75 

compaction factor.-ThI eo actlon factor of 75% for the~consolidated fuel considers that the
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numberiof'r.ds 'tc l euel is approximately 1.5 times thenumber of rods in the 
st~ndý d -neYankeejfuI ie ad- these rod a ~ijym closely spaced.  

The corroes :oýrsr a oicad:: :o ... e suRt a r thteu.. , 100% failed 

Maine Yne aaeful.n,1 sifor the consoidated fue. iejncfe tefuel cans holding 
damaged fuel and consolidated fuel are imie ,to' threr locatons of the baket the total load 
per support disk for this.Mai.ae Ya+nkee. cnfi 4turon :remains bounded by the total load per 

supprt iskfortheUMS~5ystem design basis confitian To ~demonstrate, that therelis n-o 
adverse impact on the maximumn stress 'of the support disk, the PWR . support disk analysis 
(Section 2.6.13.6) is _repeiformed for the Maipne Yankee configuration (20 standrd fuel 
Iassemblies, three fuel cans coritaining 100O% failed .fuel and one fuel can containing th~e 100% 
failed consolidated fueDl) : for_ gyeng ch case opfphesindeddrop &onditioj,(45' basket dro 

orientatipn and then 'Mal coniion _ B). Tqe, analysis results indicate thie ••1qiimum rna•rmnins of 
safety for the Pm and P+, Pb- 1r.ess re _r+0.8e0an +0.23_spectively.,he m.ninimum mar•in of 

safety for the co+rresppnding, -naly is fsrthe support disk for.,the jUM System design sis 
PWR: configuration, is •0.79 anadý , +lfpor the.,PiandP + P stresses, respectively (Tables 
2.6.13.6-1 6 and 2.6.13.6t17)." Thereforejthe m-m umstress in thre suT)or- disk for the Maine 

Yankee ;onfgiguron assiiitmjqlg 0uo dh amaged and cofisoli dated' fuel. in the 
fue epcansis s S i t s ort disk calculated f or the &sMSp 

basi 1 1 {2 I I - •a -1-4).  

2.c1W 1 slt.2rc M k.l, t FI& FulC 

The ',j"ylaine g g -501 anhdj,2•,-502 ,is .prvided to 

Yeq_ __ _ T e fue1: +_•a Yi ithin a stenn 

caniitr cay2 bfi L~an Ynkeful'cn s oumeheth' 

fuel -a n cuca~eDV aaaýTd fe

2 _- .L-4
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4,c~if cosscotuemd r " 0 tilsscl-with a total lenigth 0f 

_ _.T "6ý 4 '~ ch t iý sheet_ (1 ' ' T he ,M ini mi n im al~ wyidth 

Lofthe ý ois4i k'plte'. Tourf4Ao ThSi 

________i -ý ýstilesste- ' _;sm~~5O ~ i4/inch~ x ~250 

opni oohc ehIý_ ae t 6dij fo h ai di6ladm !aeions. Since 

machine~d in thefuel can (pxtendin g fromn4the holes.o the, i-d& f ebttom assembly) to allow 

the water to be drained fromn the can. .At the t _'of th-ý the ~a~l thickne-s~sisiicreasedto 0.15 

inch to Pe .rmi the ca t be, handle~d. Slots- in- th opasembly side plates allow the use of a 

handling~ tool Ito lift the can and contents. To confine the c6Tiitents'within the,.can, th~ top 

assembly. consists of. a 0.88-inch thick-pkate with sc~ndrilhoe. didenical t. those in he 

bottom plt.Ocetea is loaded. the can and contn are dint~o the basket, wher~eth 

c~an may b'e suppprtedjy _tesdso.tefeseby tube whihar-bcebytesutrl 

support disk. -Alternately, tlhe pipyul can.may,4pýh &d sketprior to hayingjhe 

designate d conten ts insertedm intIie fuel c an.  

Structural evaluation of the Man Yanke fulani shown boq A Q Irlad side.dLop 

conditions both no al ad accident conditioso tans~port)r conidered in the ev alu ioii'ý 

End Drop Conditions 
14p§ actlt againsi 

as m .oý ~to e masseimk1 bod aiidside,,plates'act 

toD ~ ~ ___ 
____" yecueM o asml siýair'h'. m ddo is -the 

governing y,.lcrg~yppprqss~on.ý j ~ -bt 

.,,qq____c__ r pa'2gý ýload Ihis a Tr

,YY

_f8 l 5ý7:l _1 fo eva77. u01ionlb-

stress. (S, qvp Pv-S-8ý1-ye- _y
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ýP ."3,0Q00 1,bL 

wyhere, 

A 8.622 -• 52 2  1.7 14 i n2 

The marg~in ofjsafety (MS) isdhen: 

M S S,, 16,700 psi 
MS -~-A ___~--1 8.5 for nomal d ertihng conditions at 60Q0'F.  

*c 1,750 psi' 

Under accident conditions, thLe. tube is evaluated for a 6og0a eleraion.  

The comqpressive l-oad {P)-is:

P.... (17.8•9 lb +6.•57I • 7 8 .77jbL) xOg= 6,193.8 lb; use 8,500 lb for evaluation.  

The comp~ressive stress (S,) int Lhe tube body is: 

* P,_ 8,5,00 lb' 
-4,959 psi 

A, .1.714 in'.  

where Nthe m'aiTgin of safety( tiShe'n 

07S 0 .7(15 3,300) psi? 
MS = U 1 1-i= 7.9 for accident coriditions at 600TF.  

S` 'jw 4 ,9 59 psi 

7~~L2 7~ 2{~57.8)". -

i>,, .1l 6,
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8. &852~ 

L~-2L _qrsqase oncit oI~q 

L' tjebdyleingtih(i57.8 in) 

Because the maximum~ compiressive ~loa (8,5001lb~uiderthe' ccident condition)inchls 

than the critical bcklinjg load(16.5 10-1b, the tube ha ~adeqgateresistance to buckling.  

Th i saaye rcm~siesrse in a top enddcrop wyhere comlpressivej loads are 

transferred throp-ih. te id structi'eteo the TSC shield lid. The. cornpressiv.9 load (P) i's the 

weight of the fue asebly Plusthweight of the lid_(1,8.1 Ib; use 30 lb for analysis) timnes the 

appropriate acceleration factor.  

Case 1:, The Maine Yank~eefuel S cnotet~s isin -a intact (althoug draged) Maineý Yankee 

fuel aseml, F- tfepdstrg e insert o consolidae fe assembly.. The compyessive 

load for Case Ii acts airectyp~roug and the lift tee,- hich are directly in line 

with the axso h pn pcni ain 

CasITh_ Min Yankee fuel cncontents is a fuelirod storage inset it a 3/4 -10 threaded 

_ odtý rnse's th-, mrsiela-oteitfo h i iet injline with the lift tee axis.  

_ _XK3Khtj2tý-eg~~On erati lyiV yqa e~ conoijdated fuel weig~it(2q9 

`2 4pai s'ýtndad Mffi:Ya -e ful ssemiblyk (,300 1, 

ggýýgrae ee antth Maine 

Case' 1ý` 

F O~ O~id1an Ae-q imep&

:)61 psi,, 30 b for t1d'veight)
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______ndcrs-sci~a area of the sup'noruq_Ln the lift tee 

___ 63:2-6;07"'÷Ti62sJ<4 

Theq Margin ofsft~S is:: 

16700 psi*.-.- ~ 
.MS M= I -I'- + --- 1 2.0 (normal operating condition) 

YC 5,561 psi -

For accident conditions, the c6mpiressive- stress (a(Y is' 

P P21 10 (66O0)) 1 6 

SA 7ý.66 4s 

The margin of safety CMS)J~s: 

07U L~ 3,30 psi 
MIS - -'1 1 1.66 (accident -condition) 

1[6,684 psi 

Case 2: 

For normaI ppeýai3ý i ~pondi ips,Lh s~rpsi stress_(, s

P_' 1330(20) flb 
:A) -2.07 in2 -.

~using 30,lb for lid weight)

where Ais .the: crWosS7-sectioQ4area of the lift te: 

'A = (1.625)-•2.WO•nes 

Te marain of safet]E(Mi1

t.'1 .iZ 8
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MS60 PS -1= +0.30. (normal 6 erating condition) 

For acdntconditions_ the compressive stress (aC) is: 

P133O6O) 360 ~ 5 

7 A 1.07~ 

The margin of, safety (MS) is: 

ýMS= 17 0.7(63,300 psi) -1= +0.15 (accident condition) 
cyc 38,551 psi 

Side Drop Conditions 

Temjority of the tube b~ody is contained withint the fuel tube i~n the basket assembly. Because 

both the tube body and the fuel tube have square cross-sections, they will be in full contact (for 

153.0 inches longitudinally)during the side drop and4 no. significant bending stress will be 

introduced, into the tube body., The lat4.8 inches of the bodtube and the 5.0-inch length of the 

side plates will be unsupported past the fuel tube-flange in the side drop configuration.  

The tube body wýil be evaluated, as a cantilevered beam with the comnbined weight (P) of the 

overhanging tubeý body, topa~~by ardsDjitsuti yteaporiate deceleration 

factor and, conservatively, concentrated at the top~rend of the side plates.

F 7II, P~. ' tube body 

~ fuel tube flange 
side plates 

L

� �

2.11.1-9
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Nura'cniio n friefut Oa 

b - max1,410 psi' 

M.,x PgXL'=_,5Q2)_(.8)=,6,,860.1ib-in..  

P =35 ib; (side p] tes, 6.57 jb+ tube bogy (0,lb/in.x~4.8_in. =_2.4) +top assembly, 
17.1.91lb, equa2'. .26.86 Ib; use 35 lb for this xanaysis.) 

g 20Q(normal conwdition) 

L =9.8 in, (the total overhung length of thje tu~be body and end plates) 

c =8.62/2=4.31 in.  

bh 3 -bihi . 8.62 8.52 20ogiI4 

The shea~r, sres ()is 

~409~s 

.where,: 

A--_.62%2 852L"714 in

( + ~ ~ i.410O 1 102 40)ps 
_V _I, + 4(0) j1,520 psi and - 10u s 

The( M "Fhs7Q

2.1 LL1O
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'TheSh'rtrs )i: 

~ (35+19.6( -68 psi 

b± bf f2 +442- =,(3'sT,577ý±J 77 + 4ý2,068YjJ= 4,523 psi ~and - 946 psi 

The stress intensity ( )=j 1q - =32 5,469 psi 

The margin of safety (MS) IS' 

1 5S '1.5(16,700) psi - 35 o h omlcniin(0 ceeain 
;MS= mj I- 18 o h oml odto 2g ceeain 

G Wax5,469 psi _ 

Accident con~dition (30-foot. drop): 

The maximum bendi~ng stress (ft,) is determjne-das follows:.  

~M,, c521226(4.31) 
f b = =- 10,729 psi 

- .I ý 210.9$,

where:

i Y L L- 2.38) V _1.6(9.8- 2.38)ho)=2261 i 
(_0g 52,260g -i 

24 365(9.8>. 2 
*.- 

2VL~,

T • P shear. stress (t),is 

P + ,(L 3)9 48-2. 2' 
6,0 psi

2.11.1-13



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

g- 60ta(ccidentco-ndiioxi) 

g1  7 Lr 10,729± `ýib ( 26V2) ~13,565 -psi and - 2,836 psi 

The stress itensit~raj f1 G21 =16,401 psi 

The margin of safety(MS) js: 

. M L S ý 1 1 ( ' 3 , 0 ) + . 6 frAh -.'a c ' o t o d t o ( 6 0 g 'a c c e l e r a t i o n ) ' 

The welds joining thejube_]J)ody t~o the side plates are ul'e5rto wed (ype 1.11 NG
3352.3). Pei- Table NG-3352: 1, the weld,_quality factor (n) for aType HII weld with visual surface 
inspection -is 0.5..  

The, margin of safety (M ~or thwe eds, is

MS n . m _ 0ý..5(1.5X16,700 psi) I 

n-iS-S _-t-=-+1;= -29Jn*orn_ V~obditin 
~ .&niax$;&~K>5,469,psi ~ ~~~ 

'n -1. O-S 6.5O(LO6X63,30npsi) NIS U11493 acd tcodition), 
-- Y 1 ~ j~ 6,401 s: ~ ~ ~ * 

'100%;t ldFelA~yi 

Noma Codtions: 

To ensure hat'the Maine' Ya~nk~elifuel can (fuiel can) is srutualyI'.dqqate tjy ithstand the 
iýMp qct and topyetgAsýLjec imaaf6 a 

hold..ý i-OO.cns ionh-iiithe 
worst case..Cdi 'n isýtirtec.a.rte mc ,faio-i 

pefq* jg j_; wjS Tj be1Jb a 7fjjeieinn16 el is co n t huted

'A-1-.'2.11 ::-L4,
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for the evaluation. The model consists of a half-symmetry section of the fuel can containing the 

fuel mass and the fuel tube supported by the support disks. Four support disks (three spans) are 

co~nsid'ered in the model.  

Fuel Tube 
Representation of 
Support Disk 

SFuel Can: 

Fuel Mass 

z 

x Planes of Symmetry (Typ.) 
xy.. . .  

The global X-axis aligns with the longitudinal axis of the fuel can. The Z-axis ofthe model 

aligns with the gravitational force direction'. The gravitational body force acts in the negative 

Z-directioni. Sy entrybpoundary. conditions are apied at the pneof s etry. All nodes for 

the support disk in the model are fully-restrained.  

For the normal operating conditiohtheg•gvenig• ASME Code requires that the stress limits given in 

Paragraph NB-3221 be-satisfied. However, in accordance with Paragraph NB-3222, the provision of 

NB-32128 is applicable if plastic analysis techniques aeapplied.. Per.,NB-3~2 83 (Plastic Aalyi) 

the stress limits giyen in Np- 221 need not. be satisfie at, a specific location if it is shown, thathe 

specified loads do not excedto rds of the plastic:aiysscolapseloa, i.e., the coliapse load is 

greaterthai 1.5 timesthe api 0lod.o t at of the Maine Yankee fuel can, this prcess 

is simplified bydemon~4 ~ ~~ th iicnrmins stctrlysae when the fuel can is 

subjected to a conserie acgdig(axjmnum g--oad 30g)of 1.5 times the ipact loading 

(maximum g-load" 20g) frthe 1 -foot side dop pcondition

.2111.1-1
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T f m se us n xn2the fnite element model corresponds to amaxmum weight of 2,100 

pounds for the consolidated fuel, occupying a length of 109.6 inches inside the fuel can. The 

piaterial properties, or Type, 304, tainless steel at 600'F are used for both the ~fuel can and the 
fuel be: The dynamieforceinpt applied to te9 model has a•maximum g-load of 30g and a 
duration of 32.1 milliseconds, which is derived from the deceleration time-history of the 

transport cask for the 1-foot side drop condition.  

The analysis results indicate that, at 1.5 times the design loading (30g), the model remains 
structurally stable and the maLimum strain in the fuel can is less than .%. Consequently, it is 
conservative to conclude that Ihe design loading does not exceed two-thirds of the collapse load 
that, is,,spec~ified in N1-373228,3, and that the-fuel can 'and, the, fuiel, ube meet the ASME Code 
requirement. of Level A (normial, operating) conditions. The deformation analysis also indicates 
that "after the im n'lpact, there is en ough clearance between the fue can. and, fuel tube, and-beltween 
fuel tube and the support disk, to allow remnoval of the, fuel can-fromn the packae 

Accident Conditions: 

The Maine Yankee fue.l ca•. may hold..10% failed/damaged. fuel or consooiidated fuel. An 
evaluation is performed to denonstrate that the fuel can maintains it intgri 

accident for• his condition.  

The fuel canis designe4to hpld either Maine Yankee standard fuel assemblies (1300 lb) or 
consolidated fuel assemblies (2100 lb). For 10.0% failed fuel,, the pressure.load aPppled to the 
fuel can is; 

*1300 
standard fuel: =) 52_10_ g = 1.47 psi 

2100 
,Consolidated fuel:: -) = 1____ .25 psi.  

whernee 

1300lbs JMaiE~z Yankee standard fel weight 

2100 lbs - maxiinurn. consolidated fuel weigh

2.11.146
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8.52in,7=1inside wi th of hieI~a' 

Thrfrtebu~~i presure load on the fuel can is thle consolidated fuel, 2.25 pi 

multi~plied by 60og (135 psi).  

An ANSYS mode of the Maine Yanikee fuel can, 857JIn..x-8.57 in) is constructed to evaluate te 

fuel can for a 60gjoa~ding. Note that 8.57 inches is he dieso fthe fuel can based on the 

ce~nt~erlinles of ilts si-de w~alls.  

It shouldbe n~oted that the -fuel tube, the BORAJL plate and. its cover are not in~cluded in, the 

model. Therefore, the fuel can analysis-is conservative.

Typical Support Disk 

Location-Gap Elements

Symmetry 
* Restraints 
Uz, Rx, Ry

Symmetry 
Restraints 
Uz, Rx, Ry

* �-*v�* -
* * - -� -, � I-: 'U * ** *- * L.  

� -� - -� --

2.111JA71
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Figur�2.11A;14 P"rBsjj DropOinain n ~ Case Study Loading Positions for 

1Majqe ankqe Consolidated Fuel

Indicates an evaluated 
position for consolidated 

~fuel or damaged fuel,

4I \10~: 
- - - -- - --

.~ { 45" 

26,28 

1820

'2.1 bLi 9
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Table, 2.11.1.1 -I ort ~e S-tre~sRatios -_UMS,,PWRlake Supr Disk Sectional 

~~ss------ MaxeXp~~ ~~~rn ed to the Desig 

flasi s PWR FulBa et' xiuný e B~ase Case) 

c pF Disk SectionalStrssJlneiisity.kb7-Mmrn 

Cýase Normnal C onditions,.OkM A'cideift Coinitiou s,602 
18.2,20c 26.280 -45 00 1t8.220 26.280 450 

B3ase Case' 1.00LO 1.00 1.00 1.00 1.00 tO .0 1.00 
Case .1 0.96 0. 91 0.96 90.9ý 6.9f 0.9ý4 0.94 0.94 

Case 2 0.95 0.912 0.96 0.96 0.9f b.94 0.94 0.95 
Case 3 0.96 0.93 0.97 0.9~6 0.91 "0.95 0.95 0.95 

Case4 0.95 0.9,3 0.97 0.96 '091 0.95 0.95 0.96 

Support Djisk Sectional Stress Intensit~y Qs Memibrane + Bending 
case NormalConditions. 20pg Acciden 

00 18.2 209 26.280" 045 18.220 262" , 

Base Case' 1.~ 1.O() 'o 1.00 L'.0 11.0 1200 
Case 1 0.96 0.92 0.6 0.9,.ý $ 0.94 0.9 

Case. 2 0.9.6 0.92 0.96 0.96 0.95 6 .95 
Cae3 0.06 0.9% N.6 .5 -0.96 P t.95 .5 1 5 
Cae 0 .96 '0.93 097 0,9-0 _________ __0-98 0-97 

L., Tables 2.6.13.6-16 and 176. 13.b-17-.

1 ::20.
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Thabjq2.11.,--2 P. Stresses for Support Disk for 1.-Foot Side Dro -,Maine Yankee 

Cponsolidated Fuel

Stress Allowable 
Intensity Stress Margin of 

Seon (ksi) (ksi) (iksisk) Iksi) Safety

,120 
114 
35 
23 
21 
37 
112 
111 
63 

96 
9 

49 
28 
40 
7 

104 
51 
66 
72 
98 
95

9.7 
;-9.9 
ý13.9 
.-1.4 
-7.6 

15.8 
7.1 
-5.8 
1.6 

ý-9.5 
-0.5 
11 
-9 

2.8 
3 
-7 

11.3 
0.2 
10.6 
-9.7 
--3.2

-9.8 
9.7 
-1.5 
14.1 
-15.9 
-7.8 

-5.9 
7.1 
-9.8 
1.6 

-11.2 

2.8 
-8.9 
11.6 
0.2 
3 

-7.1 
:9.6 

-10.7 
-11.6

7T6 
7.6 
6.4 
6.3 
6.6 
6.6 
6.1 
6.1 
5.5 
5.6 
5.6 
5.6 

4.3 
4.4 
5.5 
6.1 
5.5 

3.8 

3.7 
S4.1

24.8 
24.8 
20 
20 
19.5 
19.5 
17.8 
17.7 
15.9 

.15.7 
15.5 
15.4 
14.7 

14.3 
14.2 

14.1 
14,1 
14 

13.9 
1 3.3

42 ý6.3 -10.2 4.6 13.2 
26 10.3 .6,2 4.5 13.2 
110 13.2 -0.1 -0.5 .3.2 

64 11.3 73.3 4.2 13.1
119 
94
71 
79 
80 

108 

22 
36 
74 
99
115
122 
116 
92

-0.1 
12.1
0.1 

I
8.6 
3.6 

-4.1 
-ý2.5 
-0.8 

:r-0.2 
9:9

0.5

2.2

-13.1 
-•AI

12 
8.9
1 

5 

-ý0.8 
;z.6 

L.O9 

•o,8

416

-0.5 
-0.3

-0.3 
3.7

3.7 
1.3 
2.2 
4.9 

2,.1

0.5 3.9 
.9.1 0 
-6.8 0.2

13.1 
12.2

12 
10.8

45 
45

10.7 45 3,2 
'10.4 45 3.34 
10.! 45 3.44 
N0 45 3.5 
M.9 45 3.53 

9R.8 45 3.6 
9.8 4536 

9.345 3.82 
9.~ 45 3.985 

9.1 45 3.96 
9 45 4.02

2.11.1-21

45 
.45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
ý45 
45 
45 
45 
45 
45 
45 
45 
45 

45 
45 
45 
45 
45 
`45

0.82 
0.82 
1.25 
1.25 
1.31 
1.31 
.1.52 
1.54 
1.83 
1.86 
1.91 
1.92 
2.07 
2.07 
2.15 
2,17 
2.19 
2.2 
2.23 
2.23 
2.4 
2.4 
2.4 
2.41 
2.43 
2.43 
2.7 

2.74 
3.17=ý5

U5
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Table 2.11.L1-� P, PS, tresses for Support Disk for 1-Foot Side Drop - Maine Yankee 

Consoliialte-d Fule

Stress Allowable 
S inte.ty. Stress Margin of 

Section (ki) (sksi)si -l (ksi) Sa fety
37 

23 
35 
34 
20 
4 

1 

419 

64 
95 

:63 

12.0 
114 

26 

48 36 
22 

80 
79 

60 

28 

95 

120 

4t2 
26i

-38.5 
-44.9 
33.4 
36.5 
-40.7 

37.9 
41.6 
-18.1 
-41.6 
30.9 
34.6 
-37.8 
1-37.2 

-30.8 
-30.9 
-31 

-30.1 
-30.2 
-30.4 
0.2 

-34.8 

-21.9 

32.9 
•32.17 
32.9 

24.7 
`18 
P25 

7. 8 
13.4 

1124

-45.1 
-38.5 
36.6 
33.4 
--41.2 
-40.8 
41.6 
37.9 
-42 
--18 

34.8 

ý31.1 
-37.2 
-37.8.  
-31 

-30.9 

-30.5 

-33.  
-18.7 

25 

33.1 

-3,2 

:252 

28.1 

428.  

186~ 

:189.3

12 

10.2 
10.1 
3.2 
3.2 
3 
3 

3.7 
'3.6 
9 

.16 
2.6 
2:.6 
8.7 

8.2
8.-2 
8.3 

5;5 

7.6 
7.5 

1.6 

81.  

6.3 
j-6.  

0.3

54.2 

45.2 

441.2 
44.1 

43.3 
p43.3 
42.5 
42.2 
-42. L 
42 

40.1 
40.1 
39.6 
39.5 

318.8 
38.8 
38.8 
36,7 
36.6 
36.3 
36.1 
34.3 
34.2 

32.6 

31.5 

31.1 
30.8 
30.7 

29.9 
29.4 
28.3 
28.1 
27.6 
27.6

675 
67.5 
67.5 
67,5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 

67,5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 

67.5 

67.5 

67.5 

67.5 67.5 
67.5, 
67.5 
,67.5 

67.5.  
,67.5 
67.3 
67.5 

67.5 
67.5

Q.24 
0.24 
0.49 
0.49 
0.53 
0.53 

0,56 
0.56 

0.56 
0.6 0.61 
0.61 
0.68 

0.71 

ý0.73 
o.74 
0.74 
0.74 

0.,84 

0.86 
0.87 
0,97 
0.98 
1.07 
1.09 Id4 

1.14 

:1.1-7 
1.1 9 .  
1.2 

'1.-22 
ý1.26 
.1.3 

-134 

1.44 
1.44

Y.11.-1 --2'2
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T.a 2.1.1.1-4 iq~d -Str'ess 1Ratios - MS.ý.j R_ e Su~ppor isk Setoa 
N S t e s e s ,bl u--e to j ~n e Y i k e C n s o li d ate F~ u e l ( 1 00 % ~ F aile d ) 

s etresses(Bs 
_opr o eIsgn ssPs'-ulBak axmmSt

Case Normal Conditions, 20g __cdn.-ln-tin,60 

Design Basis 1.00 1700 1.00 !10 11.00 1.00Q0 1ý.00 

Case 1 0.98 0.93 0 .97 0.96 0.92 0 .95 0.95 0.96 

Case 2 6.9s '0.94 0.97 0.97 0.93 0.95 0.95 0.917 

Case 3 0.9 0095 9.98 6.97 0.92  0.9 P.9~6 0.96 

qase.4 0.98 Q~.95 0.98 0.97 0.93__ 0.97 0.96 0.98 

$,potDisk Sectional Strssjityg~k atio'-Membrane + Benip 

Case Normal Conditions, ;.g Cold Accident Conditios, ft, Hg~t 

1820 264287 0 6 18 .22- 26.2'80 5 

Design Basis LO 1.00 1.00 1.00 iQ 1.00 1.00 L1.00 

Case 1 1.00 ~.3 0.97 0.97 0.96 b.'9' 0.8 09 

Case.2 0.9§ 6`98 0.97 6,. 0.9 6.9 0.98 

Case 4 0 -.§j 0.95 Q98 09406 &0 02 10

2.11.1--,23
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P, Stresses for SuppIort Disk for -Foot Side Drop - Maine Yankee i0O% 
Failed Consolidated Fuel

Section SxO(si) Sy (ksi_ Sxy (ksi) Stress Intensity (ksi) Allowable Stress (ksi) I Margin of Safety 
1ý20 9-.11 z9.7, 7.8 24,~9 45 0.80 
114 49.7 98 7.7 24.9 45 0.81 

35 140 466.9 20.8 45 11 
23 1;.5 14.2 6.8 20.7 45 1.17 
21 -7.9 -16.7 6.7 20.3 45 1,22 
37 16.6 -8.1 6.7 20.3 4T .22 

112 7,2 -6.2 6.2 '18.3 45 1.46 
l1 -6.0 7.2 §:2 18.1 45 1.48 
9 109 2.8 6.2 p145 '1.63 

49 12.5 -0,9 6,2 17.1 45 .1.64 
63 1.5 -11.0 5.8 17.0 45 1.64 
96 10.6 1.5 5.9 16.8 45 1.67 
7 !3. 127 5.8 15.4 45 192 

51 12.4 3.1 5.8 15.2 45 1.97 
72 11.2 -9.6 4.4 14.9 45 2.02 
40 2.2 -8.9 4.9 14.9 45 2.02 
98 -9.7 -11.3 4.3 14.9 45 2.02 
28 -9.0 2.2 4.8 14.8 45 2.03 
104 -7,4 -!0.3- 6.2 14.4 45 ,.13 

66 -0.3 -7.5 61 1.4.3 45 2.16 
95 -3.3 -12.0 4.5 13.9 45 2.23 

64 11.8 -3.5 4.6 13.8 45 2.25 
26 10.1 -6.4 4.6 13.2 45 2,40 

42 -6.5 -10.0 4.6 13.2 45 2.40 
110 13.0 70.:. -0.5 13.0 45 2.4,6 
119 -0.1 -12.91 -0.5 12.9 45 2.49 
94 12.1 -O. -0.4 12.2 45 2.70 
71 -0.1 -12.- :0.4 12.0 45 2.74 
79 0.7 9.4 4.0 11.9 45 2.79 

80 9.1 0,7 4.1 11.8 45 2.83 
74 :0.2 -9.6 2.3 10.5 

99 9.6 70.3 2.3 10.4 45 3.32 
22 73.1 -1.4 -5.1 10.3 45 3.36 
36 :1.5 :3.3 -51 10.32 45 3.37 

108 4.1 5_3j 2.1 JO.3 45 3.38 
124 3.2 -6.8 0.9 10.2 45 3.41 

92 2_.6 { 7,2 0.4A 9.9 45 5.57 
115 0.8 :4.8 4.0 9!7 45 3.65 
122 4.7 1 0.8 3.9 9.6 45 3.69 
116 -0.1 -. 4 1 0.0 924 45 3.I2 

Note: Analysis corrxesponds o_ the 'lfc-ot sid'e drop w-th 450 bastket orientation andtherna] case B (Se Section 2.6. 3,6.2).

2.11.1-24
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Table 2.11.1.1-6 Pm+ Pb, Stresses for Support Disk for I-Foot Side Drop - Maine 

Yankee 100% Failed Consolidated Fuel

Section sx i) 
_ -40.2 

233 35.6 
35 37.8 
34 -42.8 

20 -42.2 
1 -44.4 

4 -38.2 
7 36.4 

51 33.3 
49 -34.0 

9 -34,4 

112 -18.5 

2 -40.0 

3 -41.0 

!11 .-42.8 

64 -32.8 

95 -32.4 

63 -31.9 

96 -32.7 

6 -33.1 

48 -36.4 

120 0.1 

114 -:35.2 

42 :19.6 

26 -33.3 

36 :5..1 
80 27.4 

79 27.0 

22 -33,8 

72 -1,9.4 

98 -27.1 

40 -11,4 

28 -31.7 
108 7.9` 

50 4.4 
715 3.-7 

$ 29.0 
74 -18.6 
99 -23.4

-38.2 

-44.2 

36.5 

3657 

-34,6 

r,34.1 
-43.0 

-41.0 

ý-39.8 
-18,5 
-32.8 

-32.9 
,33.0 

-32-i 
-36.6 

7-33.2 

-35.3 

0.0 

.-431.0 

_-9.4 

27..3 
-- 27-.7 

4.7 

-19.3 

-32.0 

-32.9 

jst2 

32.1., 

29.3 

,29j 

-23.7 
-3,36

Sxy(ksi) Stress Intensity(ksi) A 

12.3 55.9 
1.2.3 5.  
10.7 4715 

10.7 47o5 

3.2 45.8 
3.3 45.8 

2.9 45.5 

2.8 45.3 

9.7 44.7 
9.6 44.6 

9.7 44.0 

9J7 441.0 
3.8 43.6 

2.9 43.5 

2.9 43.4 

3.7 43.3 

8.8 41,6 

8.7 41.4 

8.9 41.4 

8.9 41.3 

1.9 37.4 

1.8 37.2 

5.5 37.0 

5.5 36.9 

7.6 36.8 

7.6 36.6 
•-4.1 34.7 

7.1 34,5 

7.1 34.4 

-4.1 34,4 

9.6 33.8 

9.5 33.4 

5.5 334 

5.4 33.0 

6.3 30.3 
73.6 29..8 

-12.5 29,8 

3.'7 29.5 

7.8 29.4 
7,.8 29.2

Not: 5.a~si crrspnd toth 1fot id dopwih 50 bakt rentation and the ,nnal case B_ $ee Selction 2.6.13.6.2).  Not21.12I5 

25i- 5

Iowable Stress (ksi) 
67.5 

67.5 
67.5 

67.5 

67.5 
67.5 
671.5 
67.5 
67.5 
67.5 

67.5 
67.5 
67.5 
67.5 
67.5 

67.5 
67.5 

67.5 
67,5 

67.5 
67.5 

67.5 
67.5 

67.5 
67..5 

67,5 

67.5 
67,.5 
67.5 

67.5 
67.5 
67.5 

67._5 

67.5 
67.5 
67.5 

67.5 

671.5

Margin of Safetý 
0.21 
0.21 
0.42 

0.42 
0.47 

0.48 

0.48 

0.49 
0,.5.1 
P051 

0.53 
0.53 

0.55 

0.515 
0.56 
0.56 
0'.62 
0.63 

0.63.  

ý0.64, 
0.81 

0.82 
0,83 
0.84 
0.84 
0.94 
0.96 
0.9.6 

Q,906 

1..02 1.02 
1 .04 

1.23 
1.27 

j .27 

1.30 
;.3.1
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6 Termal Evaluation for Site Specific Contents 

36.'1 Maine Yan kee Site Specific Contents 

The standard spent fuel assembly for the Maine Yankee site is the C nbustion Engineering (CE) 
114xl4 fuel as~sembly. Fuel. of the same design has also been supplied by Westinghouse and by 

TExon. The standard 14x14 fuel assembly is included in the popula.o.n of the design basis. .WR 

fuel assemblies for the UMS Transport System (See Table 1.2.5). The, maximum decay heat for 

t~he Maine Yankee fuel is limited to the design basis heat load for the PWR fuels (20 kW t -otIal1, or 

0.83 kW per assembly). This heat load is bounded by the thermal evaluations in Sections 3-.4 an~d 

3.5 for the normal conditions of transport and hypothetilcal accident conditions, respectively.  

The Maine.Yankee site specifi~c fuels and GTCC waste are described in Sections .13A..1 'and 

1.3.1.1.2, respectively.  

The 'thermal evaluations of the Maine Yankee site sp ,e cific fuelI s and Ithe G TCC waste are 

provided in Sections 3.6.1.1 and 3.6.1.2, respectively.  

3.6.1,1 Spent Fuel 

The.Maine. Yankeesite specific, fuels included in this evaluation .are: 

1. Consolidated fuel rod lattices con.sisting of a 17xl7 lattice fabricated with 17x17; gids,A4 

stainless steel support rods and stainless, steel end fittings. One of these lattices contains 

28.3 fuel rods and 2 vacancies. The other contains 172 fuel rods, with the remaining 

locations either empty or containing stainless steel dummy rods.  

2. Standard fuel assemblies with a Control Element Assembly (C.EA) inserted in each one, 

3. tandaixld. fuel assemblies that have been repalred by removing damaged fuel rods an.,d 

replacing them with stainless steel dummy rods, solid zirconium rods, or 1.95, wvt 

enriched fuel rods.  

4-,. St'andard'f'uel assemIrbl ie s that have ,had the burnable .poison .ro ds -rem oved an d r ieplaced 

'with. holl~ow Zircal-oy ,,tub~es..

3.6-1
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5. Standard fuel assemb]Lies. with in-core instrument thimble assemblies st•ored in the center 

guide tube.  

6.Standard fuel assembfles that are designed with variable enrichment (radial) and axial 
blankets.  

7 Standard fuel assemblieps that have fuel rods removed.  

8. Damaged fuel assemblies..  

9. Fuel assemblies with inserted start-up sources and other non-fuel items.  

The ther'al evaluations of the:e site specific fuels are provided below. The maximum heat load 
Iper, assembly is limit~ed tjo the d~esign basis heat load (0.83 kW), for all Maine Yankee~ site s~pecific 
fuels listed in the foregoing.  

1. Consolidated Fuel 

There are two (2) consolidated fuel lattices (pseudo assemblies). The maximum decay heat o 
each consolidated fuel assembl y is 0.279 kW• The heat load of the consolidated fuel lattice with 
283 fuel rods is bounded by the design basis PWR fuel assembly, since its heat load is only o.e 7 

third (0.27910.83) of the design basis heat load.  

The second consolidated fuel lattice has 172 fuel rods with 76 stainless steel dummy rods at the 
outer periphery of the lattice. Due to the presence of the stainless steel rods, the effective thermal 

conductivities of this assembly may be slightly lower than those of the standard, CE 14x14 fuel 
assembly. While the stainless steel rods provide better conductance in the axial direction, the 

radiation heat transferis iless effective at the surface of stainless steel rods, as compared to the 
standard fuel rods. The radiation is a function of surface emissivity and the emissivity for 
stainless steel (0.36) is less than one-half ofthat for Zircaloy (0.75). A parametric studY jýs 

performed to demonstrate that the thermal performance of the UMS® PWR basket loa#ig 
configuration consisting of 2.3standard CE 14x14 fuel assemblies and the consolidated fuel 
lattice with stainless rods isbcounded by that of the confi-uration consisting of 24 standard.CE 

14x1I4 fuel asslembl-ies. _Two fi nite element models are used in the study a two-dimensional fuel 
assembly model and a three-diraensional periodic canister intern.al' model.  

The two-dimensional model is used to determine the effective thermal conductivities of the 

consolidated fuel lattice with s:lainless steel rods. Considering the symmetry ithe c•.Solidatted

3.6-Z
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8. Damaged Fuel Assemblijes 

Damagýed fuel assemblies are standard fuel assemblies with fuel rods that have known~ or 

suspected cladding defects gre -ater than hairline cracks or pinole leaks. lEach damaged fuel 

assembly will be placed in- a Main -e Yank -ee fuel- can. The prim-aiy. function of the fu~el ca, nis t~o 

confine fuel material within theý can and to- facilitate handl~ing., and retrievability. Te Maine 

Yankee fuel can is shown in Drw-a 12Tel~mn f h odcfe 

cans is restricted by o-perating procedures and/or Technical Specification~s to loa44incg into the four: 

fuel tube positions,-at the p~eriphery of -the. fuel. basket asson n Figure 3.6.1.L1 4._The heat load 

for each damaged fuel assembly is limited to the design basis beat load of 0.833,,k-W (20 kW/24).  

Asteady-state thra nalysis is perfre usngthe three-dimensional cask model described in 

Section 3.41.1.1 simulating 100% ,failure of the damagoed fuel rods held iin te Maine,7Yanee 

fuel can. ..he calnisterj1s assumed to contain twny( eig ai W fuel assemblies ad 

damaged fuel assemblies in fuel cans in each of the four comner posijtions.  

A erscompaction length of 104 inches is considered inteaayi -aedo. h oueo 

fuel rods and a 50% compaction of the debris. Additionally, this 104-inch debrisregion is 

assumed to be located at the center, of the active, fuel ,region of the designbasis PW fuel 

assemblies~, as shown in Figure ~3.6.1,4. The entire heat load for~asnlfe a~ss I 

0.833 kW)__is ~considered to be concentrated in 'the debris region. h effective -thermal 

conductivities for the design basis PW ulasmlScn34112 arused for the db~ris 

region. This iscnevtvsince the debris (10 fale ros_ sepce t aeahge 

denity(beerconduction) -and more, surface ae(1!tLT4io) th~anan. intact fuelaseby 

in addition, the thierm~al codciiyo helium is used fortermidr fteatv ,fpe)Jnth 

Boundary codiio n psorresi~ndiing to nomýtasotaeused atteotr ufc the cas~ 

cladding' p4uide tube faiure-are:
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Maximum Temperature (0F) 
Description• Fuel Cladding Damaged Fuel Support Disk Heat Transfer Disk 

Configuration with damaged 
fuel loaded in four basket 682 633 6!8 614 
comer locations 
Design basis PWR fuel 673 N/A 608 605 
Allowable 716 N/A 650 700 

As shown in the previous table, the maximum temperatures for the fuel cladding, damaged fuel 
assembly, support disks, and hteat transfer disks for the configuration with damaged fuel loaded 
in four (4) basket corner locations are within the allowable temperature range. Additionally, the 
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 Tihserted Start-up Sources and Other Non-Fuel Items 

Five Control Element Assemb].y (CEA) fingertips and a 24-inch ICI segment may be placed into 
the guide tubes of a fuel assembly. In addition, four used start-up neutron sources and one 
unirradiated source will each be loaded into separate fuel assemblies. With the CEA fin-geip§ 
and the neutron sources inserted into the guide tubes of the fuel assemblies, the-effective 
conductivity in the axial direc, ion of the fuel assembly is increased because solid material 
replaces helium in the guide tubes. The change in the effective conductivity in the transverse 
direction of the fuel assembly is negligible, since the non-fuel items are inside of the guide tubes.  
Note that the total heat load cf the fuel assembly, includling the small amount of-extra 'heat 

generated by the CEA fingertips (0.4 watts) and the four irradiated neutron sources (15.4 watts.  
total), remains below .the design basis heat load. Therefore, the thermal performance of the fuel 
assemblies with CEA fingertips and neutron sources inserted is bounded by that 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 

under normal conditions of transport for consignmentsin exclusive use include the following: 

" The dose rate on the surface of the package must not exceed 1000 mrelhr, 

"* The dose rate on a vertical plane at the lateral surface' of the railcar must not exceed 

200 mremlhr.  

" The dose rate on a vertical plane two meters from the lateral surfaces of the railcar 

must not exceed 10 mrem/hr.  

"* 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 % 235U, 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 % 235U, 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

,;-1;
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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 b normal conditions of transport and hypothetical accident 

di- cident cwoit -•fi . -- -§, the cask is efe ctsof 

complete loss of radial neutron shielding including loss of the outer neutron shield shell; loss of 
impact limiters; 4d rx, slu resulting from ,lpmated cask side 

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

postulated conditions, the fully loaded cask is shown to meet regulatory radiological limits.  

heneration rates tesse oa nees 

initial enrichment an ýU ýý'7tý-~''iti-ýe'ý.--~-n Ovenfuel 

type, enripirnent, n4,'uru cofbnain th 6rcie rrdain oe dha 
generation rates to, fal eo:tc SRIDII'4US 1ai x ' e. anfyis icit V. models the source, 
term for the various ~iirue CMb ~ions baed ':A Hr 
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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: 

"* GE 7x7 BWR/2-3 version GE-2b (Class 4) 

"* GE 8x8-2 BWR/2-3 version GE-5 (Class 4) 

"* GE 8x8-4 BWR/2-3 version GE-8 (Class 4) 

"" GE 7x7 BWR/4-6 version GE-2 (Class 5) 

"* GE 8x8-2 BWR/4-6 version GE-5 (Class 5) 

"* GE 8x8-4 BWR/4-6 version GE-10 (Class 5) 

"* GE 9x9-2 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 % 235U, a burnup of 40,000 MWD/MTU, and a cooling time of 

10 years.  

5.1.2 Codes Employed 

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 SASi [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 changes 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 conrtributions 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 teirms 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 .'ask surface dose rates calculated at the fuel midplane include (1) 
neutrons and gammas orig[Lriating 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 intact fuel 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 rnrem/hr 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 irern/hr on the cask surface and are below 100 mremihr at the 
personnel barrier. 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 accident con ditions do not result in a dose rate that exceeds the 
accident condition dose rate limit 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 intact fuel calculated for the PWR and BWR casks 

under normal conditions of transport are shown in Table 5.1-1 and Table 5.1-3, respectively. The 

locations of the maximum dose rates in normal conditions of transport relative to the caskbd 

and transporter are shown in Figure 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 intact fuel surface dose rate is 167.2 

(±1.8%) 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 46.6 (±1.6%) mremlhr. 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 impact limiters. Axial shifting of damaged fuel material increases the calculated 

dose rate on the upper forging and personnel barrier (at the elevation of the forging). Dose rates 

remain below 450 mrem/hr at the cask surface and 100 mremlhr at the personnel barrier.  

For the BWR cask, the maximum normal conditions surface dose rate is 84.8 (±2.0%) 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 225.6 (+3.5%) 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 

mremlhr. At the personnel barrier, the maximum dose rate is much less than 200 mremlhr, with a 

maximum computed dose rate of 40.4 (±1.5%) mrem/hr. The 10 mremnhr criterion is met at all 

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

5.1-5
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5.1,3.2 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 impact limiters in the PWR and BWR casks, respectively.  

Te location of the maximum hyvpothetical accident dose rates relative to. the transport cask body, 
are shown in Fi-ure 5.1-2. An accident involving the complete loss of the impact limiters or 

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 shielding, analysis 

conservatively assumes a complete loss of radial neutron shielding. In addition, ax Ial and radia 
lead slumps -resulting from. poestulated cask side and end drop accidents are modeled in the 

accident condition-analysis.  

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.  

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.

5.1-6
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Locatic._n of Maxi mum Dose Rates for Intact Fuel in Hypothetical Accident

- -20.4.mrem/ (PWR) 1 mfr 
12.4 mrem/hr (BWR) atfu S12 . .. _ _ _

2 m

Lim,

461' 5 mrerrlhr (PWR) 
497.9,mrem/hr (BWR) 

Omdcask bodj 
el midplane

739.5 mr ..hr 
(PWR &BWR)
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Table 5.1-1

Table 5.1-2

PWR Maximum Total Dose Rate Summary ____tjitact - Normal 

Conditions •

IntctFue -- •:Accident PWR Maximum Total Dose Rate Summary -- ----t.aet - " 

Conditions

5.1-9

Location Dose Type Radial Top Axial Bottom Axial 

Surface Gamma •62) ( 20 [% . (dQ.4%) 

Neutron 0 I 79-%'i• (1. k7%) 

Total 0 -1 c 

Personnel Gamma .5 

Barrier Neutron 213.2 (3.%) 

Total 4i6.6 
2Pin Gamma L6. 4T:) L 3 

Position Neutron 1. (14.~ 9~%) <j.O. (132%) 

_______ Total (I tQ.4~ ~O1~ 4%) 13 0j%)

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma 0 N j) u,7 (,470•) 
Position Neutron Tj- .2-. 23 C:L9%) 160. O K%) 

__ _ _ Total 4F _~~ 8~ 3. O~
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Table 5.1-3 RaPteSUbhav fjrItact Fuel:- N'rnihal

Location Dose Type Radial Top Axial Bottom Axial 
Surface Gamma Oj 4%) 

Neutron 34.5 4. ___ 

Total ;84.-8 .0 6 .4 .4%) 

Personnel Gamma 20.j 

Barrier Neutron 98 I 
Total 40'4 

2 m Gamma 4.0 • (l.Q 

Position Neutron 3.4 o) .%J 

_____ Total b7", 34 (L ~b) 
D os~e rate at fiqring surface inside g&p1ý ow'r lipp'er n hijq sh91ljs 225.6 /o5%

Table 5.1-4
Bonwk. vaiu~n sicfrItatu n

5.1-10

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma ý2K3 U. (QA%) 
Position Neuit:on -2 3% J f7%) 

_____ Total 49J Oi K _
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5.5.1 Site Specific Contents Shielding Evaluations 

Ti section describes fuel assemifi characteristics andcofigurations, o waste configurations, 

onitaioninactiat redstnsSelrea p eratioent pR rsipation in researchtandadevelopienc t 

starIins,testing.pro grams intended toimp eactor n oprati a om decommissiong 

acHtivtis.  

Site specific fuel assembly configu ationso a eithe shown to be bounded bysthgeanlysic of the 

standaird design basis fuel assembly configuration of the saipe~ype (PWR or BWR), or are shown 

tosbe acceptabler contentseby specific evaluationof the configuration.  

5,5.1.1 Fue S0rke:ter pescifinpt ent Fuel 

This analy ••sbothassembly fuel1sources andisources from activated non-fuel material 

such as control elemnent assemblies .(QEA), in-cr instirument (IC!) thimbles, and ulasmle 

qqj4* civae tils steel rplacement SR rods and other non-fuel material, -includ~ing 

startutp neutron sources. It also considers, the consoli dated fuel preqsent in the Maine Yankee 
Ispent fuel invenitory 

The, ~ai~ne Yýanee spen~t fuel iveltr aIs .oais fuel ass e~mblies 'with hollo zirconilum.  
rosrmoedfelrosaxalbanet~s, poi'sonro.fpd~s_vari able radial -enrichment, and low enri-ched 

su~bs0IituteL roschsomponents" do]ntesl in-, additional sources to, be considered in 

shqcn~yda~s ae d _~p per~Kkyad the standard fuel asmbly ealuation:~Foi 
shigderaji~~__ý bhdosh p.ana 4yerag ~ is emplw 

in- giiibmc ol times.  

~ ~ dejg~s~p~A4U•~rniono 

~~~~~~i Nuler=Tearyjya~bisw 

__ __ the h-_ igh -sest o e thre ven dor fue_~týJl type ase o 

0. 765-inth 01 7__ inq _chtive fuel lengthjn a 95% theoretical 

__ TW Thit txced theeý, s-of.3 

Ma ni_&Yankee fue -a s-s- piO).J9ý7 Acdih peg~gpiqqdces bou ng-soure~tpq The

Ell5. 14
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source ternm. -Hence, no adjustment tothe one-dimensional dose" rate limits is required as in 

.evious analyesnvolving adde~dnon-fu~el sources, The results~ of the cool time analysis for 

,ach assembly are shown in Table 5.5.1.1-16.  

5.5. 1.1so.••onsolidated Fuel 

There are two consolidated fuel lattices intended for shpment in the Universal Transport Cask.  

the lattices house fuel rods taken from Iassembli Ies -as _ show -n 'in Table_5.5..L1-6 

consolid-ated fuel rods have decayed for over twenty years and d6o not represent a signficant 

A lmiting cool timne~analy~sis s conducted by identiyiga fuel, assembly description analyze -d , i 

the oadin g table analysis which bounds the parameters of the fuel rods oin the consolidated fue 

lattices, The paraeters of those fuel rods are shown in Table 5.5.1.1-17. TheGE• I4 fuel at 

30,OOQ M\AVD/NjTU and 1.9 wt % enrichment represents a onic sebytp ic it has a 

significantly higher bun•up and a lower enrichment the orie gial assembheli T J.  

requires six years cool time before it can be loaded in the transport ;cask as shown in Table 

5.5.1.1-10. The consolidated fuel has been cooled for at least 24 years. For container ?CN7 

lattice one can immediately conclude that dose rates are bounded by the limiting fuel.  

Howlever,, the... N-10 .-la-tt~ic. contains significantly more fuel rods than. an, 'intacjt -as -sembly...  

Neglecting the~rni..igatiiig effects of. additional self-shilding, this cnfiguration iis addressed by 

compa.ringth radiation, souce strength, ofi the limiting_ fuel -and. 24-.years cool time.  

Conseryatively assuming that all fuel rods present in -CN10 are at the hmiting conditions of 

30,000 M D/MTUand -1,9 wt the ratio~of the source rate in the.CN.71O -to- he source.ratein.  

the~limiting ;fueis.emby is shown to be less than one for each source type in Table 1,-118.  

For each source typetl3e ratio is compted as" 

RatiN=-u Rdsn CNl.(oreRte aG+24YOr/ t um Rods i F/A)(Source, -ate 6-t)Er 

Hen"CN-1O isEa'so-,býo~u~n-d-e-dlby",he iminting case and theconsolidated fuel i~s, ejigi~b%1jr 

shpmeintj~e.ietransport -as qus6i anup 1 2001.

5.5.1-11
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5.5.i1.4.5: i Damaged Fuel 

To •rovide minimut m coaol tlrrey s for Mxaine I Yankee dam•ged fuel inserted in Maine Yankee fuel 

caddtion thefIft bu6ii erglocatioens of the basket, an analysis isnperformed .that determines, for any 

gimei enrichment ad butup combination, the minimum cool time required for dose rates to fall 

below the design basis values for these locations. The anaeysiIs m• dels th.e source term for 

c.ombination's of, enrichment, -burnup, and .-coolftim baspedmon SAS2H results. The dose rate 

.evaluation is made on the basis of c e mputed three-dimnensional dose ratesn-that explicitly consider 

the effects of radiation spee. irum and cask shieldig properties. asThe analysis considersthe 

igration of damaged fuel ekom the active fuel region into the upper end-fitting andupper 

plenum assembly re-gions.  

f..1".1.4.5.1 D amaged ['uel L-oadingp Table -Analysis 

The loading tableganalsis t ltends the applicability 2of the initial 10-year-cooned, 45,000 

MWDBIuTs 0 WR desigan asi sthelding evaluation by.j.yroeiding minimum cool times for 

30,0.00 to. 50,000 MIWD/MTUL' burned fuel as-semblies in increments- of 5,00O0 MWID/DNITU.--n 

addiion, to the burn~up range, the loadinig table evaluation includes minim-um initial enrichment 

limits ranging from 1.9 to 3.7w %,_ n02 wt% U increments.  

A. completle set ot -soilirce-spec tra for the,, esign- basis. Maine ,Yank&eCE 14x 14 fuel assexyblyiJs 

comptiited. usn t eSS2H. 11codp_ t' arious initial enrichmrent, burnup, and cool' times 

rersnaieo hfeivnoyitnefr.hpet Next, the damaged fuel materIia 
dels'cpritio ns'rom '-'~fr the uppe end2-Ftting dn upper plnm msrbly regions, _The 

'Volume of void space in, eacf region is citc~ulat'd. and is then assumed completel vfilledc with 

V0 2 ., Thus. 56%q Hf t4qass§p~mbly-fuel .mas~s is ass~umed to nigrate i~nto th~e i~pperýs~s~elmbýYr.gion 

with no reduction in 'fuel mod eled, over the active iueleigh 

iocaZtiJ are constriic'edbased th e mass of U02 'in each fuel assemblyregion for seven 

sorcs outO. th atve- fuef wre upig _I 

___L _P q-I_-_cie ul ,"h on reedirnensjonal os 
rpspq)As- 4apjrQh .Outl]ineind 1e ý i6h 5.4.311 bante iised. Therefore, a lped nsoa

�i,5.i-12
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o,_qse respqnse2 methodologyis used to generate the large number of dose rates required. Thus, 

seveýn se~ts-of tre-dimensiqa1 lrespqo~e caes~ are run to ge~nerate the gopsecntribution to 

rtsat the dose rate locations of interest.  

e a'ch enrri'chmen--t,-,-burn-up,,-o-l,,ti e,,-andsorelg , teProduct 'of the normalized source 

spectrum, and the respqns ,e spect rm ,is~n mupli , d by the t otal source -o calculate thedose rates, at 

the detector locations of interest. The dose rates fronmall sources are then summed. With the 

dose rates calcuilated for each possible comnbination,.the excluive use dose limits are used in 

conjunction with the four corner location results of -the design basis PWR fuel to compute 

required cool times.  

The SCALE comnputer code ~system is used to evaluate radiation source, terms a~nd -to perform 

three-dimensional shielding calculations. Source terms. are evaluatd- using the SAS2H. code, 
which provides a simplified interface to the ORIGEN-S code, including bumup-dependentcioss-.  

section processing.. The SAS4 c~ode sequence is used to determine, three-dimensional dose -rate 

response functions. sAll SCALE analyses are conducted using the SCALE 27N18G ggo.p library.  

SAS2H 'runs are executed for the CE 14x14 assembly at the following combinations of _burnup, 

initial enrichment, and cool time; 

Burmup: -~30, -35,40 , 4 -5, T.5.0 MWA~DI/MTU, 

Enrichm•en't:_ 1-.99_ 2.T'i..3 ,:2.5 , 27.7 2.9, .3.1,_3.3,• 3.5, 3'..7_wt'% -c U 

Coolie_: 5_, 6, 7,'8,910, 121, 16 18, 20, 22 24,,26, 28 0, 305, 40 .year 

coltmsare establ-ish-edj 'y' .int-erpolating between Iresults calculated for~each. c-ooll<.t imp 

listed-above. This interpolaton'procedure~is conservative due to the exponentially_ depcreang 

behawiorofradiataon source _ rates wil time.- _The maximum coo! time (that is, tje cool__tim&that 

the dose rate limit i ismet)is always ronded:to tothe next whole year, 

The Various . . .obinationsVof -e--ch-hmen and burnu shown above define a discrete mesh of 

possible combinations. When Considering the, rquired-cool time for a particular assembly, the 

actual erchenq f the asgmbly shouldbe roun~deddown tothe next lower analyzed value, and 

the assembly bie routo the next higher aValdalue in order to ensure 

tatcnevtv aal is fiddfro *the loadn table.! 

K.5-T1'43
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5•.51.4.52 ; Establishslent of Limiting Values 

ýýal' i[o431 n-d tin a- osedI _a-t e-,i o oi tim ae iestebi,4qL~ng the A4 cdnqmptn h 

i ln rate for thsdesi 

W . Deer funel'se ratevauesatThehoo 
liit ae stblsh aedonthe difference bewe hh oa emnbs iouse 17 x 

.1 ulds aean h etn s 17 x 17 fuel[fur corner dose rate contribution and the 

2. dose- rate limsultn The limiting detector ocation ore maximum cool times is At a 

distance 2m -from the edge~of a 124-inch wide railcar (357..48 cm -from, the, cask- centerlin~e) for th~e 
xcusive use surface dose rat( limit of 1000 nremehr. ( The. reutimng three-dimensional dose rate 

limit for darnagedjfuel in the four corner basket locations is 2.65 mrem/hr at the iimiing dt~ctor 
location.  

.51.1.4.5.3 Q amapesd F-el Coeol Time Determination 

The,.strategy used to determire the limuiting cool times for a given initial enrichment and-burnup 
combination is:n 

,1. Determin dose rate lvalues at each cool tine step.  

2.Iterpolatein the r. nsulting collection of data to find the miniimumn cool timer required 
to meet the limiting dose rate (total of 10mrrem/hr at 2mn from the edge of the railca)ý 

Ther m~in inmum cool time~s raredq Tq o meet the eot 'rounded up) to the fietwhl 

yearý, The results of the ~Mai-ne Yankee'damagaed fuel loading table analysis are shown in Table 

5.5.1.1.4.6 Fditinl C~o-uladNito oreMtra 

Addiionapno-fue~l m~~ateral gsists of_: 

Lhree ~p utofiuix-!,!erivlium~ JuBejeto pry~i~d~n~n 

unSbBeiewrsorcsjottradatd 

Cont nbly (cg rtivs.
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T~he five. neutron, suc- ilbe inserted into the --center guide t~ubes of five -different assemblies, 

ýad.iio-a'de'd-_inJtoClas~s Y -caniisters. These five assemblies , must ~be loaded in five dif .feren I 

'can-sri- the C - -.T h-is -d -- sngsgmn t.my be inserted into the guide tubes of on 

bu telase~lyy~s b laedJt aCls 2 canister to acomoae ,flow 
iulý ioadedJDlpys ----- ccomoat 

mxrto plug the guide tubes holding the non-fuel co,ýTqets 

The characterization of the additional non-fuel hardw~are is provided in.Tables 5.5.1.1-20 and, 

5-.571.1-21.- The data is- divided into two separate categories': 

1. ~Non-neutron producing radiation sources - this category includes the CEA fingetiS, 

ICI string segment, and the Sb-Be neutron sources (the neutron production rate of 

!;hese is negligible.).  

2. .Neutron pro-ducinig- radiation" s~ources,- this- category includes the two irradiated and, one 

unir-radiated Pu-Be neutron sources.  

The masses of 23 u and 'Pu giýnfor th _nraitdP-B oreaeused in qonjunction 

-vt$ thedeliverydate of May 1972 to gen~erate source terms.  

The neutron sources have an additionaL,§qurqqcomppnent due to the irradiation of the stainless 

mtee rod encasn thie source. __,e quanti y.9irradiated steel is taken as 10 lbs ý4.54 kg).  

From- the wa'ste'-characten zaio is, apaetthat the S-esources ,already include tihe 

conniLutonof, irradiated stainless steel.i- Terefore, only. the Pu-Be irradiated, stainless steel 

require ,s. activation.,_Thfe hardwareý source'ýsppctra for the irradiated Pu-Be sources are based on 

theMane ane~7 urstsoytn Tabl 5.5.1.1-4. The combined Pu.-Be assembly 

harwae rraiaio fo Ccls 113is shwninTable 5.5.1.1-22 at a cool time of nine3Teais 

frnhl/19 97.' 

The Mastec chactqe_ io '~iyj Tabl 5.5.1-.1-20 and 5,5.1.1:21. are used to generate source 

terms -using RJ J. For th ,e non-neutron.,prodin sorcs the total curie content is 

asind tp-o jot gpl dsuý 7i2 o ~onlv one pjqd-je 

contents --*r ~~j);ith- dý-eýopuinu masse are used for, th'

5.5. 7-
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Based are thetwo areas ofrapplition of both spetra and•ate. e 

pres-ene.d. --o1• ,tg-bl-e_._,oS&5,_ .! ;n•-2;!' •d •e

re~~~~~p~~~gs•~~b lnf q .,ajs•g 2(c• oade 24t o 1 one D a• ,0 93sEml. +0_6hremove the y! e 

ddtnn_-gatao calculate t s 

Praes du to~ 16. f thve neutii~ron soure ill be loaded into difei 

presenited in Table ... 1d:2' and the neutron source assembly spectra are presented in Table 

5.5.1.,1-24.  

Dose rates are calculated by simply groupwise multiplying the spectra andCE14x14_dose rate 

Kpe pon s e fun cti on s and, adjuLISting by a factor o f 24 E+ 10 x 5.6 193E+06~)_.t~o removej y eth olume 

component and- the calculation scaling_.factor.~ Dose rates are prese jnte _nTables 5.5...-2 

throughý 5.5.1.1-27_and show the minimal dose rate contrib~ution due to the inclusion of tlj' 

additional non-fuel. material.
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'maxinuli~ SO iposure Cool.Tihue 
yiýý ast Xpoureof er Cycl as of 

A- Goup Cyce Cycle Mi1WD"MTU) cI I2es-MWD/MTOii I)1I2 

Al-AS 7 154 60239 966934 
B13I-B5 9 115 48909 7 6987 4 

C1-C11, C13-C15, 0I 15 44315 673864 
Di-DID5 11 15 35283 5 7057 4 

EI-E17, GN, *78) 
101, 102, 138-153 '1 

F1,F2 1 15 i18663 3 6221 
4A •12 12 9786 9786 
C12 10 112 24309 ý8103 
NA .... I1 ] 75444 i' 6859 10 
1-69 1 8 53258 8 6657 15

trhe a-ste-r-isk is added' to C-EA- 7-E;*,to .....g~s i .. ..mt~qgn~CA8

5.L1-8

I
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MaXine aneeICL hml Ex~posure, I astiyia Total Source Rate by

cyci114 __tSource 

Grop Qijtity- E1.4 ____ ysc 

B 2.3775E+1 I 

I-,C 2 3.6244E+11l 

D 1A,2 2 106E-i-'1' 
4,5!5637.E+1,l 

F3-thru 11113 11;1695,E+13 

G1 j 3th-ru'll 1 -- -J4 110 1.')126E , 13 

1 3 hu11, 15 10 .1454E+13 

I3. thru9,14,15 2 _.1309E+13 

l~thru5 .494OE+13 

k 1! 1 hrul12 6.1296E+12 

EL: I21 Lh~-'j5l'9E 
2.6801E+12 

N ____l~tru53 8.8105E+i12

T-Able 5.5. t. 173
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Maic.Y -eeFuel Assemablie with §talhess § e~efeicem~n Rkods

1. _MWDJMTZ

Table 5.5.1.1-6� _Mitqeit$Qi CosldtdFe atie N1adC

55122

N842 ~10d 

N868 1ý,2 1,aý 491-9 

R032 1l2 13 j~6,464 15T38, 12-- 8 

R9 12 13 14 20,32j9 A14779 _1,685, 

F 3 - -6

pi 0 5 Q 
9V5~ 5 9 

U3 1 5 905 

1351 -i5 8,288 0

Odigina itl 

tC.F F uel W39beli Bru lricmn 
Laic HLeb~ Rod fMW.iu] [iUL% 

_ EFO24j2___ jŽ 
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Table 5.5.1.1-7

Table 5.5-.1.1-8

,tAine Yankee CEl4xl4 Homogenized Fuel Region Isotopic CqrnpQsition

Isoto c Comiposi~toins of Maine Yankee CE14xI4 Fuel Assembly 

Npn-Fqel Source Region's

5.5.1-23

CE14xI4 

Iso~tope [-atomn/b -cm], 

ALUMINUM !2.051 14E-03 

BORON-101l088 E-0Q4
BORON-11 7.68387E-Q4 

CARBON-12 2.39821EI-04 

CHROMIUM(SS304) 7~.19369E~-04 
IRON(SS304) 2.45101E-03 

MANGANESE 7ý.16674E-QOý5 
NICKEL(SS-30-4) ý.,18674&-04 

OXYGEN-1 6 8.72597E-03 

URANMUM-234 2.39964E-071 

Uk IU -3 3,14135E-05 

UP-ANMUM-238 I 4.33133E-03 

ZIRCAL6Y .3.06324E-03

,Upr Plenumh UJppe End Fitting r Lower En d F itting 
isoopej~toiil-crn] [atomlb-crnl [tom/b-cml] 

CLROIU~(S$3Q ý ýfW990-03 ,U.9n9iO-A 3.0812.5E-03 

TRON(S~~ ~~ S0) 426-0 6421E-03 LO4941EO2 
NJCKL(~S30) ~05l9I~0 ~ 4124E04 1 .36497E-01, 

ZIRCALOY. 523EO ___________
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ýSoopj Con ins f MineYanee E14l4 aniterAnnular 

Repion M~terials(Qne-Djelsoal naysis Only)

TablI'e-55111 Loa~din 2 Table for Maine Yankee _CE14x 14 Fuel with No Non-Fuel 

Materia].1 - Reauire.d Cool Time in Y~ears Before Assembly is Acceptable

Ful Upper Plenum jjpper End, Fitting Lower End-Fit -ting 

A-11lu- nulj s Annnli Anulus A'n nulus 

Isotope [aoi#bcr40atnibml jAtom/~b-cm]j [Latonib-cm] 

ALUMINUM ý5._9'6817E_-03 L 

CHROMIU(,SS30_4) . 1-.7789 -5E-Oh_,0 9 3 -10 65E,-,-0-4 2.5 3 52-9 E-O3 4.13797E-03 

MANGANEE] '17 7"2 2 8 E'-04 9,.27 57 7E--0-5- 2. 152 15 79E-04 4. 12247E-04 

IRQN(SS304) (.05870E-0~3. 1171013-03 8.63463E-.03 -1.40930E,-02 

NICKEL(SS304) 7.8'&057E-04 '4. 12453E-04 ~1.1231 IE- 13 :183 .30813-0 ,

Loading Table fojr:CE14x14. Fuel with No Non-Standard Fuel Material 

Enriclhment _____Burnup ,(B) [G"W/MITU] 

[wkTI?] B:30 3 0•':ýB <35 35R< B<40 40 <B <45 45 <B <50 

1.9!!• E:ýý1 6 ye.s",ur~y~e~ar's j$yats 7years 

2~gp Kyiiq if years 64 yers $ ýrs;1y 
~~~Vrs 22''.-r.  

2.59: •E-< 2. 5YPK yea. yeasyea yar 
eas easyears I 

.-y~eg YA§ .gOsyears j15'ye~ars 
3.31•E~<. 6

_years .~r y~~~er aI.yes 

34 _ ~ 3ers~ 7yars eyarr 7L y-ears

ýT#ble L

al-3 T_ 1.- 4
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!a.j <'Qr5 I '11

,grto I psalsigOn-iesoa ose Rate Limits for 

LodiJ T e.Antalysis

IE ColTime DsRae FSD Ratio Limit 

[y] tipremi/hr] [%c [I fmrem/hr] 

Class 1 Result 7.70 01.72 7 6.71 

'No CEA. 7.92 0.63 ý97.2% 6.53 

-5 Y 0.55 81.9% 5.49 

:1Oy ý.5.3 ý0.59 9 0.3% 6.06 

J 5y .22 0.60 93.6% 62 
.0y 8006195:3% 1 6~.39

55.1-25
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~~gTable for Mai-ne Yankee CE14xIA Fuel Containing CEAC~ooled

5.51- _

Lnading TbhIe for CF14.14 Fnel - Mi nimum LjRp'ired Cool Time in Yeor

Rnrn 30 GWDIT1T _ _- nimum Coot Time [vI 'or 

Enrichment No CRA (Clnss 1) No EI (Cass 2 5 Yr CEA 10 Yr CFA I Yr CFA 20 Yr CRA 

1.9 6 6 7 6 6 6 

2.1 6 6 7 6 6 6 

2.3 6 6 6 6 6 6 

2.5 6 6 6 6 6 6 

2.7 6 6 6 6 6 6 

2.9 5 6 6 6 6 6 

3.1 5 5 6 6 6 5 

3.3 5 5 6 6 5 5 

3.5 5 5 6 5 5 5 

3.7 S 56 5 5 _ _ 

Burnup 35 GWD/ITU inimum Cool Time [I 'or 

Enrichment No CFA WlaqI1 No 1 E:L(Ciaqs2) ; yrCEA 10 Yr CA 15 Yr CFA 20 Yr CRA 

1.9 8 8 9 8 8 8 

2.1 7 7 9 8 8 8 

2.3 7 7 8 7 7 7 

2.5 7 7 8 7 7 7 

2.7 6 7 7 7 7 7 

2.9 6 6 7 7 6 6 

3.1 6 6 7 6 6 6 

3.3 6 6 7 6 6 6 
3.5 6 6 6 6 6 6 
3 76 6 5 6 6 6 

ornup 41 M(WDIAIT T A inimum Cool Time [vI or 

Enrichment No CEA (Class1) No[ (Class2) SYrCEA 10 Yr CEA 15 Yr CEA 20 Yr CEA 

1.9 11 12 14 13 12 12 
2.1 10 10 13 11 11 11 
2.3 9 9 12 10 10 10 
2.5 9 9 10 9 9 9 

2.7 8 8 10 9 8 8 

2.9 8 8 9 8 8 8 

3.1 7 7 8 8 8 8 

3.3 7 7 8 7 7 7 

3.5 7 7 8 7 7 7 
77 7 7 7 7 7 

Bornm 4q C. WDIITI" N_ inimum Cool Time lvi ror 
Enrichmen NCE(Class1) No (Class2) SYC OYr CFA ISYrCFA 20YrCEA 

1.9 18 18 21 19 18 i8 

2.1 15 16 19 17 17 16 

2.3 14 14 18 16 15 15 

2.5 12 13 16 14 14 13 

2.7 I1 12 14 13 12 12 

2.9 10 11 13 12 11 11 

3.1 10 10 12 11 10 10 
3.3 9 9 II 10 10 10 

3.5 9 9 10 10 10 10 
1.7 9 9 1LL 10 10 10 

.I nrfl. 50 fWIDAITV - inimom Cool Timepv 10 r 

Enrighmcni No CEA (Clas1 No( (Class2) 1YrCEA 10 Yr CEA 15 YrCEA 20 Yr CEA 

1.9 27 27 29 27 27 27 

2.1 24 24 27 25 24 24 

2.3 22 22 25 23 22 22 

2.5 19 19 23 21 20 20 

2.7 17 17 21 19 18 18 

2.9 15 16 19 18 18 18 

3.1 15 15 18 17 17 17 

33 15 15 17 17 17 17 

3.5 14 14 15 15 15 15 

1.7 14 _ 14 15 I 5 15 15
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T~able 5.5.1.1-13

Talie 55.1.,1-14

Table 5.5.f.1-"15,

I~eignR Basis Maine Yankee CEK Source Rate at Each Cool Time 

CA Cool Time Source Strength 

[y] _ ecCIA] 

51 L1690E+14 

10 8.3851E+13 
15 7.5060E+13 

20 6.9771E+13 

Establishment of Dose Rate Limit for Maine YankeeITO Thimble Analysis

Loading Table for Main.ean Y eeCE4x !F~uel2 C~ontanPng I(! Thimble

B~ottom Top 
Rate FSD Rate FSID 

Case (nem/hr) %)(mrem/hr)(% 
No ICI 8.50 0.7 9.78 0.8 

4 Yr Cooled ICI 8.50 0.7 9.87 0.8 
Delta -0.08 

Original Limit 07 

Akdj~usted Limit I________ 66

Enrichment Bru GDMU 

[Wt.%] 3Q 35 40 ~ 45 50 

1.9 61 yer Sers 1YeAik y~ears 27 yq ars 
2.16 eas years ý*jea ea 4years 

2.3 ygeajr Y7pyearU Syr .14 years 2yearsj 
2.5 6 yars 7 ear ~ y~r~ ~3-years ~ei 

2.5 -3 yars6yer ya I1 _& ers 

3.1Ygg _ya ~ 6yeiirs i3ars _Q9as I yeas 

3.3 k~er 6 .,e!4s ?ýyear ,Iyears ~5yars 
i3 5-years _5 year 

3.7 jr Fyr 7Years 9. years ca~e~rs
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T~able*,5.5 XIt-16

ASSY BuArnup Vnrichument SSRSorce Co Time Ea,-rliest 
Number [GWVD/MTtUI [wt %] tglsassyj [yA Load Date 

N420 45 -3.3 2.1602E+13 ~ 110 Jan 200.1 
NS42 35 3.3 3.1396EB+12 6 Jan 2001 

N4868 40 3.3 5.2444E+12 7 Jan 2001 

R032 45 3.5 1.4550E+13 9Jan 2005 

R439 50 3.5 1.3998E+13 14 an 2010 

R444 50 3.5 5.5993E+13 19 Jan 2015

Table 5.5.1.1-17 Maine Yankee Consolidated Fuel Model Parameters

Act~u-al Modeled iRequired -Cool T~iiu* 

____No.- Burnup itnrichenin 'B'Urnup Enrichment Cool Time 1/110O1 

Lattice kssy Rds_ 't4N[)(MTUl jkt %] [MWD/MTU] [ wt %] ty]ly 
CN-i 1703 2 5150 1.ý929 3000 2 

CN t~F6O4 17 i ý~50 1.9n3 3Q1.  

T able- '.'5-.`Ef- 18 Maine Yankee, §our~c~ Ra~te -A-na~lys-is for CN- 10 Cons~olidated Fuel tltice 

6-6l Thue _'.Ro Dea~etF el Nuitron Fuel Gam Fel Hardware 
ly] ~ ~ ~ ~ ~ a' I~~sn k/ak i/ sy] [g/se~ssyj [g's/assy] 

6 LOd~ 1. 6E+0-8, 13.6-E-+I 1 .28E+12 

24 728.4 ______ 84I+7 l2E1 .67E+I I 

SrcRati o'ý2-4/6 6____ .8,6, b.83 1 0.65 10.15

ýI7E

KeAuired Cool Time for Maine Yankee Fuel Assemblies with Activated 

s Steel Replacemeýi
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Lo ding TaJble for Maine Yankee CE 14x14 D m geFue,

Table 5.5.1.1-20 Additional Maine Yankee Non-Fuel Hardware Characterization-Non
Neutron Sourcles

Lft3]Tta Curies 'CO Curies 

Sb,-Be Sore"~.20 4,15E+02 2.22E+02 

Sb-Be Sourc'e 6144 0.020 4.3 2E+02 2.3 iE+02 

CEA Fi.ngertips 0.100 j.Q6E+02 &0E0 

ICj Strig Segmnent 0.007 2.82E+0i .76-01

Table 5.5.1.1-21 AddtioalMaiQ Ynke HrdwreCharia-ctefrization

5.5.1-29

- -~ -~ -Burnup JIMWD/MTU] 

bwt I ~U] 3%900Q 35,000 40,000 45,000 50,00 

7 yess J ~ y 1ear 9 6year- ýkys - :p7S -years 

2.3 6 ~years years- ~ 16 ye-a'rs'-yas~ ,~er 

2. years 8 years 12yers 3yK 32.years 

2.7 6 years 7 years I 'yea rs iyear 2year§ 

2.9 6 years 7 years 11Oyears 19I Vears 2 er 

3.1 5 years 7 years y years .15yars r23.year's 

335 years .6 years .8 years, '13 years 21 years 

35 years 6 years 8 years 12years 19years 

3.7 5, years 6 years 17 years II1years 1 -7 rs!ý

Docket No 71-9270

- _ - ý 7 - - - - 4" - , ", 

Table 5.5.1.1-19
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Table 5.5.1.1-22 PB4sy_,Hardw-arc Spectra-,ycls -113.43,-1-9-Year Cool~ Tiefrom 

VVJ9j.i7'

Pu-Be SS Hý_ 

2 O.OOOOE+OO 

0 .0000QE-+fOP0 

4 p.OooEoot6 
5 1,6598t-15 

6 2.1,099E+05 

1.13 607E+0-8 

8 5.-5885E-09 
9 ý.7338E+12 

1-1 :1.3362E+09 
12 .9 8 9E±0O-7 

13 6.9 -076-E407 
14 !'.'0929E+09' 

15 i§.306E+08

TOTAL 7 4.9691E+ý12]

5.5
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b I e' -5- '.'5-. ý1'. I' -'2-3

'5.5 4�1

Additional, Maine Yankee Non-Fuel Hardware- Hardware, Assembly 

ýpeqtra (Class 2 Canster) -10-Year Cool Time~ from 1/1/19ý97 

tICIString- CEA Fingertips total Gamma 
Group [gscIgsc gfsec] 

1 .O0OO+00 Q.OQ9OE+Q0,O .OOOOE+00.  

2 .O.OOOE+00 0 .0000E+ 00 0. OOOOE+00 
3 O.OOOOE+00 O0.0000E+00 .- 0 E QOOQOE±-0" 

4 b.OOOOE+00 O,0O00E+00 OOOE0 

5 O.OOOE+00- O.OOOOE+00 6.0_00013+00 

6 7 767-9'E+0-3 .2.9 19.8E+04 3.-6 9 -6 6E+04 

7 5.0-096E+06 "I.8830E+'07 .2.3 840E+07 

0.O60OOOE+ 00 O.oOOOE+0O 0.oOOOOE-+00 

9 2.1 109E+1 1 7.9 347E+II 1 L0046E+12 

10 7._4750E+l ý1 8098E-i12 ~3.5-573E+12 

11 3.3302E+07 1.2518E+08 1.5848E+08 

12 8.8318E+05 3.3197E+00 4.2029E+Q6 

13 2.5431E4406 9.5592E06 1..2102E+07 

4,Q238E+07_ 1.51 25E 1+08 1 1.9 1 49E+0 -8 

15 3.0668E+07 1.15281E+08 1.4595E+08 

f6 6x764E±_08_ 2.3216E+09 2 1.9392E+09, 
17 25 60E+9 .622E0 ý1.2 183E+49 

18 1.2840E+1O ~826E+'1O :10E 

Toal _774721E+1111 3.,66,39E+12. 4.163.86IE+1_2
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Ia(e, 5'.51-2 ~.ditoialMaine Yankee N1on-LFue'l Hardware - Source Assembly Spectra -10w-Year Cool Time from 1/1/1997

Sb.-Be. Source Pu-.Be. Unirradiated, Source Pu-Be Irradiated Source 

Ganirn O-amima Neutron Gamma 11w Gamma Total Gamma Neutron' 

Grou-p" [g/secl gle [n/see] [g/sec] [g/sec] [giselc] [n/sec] 

-t06O+O j'.'7724E+OQ 4.578Q0E+01 5.67-50E-03 O.OOOOE+00 7.70-3~ 4060E-0O1 

0.OOOE .'6g78E+0Q ý.6OE0.78 17E-2 ýOOOOOE+00 2.78 17E-02ý 98050E+00 
>,.owh0Q 4.O1w?±IZ i+i-si0E+03 h.~f-V I UUUUUL+1.JU 1.499~z1h-uIAl2U~ 

OOOEO L37013+02 2,.2600E+03 3.9608E-01 0.OOOQE+0O 3.9608E-Oi" 7.237OE+0Op 

5 O.OOOOE+OO 3.9121E3+02 1.52180E3+03- L.2 26E3+00 ý1.6598&315 1.2526E+00 4.8930E3+00 

6 1.190013+-0,5 I4,.598613+02 7.9540E3+02 1.472213+00 2.1O99E+ 2091+05 Z.547013+00 

F.42+07 8'.33491+2 .4OE+02 2e6252E4-00 1.3607E3+08 4.673+8~ 5850E-01 
8 .6004O 1.4713ý+0 4606jE'+*06 5.5885t-09 4.'6'003E+00 

9tl &J238+1 67291+00 1.004413-04 '5.733813+12 5.7338E+f2 

1.451E+l3 8.411+3 .63213+01 2.0304E+13 2.0304E3+13 

11 A615,E+08 3. 78 9 4E"'+'04 - 1.2132E+02 1.3362E3+09 1.336213+09 

'21.3 O01+07 _.90101+05 - 9.291113+02 2.3989E+i07 2.3990E3+07 

~.95E+7 .756813+03 3.4472E3+01 0.9076E+07ý 6.9076E3+07.  

f.61EO 2.691213+04 1.06i01 O+02 1.0929E3+09 1.0929E+09 

93.24 A.45-3 913+04 8.131 IE+011 8.3300E+08 8.3300E+08 

16 9.617E+09 .69'+0 6.,3049E3+04 11.677613+10 1.6776E+10 

3.9171+1 2.8213+7?.9027E+04 i.9545E+l0 61.9545E3+10
18 .9670E+1 I .86El - .5465E+07 3.5629E3+1 1 3.5639E+11

!1fotal ý,1,4932E3+13 2.9W6E+10 I 562E+04 9.5618E3+07 2.6484E3+13 2-441+3 54001E3+01:

5ý.5!.1-312



SAR - UMSO Universal Transport Cask 
Docket No. 7 1-9270

May 2001 
Revision UMST-O1C

TbleI_ 5-.5.1.1-.5 dditional Maine Yankee Non-Fuel HTardware - Hardware Assembly 

Rates (Cass 2) - 1-Year Cool Time from 1/111997

Normal - Railcar + 2rn Dose Accident - Im Dose 

Gamma Dose Gamma Dose 

Group [rnreni/hr] L~men/lhrI 

I O.OOE+OO O.O0E+O00 

2 O.OE+OO O.OOE+OO 

3 .OOE+0Q O.OE+00 
4O.OOE+O0 Q.0.0E+00 

0 .00E+O 0.OEO 

6 7.43E-01 3.42E-08 

7 2.39h-,06 1. 18E-05 

8 O.O~OEd 0 .OOE+0O 

91 li8E-02 K.91IE-O2 

10 6.0-34.3 8E~-02 

U 2.OE-QS 1.52E-07 

!12 2AE 12.08E-JO 

1.72 -E-I 

15 ~99E-3ý, 

176 -4-OE+O j Q6.OOE+00 
18 Q.OE+b Q .OOE+OO 

Total 85-21.EQj

55133
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Table_5 .5.1. 1-26 A~ditonl.Mae _Yanke~e Non-FaeI_ Hadwr 7 3r[ansport, akSuc 

Asembly Surface Dose Rates -Normal Conditions r- 2m + Railcar Dose 

z1etr Colol Time lfro~m ./1/.I-19-9

Sb-Be_5qp Sorc P-Be nirradiated Source Pu-Be Irradiated Source 

DoseDoeDs 

Gamma Gamma Neutroni Gamma Neutron 

Grou'p [rrem/jh~r Lmrem/hr] (mrem/hr~ lmrem/hrl [mrem/hrl 

I. O.OOE+OO 1.16E- 12 1.I2E-07 ý3,1E415 3.59E-10 

2 0.60E+00- 6.3'5E--1-2 44-94790 2.933~-14 1.311E-.08ý 

3 O.OOE+00 3.16E- 11 9.39E-06 11.01E13 3.01E-08 

4 0.0013+00 6.6 2E- I I .93E-06 2.1213-3 6.2013-09 

0. O.OOE -+00 1.4 13E-10 `1.04E-06 4 1 5714313 3.33E,-0 -9 

6 2.39E_-08 9.25E-11 4.13E707 4.24E-08 ~1.32E-09 

7 7.69E 06 8. 3 15tE 11 3.5 15E-08 L160 .4E-10 

8 O.OOE+00 5.46E-1 II173E- 13 

9 3.80E-02 ý7.90E-14 L6.73E-02 
1 10 2.6E-0 : 1.6kE- i 3.83E-02 

If .82E-12 1.7013-07, 

ý12 7.84-E- 11 -1,6_8E7-12 13E 

13 41_3E413 9t28E4'7 7.32E-13 
14 ý4.1j7E1 8 L2-27.39E-18 
15 -39,OE'_-34 4.4-8~9~~ 

__ O.OOE+OO 

Total ~.6E-O2 5.O 1E-'10 1.7OE-O5 1.06E-01 6.45E0
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Ta'b-le- -5.5.12 dwae -Tr sprtCask Source 

Asembly. Sqrfaqe bPose Rates- Acci de~ Conditiions' lmDs--.0 

Ye-ar- f 6o fl T-i-m-e f r om, rI / 1/9-7

SbI-Be Source. Pu-B~e Unirradilated Source Pu-B~e Irrad iated Source 

D o's Do se- Dose 

'Gamma Gamma 'Neutron Gamma Neut -ron 

Grou [memlr] mre/hr [~mhrenhj [myemr] [mreinlhr] 

1 O.OOE+00 4.04E- 12 7.22E-06 1.29E-14 2.31E-08 

2 O.OOE+0 22E- 3.8QE-04 7.28E 14 1.22E-06 

3 0.OOE+O0 1.18SE-10 9.62E-04, 3-.79E-13 3.08E-06 

4 O.09E+00 t.63-E--10O 2.43E-04 8.42E3-13, 77EQ 

5 .IEOE+00 6.06E3-10 1.46E-04 ~1.94E-12 4.67E3-07 

6 1.OE-07 4.2513-10- 6.9E-0 i:5E-07 2. 23 E07 

3 .79E-05 '411-0 5.6IE-06 ~ 71O .810 

8 .'OO'E +-0'0 -2.9-4E- 10- 9 .33~E-13 

9 2.2213-01 4,63E1-13 -3.941E-0 I'

10 1.411-01 .06E-10 t.5Q13-0j 

11 '8'9 E-07- 3ý.-64E-1 I 128E-0A 

12 '6.70E-10 ý1.44131 1E-QI I 
13' 4.23E-42- 9 '.50 -E-16 . -7-.493-1 2 

14 55137 2411E-21 §F9E1 

15 6.1E-3 3.35-37 .1413-32 

16 0.0013+00 0.OOE+00 0.0013+00 

18 ~ QE~~Q .OOE+00 0.00- 0 

Total 3.3-0 -2.3 :R-00 1.8113-03 .44141 E8Ek-6

.1-35
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5.5.2 Ma'ineJY ankee. Site 'SjTeci fie GTCC Waste 

ýgurcLtermsldeav hea, antd dose rates arccluae for the Maine Yankee GreaterThant 
U--iers- _r-n-p C-ask._-The calculations are 

pprfqmd by.'irt'determining the ganmma sour, spcta ad decay heat fromteGC 

iscqtopics, then usingthe gamnia source ifraonto calculate radial anid axial dose rates. The 

sultsof these calculations sh ow that the dose rates, produced by te GTCC wte are bounded 

b iethedose rates PrpYiously - alculated for the design basis spent fuel, as presented in Section 

5.1.3. Detailed results for the Maine Yankee GTCC wvaste are presented in Section 5.5.1.2.4.  

51.5-J,2.1 GTCC Waste Transport Configuration 

The GTCC waste' basket is described in Section 1.3.1.1.2. - The GTCC waste material i s loaded 

into a cylindrical shell that is 3 inches thick,_The cavity is divided into twvo loading sections 

Using an insert that is placed into the GTCC b asket after loading the bottom section. Eacofhe 

two sections may contain up to 10,000 pounds of waste, for a total of 20,000 pounds per canister.  

5..1.2.2 GC Waste So0urce Term 

The, radionuclide inventories presented in Table_5.5 1.2-1!'are utilized to develop the bounding 

source .spectra and decay .heat. These-boundingradionuclide -nventories are developed from 

inforation provided by- th•, utility, o(f all significant isotopes in th}eactivated metal to be 

transported. The decay heat 1rsulting firom thi-s"source teorm is .490 watt.' 

Te amm or a sourcedspecutra I resptedr inta•b5..u5n3-.•2-2. isp uced .frm• the nradiornic-id_ 

jein Tr 0 d able 5.5.1.2-1. Thisiefrmationiq .used to derive the1 toas•alj t. ga!fg•j +a 
~our~iglf qn.i is uti.i zed ohn~ji~ h horojie ,rc ouet calculateThe 

~~-rr ' __hw nTable 5.ý5.1.2,1, 
The sourc distmuinfena sourc prsenge. n al 

jthe b a Sketand.the 77-inch 95:5 n l)eingthC o. eacCh O• the twd GTCC canister'loadingsc•avitie.  

packagdimension a used.,- ls s s-'trengthandomogi d 

m"6A~ $CALEW 4.3-74 oromuter code 

p___kae to ccu.,at 6xtema1 closqe ates-

SAR - UTMS® Universal Transport Cask May 2001
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GTC2.3Waste Shielding Modes 

_____ ar in he foIlowing sections 

TC"Ielevant4 d i.en sotare takhSen fom 

5.5'2. -2,.3, Radial Models 

The 1-D radial models consist of a series of infinte~lyJlong eqnqentc cqylnders representing a 

cross sction taken ata point alonggthe length oftfi GTCC'sofrci cavity e gion of the GTCC 

b-asketlcanister. The-neste~d cylindric-al regions consist ,of -the JoIowing regions and cumnulative 

~hcknes~ses: 

1.2 o -e*-i'~ waste- -source regi on' 6.1.900 c 

2. rG'CC basket stainless steel shield .•s2 lc• 

3. Sas s-ke t s upsport. dids kf g 13.69ckigm 

4. Caniister stainless steel shell b58cm 

7. Transport cask lead g4amma shielding, 6.8711 cm 

8. Transportscask lead gap0.14c 

Tra~psprt~csk stanless steel ouiter shlell 6.95 cm 

1-1Tanpc44 cask N-4-FR neutronsildn 14c 
11. Tp~q4_asqkstanless ste neliro shel shl 5.65c 

-, erk uingthes sei a~ ptf4yj'gabcljgiiltf31 

isjqh(!u5JLq tQ~gtlyit tQ72s Wihi the GTCC basket.

SAR - UMS® Universal Transport Cask May 2001
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~TppAx.2 ~~Mm-els 

about khoiýotlD t_ of ~te a-or~ does ofininte 

inc' sSaran4to sooc e.on sufcent nto m c~thie to thadste, 

rat atthetop thecsji saýnd~e o h accidet nodoi to m odels are s

1.  

32 

4'.  

is

jioMoge~nized waste source region, 
B asket sItainiless steel top lid 

Canister~stainless steel structural lid 
transport C,ýk,.Stainless. steel lidi 
lmnpact Lirnitcr stainless ste~el inner sheqli 
ýmpact Lmiter redwood 
IMp4(;Limit asa wood 
ImpactLjimiitr stainless steel orut-e-rshl

195.5810-c'm 
ý.-gY6 'C-m

17.780-cm 

-7..ý6ý2:07qrq 
16.510 cm 

9,.,635 crn 
7 5. 56ý'c M' 

0.635 cm

TeSSnpUL is sing1,h#se g e of-ý-adpqj)bg :ukig imtr 

170.4 cm,,wic is eqiual to th~e diameter-l.t~ pa--ite. Thsbcigi osraie as'th 

Value ,s larger than the actual source diameter of approximat1ely124 m

Bottom Aia joeS

LJk, the i-D, t~a i ottomn axial mdels represen the canistn4r d, 
at~ asaet tpinfildte~sabs. o normal and-accident conditions models

dps er ate__aL thetbt eb top- s .. The s. f e t9 t_.aoj 

ioelWs' re:

5. 5-.17-3-8

5.5.1.2.3.3
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om 110 nii ast source re~g

9.

te saless 21 "seeoto 

T n stanls ste~el nnrbotm plate 
Tr'nspp-rt, cask NS-4A neu~tro hiein 

rns-*porcaý:sk ainlesssteel outer bottonpat 

Jmpact Limilter stai nless selinner. shell 
Lmapý cU"mite r r~edw'ooPd 
Imip~agLLjimiter balsa wood

'1:95.50Ji 7 

12.700 cm 
0.635 cm 

ý75.565 cm 
3.109 1 cm

_ ___ using _ thesep Ipins 4dp y g kigdaee.o 
The _SASI 'inpu!..js. geneate 

1704 mwhich is. equ~a to the diameter of the canister._This bu kling is conservative, as the 

Yalue isý larger than the actua source diameter of pproximnately 124 *cm.

TCC aste- Do~s-e R~ate Rfesults_

The sinoels descriIed uing te SASI I Drad T 

rae were multipj _djby a2Qcjpe~k-'ngfco to ti 

to the* & for_: p-ten~tig. npqh-unjif6rpmity in-ther~adionuicide 

distibuionwithd ti&GCC ~.st~ mter4~loi pteni~1 ~hif i ,. he astmaterial 

durtng ýýsport 

ths _,_Udigý Thi's e~nsurqs~thdt (eG'' J AW 

10 ~ ~ ~ ~ ~ ~ ~ ~ 0 mrF and~eq the1rf~c dose rattbees hn O ~ o 

ce 10 mQ e inclu~dingjhe conseD!Viy 

peaknfco 

,. prsne Iqgj 541iýditclclted np i~jdtighpc-agp, §,rac 

at~~~~4 2- higlr frp thýii 7en~m/r

5.5.1-39

5.5.1.2.4
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Tab1e.�5�j2A

Table 5,.5.1.2-j,

iRa IdionuclidIe- Cu ri e'n Inventory.  

113ý.-OOE14-0O2'Ci.  

MN-54 .5+2Ci 
FE-55 2.OOE+05 Ci, 
C2O-58 LOQE+OI Ci 
CO0-60 2.90IE+05 Ci 
NI-59 8.20E+02 Ci 
NI-63 - - 9.00E+04 Ci 
NB-94 1.OOE+O1 Ci 

TC-99 ~IOOE+O1 Ci 

Ltotal 5.92E+05 Ci 

Design Basis GTCC Gamma Sourc~e Spýýq!

Normalized 
Energy- Range Gammalsek MeVIec Gamma/sec 

8.0O1OE+O0 to i.OOE+01 O.OOE+O0 O.OOE+OO O.OOE+OO 
6'.50E+ 1O0 to - 8.OOE+100 O.OOE+OO 0.OOE+00 6,OOE+0O 
5.OOE+O0 to --650E+00 O.OOE+OO O.OOE+OO 10.OOE+00 
4.OOE+OO to ý.O0E+OO O.OOE+OO O.00E4-OO Q.OOE+OO 

3.O OE+OO to, 4.OOE-iOO O.OOE+OO O.OOE+OO O.OOE+OO 
2.50E+00 to 3.OOE+00 ý1.76E+08 4-.84E+08 7.961E-09 
2ý.O E'+ 0 0 tid .OE0 1.13E+11 .'5E+11; 5.14E-06 
,166E+60 "to' 2.OOE+00 `,.75E+09 3.20E+09 F92E-08.  
V133E+OO to `t66E+00 4.:78E+15 ~7'.15E+15 t. 16E-O T 
;1-.6E+OO to ý.33E+00 1.69E±16 1.97E+16. 17.66E01j 
8.,OOE--O, it6, J E +` 0+ l.35E+13 1 L2 E13 E-.IO9Eq-O4 

6.OoEOi ~ ~.OE- 11 3.92E+11 74+1.7EO 
4.OOEif-Of i 6.OOE-Oi IJ 1 E+1 I '57E+16 7.76E-06 

3ý.-OOE-Oi 't'6 4.OO-E--O1 9.12E+1I I3.19E+ 11 4.13EB-O 
2.OoE-O1. to ý.OOE-01, (.96E+11, ý1.74E+1 1 3.15E:05 
~.00E-0 0 "1. ~.005- .40E 1J 2.10E+12 6.33E 04 

~~.OOE-O2 to IVtQE-Of 5.80E+1-345~2 .~O 
LOOE0-02 i .6 E,0O-2 1-.95E+14 $"..84E+12 f.33E-92 

TOTAL '2.21E+'16 ý.69E+16 I100E400

jjgn.B4ýis_.QT.CC.
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ýT46:55i12-3

T ~Sot urp-, Raisý. ' 

Equivalent Source Volum 4.16 j6 c' 

We-bght V-, olue Fr-e1:)act-ion' ____________ 

Volunetric Sour(.'( .69E+09gawua/sec/cc

Table 5.5.1.2ý4

Table 5.5.L2-�

TCCý Waste Dose Rate Results pr-znom Conditions of Transport

2Meters from 

Lo-ca-t-Ikn Surface uhe 

Ral. ,06 mr/hr 

13p Ax'afinr/lihmrh 
q~0 7~ ___ .1 ro

Gi-tQ Dosýkqe RRespi ts Zc dýtCodtin 

____Loaton ~ EWfc 

Wl

.qign_ GTCC Source Stiejm
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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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No of Active 
Fuel ,Max Fuel Pitc Ih Rod IDia. Clad Thick, Pellet Len Igth 
Class Vendor Array yersicin MTU Rods (in) (in) (in) Dia (in) (in) 

1 CE 14 x 14 Stcd 0.4037 176 0.5800 0.440 0.0280 003765 137.0 
1 CE 14 x 14 Ft C. 0.3772 176 0,5800 0.440 0.0280 0.3765 128.0 
1 CE 15 x 115 Pabs. 0.4317 216 0.5500 0.418 P00260 0.3580 132.0 
1 CE 16 x 16 Lucie 2 0.4025 236 0.5060 0.382 0.0230 0.3255 136.7 
I Ex/ANF 14x 14 wE 0.3689 179 0.5560 0.424 0.0300 0.3505 142.0 
1 Ex/ANF 14x 14 CE 0.3814 176 0.5800 0.440 0.0310 0.3700 134.0 
1 Ex/ANF 14 x 14 Praire IsI. 0.3741 179 0.5560 0.417 0.0300 0,3505 :144.0 
1 Ex!ANF 15 x 15 WE 0.4410 204 0.5630 0.424 0.0300 0.3565 '144.0 

-1 Ex/ANF 15 x 15 Palis 0.4310 216 0.5500 0.417 0.0300 0.3580 131.8 
1 Ex/ANF 17 x 17 W. 0.4123 264 0.4960 0.360 0.0250 0.3030 144.0 
1 WE 14 x 14 Std/!2A 0.4144 179 0.5560 0.422 0.0225 0.3674 145.2 
i WE 14 x 14 OFA 0.3612 179 0.5560 0.400 0.0243 0.3444 144.0 
1 WE 14x 14 Std/ZCB 0.4144 179 0.5560 0.422 0.0225 0.3674 145.2 
1 WE 14 x 14 CE Model 0.41115 176 0.5800 0.440 0.0260 0.3805 136.7 
1 WE 15 x 15 Std 0.4646 204 0,5630 0.422 0.0242 0.3659 144.0 
1 WE 15 x 15 StdIZC 0.4646 204 0.5630 0.422 0.0242 0.3659 144.0 

I WE 15 x 15 OFA 0.4646 204 0.5630 0.422 0.0242 0.3659 144.0 
1 WE 17 x 17 Std 0.4671 264 0.4960 0.374 0.0225 003225 144.0 
1 WE 17 x 17 OFA 0.4282 264 0.4960 0.360 0.0225 0.3088 .144.0 
I WE 17 x 17 Vant 5 0.4282 264 0.4960 0.360 0.0225 0.3088 144.0 
2 B&W 15 x 15 Marlt 13 0.4807 208 0.5680 0.430 0.0265 0.3686 144.0 
2 B&W 15 x 15 Mark .EZ 0.4807 208 0.5680 0.430 0.0265 0.3686 144.0 
2 B&W 17 x 17 Mark C 0.4658 264 0.5020 0.379 0.0240 0.3232 .143.0 
3 CE 16 x 16 Sono 2&3 0.4417 236 0.5060 0.382 0.0230 0.3255 15t0.0 
3 CE 16 x 16 AN02 0.4417 236 0.5060 0.382 0.0230 0.3255 150.0 

3 CE 16 x 16 SYS80 0.4417 236 0.5060 0.382 0.0230 0.3255 150.0O

I
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Table 6.4-1 keff for Most Reactive PWR Fuel Assembly Determination (1.0-in, Web) 

Assembly Dry Gap Wet Gap Akeff 

Type keff Y keff CY Wet - Dry 

B&W 15x15 Mark B4 0.9613 0.0011 0.9692 0.0012 0.0079 

B&W l7x17 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 0.9442 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 0.9176 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 keff for Highest Reactivity Assemblies in 1.5-in. Web (Dry Gap)

Assembly Type keff 0 

B&W 15x15 Mark B4 0.9119 0.0011 
B&W 17x17 Mark C 0.9141 0.0011 

West 15x15 0.9147 0.0013 
West 17x17 0.9116 0.0012 
West 17x17 OFA 0.9196 0.0012 

Ex/ANF 17x17 WE 0.9172 0.0011
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NUREG/CR-6361. H~oeveyr, if no strong4icorrelation ca In be deterni ,n~ed, then a constant bias 

adjustment can be made. This is' typiqally done with a one-side tolerance factor that- arntees 

95% 'confidence in the uncertainty in the bias. This is the approach taken in the UMS criticality 

apalysjs.  

Both NUIREG/CR-6361 and the NAC 'evaluation prormn regression ana~sspky ssem 

parameters. For all of the maJor syte parameters, the evaluation found no strong correlation.  

This- is, -based, on the observation that the,*correlation coefficients are -all much less- than L± 1Thus-a 

constant bias with a 9-5/95,co~nfidencpe f~a~ctor-is applied. to.the~ystem kff NA4C t s statistical analysis 

of the keff results produced-a bias of, 0.0052 ~and a 95/95. uncertaintly of 0.0087. Adding the two 

together and subtracting from 0.95 yields an effective constant USL of 0.9361..  

To assure, compliance. with~ NIJREG/CR.-636j1, an upper safety limit is generated usin~g USLSTATS 

and is comp ared to the constant NAC bias: and bias uncertainty used in Section 6.5.2.  

To evaluate the, relative importance of-h.ted nayi-o1h pe-'ft.lmtc.orlto 

coefficients arejrequired. for, a~lijndepen~deng,tafmersTbl_65- cotiste'orlt 

coefficient, R, for each linear fit of k~fl' versus ,experi'mental parameter ~(data is extracted from Fig~ure 

6.- truh Figure 6.5-7 by taking the square root ofteRvalue). Based on the highest 

correlation coefficient and the method presented in NUE/R66,a USL is established based 

on the variation of k~with enrichment.. Note ,that even the'enrichment function shows a low 

statistical, correlation coefficient (an IRI: equal or near_1 would indicate a good fit). hke-qtppt 

generated by US.LSTATS is shown in Figure6.5-t' 

The NAC applied USL Iof 9 Og611 buis-,h a culate ,d uDper .:s-afey limit .s - o r all en , ic -hn- ent 

values above 3.0 wt % U. Since- the maximun, reactivities in the UMS are calculated. at 

enrichments well above-h s_ ee,-,h' x tný isbud h UE calclated USLP.The 

most reactiveUMS confuati~onijs the PWR:,asket cni-raion with Westnhous17xI1j 

OFA fuel tsenl&Th ar~jhe most reactive fuel confiuraio or th UMS 

desigý-n basis fulad oteMieYne ulaeprsne nTbe653 hstbdas 

compares thems eciere ma the miinimurni and maiurab icmr aust 

deonstrateth ticbh ar s

6.5-9
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6.5.5 MONK Validation in Accordance with NUREG/CR-6361 

NUREG/CR-6361, "_Critic'ality -Benchmark Guide for Light-Water-Reactor Fuel in 

Transportation and Storage Packages" (NUREG), provides a guide to LWR criticality benchmark 

calculations and the determriation of bias and subcritical limits in critical safety evaluations.  

Section 6.5.4 presents the implementation of the NUREG in subcritical limit. evaluations foiu-the 

UMS® -Transport Cask. This5 section implements the UTLSTATS method of the NUREIG for 

MONK8A application with JEF 2.2 point energy .libraries in LW. R transpt and storage 

applications.  

AEA Technologies has perfonaned an extensive benichmarking of MONIKSA. Critical benchmiarks 

relevant to LWR ftel evaluatiois were extracted from the total benchmark set and listed in 

6.5-6. The range of the parameters to be benchmarked is summarized in Table 6.54. Trendinngo in 
k... was evaluated for the foL owing independent variables:l 

diameter, fuel rod diameter, H1i ratio, average neutron group causing fission, '013 loadin'gfor flux 

trap cases, and flux trap gap thickness. The data is plotted in Figures 6.5-9 throu~gh 6ý.5-16.  

To evaluate the relative impor•ance of the trend analysis to the upper safety limits, correlation 

coefficients are required for aIl independent parameters. Table 6.5-5 contains the correlation 

coefficient, R, for each linear flt of kf versus experimental parameter (data is extracted from Figure 

6.5-9 through Figure 6.5-16 by taking the square root 'of the R2 value), Based on the highest 

correlation coefficient and them ethod presented in NUREG/CR-6361, a USL is established based 

on the variation of kf with fluX trap thickness. Note that even the flux trapfunction shows a low 

statistical correlation coefficient (an JR] equal or near 1 would indicate a good fit). The output 

generated by USLSTATS is shown in Figure 6.5-17.  

The NAC applied USL is 0.9425, and bounds the calculated upper safety limits for the typical 

flux trap spacing found in miulti-purpose casks. ,The range of the correlated parameters. Pof Ah 

most reactive design basis fuel is included ,n Table 6.5-4 to show that the most reactive 

configuration is within therange of applcability of the validation.

6.5-10



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

May 2001 
Revision UMST-01C

Table 6.5-2 Scale 4.3 Correlation Coefficient for Linear Curve-TIit of Critical Benchmarks

ITable 6.5-3 §cal e-4.'3 Ra-ng'ý,,e of Correlated Par Iam -eters of Most Reac ,ti ve Configu4rati .ons 

VJMS P~esign Maine Yanikee 

Benchmark 'Ben'chmarký Basis P-,WRll Ftel ýUiel Most 

Minimum Maximum Most Reactive Reactive 

Parameter Value Value Conflguration Coqfiguration 

Enrichment cWt- -3% U) ).35 .4.74 42 4.2 

Rod pitch (cm) 1.26 ~ 5 12 1.50 

H[Uvolu-me~ratio 1L6 Jl.5 192.6 

10 areal -densi-ty (ý/cm2) 0.00 0.45 0. .0 125 0 .025 

Average energy group, 

c;ausipg fission 21.7 24.2 22.32.  
Flux' gap thic~s( t 05i 2.-o 22 o3.8

Correlation Studied Correlation Coefficient (g) 

keff versus enrichment 0.361 

kef velrsus rod. pitch .2 

k-,f versus HIU volume ratio 0.246 

k'vfersus,~ loading 0.069 

keff versus average group causing fission 0.133 

k~f versus flux gap thickness 0.137

52q,- 3
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Table~ 6.5-4 MONK8A Range o~f Correlated Paramiet~ers for DesigpBasisiFuel 

Benchmark Benchmark P~esign Basis 

Par~ameter M1inimum Value] Maximum Value (WE 17x17 OFA) 

Enrichment (w~t% 3 U) 2.35 7.100 4..20 

Rod pitch (cm) 1.26 2.54 1.6 

H/U (fissile) atomnicra Itio 97.0-8 453.84 1 .11.31 

Bloading (g/cm) 0.000 0.072 0.025 

LO-erenergy causing fission 7.1-83.33E-07 2.3'9E-07 

Cluster gap thickness (cm) 0.0 11,92 2.22-3.81 

Fuel diameter (cmp) 0.74:3 1.265 0.7844 

Clad diametqr (cm.) 08 324 1.4150 0.9144

Table 6.5-5 MON..8A - C.relation Coefficient for Linear Curve-Fit of Critical Benchmarks

ý,5- 34

Correlation Studied Correlation Coefficient(R 

Kff versus enrichment 0.390 

k~f versus rod pitch .0 

k-,f versus HIU (fissile) atomic ratio 0.369 
keff versus 1OJB loain 

k~f Nverusý o i~eper:y qaqsing f~isio 0.127 

ýu 0.236 

fuelc a diame~ter0.3

I
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6.6.1 Criticality Evaluation for Site Specific Contents 

This section presents the criticality evaluation for the fuel assembly types or configurations that are 

unique to specific reactor sites. Site specific spent fuel content configurations result from conditions 

that occurred during reactor operations, participation in research and development programs, testing 

programs intended to improve reactor operations, and from, decommissioning activities.  

Site specific fuel assembly configurations are either shown to be bounded by the analysis of the' 

standard design basis fuel assembly configuration of the same type (PWR or BWR), or are shown 

to be acceptable contents by specific evaluation of the configuration.  

6f.6..1 Criticality Evaluation for Maine Yankee Site Specific Spent Fuel 

Loading the transport cask with the standard CE 14x14 fuel assembly is shown in Secti"o l•6.4 tq 

be less reactive than loading, the cask with the most reactive Westinghouse 17x17 QFA criticality 

design basis spent fuel. This analysis addresses variations in fuel assembly dimensionsvariable 

enrichment axial zoning patterns, annular axial, fuel blankets, removed fuel rods or emptyjrod 

positions, fuel rods placed in guide tubes, fuel assemblies with an inserted start-up sIourceor 

other non-fuel items or components, consolidated fuel assemblies, damaged fuel and fuel debris..  

These 'configurations are not included in the standard fuel analysis, but are present in the slite fuel 

inventory that must be transported.  

6.6.1A.1I Maine Yankee Fuel Criticality Model 

The criticality evaluations of the Mane Yan.kee fueI inventoy re.quire the ba.sket cel and basket 

in cask models described in Sections 6.3 and 6.4. The basket cell model is principally employed 

in the most reactive dimension evaluation for the Maine, Yankee intact fuel types. The basket 

cell model represents an infinite array of fuel tubes separated by one-inch flux traps a.d .neglects, 

the radial neutron leak-age of the basket. ~This will result in kff values greater than 0.95, The 

basket cell model is, therefore, only used to determine relative reactivities of the various physical 

dimlension-s of the, Maine.Yankee fuel inventory, not to- establish, maximum. k, values-for-the, 

baske.t, toaded wi Maine :Xan.kee. fuel. assemblies.. The basket in cask model. _s- es.for, the 

evaluation of the 'remaining fuel configurations.. The basket criticality Model uses the nomninal 

basket configuration with full moderation under accident conditions, where accident conriditions 

implying. the loss of fuel cladding integrity and ftooding,of the pellet to cladding gap in' a11 fue~l 

rods. The analyses presented are performed using the UMS® transport cask shield. geomnetry.

6.6.11-1
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Transport Cask Model 

The infinite array geom~etry is used only to determine the most reactive dimensions. The most 
reactive lattice dimensions dete-rmined by the basket cell m~odel are incorporated into the basket 
in cask_•2 delI Thee niretsal Transgpuse ie I at dus.gate nominal basket 
configmuration with fullnnodetition 0 The trs•1ort. cskaccident event is modeled assuming that 
the fuel clad gap i fl oded, tli basket is foinded tndl the neuties replaced with 

water. Evaluating 24Mhybr xe4 fuel assembles with and moe t r eactityefpelletd•anetaenrifohe 

accident conditidin produces a kff + 2(yof 0.91014. Thi i's -less reactive than the accident 

condition for the transport ca noae with thesWe I _t in6 bies (nd fo 2a 

;"loaded _ 7ghous"e>.l 7*'x..7 OF.*ass; mbli 

of 0.9210). Therefore, the WeNlstinghouse f7jx 17_OFA fuel criticality evaluationi is boundina 

6 l.61..2 Maine Yank~ee Intact Spent Fuel 

The-,evaluation of-the intact ManeYake spe~nt fuel inventor deinonstrates that ~undei all 

.conditions the. maximum rthe U basket loaded with Maine Yanke*efe 

assemblies is bounded by the Wetngos 17x_1 F eyaluation p~resented in Section 6.4.  
,The intact fuel. assemblyevai~o atibn_ __cudes-ihc deemain of -maxhimum~ reacivit'y 
dimensions of the MaineYanwkee fu IeI assem -blic 1s, and Ithe -e~actiyvity ef fect s -of variably. nriched 
Iassemblies, annular axial end blIankets*, removed rods, fuel in gjuide tub~es, and consolidated fuel 

assemblies. Where necessary., ] oading restrictions are applied to limit the num~ber and location'of 
the basket paylo9ad evaluated, 

Fuel Assembly Laittice Dimen si onalI Va -iatiofis 

Maine- 'Yanikee- 14-x_'1_4_ jV fiueCl has beenij6r_,vide___bx om ustion Lg__ineqnd;Px'xonIA1'_F a~nd 
-sngnouse. The range of fuelassemb dimmensions evaluated for Mane Yankee are shown in 

,Table 6.6. 1.1 -1k 

Most Reactive Fuel D~imensibori; 

are report~e in Table 6.1-'The'd YWrturbation that can incraet e eatiity qf 

clad g~)are:
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4Decreasigtheclad ~outside diamneter (OD) 

*Increasing- th clad inside diameter (WiD) nceaing~ i gap) 

SDecreasiqg the pellet diamete 

* ecreasing thee g~jt-b& ethickness 

To conseativ.IeIlymo, eltheclad thickness of the Maine Yakee standard fuel, the outside diameter of 

the clad is iteratively decreased until the clad thickness reaches the minimumn. The pellet. diamieter Js 

studied separately to determne nwhc diaee r~maxi the reactivity f thie assempbly. This study is 

performed using an infinite array of hybrid ~14l fel assemblies~. These hybrid assemblies have the 

combination of most reactive dimensional parameters listed in Table 6.6.1.1-2 and are used inth 

evaluation of site specific fuel. configuraions; The pellet diamieter is m~odeled1 first at the maximum 

diameter, and then it is. iteratively decreased until a peak reactivity qH- ratio)_is reached..- Th~eresults 

of this study are reported. in~ Table 6.61.1-3. .The maxlimum reactiviy occursata14p~elet diaxeter~of 

0.3527 inches. ~This pellet diameter, which produces the most reactive system, iscnservatively used 

in the analyses of an. assembly with 176 fuelj rods.  

The reactivity, of an in~finite aray of baket uniAcells containin finnitely tall,,hy id4x14 fuiel 

assembliesan~d a floo4ded ffielclad. gap _s. kff ± Qa 0.96268. Ths is less reactive than the same 

array of Westinghouse 17xl17.OFAassemblies- k~ff,+ 2a =0.9751 from Table 6.4- 1). Therefore, 

the desigi basis_'Westinghouse 17xl7_OFA fuel crticalityanal is.is b uinding -The 
conservatism obtained-y ~d 9ea fi e &pellet.diametbelowy thjat of 'tereported Maine 

Yýankee -f ue pe'lleit dia'ne-te-r- re 1sulIts -in. a...Ak~ff , ,Q-.0 0247, 

66.111.1.31 Variably Enriched Fuel Assemiblies 

To6tche of fulMsd aine--ak&cnti'aibl nces ýe I1jrod 

enrichments otoebt ae. t% and 3 5 %2 3, JJ U. h aI'mpaa-vra 

enrichment of tisbacj 3.99jiXJ .- .Jn the othe acte ulrderic hmentsa1L Q4 

Wt W. Ut'7 4qjh mxiumplna average enrichment of this batch is 3.92 

wt ~ 2 5~235 
renut nak-j _- ife"o-frichm-ent o{ _ ___ __ 

resu_.89t4 Uk IQf'ig u ý ,Ursutj 

ýff+ q: f 101.'Jb~efreante feaal d§,r vmdee'ssne dt
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6..16•1.4 Assemblies -- ilt. Anniular Axial End Blankets 

One batch pof vaniably..'nnpcLed fue, loýnoprts_.6wI ,.U axa. .h4-blnkets with 

annular fuel pellets. The _top and bottomp 5% of the active fuel length of each fuel rod in this 

batch contains annular fuel "Jp&lets having an•inner diameter of 0.183 iinches,.-This•geometry is 

discretely modeled as approimk ately 5% annular fuel_ 90% solid fuel ~and t~he'n 5%' annular fuel, 

with all fuel materials enricheid to 4.2 wt % 235U. The .di arnet er -of all pellets Iis modeled first as 

,the most reactive.pel~et diarreter. The~.accident case, rnode1iis used for this -evaluation~, which 
includes flooding the cladding annulus.•Te.pode boundary conditionsb-emdin,Ay~ch: keps 

the conservatism of the infin*te fuel height.  

Use of the sniat1er~.pellt. diaLnieter is not cniedtobcnsrav*whnevaluatingjthe 

annularfu1el pellets. The sma'lter pe~etiameter is the mosreactive under thc, ssumpion that 
the fuel pellet is solidnnot an annulus. Floodingthe annulus i the axial end blankets provides 

additional moderator to the fuel lattie.- Therefore. thediameter of the annular .pellets is also 
modeled as the maximum pllet diameter of 0.3800 inches toream a asmal ortion of the fuel 
thatis. missing. The_ 0.3800-inchl diaime s pl pny.~ annu pltswIe the smaller 

_4Ti app-lied" on:" y. tqýh anuarpeles, 

diameter of the solid pellets remiains. The results of this study are reported ini Table 66114 

As shown in the table, ther etafOr the fuel fo 

blankets results ina lgty ytr--a-th 

Hjowever,_ this annular conclition~is less:reactjye,,than te'cietea'ain--'ýIýd'n2 
Westinghouse 17x17 OAa:enls.Therefore, the Westinghous fuel7 criticality 
evaluation is boundiang 

Some. of the Main e Yank q jblq U 1 fTu fre -h"1- 4 lticZe 
ov had pinosoe ro d io , 

_j-g ro.dies;rmoneass~embl 

remo~ve rohad- 0 !u 

assemblie a e in th6vflier tubes ave.tr same numb er d cation of remnvq4_ 

rods'.Various mten ~ o.oainsaeaavewe
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fuel ý rods is, small enough to -allow a different and possibly more _ reactive geometry. As the 
number of removed fuel rods increases, the number of possible highly reactive locations for these 

removed rods decreases. As described in Section 6.6.1.1.2, the fuel pellet diameter of every fuel 

rod is modeled first using- the most reactive pellet diameter (0.3527 inches), and then as the 

maimum pellet diameter (0.380 inches).  

The results of these analyses, which determine the most reactive number and geometry of 

removed rods for any Maine Yankee assembly, are presented in Tables 6.6.1.1-5 and 6.6.1.1-6.

Table 6.6.1.1-5 contains the results based on a 0.3527-inch fuel pellet. All of the removed fuel 

rod cases using the smaller pellet diameter show cask reactivity levels lower than those of 

Westinghouse 17 x 17 OFA fuel. Table 6.6.1.1-6 contains the results of the evaluation using the 

maximum pellet diameter of 0.380 inch. Using the maximum pellet diameter provides for a 

more reactive system, since moderator is added (at the removed rod locations), to an assembly 

that contains more fuel. The most reactive removed fuel rod case occurs when 24 fuel rods are 

removed in the diamond shaped geometry shown in Figure 6.6.1.1-1, from the model containing 

the largest allowed pellet diameter. This case represents the bounding number and geometry of 

removed fuel rods for the Maine Yankee fuel assemblies. It results in a more reactive system 

than either the Maine Yankee hybrid 14 x 14 fuel accident case or the Westinghouse 17_ x17 

OFA accident case assuming unrestricted loading. However, as shown in Table 6.6.1.1-6, when 

the loading of any assembly with less than 176 fuel rods or filler rods is restricted to the four 

comer fuel tubes, the reactivity of the worse case drops well below that of the Westinghouse 

17 x 17 OFA fuel assemblies. Therefore, loading, of Maine Yankee fuel assemblies .with 

removed fuel rods, or with hollow Zircaloy rods, is restricted to the four Comer 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 Maine Yankee intact assemblies may contain up to two intact fuel rods in some of 

the guide tubes (i.e., allowing for the potential storage of individual intact fuel rods in an intact 

fuel assembly). To evaluate loading of these assemblies into the canister, an analysis adding,1 

and then 2 intact fuel rods into 1, 2,3 and then 5 guide tubes is made. Since the additioial fuel 

rods are added to a fuel assembly, the evaluation considers a fuel assembly with up to, 186 fuiel 

rods. The *results of the evaluation of these configurations are shown in Table 6.6.1.1-7. While 

higher in reactivity than the.Maine Yankee hybrid base case, any fuel configuration with up-to-2

6.6.1-5
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elrods per guide tube is less reactive than the accident case for the 'Westinghouse 17 x 17 OFA 

fuel.assemblies. Therefore, the Westinghouse 17 x 17 OFA fuel criticality evaluation is 

bounding.  

Fuel rods may also be inserted in the guide tubes of, fuel assemblies from which the fuel rods 

were removed (i.e., fuel rods removed from a fuel assembly and re-installed in the guide tubes of 
ihe same fuel assembly). The maaximum number of fuel rods in these assemblies, including fuel 
rods in the guide tubes remains 176. These configurations are restricted to loading in a Maine 
Yanke e fuel Ican in a comer fLIel position in the basket. As shown in Section 6.6.11.5 for the 
removed fuel rods, the maximum reactivity of Maine Yankee assemblies containing 176 fuel 
rods in various configurations ii3 bounded by the Westinghouse 17 x 17 OFA evaluation. These 

non-standard Maine Yankee assemblies are restricted to the corer fuel po§i•tionsý 

In addition to the fuel rods, some Maine Yankee assemblies may contain poison shim rods in 
guide tubes. These solid fill rods will serve as parasitic absorber and displace moderator and are, 
therefore, not included in the cri cality model but are bounded by the evaluation performed.  

6.6.1.1.7 Consolidated Fuel 

The consolidated assemblies are. a 17xi7 array of rods with a pitch of 0.492 inches. Some of the 
locations contain solid fill rods and some are empty. To determine the reactivity..of the 
consolidated fuel lattice with e:mpty fuel rod positions, an analysis changing the location and the 
number of empty, positions is performed. This consolidated fuel analysis considers 24 

consolidated fuel lattices in the basket. All 24- consolidated fuel lattices are centered in the fuel 
tubes -and have the same number. and location of empty fuel rod positions. As shown in Section 

6,.6.1.1.5, the removed fuel rod configuration wiith a 0.380-inch pellet diameter provides a more, 
reactive system than a system using the optimum pellet diameter from Section 6.6.1.1.2. [The 
larger pellet cases are more reactive, since moderator is added at the empty fuel rod positions to 
an assembly that contains moie fuell.l Therefore, the consolidated assembly empty rod position 

evaluation is performed with the 0.380-inch pellet diameter.  

The results of this evaluation are shown in Table 6.6.1.1-8. ConfiguratioDs having more than' 73 
empty positions result ina more reactive system than the Westinghouse 17 x 17 OFAidesign 

basisfuel. The most reactive consolidated assembly case occurs with 113iemptyrod positions in 
the geometry shown in Figure ,.6.1.1-2. However, when the loading of the consolidated fuel is

6.6.1-6
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restricted .to the four corer. fuel tubies, the reactivity of the cask is lower than the accident 

condition of the cask loaded with Westinghouse 17xs7 OFA assemblies. Therefore, loading of 

the consolidated fuel is restricted to the four corner fuel tube positions of the basket. 'With this 

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 

Damaged fuel assemblies are placed in a Maine Yankee -fuel can prior to loading in the basket 

(see Drawi.nggs 412-501 and 412-502). The Maine Yankee fuel-San, has screened ope-ninags in the 

baseplate and the lid to permit drainage, vacuum drying and inerting of the can. This evaluation 

conservatively considers 100% of the fuel rods in the fuel can as damaged.  

Fuel debris must be loaded in a rod or tube structure that is subsequently loaded into a Maine 

Yankee fuel can. The mass of fuel debris placed in the rod or tube is restricted to the mass 

equivalent of a fuel rod of an intact fuel assembly.  

The Maine Yankee spent fuel inventory includes fuel assemblies with fuel rods insertedI in the 

guide tubes of the assembly. If the integrity of the cladding of the fuel rods in the guide tubes 

cannot be ascertained, then those fuel rods are assumed to be damaged.  

Damaged Fuel Evaluation 

All of the spent fuel classified as damaged and all of the spent fuel not in its original lattice are 

stored in~ a Maine Yankee fuel can. This fuel is analyzed using a 100%~ fuel rod failure 

assumption. The screened fuel can~ is designed to preclude the release of pelletsangos 

particulate into the canister cavity., Evaluation of the canister with four MaineYankee fuel .can~s 
containing CE 14 x 14 fuel assemblies that have up to 176 damaged fuel rods, or consolidated 

fuel consisting of up to 289 fuel rods, considers 100% dispersal of the fuel from these rods within 

the fuel can. The M-aine Yankee fuel Ican i Is res Itricted to 'loadi .ng in one Iof the -four co Irner 

positions of the basket.  

All loose fuel in each analysis is modeled as a homogeneous mixture of fuel and ,water, of which 
the volume fractions-of the .fuel versus the water are variedfro~m 0-100%.. ,By~va in-the fuel 

fraction up .to 100%__.this, eva~luation addresses fuel masss nfcn .lre than those 

available in a stantIdard -or, conspolldated fuej7'a-s's'e'mb'ly.,' f1rs't, loose fuel from daimaged. fuelI rod 
"wt"' ulasebyseautd betweIen the remai -nin Ig ro ds -of -t .h 1e m nost reac, tive -,miss ing rod 

array. The results of this analysis, provided in Table 6.6.1.1-9, show a sitderaein the

6.6.1-7
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reactivity of the system. Addi ng fuel to the already optimized H/U ratio of the bounding missing 

wodarray r th e, n rhi S€aw activity of the systemn as this effectively. returns tehe systenm, •to an 

pgndermoderated state. Second, loose fuel is considered above and below the active fuel region of 
this most reactive rmissing rod array. This analysisspefrdafiteakmoeh 

assembly --- is. pscribed intii Sea finion cask1 moel The• 

results of this study, provided In Table 6.6.1.1,-10, show that any possible mixture combination of 

fuel and water above and below the active fuel region and, hence, above and below the BORAL 
sheet coverage, will not significantly increase the reactivity of the system beyond that~ of the 

missing rodaray. Loose fuel is also considered to replace all contentseof the Maine Yankefuei 

can in each four comer fuel unibe location. As shown. ian. Jable 6.6.s1. 1i• j 1 the results of this 
study, which include modeling-1 of the Maine Yankee fuel can, showi that any nmixture of fel and 

Water within this cavity will not significantly increase the reactivity of the system, beyond that of 
the miissing rod array.  

Dam aged. fuel withi n the fuel can may also re~sult from a loss of integrity of a -consolidated fuel 
assembly. As described in Seziion 6.6.1.1.7, the consoli'dated ass-embly jnissing rod lstudy-s-howys 
that a potentially higher react-vity heterogeneous configuration does ntices h vrl 

Maineinras heoerl 

reactivity of the system beyond that of loading 24 Westin-hoause 17Y•x17 FA assemblies when 
this configiuration is restrictede to the four comer locations. The homogeneous mixture studyoff 
loose fuel and water replacinl the contents of the Maine Yankee fuel can (ino each of the four 
corner fuel tube locations) cord a..iers more fuel than is present in the 289 fuel rod consolidated 
,assembly. This study shows thiat a homogeneous mixture at an optimal H/U ratio within the fuel 

can also, does not affect the reaLctivity of the system.  

The transport cask loaded with the Westinghouse 17 x_17_OFAafuel assemablies is suberitjcjl 
Therefore, it is inherent that a statistically equivalent, or less reactive, canister, loading ofý our 
Maine Yankee fuel cans containingy assemblies with up to 176, damaged rods, or~ consolidated 
assemblies with up to 289 rods and 20 of the most reactive Maine Yankee fuel assemblies, is also 
subcritical. Therefore, assemblies with up to 176 damaged rods and consolidated assemblies 
With upto 289 rolds. are allowable contents as Iong as they are loaded into Maine Yankee fuel 
cans..  

Fue Deri Evauatebionnt 

Prior to loading fuel debris into the .screened iMaine Yankeefuel can, fueldebris must be laced 
into a rod type structure. ,Plac.[n- the debrinto rod0s., jonfnste.j spentnuclear material tocea 

known.. volume an :_alows thde f ebri's 'to -be treated 'identically to the damaged fuel for 

criticality analysis

6-,6 18
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Based on the discussion presented inSection 6.6. 1.1. 1, the maximum. k, of the UMS® canister 

with fuel debris will be less than 0.95, including associated uncertainty and bias.  

~...19 Fue'l Assemblies with Start-up Sources o Ir Other No -n-Fuel Componen Its IInserted i n 
A Guide Tube 

Maine Yankee fuel assemblies are evaluated for criticality safety with components inserted in the 

center or cormer guide tubes of the fuel assembly. These components include startupsoure, 

Control Element Assembly (CEA) fingertips, and a 24-inch ICI segment. Start-up sourceS are 

inserted in the center guide tube. The CEA finglertips and ICI seg~ment must be inserted in a 

cone.r guide tube that is closed at the bottom end of the assembly., 

Assemblies with Start-up Sources 

Maine Yankee has three Pu-Be sources and two Sb-Be sources that will be installed in the Center 

guide tubes of 14 x 14 assemblies that subsequently must be l0oaded in one of the four comerjue 
positions of the basket. Each source is designed to fit in the center guide tube of an assembly> 

'All five of these start-up sources contain Sb-Be pellets, which are 50% Be by volume. -The 

moderation potential ,of the beryllium (Be) is evaluated-to ensure that ,this material- -will. -not 
increase the reactivity of the system beyond that reported for the accident cpndition..Th 

antimony (Sb) content is insignificant and is not considered. The start-up source is assumed to 

remain within the center guide tube for all conditions. The base case infinite height model used 

for comparison is the bounding Maine Yankee fuel assembly with 24 empty rod positions as 

reported in, Table 6.6.1.1-6. The center guide tube of this model is filled with 50%_water~and 
50% beryllium. The analysis assumes that assemblies with start-up sources are loaded in all four 

of the basket comer fuel positions. This configuration, resulting in a system, reacti'vityk• cy -•f 

0.91085 ± 0.00087, sh Iows that, lo Iad Iing Sb .-Be sources .or the u Ised Pu-B Ie sou rc.e .s Ii.nt Io th .e cen .ter 
guide tubes of the assemblies -in the four comner locations of the basket does not significantly, 
change the reactivity of the system.  

Onie of, the threePu-Be sources -was, never irrradia~t'ed. Analysis- of thfis .s-ource i Is'..e ,qui Ivae n t 

assuming that the spent Pu-Be sources are fresh. The unused source consists fftwo caps)ule&sthat 

have a total of 1.4- grarns, f.pluitonium. .'Ajllof thi material is cons~ervatiely, assumd, tobe. in 
one capsule andis modeled as -Pu. The diaeter of-this ca suleisO0270inchanid i zis 

9.75 inches. This corresponds to a capsule. volume of approximately. 9.,148 cubic centimeters, 

Thus, the 1.4 grams ofT 9 u occupies -0.77% of the, volume at a density of 19.184 -g(cc,-T-' 

-9j
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material compos~ition is then. conservatively~pssjimed to fill the entire center guide tube, xy~iqh 2 3 -° 1- 1 ý -/ . I -. . -: -. . . . .- ' - I , -- I• . ' . . .. . I - - -

models consi.derably mjore ~l~u than is actu.ally present w~ithin the P-Be source .. -The remnaining 

volume of the guidehtube is anlyzed at various fractionsof Bewater and/or void to ensure that 

.any_ -combination of these materials is considered.- The result of these analyses, pfoyided in 

ýa~ble 6'.61.1. 1-12,, show that loading a fresh Pu-Be start-up source into the, center guide, tube ,of 

each of the four corner assemblies does not significantly change the reactivity of the system; 

Fuel Assemblies with Inserted CEA Fingertip or ICI Segment 

Maine Yankee fuel assemblies may have CEA fingertip or an • CIsegment inserted in one of the 

four comner guide tubes of a 14 x 14 assembly, The ICI~segrent~ is approximnately 24 incheslIon.  

These components do not contain any fissile material or moderatingmated al,, Thereforeit,is 

conservative to ignore these components, as they displace moderator when the basket is flooded, 

reducingz reactivity.  

66.1-0 Transport Ca skj'op End Drop Event 

The exposed fuel evaluation pecrformed for the design basis Westinghouse 117_x_17 OFA fuel, in 
Section 6.4.5 bounds that of thei less reactive Maine Yankee fuel.  

I...11 Maine Yankee Criticality Results and Fuel Loading Restrictions 

The criticality analyses for the Maine Yankee site specific fuel demonstrates that the UMS 
basket loaded with, these. fuel assemblies results ina system that is less reactive than loadingthe 

basket with the Westinghouse .17 x17 OFA fuel assemblies, provided that loading is restricted to 

.the fo~ur corner fuel tube positionls iIn, the b as ket for:.  

*-All 14 x 14 fuel assemblies with less than 176 fuel rods or solid filler rods 

* All 14 x 14 fuelassemblies with hollo w rods 

!P All 17x 17 consolidated fuel lattices 

*All 14 x14 fuel assemblies with fuel rods in the guide tubes, and a maximum of 17~6 
fuel rods or, solid -reds- and fuel rod's 

The fllowng Mane Ynkee fiiels are not restricted as to loading position within h akt

S3.6.i1O
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AllI 14x14 fuel assemblies with 17.6 fuel rods or solid filler rods at a, -maximum 

'enrichment of 4.2w~t.%. 23 U.  

Variably enriched fuel, with a maximum fuel rod enrichment of 4.21 wt % 23 U with-a 

'ma~ximum planar average enrichnment of 3.99 wt % 3 U 

Fuel with solid stainless steel filler rods, solid Zircaloy filler rods or solid poison shim 

rods in any, location.  

Fuel with annular axial end blankets of up to 4.2 wt % 23 U.  

Fuel with a maximum of two intact fuel rods in each guide tube for a total of 186 fuel 

rods.

Assemblies defined as unrestricted may be lo Iaded into the basket in any basket location and may 

be mixed in the same basket. While not analyzed in detail, CEAs and ICI thimble assemblies 

may be loaded into any intact assemblies. The- CEA fingertips and ICI segment may be loaded in 

the corner guide posts of any intact fuel assembly provided that a CEA flow plug is also installed 

in the fuel assembly to close the top of the~ guide tubes. The basket loading position- of th~ese 

assemblies is not restricted. These components displace a significant amount of water iln the fuel, 

lattice while adding parasitic absorber, thereby reducing system reactivity.  

Based on the evaluation of Maine Yankee fuel assemblies with start-up sources, the following 
loading restrictions for criticality control apply: 

"* Any Maine Yankee fuel assembly having a component evaluated in this secti~on inserted 

in a guide tube must be loaded in one of the four corner fuel loading pitnsof the 

basket. Corner positions are also perip~heral positions, and are marked "P" in the figure in 

Se'ction 1.3.1.1.1.  

"* Start-up_ sources containing plutonium or beryllium shall be restricted- to, loading in fuel 
assemblies classified as intact and must be loaded in a center guide tube., 

"* Only one start-up sourcempay be loaded into. any intact fuielals'sembly.  

*Up to four intact fuel assemblies with ,inserted stait-up-spurces may bp, loaded in any 

canister u~sing the core pstns of the basket: 

When loaded in accordance wit~h these rsiconthe evaluated comiponenits do not significanitly 

increase the reactivity f the sys§tem-.

,6.6.171 1
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Figure 6.6.1.1-2 Consolidated Fuel Geometry, 113 Empty Fuel Rod Positions, Maine 
Yankee Site Specific Fuel 
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Table, 6"f.6.41.-

1.  
2.  
3.  
4.

Mai~ne Yankee Standa~rd Futel"Clharac~teri-stics

All fuel rods are Zircaloy clad.  
Guide tube thickness.  
Up to 16 fuel rod positions may have solid filler rods or burnable poison rods.  
Up to 12 fuel rod positions mnay have solid filler rods or burnable poison rods.

Table 6.6.1.1-2 Maine Y•ankee Most Reactive Fuel Dimensions

Parameter Bounding Dimensinal Value 

Maximum Rod Enrichment' 4'.W2 wt % • 

Maximum Number of Fuel Rods 2  176 

Maximum Pitch (in.) 6.5,90 

Maximum Active Lerigth (in.) N/A - Infinite Model 

Minimum Clad OD (in.) 0.4375 

MaximumI Clad -D(in.) 0.3895 

Minimum Clad Thicklmess (in.) 60.024 

Maximumi. Pellet DIjameter (in) 0.3800 - Study 

MinimumbGuide Tube OD (in.) 1.108 

Maximum Guide Tijbe ID (in.) 1.040 

Minimum Guide TUIe Thic•kýkness (in.) .0.034 

1. Variably eniched fiuel assemblies may have a maximum fuel rod enrichment f4.2 
t % 235U with a maximum planar average enrichment of 3.99 wt % 2 U.  

2. Assemblies with less than 176 fuel rods or solid d yros are addressed afterihe 
"determination of the most reactive dimensions.

6.6.1-14

Numer od Clad Clad Pellet GT 
Fuel Iof Fuel Pitch Diameter ID Thickness Diameter Thickness 

Class' edrAra eso Rods (in.) (in.) (in.) (in.) (in.) OWn.) 

1 GE 14x14 ý§td' 160-17'6 0.570- 0.438- 0.3825- 0.024- 0.376- 0.036
0.590 0.44.2 013895 0,028 .30 0.040 

1 ExIANE 14x'14' c 1644-176 0.580 0.438- 0.3715- 6.0294-' 6.3695:- 0.03 16
0.442 '0.3795 0.031 0,3705 0.040 

1 WE 14x-1-4 icE 1 60.575- 0.438- 6.3825- '0.0'262-- .36"J 0. 0 3 4_ 
0.585 0.442 0. .3855 0.028 Q.377 6.~038
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table 6.6.1.1-3 Mlaine Yankee Pellet Diameter Study

Diameter (inches) k-eff k-eff +27 

0.3800 0.95585 .Q00085 0.95755 

0.3779 0,95784 0,00080 0.95944 

0.3758 0.95714 0.00085 6.95884 

0.3737 0.95863 ý.00082 -6.96027 

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 0.961150 
0.3632 0.95854 0.00088 0.96030 

0.3611 0.95966 0.00083 0.96132 
0.3590 0.95990 0.00084 0.96 158 
0.3569 0.96082 9..00082 0,96246 

0.3548 0.96053 0.00083 0.9219 

0.3527 0,96104 0.00082 0.96268 

0,3506 0.95964 0.00087 0,96138 
0.3485 0.95993 0.0086 0.96165 
0.3464 0.95916 90.0084 9.96084 

.0.3443 0.95847 0.00083 9.96013 

0.3422 0..95876 0.00083 0.96042 
0.3401 0.95865 0.00081 0.96027 

0.3380 0.95734 0.00084 o.95902

Table 6.6.1.1-4 Maine Yankee Annulalr Fuel Result~s

,Case Description keff 'a keff 2 a 

All pel lets with a diameter of 0.35 27 inches 0 908 96 0.0008 06 .9"1061' 

Annular pellet diameter changed to 0.3-80*0 inche's '0"9- 1'0'13' '6.Q087ý 6.9i 18-7

i6.6.1-15
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Table 6.6.1.1-5 Maine Ya'nkee Removed Fuel Rod Results with SmalflPellet Diameter 

Number of Removed Ro ds Number of Fuel Rods kk •f k +2a 
4 172 0.91171 0.00088 0.91347 
4 172 0.91292 0.00086 0.91464 
4 172 0.91479 0.00081 0.91 640 
4 172 0.91125 0.00087 0.91299 
6 170 0.91418 0.00087j 0.91592 
6 170 0.91264 ,.00085 0.91435 
6 170 0.913 14 0.00086 9,91487 
6 170 0.90322 0.00086 0.90493 
8 168 0,91555 0.00087 9.91729 
8 168 9.91490 Q.00093 9.91676 

8 168 0.91457 0.00088 0.91633 

8 168 0.91590 9,00087 ,O9.764 
8 168 0,8972.9 9.00088 9.89905 
12 164 0.91654 9.00086 0.91827 
12 164 0.91469 0.00085. 0.91639 
12 164 0.91149 0.00083 0.91315 
16 160 0.91725 0.00084 0.91893 
16 160 0.91567 0.00084 9.1735 
16 160 0.90986 .00088 0.91 162 
16 160 0.90849 0.00083 0.91015 

16 160 0.90704 0.00086 9.90876 
24 152 0,91572 0.00083 0.9!739 
32 1!44 0.91037 0.00088 0.91213 
48 128 0.89385 0.99085 9.89554 
48 128 0.84727 9,00079 9.84886 
64 11[2 0.79602 0.00083 9.79768 
96 80 0.69249 0,00077 0,69402 

Westinghouse 17x17 OFA 0.9192 9.0009 I9.210

6.6'.1-6
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Table 6.6.1.1-6 Maine Yankee Removed Fuel Rod Results with Maximum Pellet Diameter 

Number of Remove~d Rods Nuber of Fuel Rods k a kff + 2cy 

4 172. 0.91078 0.00086 Q. 912 2 50 
4', 172 0.90916 0.0085 091085 

4 172 0.91164 0.00087 0.91338 

4 172 0.90809 0.00085 0.90979 

6 '170 0.91223 0.00085 091393 

6170 0.91223 0.00080 0.913 84 

100.91270 0.00086 0.9'1442 
6170 0.90245 0.00086 0.90416 

6 170 0.89801 0.00086 0.89972 

8 168 0.91567 0.00085 0.9173f6 
8 168 0.91448 0000 85 0.91618 
8 168 091355 0.00086 0.91526 

8 168 0.91293 0.00085 0.91463 
12 164 0.91639 0.00090 0.91818 

12 164 01-91.803 0.000816 01.91974 
-12 164 0.91235 0.00083 Q.91401 

16 160 0.91665 0.00091 0.91847 
16 160 0.92136 0.00087 0.92310 
16 160 0.91231 0.00084 0.91400 
16 160 0.90883 0.00087 0.91057 
24 152 0.92227 Q.00087 0.92400 

32 .144 0.92164 0.00088 0924 
48 128 0,91212 0.0.0081 99.91373 
418 128 0.86308 -.00082 0.864,7 

64 112 0.81.978 0.00080 0.82138 
88 88 0.72087 0.00083 ;0.72247 

24 (FourCorners) 152 0.91153 0.00085 0.91323 

Westinghouse 1.7x17 OFA 0.9192 0.0009 0.9210

16.6 1 -17
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Table 6.6.1.1-7 Maine Yankee Fuel Rods in Guide Tubes .Resul.t

Number of Guide Number of Rods 
Tubes with Rods in Each ker ke +- 2( 

J 1 0.91102 0.00089 0.91280 

2 1 0.91059 0.00088 0.91234 
3 :1 0.91172 0.00087 0.91346 

5 1 0.91411 0.00086 0.91583 

1 2 0.91169 0.00090 0.-9349 

2 2 0.91201 0.00087 0.91375 

3 2 0.91173 0.00.86 0.91344 

5 2 0.91397 0.,00086 0.9)529 
Design Basis Westinghouse 17x17 OFA 0.919 0.00O09 0.921,0

6,6.1-18
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Table 6M6.i.1-8 Maine Yankee Consolidated Fuel Empty.Fuel Rod Position Results 

Number of Empty Positions Number of Fuel Rods ken a ken + 2a 

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 b.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 17xl7TOFA 9,9192 1.o0009 .;921 0

,6,.~6-. -1i9O
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Table.6.6.1.1-9 Fuel Can Infinite Height Model Results of Fuel - Water Mixture 
B.etween Ri-Ims

Volume Fraction Ak to.24 
of U0 2 in Waiter k___ IFu~rnr 

0.000 0.91090 -0.00063 

0.001 0.913 bg0.00015 
0.002 0.1 01 120 -0.00033 
0.003 0.91177 0.0002ý4 
0.004 b.91285 06.0132 

.005 0,90908 -60.245 
6.006 0.91001 -0-00152 
0.007 0.90895 0. 00258 
.0.0608 0.9 -1005 -0001 ,48 
0.009 090986 -0.00 167 
0.010 b__ .90864 -. 08 
06.020 001003 -0150 
0.030 0.90963 -0.00190 

0.040 .091063 -0.00090 

0.050 0.90931 -0.00222 
0.060 ____ 0.9765 0.003 88 

0.070 090753 0-0.00400 
0.080 0.91088 -0.00065 
0.090 0.91122 -0.00031 
0.100 0.90879 -0.60274 
0.150 0.90968 -,0.00185 

0.200 0.90952 -040020 1 

0.250 0.90815 -0.001338 
0.300 0.90748 -6000405 
0.350 0.90581 -60.0572 
0.400 0.90963 -0.00190 
0.450 0.90547 -0.00606 
01500 0.90603 -0. 00550 
0.50 0.90753 o0.00400 

0.600 0.90674 -0.00479 
b.650 0,90589 -0.00564 
0.700 0.90594. -0.00559 

.750 0.90568 0-0.0585 

0.800 ____ 0.9532 0.00460~ 

0.90 __o 0.90639 L•o.00514 

0:950 0.90684 -0049 

1. See Table 6.6'.1-6
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Table 6.6.1.1-10 Fuel Can Finite Model Results of Fuel 
Coverage

Water Mixture Outside BORAL

Volume Fraction Aakrto 0.00 Akfto 24 

of U02 in- Water 10 U02 in Water (Four Corners)' 

0.00 0.910452 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 -0.00261 

0.45 0.91015 -0.00030 -0.00138 
0.50 0.91011 -0,00034 -0.00142 

0.55 0.91003 -0.00042 -0.00150 

0.60 0.90874 -0.00171 -0.00279 
0.65 0.91165 0.00120 0.00012 

0.70 0.90977 -0.00068 -0.00176 
0.75 0.90813 -0.002132 -0.003440 

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. a = 0.00084.
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Table 6.6.1.1-11 Fuel Can Finite Model Results of Replacing.All Rods with Fuel. - Water 
Mixture

Volume Fraction Akfnto 24 (Four Corners) Akf to 24 (Four Corners) 
of U0 2 in Water keff 'Finite Height Model' Innit Height Model 2 

0 0.9007L -0.00974 A0.01082 
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 A0.00145 
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 0.9063'7 -0.00408 -0.00516 
55 0.90672 -0.00373 70.00481 , 
60 0.90649 -0.00396 -0.005 04 
65 0.90632 -0.00413 -0.00521 
70 0.90435 -0.0061i -0.00718 
75 0.90792 -0.00253 O6.0036 I 
80 0.90376 -0.00669 -0.00777 
85 0.90528 6-0.00517 -0.00625 
90 0.90454 -0.00591 -0.00699 
95 0.90360 10.00685 -0.00793 
100 0.90416 -0.00629 -0.00737 

The, k• comparison bas is for this column is the finite height model with the four comer 
locations of the basket loaded with Maine-Yankee assemblies in .the most-reactive missing 
rod lgeometryy This •case is the first case ppfrsnted in Table 6.6.1.1710 wit•lLO%,U0 2 in the 

water above and below, th 2active fuel of .the n.ssingrod array, 
2. The k2ff compoarison basis for this colum•n is the infinite height model .w'ith'jthe four comernr 

locations of the baske loaded With Maine Yankee assemblies in ithemo m6>rieaie missing 
rod geometry, the first caqe presented in Table 6611-6 labeled "24 ,(Foq Corners)," kf
0.91153.
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infi-nite H-eight Analysis' of "Maine Yankee Start-up $_qurces

Pu vf" Be ¥f *O vf Void~f __ tsd k4-!+2sd AK* 

0 .50 0.91085 0.0008 7 Q91259 r0 0068 
0.00771371 0.§9928629 0 0.910 34 0.00089 0.912 12 0.001i9 

0.00771371 b.9 0.09228629 0 0.91151 0.00087 0.91325 L.00002 

0.00771371 0.8 0.1-9228629 0 0.91t38 0.00087 0.91312 -0.005 

0.00771371 0.7 0.29228629 0 0.91042 0,00085 1 0,91212 -O,001i1 
0.00771371 0.6 0.39228629 0 0.91231 0.00086 0.91403 b.00078 

0.00771371 0.5 0.49228629 0 0.90922 0.00083 0.91088 -0.00231 

0.00771371 0.4 0.5922829 b 091-i 97 6.0087 0.9137/1 b.o0o4 
0.00771371 0.3 0.69228629 0 0.91203 0.00086 0,91375 0.00050 

0.00771371 0.2 0.79228629 0 1 0.90922 0.00084 0.91090 -0.0023i 

0.00771371 0.1 0.89228629 0 0.91140 0.,0085 6091310 6 0.00013 

0.00771371 0 0.99228629 0 0.91-149 0.00086 0.91321 -p0.000 04 

0.00771371 0.9 0 0.09228629 0.91075 0.00087 0.9 1249 ..0.00078 

0.00771371 0.8 0 0.19228629 0.91143 0.00091 0.91325 -_0.00010 

0.00771371 0.7 0 0.29228629 0.91182 0.00086 0.91354 0.00029 

0.00771371 0.6 0 0.39228629 0.91072 0.00082 0.91236 -0.00081 

0.00771371 0.5 0 0.49228629 0.90984 0.00085 6,91154 -0.00169 

0.0077137i 0.4 0 0.59228629 0.90982 0.00091 0.91164 -0.00171 
0.00771371 0.3 0 0.69228629 0.91055 0.00087 0.9 229 -0. 0098 

0.00771371 0.2 0 0.79228629 0.91054 0.00085 0.9122'4 m-0.00099 

0.00771371 0.1 0 0.89228629 0.91006 0.00088 0.91182 -0.001147 

0.00771371 b 0 0992-28629 0.90957 0.00086 0.91129 '0•'.00196

*Change in reacftivity from, case "'24 (Four Corners)." in. Table 6.6.1j .1-6.
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26.' Attach a regulated gas (niitrogen, helium or air) supply line to the vent port.p , Install a 

yalved fitting on the drain port and ensure the, valve is closed. Pressurize the canister to 

35 psia (approximately 20.5 psig) and hold the pressure. There must be no loss of 

pressure for 10 minutes..  

27. Release the pressure. Visually examine the shield lid to canister shell weld for 

,indications of defects. Perform a liquid penetrant examination of the final weld islurfacee..  

Record the results of the examinations.  
28. Attach the suction pump t Io the drain line. Ensure that the vent line is IopIp Using the 

pump, remove the remaining free water from the, canister cavity. Note thetime that the 

last free water is removed from the canister cavity.  

Caution: Radiation levels at the top and sides of the transfer cask ,may rise as water is 

removed.  

Note: A pressure reaulated gas (nitrogen, helium or air) attachedto the vent valve may 

be used to assist water removal from the canister cavity. The pressure must be' less than 

20 psig.  

29. Attach the vacuum equipment to the vent and drain ports. Dry any free standin•g water in 

the vent and drain port recesses.  

30. Operate the vacuum equipment until a vacuum of 3 mm of mercury exists-in the canister.  

31, Verify that no water remains in the canister by holding the vacuum• for 30 minutes. ,If 

,water is present in the cavity, the pressure will rise as the water vaporizes.  

32. Backfill the canister cavity with helium hIaving a minimum purity of 99.9% to a pressure 

of one atmosphere (0 psig).  

Note: As an option, an informational helium leak test may be conducted at this point of 

the procedure using the following steps (the record leak test is performed at Step 49): 

32a. Backfill the canister cavity with helium having a minimum purity of 99.9%.topa 
Ipressure of 15 psig.  

32b. U~sing a helium Jeak detector ("sniffer" detector) with a test sensitivity of 5 x 10'5 

Pm 3 /sec.(helium), survey the weld joining the shield lid and canister shell, 

32c. At the- comp'leti-on of the survey, vent the canister helium pressure t9,,o one 

.atmosphere (0 psig).  

33. Restart the vacuum" equipment and operate until a vacuum of.3 mm of mercury exists-in 

the canister.  

34. Backfill the canister with helium having a minimum purityof99%t prsuepn 

,atmosphere (0 psig).'
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35. Disconnect the YIvacuumn and helium Stipply lines Ifrom theent and drain ports. Dry any 

residual water that may be present in the vent and drain port cavities, 

36. Install the vent and drai n port covers.  

37.- Complete the root pass weld of the drain port cover to the shield lid.  

3ý8_. Prepare the weld and pe rform a liquid penetrant examination of the root pass. Record the 

results.  

39. Complete welding of thii drain port cover to the shield lid.  
40. Prepare the weld and pcrform a liquid penetrant examination of the drainqport cover weld 

final pass. Record the .r•sults.  

41., Complete the root pass ?yeld of the vent port cover to the shield lid, 
42. Prepare the weld and Perform a liquid penetrant examination of the root pass. Record the 

results.  

43. Complete welding of tthe vent port cover to the shield lid.  
44, Prepare the weld and pe-rform a liquid penetrant examination of the weld final surface.' 

Record the results.  
45. Remove any supplemental shielding used during shield lid closure activities.  

46. Install the helium leak test fixture.  
471. Attach the vacuum line and leak detector.to the leak test fixture fitting.  
48. Operate the vacuum system to establish a vacuum in the leak test fixture.  
49. Operate the helium lea-ik detector for 15 minutes to verify that there is no0.ndication of a 

helium leak exceeding :2 X10-7 Cm3/second.  
50. Release the vacuum and disconnect the vacuum and leak detector line from the fixture; 
51. Remove the leak test fixture.  

52. Attach a three-legged s ing to the structural lid using the swivel hoist rings.  
Caution: Ensure that tei,} hoist rings are fully seated against the structural lid. Ve•ify"that 
the spacer ring is in paice on the structural lid.  

Note. Verify that the structural lid is stamped or otherwise markeldto provide traceability 

of the canister contents.  

53. Using the cask handling crane or the auxiliary hook, install the structural lid in the top, of 
the canister, Verify that the structural lid does not protrude above the canister shell.,if so.  
remove the lid and inspct the surface of the shield lid for the cause of the interference, 

Verify that the gap in 'lie spacer ring is not aligned with the shield lid alignment key.  
Remove the hoist rings.  

54. Install the automatic wellding equipment on the structu-ral ljid.-


