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October 21, 2002

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: Submittal of Responses to Supplemental Thermal Questions on the UMS® Universal
Transport Cask Application

Docket No. 71-9270

References: 1 Submittal of Supplemental Responses to the NRC Questions on the UMS®
Universal Transport Cask Application, NAC International, September 27, 2002
2. Conference Calls on Final Thermal Questions on the UMS® Universal Transport
Cask Application, NRC and NAC International, October 8, 9, & 10, 2002

In accordance with the conference call discussions of Reference 2, NAC International (NAC)
herewith submits eight copies of the responses to the supplemental thermal questions related to the
review of the NAC-UMS® Universal Transport Package application. Also, provided in this submittal
are the SAR Section 5.5.1 2 (Maine Yankee Site Specific GTCC Waste) pages, which were
inadvertently omitted from the Reference 1 submittal. Please note that this SAR section was initially
submitted in Revision UMST-00A, dated June 29, 2000.

This submittal includes the NRC questions and the NAC responses to those questions presented in
the standard NAC response format, followed by the associated NAC-UMS® Safety Analysis Report
(SAR) changed pages, which are designated as Revision UMST-02E. Note: The enclosed SAR
changed pages are to be inserted as replacement or new additional pages, as applicable, into the
existing NAC-UMS® SAR binders. The List of Effective Pages provided in this submittal can be
used to ensure that the correct page revisions are incorporated in the SAR binders.

The Revision UMST-02E changed pages have been prepared in accordance with the following
conventions:

e Revision indicators (éhading and revision bars) are used to highlight changes. Shading
indicates a revision from NAC-UMS® SAR, Revision 0, while a revision bar indicates a
change in the SAR from a previous revision, subsequent to Revision 0.

e Revision bars also indicate text flow.

o The changed pages for this submittal are designated as Revision UMST-02E to provide a
unique identification of the pages and changes.

e All of the pages in the List of Effective Pages are designated Revision UMST-02E and no
revision bars are used on those pages.
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U.S. Nuclear Regulatory Commission
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NAC is anxious to complete the review and certification process for this UMS® Universal Transport
Cask Application in accordance with the published schedule NAC appreciates the continued efforts
of the NRC staff to complete this application process.

If you have any comments or questions, please contact me on my direct line at 678-328-1321.

Sincerely,

L C it

Thomas C. Thompson
Director, Licensing
Engineering & Design Services

Enclosures

cc: Paul Plante (MY)
Tom Williamson (MY)
Brian Hansen (APS)
Glenn Michael (APS)
Don Gregoire (APS)
David Jones (DE)
Keith Waldrop (DE)
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NAC-UMS
Docket # 71-9270
TAC #1.22452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 3: THERMAL EVALUATION

3-1 The Thermal Section of the NAC-UMS Transport Cask SAR needs additional
information associated with the Maine Yankee site-specific fuel. A preferential
loading discussion regarding its impact on the component temperatures including
seals and o-rings allowable temperature limits is needed. Note that a similar
discussion is provided for the general fuel in Section 3.4.2.1.

NAC Response

The following text has been added as the last paragraph in Section 3.4.2.1:

The preferential loading does not result in any slot containing fuel with a heat load greater
than 0.833 (20/24) kW. As summarized for the above cases, the maximum fuel cladding
temperature in Case 1 is bounded by the maximum fuel cladding temperature in Table
3.4-1. Since the total heat for the uniform heat load case bounds the three cases of
preferential loading, the component temperatures provided in Table 3.4-1 bound the
component températures resulting from the preferential loading cases.
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NAC-UMS
Docket # 71-9270
TAC # 122452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 3: THERMAL EVALUATION

3-2  The Thermal Section of the NAC-UMS Transport Cask SAR needs additional
information associated with the Maine Yankee site-specific fuel. Damaged fuel
assemblies are discussed on Page 3.6-7, but no mention is made of the effect of
compaction of the damaged fuel on seals and o-rings. Rather, only cladding,
structural support disks” and heat transfer disks are discussed. Additional
discussion is needed for the seals and o-rings.

NAC Response:

The following text has been added as the third paragraph on page 3.6-8:

The effect of the compaction of the damaged fuel is most significant for the interior of the
basket, and this effect is determined to be 10 °F, as shown in the table above. For the
cask body closure lid seal, the effect of the damaged fuel is expected to be insignificant,
since the transportable storage canister shield and structural lids, representing a thickness
of 10 inches of steel, separate the fuel from the cask body closure lid seals. The canister
lids act to spread any concentration of heat from the damaged fuel. The port cover seals
are even more remote from the damaged fuel than the cask body lid seals and, therefore,
are not considered to be affected by the damaged fuel. )
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Docket # 71-9270
TAC #1.22452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 3: THERMAL EVALUATION

3-3  Evaluate the effect of the Hypothetical Fire Accident on the closure function of
the cask lid bolts.

NAC Response

The hypothetical Fire accident is expected to have an insignificant effect on the lid bolts.
The impact limiters have been shown to remain attached to the cask during any cask drop
events. Therefore, the temperature increase for the lid bolts is not significant due to the
fire accident. The sealing function of the closure lid will not be affected (lid bolts will
not become loose) due to the temperature increase during the fire accident because the
coefficient of thermal expansion of the cask lid (Type 304 stainless steel) is larger than
that for the lid bolt V(SB-637 Nickel alloy).

As shown in SAR Section 2.7.1.7, a stress evaluation is performed for the closure lid and
the bolts for the governing accident condition of the 30-foot drop, which bounds the fire
accident condition. The evaluation for the 30-foot drop considered the loadings from the
bolt preload, thermal expansion (normal condition of transport), o-ring compression,
internal pressure, and cask content and lid self-weight resulting from a 60g top end corner
impact. The resulting loads on the lid bolts for the drop accident condition are
significantly higher than those for the fire accident condition and the calculated bolt
stresses for both conditions are well below the allowable stresses.

Therefore, the hypothetical fire accident condition does not have any adverse effect on the .
cask lid and closure function of the lid bolts.
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NAC-UMS
Docket # 71-9270
TAC # 1.22452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 3: THERMAL EVALUATION

3-4

A sensitivity study was performed in Section 3.4.1.1.1 of the SAR for the 3-D
Cask Model. The study analyzed 8 effects that had the general impact of
restricting heat flow from the cask, thereby increasing the temperature of the
internal canister components (i.e. cladding and disks). However, since the neutron
shield is the component closest to its allowable temperature (only 8 F), it appears
the combined effect of Cases 1, 2 & 7 plus a reversal of the effects of Cases 3
thru 6 & 8, would all tend to increase the temperature of the neutron shield
material well beyond its 300" F temperature limit for the NCT. Please explain.

In addition, please calculate the max neutron shield temp based on the following
combination:

Increase effect of Cases 1,3,4 and 8

plus

Decrease effect of Cases 5,6,and 7

plus

Remove the no contact assumption between the fuel assembly & fuel tube and
remove it between the fuel tube and the support disk.

Please demonstrate that with the 10% conservatism in the heat transfer coefficient,

the neutron shield temperature limit will not be exceeded.

NAC Response:

Using the same methodology as used for the sensitivity table, an additional case was .

evaluated in which the contact area was increased by 100% (the reversal of the effect of

case 3) in conjunction with the increased thickness (of 8%) of the heat transfer disk (the

reversal of the effect of case 4). The increased disk thickness represents an increased

conductance of the basket, which has a similar effect as the reversal of cases 5, 6 and 8.
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NAC-UMS
Docket # 71-9270
TAC # 122452
NAC INTERNATIONAL RESPONSE
TO .
REQUEST FOR SUPPLEMENTAL INFORMATION

NAC Response to 3-4 continued

The maximum neutron shield temperature was determined to be 293°F for the additional
case, which is the same as the maximum temperature reported in Table 3.4-1. This is
consistent with the observation that as the contact area is increased the heat is more
efficiently dispersed through the 7.5 inches of metal in the cask body shells, which would
prevent a concentration of heat in the radial neutron shield. Therefore, the reversal of the
effects of cases 3 through 6 and 8 are expected to be negligible on the neutron shield

temperature.

A review of the thermal testing of the NAC-LWT cask, which is approximately 1 meter
in diameter, shows that the current heat transfer film coefficient used in the UMS thermal
evaluation is more than 10% conservative. Using the methodology for the cases in the
sensitivity study, with no reduction in film coefficient at cask surface, an additional
analysis is performed based on the combination of the following conditions: (1) 10%
increase of the emissivity of stainless steel and aluminum; (2) Increased contact area
between disks and canister shell (from 2° to 4° in the half-symmetry model); (3) 8%
increase in heat transfer disk thickness; (4) Decreased gap between disks and canister
shell (5) Decreased gap between canister shell and cask inner shell; (6) 6% reduction of
cask radial copper fin thickness; (7) 10% increase of the lead emissivity; and (8) The
effective thermal conductivity of the fuel tubes elements in the 3-D model (at the contact
region only, i.e. the side of the fuel in contact with the tube) changed to the thermal
conductivity of stainless steel (to simulate the contact between the fuel assembly and the
fuel tube and between the.fuel tube and the disks). The analysis results indicate that the
maximum temperature of the neutron shield is 289°F, which is below the allowable
temperature of 300°F. This demonstrates that the maximum temperature in the neutron
shield will be less than the allowable temperature even when the sensitivities are
considered and that the maximum temperature in the neutron shield reported in Table 3.4-
1 is conservative.
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Docket # 71-9270
TAC #1.22452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

NAC Response to 3-4 continued

The following SAR text is inserted at the end of Section 34.1.1.1:

The maximum temperature for the radial neutron shield is 293°F as reported in Table 3.4-
1. To ensure that sufficient margin exist for the neutron shield, an additional sensitivity
study was performed using the model for the nine cases evaluated for the fuel and basket
components. The analysis considers a combination of the following conditions: (1) 10%
increase of the emissivity of stainless steel and aluminum;-(2) Increased contact area
between disks and canister shell (from 2° to 4° in the half-symmetry model); 3) 8%
increase in heat transfer disk thickness; (4) Decreased gap between disks and canister
shell (5) Decreased gap between canister shell and cask inner shell; (6) 6% reduction of
cask radial copper fin thickness; (7) 10% increase of the lead emissivity; and (8) The
effective thermal conductivity of the fuel tubes elements in the 3-D model (at the contact
region only, i.e. the side of the fuel in contact with the tube) changed to the thermal
conductivity of stainless steel (to simulate the contact between the fuel assembly and the
fuel tube and between the fuel tube and the disks). Note that there is no reduction in the
heat transfer coefficient at cask surface for this sensitivity study. The analysis results
indicate that the maximum temperature of the neutron shield is 289°F, which is below the
allowable temperature of 300°F. This demonstrates that the maximum temperature in the
neutron shield will be less than the allowable temperature even when the sensitivities are
considered and that the maximum temperature in the neutron shield reported in Table 34-
1 is conservative.
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TAC # 1.22452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 3: THERMAL EVALUATION

3.5 NAC is requested to provide clarification of the preferential loading
requirements/configurations for the Maine Yankee (MY) site-specific fuel in the
UMS Transport cask. Specifically, SAR Section 3.6.1, Maine Yankee Site-
Specific Contents, should be revised to include a clarification of the preferential
loading requirements for transport, similar to SAR Section 3.4.2.1. The
clarification should address the relationship between the preferential loading of
the MY site-specific fuel for storage in the UMS Storage System versus the
preferential loading of the MY site-specific fuel for storage in the UMS Transport
Cask.

NAC Response:

Fuel clad allowable temperatures limit transport and storage maximum allowable heat
loads, either on a total cask basis or on a per assembly basis. UMS safety evaluations set
the allowable cladding temperatures by using the Commercial Spent Fuel Management
(CSFM) method as indicated in Section 3.4.6 of the SAR. This approach is based on
uniform, also referred to as standard, basket loadings and results in a decrease in the
maximum allowable clad, temperature, and therefore allowable heat load, as cool time
and/or burnup increases. Chapter 5 of the SAR employs the varying allowable heat loads
in combination with shielding dose rate limits to determine minimum allowable cool
times for each fuel assembly type. Minimum allowable cool times are established as a
function of minimum initial enrichment and maximum burnup. A generic approach of
limiting each assembly in the basket to the CSFM determined maximum allowable
assembly heat load is applied to each PWR and BWR assembly category and the CE
14x14 Maine Yankee specific fuel type.

Page 9 of 12
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NAC INTERNATIONAL RESPONSE
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NAC Response to 3-5 continued

To provide increased flexibility in loading the MY specific fuel inventory as early as
possible after reactor shutdown, an additional evaluation is performed in the storage
application. The additional evaluations allow loading of higher heat loads (shorter cooled
fuel than the standard, uniform pattern) into the periphery of the basket while lowering
the allowable heat loads (longer cooled fuel than the standard, uniform pattern) for the
canister interior assemblies, as shown in the Approved Contents and Design Features for
the NAC-UMS® System in Chapter 12 Section B 2.1.3 of the Final Safety Analysis
Report (FSAR) for the UMS?® Universal Storage System, Docket Number 72-1015. The
transport thermal evaluation presented in Chapter 3 and the shielding evaluations
presented in Chapter 5 of the SAR are based on uniform assembly heat loadings and do
not apply to higher heat load peripheral loadings. Not including the peripheral higher
heat load patterns requires all canisters loaded under this option to be stored until all fuel
assemblies in the canister meet the minimum cool time for transport. While interior fuel
assemblies in the high heat load preferential loading configuration may already be at an
acceptable transport cool time when placed into storage, the high heat load peripheral
assemblies require additional cool time to meet transport cask allowable heat load and
dose limits. The standard pattern for transport requires an increase in cool time over the

standard pattern requested in storage for all burnup and enrichment combinations.

Preferential loading of the Maine Yankee site-specific fuel assemblies is governed by the
standard fuel inventory requirement presented in the Approved Contents and Design
Features for the NAC-UMS® System in Chapter 12 of the Final Safety Analysis Report
(FSAR) for the UMS® Universal Storage System, Docket Number 72-1015. Loading fuel
assemblies for storage with a cool time of less than 7 years requires a preferential loading
arrangement with shorter-cooled fuel placed at the canister interior locations. The
corresponding thermal evaluation for the transport system is shown in Section 3.4.2.1.
Maine Yankee site-specific preferential loading patterns placing high heat load (1.05 or
0.958 kW) fuel in basket peripheral locations, as allowed in Chapter 12 of the UMS®
Universal Storage System FSAR, are not applicable for the transport
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Docket # 71-9270
TAC # 122452
NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

NAC Response to 3-5 continued

system. All fuel assemblies loaded in the transport cask must meet the standard
configuration transport minimum allowable heat load limits and cool time tables. As
such, a transportable storage canister loaded under the Maine Yankee site-specific high
heat load preferential loading option will require additional cool time for the peripheral
assemblies to meet the transport cask cool time requirements shown in Table 1.3.1-2 (also
Table 5.5.1.1-10). This assures that a loaded canister will meet all thermal and shielding
limits for transport.

The previous paragraph is added in Section 3.6.1 of the SAR for clarification of the
preferential loading requirements for transport.
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NAC-UMS
Docket # 71-9270
TAC #1.22452

NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR SUPPLEMENTAL INFORMATION

CHAPTER 5: SHIELDING EVALUATION

5-1  NAC is requested to provide SAR section 5.5.1.2 pages that are missing from the

current version of the SAR.

NAC Response:

SAR Section 5.5.1.2 pages 5.5.1-36 through 5.5.1-41, changed pages for the Master Table
of Contents, and an updated List of Effective Pages are included with this response.
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the corresponding total heat is dnly 15.7 kW and the heat density’is 88% of the 20 kW over 144
inches. The 20kW over 144 inches is considered to be controlling.

T T R T R T ” TR '.“. ey ey ,.«m. N T I T O I PON S v e g ey
Chere are anumniber of conservative conditions in .this three-dimensional cask model:

- g 9% :-cn‘—‘;: I N i A LY A PR A S T N B S BV e R M B S G SR SR o2 TS
L% The fuel assembly is-conservatively'considered to be located -at the.center.of -the fuel fube:
[The fuel ‘assembly will be.in contact :with the Tuel:tube on its side’since the cask-is-in'the

horizontal “posmon ‘during:transport.¢The ‘contact-will ‘reduce. the Maxinmum ’component

Eer‘np erature.)
Q :The fuel;tube is:conservatively.considered to belocated atithe center of Ahe slois of. the
support .disks:*(The fuel-tube will.be in ‘contact:with the SUpport disk:since the caskas in

RIS I

he “horizontal.-position’:during:: tmnspon “‘““S“I'he Tcontact awill YTeduce - the ~maximum

Eomponent temperature:) .
Coatis T e (Y B L I s P R S RS R i T A YA RN RN i
B:Convection ‘heat transfer.is conservatively.ienored in,the model,
N :& EEb ey s ne

U7 The rgap, betwoen. the. “lead and rcask.inner<shell is s conservativel %conmdered 1073602

fround the shell :(A. 2000 POrtion ot the lead-will be n contact 'shell*since

P

T T A
'fhégcaska;lshnPfthedhonzontal*posmon“durmg transport s=Thescontact--will®: reduce%he

fwith'the infer

(o N R S T 3 it v 2
maximuim component temperature.) -

RS PE S PR s et i e i A I A T A S e T S RS S M‘,’&ﬂ\ N e S TSR
Atsensitivity study.was performed to assess the elfect-on maximum <em mperatures .of fuel. laddmg
bndibasket for. &, criticalin

the main:heat transfer. path! ) -

fasy

be.cri

oy s e Bk s TRy
:the*variations: of: the-following parameters=which are considered :to

M ;Emlssmty 4of$stamless~steelg(fue "tu’b * support:disksy: canister:shell s cask :shells)=and

B Convecton Neatransior CORTRCINT ot Arans port cask Outer surface
B=~Contact-area; betwcen the disks and camster she]l

P Y

iz rGap e weenftha camste; shell and ‘the:cask inner-shell

S e T

the mammum‘fuel”“laddmg

-
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LD B E AN m\f Sl et

{é‘ﬁ‘a“ Bé‘skré”f"te‘mperature -is <.8°F for each‘of*the cases;f;Therefore the effect of_g_vananon of all

......

the i:ombmeds effect;of Cases*’«l’;ﬁB;% A';J, Szl j’aiids&%ztfl‘he increase.in, the maximum fuer c]addmg*_”g
B‘é‘éﬁéfié’mﬁgﬁfﬁi@"féﬁWé%&%lbiifﬁ%’éééf{?ﬁ%ﬁ 015 <:17°F. 5, The maximum: fuel cladding: and
Daskel temperatures remain; below ¥ their. allowable. temperatures for the combined case::, Based.c on
the above. discussion. on. the conservatism. n. theimodel-and. the.results of . the. Sensitivity, study. it
s concluded that the calculated femperanires using, the thermal.models are conservative; and, the
Systemn has an adequate margin of safety]

Maximum_.lemperature (.F)
ey e T ""&Ig;?"?;‘”w
Case Fuel - | Support | Transfer
No! Description Cladding | Disks Disks
Base bﬁgiﬁaran‘alyéﬁ 673 608 605

m ;Oﬁzgégcnonwof “the: emissivity. of “stainless: steel‘and |- @ @ @
Z (l)gz nig%df}x:gaon of . the heat, transfer‘ coefficient. at'cask @ 51..2 El':q
~ | Réducéd contact, aréa between'disks;: and.canister;shell e
8 | (tednced fom 2% to:1%in the h half- S "Er";?*ﬁibdeii 673 808 603
‘hredu_cpon ‘in:heat transfer; ) ,
g ?ﬁ’efﬁlﬁtes thickniess toleranca 680 616 813
MCq}gggm;ga ):bety eggigig&s ;agd canié'ﬁa%%hell, baie
3 | bnithéliolerancs of the’ dgaip‘éfeg*ég 'disks ind canisies | 676 611 608
kheilind the canister shell thickness
Iggrqia&sgg{ ggip K betw‘eggnﬁ 5:gpxster,» shell: f%gig§§ai§gel
6 §§$1!£§§§T€9§$° tole%nﬁé oF the dismicter of cam?tex 675 610 607
Shell and the ask inner shelll
6%ireduction-c of the cask: ad1a1’“ﬁ“éutrom )i shield cOppet ]
B fin thickness based on the plate thickness toleranca 674 602 6o
8 | 10% Teduction of. the lead emissivity 673 608 603
9 | Combined (14344 +5+7+8) 680 625 622
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34.1.1.2 Two-Dimensional Fuel Assevmblv Model: PWR Fuel

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element
thermal model of the PWR 14x14 fuel assembly. Taking advantage of the symmetry of the
cross-section of the fuel, the finite element model represents a one-quarter section of the fuel.
The model includes the fuel pellets, cladding, gas between the fuel rods, and gas occupymg the
gap between the fuel pellets and cladding. Modes of heat transfer modeled include conduction
and radiation between individual fuel rods for the steady-state ‘condition.” The model is shown in
Figure 3.4-3. Thermal analyses of the other PWR fuel assemblies’ (. e., “17x17, 16x16, and
15x15) are performed however because the PWR 14x14 fuel assembly Tresults in’ the lowest
effective thermal conduct1v1t1es only the analysis of that ‘fuel assembly is presented in this
section.
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ANSYS PLANE 55 conduction elements and LINK31 radiation ‘elements are used in the model,
which includes a total of 49 fuel rods (representing a total of 196 fuel rods for the full cross-
section). Each fuel rod consists of the pellet, Zircaloy cladding, and a gap between the pellet and
clad. The gas in the gap between the pellet and clad, as well as the gas between the fuel rods, is

BM

modeled as } helium E;é‘g Radiation elements are defined between rods and from rods to the
boundary of the model (inside surface of the fuel tube). Radiation across the gap between the
pellet and clad is conservatively ignored. Effective emissivities are determined by using the

formula shown in Section 3.4.1.1.1.

The effective conductivity for the fuel is determined by using a tw’o-step procedure. Using the
fuel assembly model, a uniform temperature is applied to the exterior of the model (see Figure
3.4-3) in conjunction with the volumetric heat generation. From this analysis, the maximum
temperature located at the center of the fuel assembly is determined. This maximum temperature
occurs at the corner of the model, which represents the center of the entire fuel assembly. |

A Sandia National Laboratory Report [10] defines an expre:ssion for use in determining the
maximum temperature of a square cross section of an isotropic homogéﬁeous fuel with uniform
volumetric heat generation. At the boundary of this square cross section, the temperature is
constrained to be uniform. The e)ipression for the maximum temperature is given by:

2
T =T.+0.29468 22 1

Kes
where:
T. =temperature at center of fuel (°F)
T, =temperature applied at exterior of fuel (°F)
Q = volumetric heat geneyation rate (Btu/hr—in3)
a = half-length of square cross section of fuel (inch)

Ker = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in-°F).
Using the maximum temperature, located at the center of the fuel, from the detailed fuel

assembly model, the preceding expression is used to determine the Ky for an isotropic
homogeneous representation of the fuel assembly.
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Volumetric heat generation based on the design heat load of 20 kW with a peaking factor of 1.1
is applied to the fuel pellets. The temperature at the boundary of the model is'constrained to be
uniform. The effective conductivity is determined on the 'basis of 'the heat- generated and the
temperature difference from the center of the model to its edge. The temperature-dependent
effective properties are established by using different boundary temperatures. The effective
conductivity in the axial direction of the fuel assembly is calculated on the basis of a weighted

average of the axial cross sectional area.; | . ,

34.1.1.3 Two-Dimensional Fuel Tube Model: PWR Fuel

The effective conductivity of the fuel tube and BORAL plate, which is used in the three-
dimensional canister model, is determined by the two-dimensional fuel tube model. As shown in
Figure 3.4-4, this model includes the fuel tu-l;e,-the BORAL plate (including the core matrix
sandwiched by aluminum claddings), @ gaps on both sides of the BORAL plate, and a E gap
bet\yeen the stainless steel cladding for the BORAL plate'and the support disk or heat transfer
disk. The ,BORAL plate in the PWR fuel tube is.composed of 62.34% B4C and 37.66%
aluminum. : SRR e ‘

ANSYS PLANESS conduction elements and LINK31 radiation elements are used to construct
the model, which consists of eight layers of conduction elements and six radiation elements that
are defined at the E gaps (two per gap). The thickness of the model (x-direction).is the distance
measured from the inside dimension of the fuel:tube to the inside dimension of the slot in the
support disk (assuming that the fuel tube is located at the center of the disk slot). The tolerance -
of the BORAL plate core thickness, 0.003 inch, is.used.as the gap size for both sides of the
BORAL plate. The model height is defined to be the same dimension as the model thickness.

T B et
A heat flux is applied at the left side of the model and the temperature at the right boundary of
the model is constramed The heat flux is determined on the basis of design heat load of 20 kW
with a peakmg factor of 1 1. The maximum temperature of the model (at the left boundary where
the heat flux is apphed) is calculated by usmg ANSYS The _effectlye conductmty through the

thlckness of the tube is determmed by usmg the fo]lowmg equatibn -

q=Keff(A/L)AT,or L. T
Kerr = qL/(A AT).

where:

3.4-13




SAR-UMS® Universal Transport Cask October 2002
Docket No. 71-9270 Revision UMST-02E

q = heat rate applied to inner surface of fuel tube (Btu/hr)
A = area (in®)

L = thickness_of composite tube model (in)

AT = temperature difference across the model (°F)

Kesr = effective conductivity (Btu/hr-in-°F).

The temperature-dependent ‘conductivity for heat conduction through the wall (Kep) is
determined by varying the temperature constraint at the boundary of the model and then re-
solving for the temperature difference. The effective conductivity for heat conduction parallel to
the axis of the cask body or in the plahé of the tube wall is calculated on the basis of the wei ghted
average of the thickness and conductivity of the individual layers.

34.1.2 Analytical Models: Cask with BWR Fuel Canister

The finite element ANSYS models used in the thermal analysis of the cask transporting BWR
fuel are similar to those-used in the thermal analysis of the cask with PWR fuel canister
discussed in previous sections. A three-dimensional model is employed to evaluate the cask in a
horizontal position with the basket in contact-with the canister, which, in turn, is in contact with
the cask inner shell. The fuel regions and the fuel tubes with BORAL plates are modeled by
using effective conductivities. A detailed two-dimensional thermal model of the fuel assembly is
used to determine the effective conductivity of the fuel. A two-dimensional thermal model of the
fuel tube is used to calculate the effective conductivities of the fuel tube wall and BORAL plate.
Another two-dimensional thermal model for-the fuel tube is used to calculate the effective
conductivity of the fuel tube wall with no BORAL plate present. These four ANSYS thermal
models are described in the following sections.

34.1.2.1 Three-Dimensional Cask Model: Cask with BWR Fuel Canister

The three dimensional Universal Transport Cask model is a half-syrhmet‘ry finite element model
constructed by using ANSYS Rev151on 3-'3 The model con31ders the fuel assemblies, fuel tubes,
stainless steel support disks, alummum heat transfer disks, camster shell lids and bottom plate,
spacers at the bottom of the camster cask inner shell, lead, outer shell, neutron shield, and
neutron shield shell. The ANSYS model is shown in Figure 3.4-5. As shown in the figure, the
internal cavity of the canister contains the active fuel region: the top and bottom fittings of the
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fuel assemblies, fuel tubes enclosing the top and bottom fittings, ‘and the first stainless steel

support. ‘

For the BWR configuration, [he gas inside the canister Bnd-the cask cavity is modeled as helium
‘because the cavity will be backfilled with helium prior to transport. Conduction and radiation are
modeled by using ANSYS “SOLID70” and ‘LINK31” elements, respectively. - The principal
gaps applied to the model are shown in Figure 3.1-2 and are described in Section 3.2.2.3. In
establishing these .gaps, the differential thermal expansion between the components is
considered: : ' r i

Because the canister is in horizontal position during transport, the elements for the canister shell
are shifted downwards to simulate’contact with the inner shell of the cask. Similarly, the support
disks and the heat transfer disks are shifted downward to simulate contact with the canister shell.
As shown in Figure 3.1-2, a 2-degree contact is considered for the gaps between the canister shell
and the cask inner shell and between the support disk and the canister shell. This'contact is
simulated by using appropriate conductivity (100 Btu/hr-inch-°F) for elements at the contact
locations. The aluminum heat transfer disks are ‘assumed to have only a line contact with the
canister shell because the heat transfer disks are not subjected to any loads other than their own

weight.

To account for differential expansion, gaps within the model are adjusted on.the basis of
temperature and defined physical contact conditions. ..Solar insolance and ambient temperature
conditions are applied to the neutron shield ‘shell when appropriate. Insolance is'used at the
exterior surface of the cask and is based on the amount of insolation required by 10 CFR 71 to be
applied over a 12-hr period evaluated in the steady state (applied over 24 hr simulating 12-hr
period of solar exposure and 12-hr period of no solar exposure). The heat flux resulting from
insolation on a curved surface is calculated as follows:

1475

B 12hr LU H_ ) 47 Brivhiin?
- = 0. u/hr-i
12he-f  24hr . 144ind b e

Multiplying this value by the emissivity of the cask surface, € = 0.36,gives a heat flux resulting
from insolance on curved surfaces of 0.154 Btu/hr-in>. Using the same method and a heat flux of
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2,950 Btw/12 hr-ft* (0.853 Btuw/hr-in?), gives a heat flux resulting from insolance on flat surfaces
of 0.307 Btu/hr-in”.

The model is analyzed to determine the maximum temperatures for the basket, canister, cask
shells, radial shielding, and surface conditions under normal conditions of transport. All material

properties are shown in Tables 3.2-1 through 3.2-13.

The fuel regions (inside tubes). are modeled as homogeneous regions with effective
conductivities determined by the two dimensional fuel model as described in Section 3.4.1.2.2.
All sides of the BWR fuel tubes do not contain the BORAL plate. Therefore, two different two-
dimensional BWR fuel tube models are analyzed to establish the effective conductivities used in
the three dimensional analysis of the cask with BWR fuel. The models consist of the BORAL
plate (where applicable), including gas gaps on both sides of the BORAL sheet (where
applicable), and the gap between the stainless steel cladding for the BORAL and the support
disks and heat transfer disks. These models are discussed in Section 3.4.1.2.3.

The radial neutron shield of the transport cask for the BWR configuration is identical to PWR
configuration. The modeling of the radial neutron shield is described in Section 3.4.1.1.

In the model, radiation heat transfer is considered from the top of the fuel region to the bottom
surface of the canister shield-lid, from the bottom of the fuel region to the top surface of the
canister bottom plate, and from the exterior surfaces of the fuel tubes to the inner surface of the
canister shell. This radiation is modeled by using LINK31 radiation elements. Radiation across
gaps in the model is described in Sections 3.2.2.3 and 3.2.2.4.

Radiation at the neutron shield shell surface to ambient 1s combined with the convection effect by
using the method described in Section 3.2.2.2. The convection heat transfer coefficient is
calculated on the basis of the formula shown in Section 3.2.3. Effective emissivities are used for
all radiation calculations, with the form factor taken to be unity. Effective emissivity is
computed by using the following formula [9] based on corresponding material emissivities:

Eir = I/ (l/ey+1/g;-1)
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Solar insolance is applied to the neutron shield shell surface for the yHoOt2:condition (ambient
temperature = 100°F) E: A value of 0.154 Btu/hr-inch? is .used ‘as the heat flux at the neutron
shield shell surface on the basis of the 1,475 Btwhr-ft> heat flux for a curved surface.
Calculation of the heat flux resulting from insolation on a curved surface is discussed earlier in

this section.’

Volumetric heat generation (Btu/hr-inch?) is applied to-the active fuel region on the basis of a
total heat load of 16 kW, a shortest active fuel rod length of 144 inches, and an axial power with
a peaking factor of 1.22 as shown in Figure 3.4-6. ‘

34.1.2.2 Two-Dimensional Fuel Assembly Model: BWR Fuel

The effective conductivity of the fuel is determmed by a detailed two-dimensional finite element
thermal model of the BWR 9x9 fuel assembly Takmg advantage of the symmetry of the cross-
section of the fuel, the finite element model represents a one- quarter section of the fuel. The
model includes the fuel pellets, claddmg, gas between the fuel rods, and gas occupymg the gap
between the fuel pel]ets and claddmg Modes of heat transfer modeled include conductlon and
radiation between individual fuel rods for the steady-state condition. The model is shown in
Figure 3.4-7. Thermal analyses of the other BWR fuel assemblies (i.e., 7x7 and 8x8) are
performed; however, because the BWR 9x9 fuel assembly results in the lowest effective thermal
conductivities, only the analysis of that fuel assembly is presented in this section..

ANSYS PLANES5 conduction elements and LINK31 radiation’elements are used in the model,
which includes a total of 20.25 fuel rods (representing a total of 81 fuel rods for the full cross-
section). Each fuel rod consists, of the pellet, Zircaloy cladding, and a gap between the pellet and
clad. The gas in the gap between the pellet and clad; as well as the gas between the fuel rods, is
modeled as . helium. Radiation elements are defined between'rods and from rods to the
boundary of the model (inside surface of the fuel tube).: Radiation effect at the.gaps between the
pellet and clad is conservatively ignored. Effective emissivities are determined by using the
formula shown in Section 3.4.1.1.1.

[T -

The effective conductivity for the fue] is determmed by using a two- step procedure Using the
fuel assembly. model, a uniform temperature is applied to the exterior.of .the model (see Figure
3.4-7) in conjunction with-the volumetric_heat generation. From this analysis, the maximum*
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temperature located at the center of the fuel assembly is determined. This maximum temperature
occurs at the corner of the model, which represents the center of the entire fuel assembly.

A Sandia National Laboratory Report [10] defines an expression for use in determining the
maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform
volumetric heat generation. At the boundary of this square cross section, the temperature is
constrained to be uniform. The expression for the maximum temperature is given by:

Qa’
chf

T, =T, +0.29468

where:

T. =temperature at center of fuel (°F)
Te =temperature applied at exterior of fuel (°F)
Q = volumetric heat generation rate (Btw/hr-in®)

a = half-length of square cross section of fuel (inch)
Kerr = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in-
°F). '

Using the maximum temperature, located at the center of the fuel, from the detailed fuel
assembly model, the preceding expression is used to determine the Ky for an isotropic

homogeneous representation of the fuel assembly. ,

Volumetric heat generation based on the design heat load of 16 kW with a peaking factor of 1.22
is applied to the fuel pellets. The temperature at the boundary of the model is constrained to be
uniform. The effective conductivity is determined on the basis of the heat generated and the
temperature difference from the center of the model to its edge. The temperature-dependent
effective properties are established by using different boundary. temperatures. The effective
conductivity in the axial direction of the fuel assembly is calculated on the basis of the material
area ratio.

34.1.2.3 Two-Dimensional Fuel Tube Models: BWR Fuel

The fuel tubes in the BWR fuel basket differ from those in the PWR fuel basket in that not all
sides of the fuel tubes contain BORAL. Therefore, two effective conductivity models are
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necessary—one fuel tube model with the BORAL plate (a total of 10 layers-of materials) and
another fuel tube model with a gas gap replacing the BORAL plate (a total of-4 layers of
materials). Additionally, the BORAL plate in the BWR fuel tube is composed of 16.46% B.C
and 83.54% aluminum, whereas the BORAL plate in the PWR fuel ‘tube” is composed of a
62.34%—37.66% composition of B4C and aluminum.

The effective conductivity of the fuel tube and BORAL plate, which is used in the three-
dimensional canister model, is determined by a two- diménsional fuel tube model. As shown in
Figure 3.4-8, this model includes the fuel channel, gas gaps between the fuel channel and fuel .
tube. the fuel tube, the BORAL plate (mcludmg the core matrix sandwiched by aluminum
claddings), gas gaps on both sides of the BORAL plate, and a gas gap ‘between the stainless steel
cladding for the BORAL plate and the support disk or heat fransfer disk. =~~~

Additionally, the effective conductivity of the fuel tube without the BORAL plate, which is used
in the three-dimensional canister model,.is determined -by another two-dimensional fuel. tube
model. As shown in Figure 3.4-9, this model includes the fuel channel, gas gaps between the
fuel channel and stainless steel fuel tube, the fuel tube, and a gas gap between the stainless steel

cladding and the support disk or heat transfer disk. =

ANSYS PLANESS conduction elements and LINK31 radiation elements are.used to construct
the models. The model with the BORAL plate consists of 10 layers of conduction elements and
8 radiation elements that are defined at the gas gaps (two per gap).. The model without the
BORAL plate consists of four layers of conductron elements and four radiation elements that are
defined at the gas gaps (two per gap). The thickness of the models (x- d1rect1on) is the distance
measured from the inside dimension of the fuel channel to the inside, d1mens1on of the slot in the
support dlSk (assumlng that the, fuel tube i is. located at the center of the disk slot). In the model
contammg the BORAL plate, the tolerance of the BORAL plate core thickness, 0.0045 inch, is
used as the gap size for both sides of the BORAL plate. The height of the models is defined to
be the same dxmensmn as the thickness of the models. :

In each analysrs a heat flux is applied at the;left side of the model and the temperature at the
nght boundary of the model is constramed _The heat flux is determined on the basis of the
design heat load of 16 kW w1th a peaking factor of 1.22. The maximum temperature of the

L
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model (at the left boundary) and the temperature difference (AT) across the model are calculated
by using ANSYS. The effective conductivity is determined by using the following formula:

q = KAL) AT
or
Ker = gL/(A AT)
where:
q = heat rate applied to inner surface of fuel tube (Btu/hr)
A =area (in2)
L = thickness of compoéite tube model (in)
AT = temperature difference across the model (°F)
Kesr= effective conductivity (Btu/hr-in-°F).

The temperature-dependent conductivity (Kes) in each analysis is determined by varying the
temperature constraint at the boundary of the model and then re-solving for the temperature
difference. The effective condhctivity for the parallel path is calculated on the basis of area ratio

of material.

34.1.3 Cask Impact Limiter Thermal Model

As described in Sections 3.4:1.1 and 3.4.1.2, the cask impact limiters are not explicitly modeled
in the 3D cask models. In these models, the cask ends enclosed by the impact limiters are
modeled as being adiabatic surfaces. The cask impact limiters are evaluated thermally for
normal operating conditions in this section. Specifically, the volumetric average temperature of
the redwood material in the cask impact limiters is calculated using an ANSYS finite element
model. Taking advantage of the symmetrical geometry of the cask impact limiters about the
major axis of the cask, the finite element model is an axisymmetric representation of one of the
impact limiters with the cask oriented in a horizontal position. This represents the orientation of
the impact limiters during normal transport. The cask impact limiter thermal model is shown in
Figure 3.4-10.

The finite element model of the cask impact limiter is constructed of PLANESS axisymmetric
thermal elements, and radiation and conduction heat transfer across air gaps within the model ‘are
accounted for using effective thermal conductivity properties for air using the method described
in Section 3.2.2.3. Air gaps are modeled between the cask and impact limiter based upon
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nominal dimensions. Additionally, a 0.125-in. thick layer of Fiberfrax , Geramic Fiber.Paper is
modeled between the impact limiter redwood and the cask mating surface of the impact limiter.
A heat flux of 0.13 Btwh-in2, which represents the package contents, is applied to the interior
surface of the cask lid. This heat flux is obtained from the thermal results for the 3D cask model
with the PWR canister and air as the canister cover gas (described .in Section 3.4.1.1) by
conservatively assuming the heat transfer rate to the cask lid is equal to the heat transfer rate to

the canister shield lid.

Heat fluxes representing the normal conditions solar heat loads are applied to the cylindrical and
vertical flat end surfaces of the impact limiter as shown in Figure 3.4-10. The solar heat flux
applied to the vertical flat surfaces of the impact limiter 0.0769 Btu/h-in? model (which is in the
normal transport orientation) are calculated in the same manner described in Section 3.4.1.1.1
using the prescribed solar heat flux value of 737 Btu/12-hr-ft2. A solar heat flux of 0.154 Btu/hr-
in? is applied to the cylindrical portions of the cask and impact limiter modeled.

A steady-state heat transfer analysis is performed using the ANSYS model described in this
Section. The volumetric average temperature of the cask impact limiter redwood material (Tayg)
is calculated from the results of the thermal steady state analysis.

34.14 Personnel Barrier Thermal Model

According to 10 CFR 71.43(g), a package must be designed, constructed, and prepared for
transport such that in still air at 100°F and shade, no accessible surface of the package has a
temperature exceeding [85°F in &Bn exclusive use shipment. Compliance with 10 CFR 71.43(g)
is demonstrated by performing a computational fluid dynamics (CFD) analysis .on a finite
element model of the Air.between theicask surface (i.e..neutron:shield shell) and the personnel
barrier using ANSYS/FLOTRAN. The finite element model {S;constructed of two-dimensional
FLUIDI41 elementsandiis presented in Figure 34-11.

[ZiBecause of geometrical symmetry, only one-half of the' cask and the air around the cask is
modeled. In:additionto the natural:convection‘of the’air} thermal Tadiation‘heat transfer from'the
cask-outer surface to_the'personnel barrier 4s.considered in;this model7 IL1s .conservative {0 only
model the.air; between the.cask/sUrface -and the personnel-barrer because At-resulis an a higher.air
Velocity.and more heat iS-carmned to the top of.the.personnel barier; Along the centerline of -the
model, the horizontal velocity component is specified to be zero. Thenodes:at-the'location of:the
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B, e e e

personnel barrer: (eXcept. the: top. side). areiconservatively: defined as’ wall conditions. (V. elocity. =
0).to:force:all-ofithe heat out. from’ the top.of, the barrier.Z At the inlet (bottom' side_ of.the model),
the T pressure. is:setxto; AtmOsphenc: pressureswith the: temperatire]constrainedsto« 100SE: The
portion of the model corresponding to the cask surface constrains both the horizontal and vertical

components of the velocity to be zero.

The cask and personnel barrier are not explicitly modeled in this analysis—only the air
surrounding the cask is modeled. It is conservative thatithe:personnel;barrier-is. not eXplcitly
modeled because it will not have a temperature greater than the temperature of the air in contact
with it. The temperatures.of nodes in the model that correspond'to the air adjacent to the €ask
surface are Constrained as boundary. conditions, of the model. The teperatire is considered to be
linearly’Z distributed, ~with: the.. bottorn - and. top.. temperatures - equal s fo.x. 26 7o : and< IAASEL

Tespectively!

Since the personnel barrier is not explicitly modeled, its temperature is considered to be the
temperature of the air at coordinates that correspond the location of the personnel barrier surface.
The maximum temperature of -the personnel barrier occurs at the top most location at the
centerline of the model. The;temperaturesr atskey: points.irom; tha-analysisiusing, thesmodel
described above are. Shown-in Figure:3.d-12]

34.1.5 Test Model

The methods previously described have been used in previous transport cask licensing and are
sufficient to show that the Universal Transport Cask meets the criteria set forth in Section 3.4.
Therefore, no thermal test model is created.

3.4.2 Maximum Temperatures

Using the thermal models described in Sections 3.4.1.1 and 3.4.1.2, temperatures for the PWR and
BWR cask body, canister, basket, and fuel rod cladding are determined for three normal conditions
of transport: (1) maximum decay heat, 100°F ambient temperature, and solar insolance; (2)
maximum decay heat, -40°F ambient temperature, and no insolan;:e; and (3) no decay heat, -40°F
ambient temperature, and no insolance. The maximum temperatures of the principal PWR and
BWR cask components, canister, basket components, and fuel rod cladding are shown in Tables
3.4-1 and 3.4-2 for the first two environmental conditions listed above. For the third environmental
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condition (i.e., no decay heat, -40°F ambient temperature, and no insolance), no analysis is
necessary because all package temperatures “will equlhbrate to -40°F. The cask body maximum
allowable component temperatures are shown in Sectlon 332 and Table 3.4-3.

Using the thermal model described in Section 3_'4'1'3’ the volumetric average temperature of the

redwood in the impact limiters is 135°F. : .

B42.1 Preferential: Loadliig

This Tsection provides the: aluaton of-preferential fuel! loading iin :accordance; Swith:Section B
D:1:2 ol .Chapter,12.0f sthe "‘Safety&Analysm%Report o the  UMS SsUniversal’ Storage - System;
Docket cNumber.172-1015 % 5As " statedin TSection S 12B2:1: loading:ofithe’ Tfuel.-assemblies
designated: “foriareivens canister. must;be ;administratively: TV scontrolled ~to sensure <that xthe~fuel
cladding temperature%nnts*are;not»exceeded ‘for‘any; *fuelbassembly,?unless all.of the desipnated
fuel -assemblies! Thave a coOINg e of 17 year?%?ﬁofe:rfuel Withithe shortest cooling time.(and;
therefore,having ‘a’ Thigher allowable:cladding temperature) isiplacedin: 'the center.of .the basket:
Fuel iwith ¢the # longestcooling : Gme.s (and. thr Tefores havin

Fernperature) i placediin. the ‘periphery of.the bas Kets Ganisters containing fuel :assemblies;all of

which have-a coohng.tlme ofﬂgyears;orsmb"r"ef‘*do T'riotirequué?preferentlalﬁloadmg;

Lor e

WV‘WWW'E
wanlower rallowable‘cladding

PRt

For i the - transporti.conditions:sthree :(3), thermalranalysesi-have ;béen s hperformeds.using-the
three-dimensional. caskimodel:for; the* ek contaimng /PWR fuel i(Section:3:4:131:1).:<Note:that

T i

the:’PWR configuration is Selected Sinceatis: goveriung.:ffl‘he "BWR' conﬁguratlon Yis considered to
‘Bé ‘bounded by the :evaluation; of the = PWR? conﬁguratlonﬁisThé?fbasket “Jocations: refer to those

slfBWn”iﬁ*the foll(')“Wihg ﬁgure e

o . .
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For;this’analysis, heat’load per}:
(20724)_kW;. 6.year cooled: fuels
and’15-year cooled fuel: 0:70.(16.8/24) Ky}

‘loading=pa

Case: 1 considers: the: :

(Cocations:1 and.7)=7-year cooled fuel in the, periphery positions (L-ocation 3e5: 6.9 11 sndr12)
and 6:year cooled fuel in the intermediate POSIHONS (LOCAHONS 2r A, 8 and:10). The heat 1oad Tor
each fuel'assemblyiis determined based: on: (e maximum. allowable. heat.1oad: 45 Shown ia-Table
3.4:16."~The allowable: temperatures .are obtained 1rom 1 ablai 421 5~ based: on. the: bumup: and
cool time corresponding to;the analyzed heat10ad-5Lhe calculated Maximum feTaperatue at each
fuel. position’and the corresponding allowable, femperatare 18]

BasKet Location 1 2 ] q 3 8 7 8 9 10 | i1 | 12
Fuel Cool Time (Years) | 3 8 7 b i} i B 8 i 6 74 7]
Toa CE) 654 | 613 | 544 | 528 | B73 | 571 | 636 | 594 | 5% | 575 | 518 | 4%
Taftowable 703 | 693 | 653 | 593 | F53 | 653 | 703 | 693 | 653 | 893 | £53 | 653

REESC S e Y, Tra g g 7S ge e Vg gore 2o FLA Foge g s e . T et
Case 12 considersithe:loadin eléin:the: center:of sthes basket
N T T g Y g L Ry T, gt gl R R T o L e R AL 208 T e ot e e Y Y e
(Locations: 1"and.7) and.7:vear cooled fuel inallother: basket: positions. (J.ocations, 2. to. 6 and. 8 o
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,,,,,

Eemperature*are:
4t P N B Y IY - N P L f . - . Ve -

fio | 11 | 2

Basket Location B |.KE |5 | 6. | F | B | B

Fuel Cool Time (Y ears) F | F | F | F | B |F | F | F | & |F
o CF) B3 | B0o | Fed | B3 | 624 | 576 | BT6 | 57 | 510 | K78
;ﬁ;f.saﬁ;*(‘fm 55'3' Kﬁ 555 55'3' {05 553 555 5'5'5 653 553

[Locatlonsﬂj,and 7)"éi1‘d 7-”yééi"eooled ffuelt;xn,;gll zotherﬂ)asketgpognqns;a(Isocatlons 210 .g.and,&to
2y :The calculated Imaximum femperature 4teach fuel;position-and the corresponding allowable

Egﬁ‘ibératureare T . i RV i ¢ T

Basket Location i ] B ] 5 B ] B-['b-| o | b1 | 2
FuelCool Tmme(Years) | B5 | B | B | F | F | F |65 | B | F F | F | F
| T ) Bio | 583 | b8 | BSé| F55 | B53 | F93 | B64 | BO8 -| F46 | F02.| BT1
Tatiowabie CB) B31 | B53 | B53 | B53 | B53 | BS3 | B31 | B53 | B53 | B53 | B53 | B33

Cases:1-and 2. Héﬁﬁtl“hllfﬁb”S'sible‘léédingéconﬁgurauons_;for,fuel assem“bhes With a.co0l. tune of7
’eseres ts»shoj txthemaxunum fuel

5’6313 Or le3s, whlchzsrequlrepreferentzal,,loadmg

positions of.the. basket ‘and : fue1w1th‘”the Tongest:cooling time is placed in the: pcnphery positions;

Case3 ‘fe’ﬁ?é'sé‘ﬁté*'arb‘aﬁﬁdiﬁg’%aﬁfg’ﬁ‘réﬁoﬁ‘ior ‘Canisters containing, fuel:assemblies,;all of which
have a‘coolingitime"of:. jzd ears .or more: fThe ana1y51s resultsvs“homﬂmatgno ‘preferential:loading:is

* . —_— - f _— - EEE -

inTCdse’f’l‘fls‘ ’bouﬁded giﬁhe mammuméfuel*claddmg ‘temperature qnglable;§.4-1">f Slﬁcé’;t_be total

preferentia flb?fdm

:M"m-&

Ty - . N T
DPreferential 10ading Gases: | . . 5

3.4-25. -




SAR-UMS® Universal Transport Cask i October 2002
Docket No. 71-9270 Revision UMST-02E

343 ' - Minimum Temperatures -

The minimum temperatures of the cask. and components occur. with no heat load and -40°F.
These conditions yield a uniform -40°F. temperature throughout the Universal Transport Cask
package. All package components are capable.

3.44 r Maximum Internal Pressures

In the following sections, the maximum internal operating pressures for normal conditions' of
transport are calculated for the PWR and BWR Transportable Storage Canisters and for the
Universal Transport Cask cavity. The maximum &% operating pressure for the canister and cask
cavity are summarized in Table 3.4-4.

3.44.1 Maximum Internal Pressure for PWR Fuel Canister and Transport Cask

* '

-are.a: function’ of; fuel itype;

e B

pases i the.canister. ang cask
T T ot
and rod backfill. pases)

R ¢ . -t f . ' }

- SET W ~ LA ForaTgue el s eI 9 gk gee g R ARy ~My~w o b R

The: internal -pressures - within ithe:PWR:fuel.canister and fransport'cas

fuel condition (failure fraction), bumup; canister.tvpe. and the. Dack

cayity: Gases-inclided in the pressu 1L rod fission.

I T L S T T o r; Eia g M v - R S AT £ e M AT el ]

canister- and. cask: backfi -« gasesies Bach of s thie’ fuel . types
et

Expected 10 be 10A0ed nito the DMIS. SYStEm 18 Separately valated (o AnIve at & DOURGing camatay

.

pressure]

Fission: gases. include; allafuels eszincluding; long terme actmnide decay
generated helium. Based on detailed S ASIH, CAlCUIANONS OF the MaX T, ¢'matefial;mass
assemblies in’ each Canister/classy the. quantity ¢ gas: generated by the,fuel 1ods Tises. s burn up
and Cool time'is increased and enfiChMENt 15.06CTeASe 0 L L0, ASSUTe. the max Iumy pas 15 Avallablg
for;Telease; the: PWR; inventories,are. extracted: from ;i conservatvelymen. 60000

T L T W P R T o £ ol e ot B 3 FmORs Eiion i - et o S - o s '
burnup cases:at an enrichment of; 1.9 wt: %.332U: and.a cool time of 40 years,. Gases included are.

Lk zanaureaus ]

‘iodine, and:xenon’isotopes. in.addition" ). uantitie

ALtk

B i g E T T Tt s T X RS T )] S S O T SN TS 85 o T P L A R N S G ats. DR T
evaluatedare; set:to:the maximum: 500:psigsbackfill{reported:for:thesWestinghouse: assemblys
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RN D T g T jidy i ing: SR S R S R R S AT TRV M S R IS I PR R I W &3
Backfill:quantities iare ‘based :on:the freeivolume between the pellet:and-the ‘clad and_the plenum
€ Moy ey o r'ii‘

e-fuelfrod: ’backﬁllr*gas mtemperature«ds:fconservatlvely V- assumed. to.have.an anitial

volume, /.

femperature of .68°F.

Eumablespois’bh‘:fo "’:assemb_he (BP,RAs)j"iiladetlii"'ﬁunﬂthe UM P camster ‘may’: SContrbute
‘ddmonal molar gas quantmes ﬂﬁé 'to*(n:alﬁha)ﬂxe‘_gﬁns( S OF fission,penerated nentrons with'.oB1

CEE Ry

1 ortlon of ‘thé:neutron’ «pmsonfpopulatmn

Eeliuﬁ:fn%’i‘:lfdés};(alishfa"ip‘“a"xﬁérégﬁﬁif:o“f*’ 161
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gt iinai

re' lace standard fuel»rods to’form? “compl

Do
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Iengthgof;;he absofbet; S
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The. total: pressure. for each of. the, UMS. i payloads. is. found, by, calculating the. releasable, molar
quantity, of each gas (30%of the-fission gas;100% of.the fod backiilli BPRA and SHif rod 2ases
adjusted for. the. 3%, fuel. failure fraction-and the. canister. and cask. backilll gases), and SUMBNng
{he: quantues, direclly . The  GUANGLY. OF, BAS, 15k then  erployed in; the! 1deal! gas: equation it
conjuniction With the. aVerage. gas temperature. af, NOrmAL Operating, conditions.to Aive. at system

g e P N Ty ey DS L

pressures.»Lhe: normal: condition Average: telperatiure or. the, gas  within: the: PWR: canister-and
cask 1§ considered.to;be 453°F:: Each’ of. the:UMS - PWR-fuel.types s individually evaluated for
nofmial-condition: pressure,-and: the. maximum mormal; CondiHon  canister: and. Cask, presSures ar
determined o be 6:13 psig, and 0.91-psig, TeSpectvVely A  SUMMAry Of the MAXI MU Pressire i
the canister and in. the, cask:Tor. each. P W R. CaniSter. C1ass 18 SHOWT . Table.3.4- /i T he tabl& alsG
includes the fuel type; producing the listed maximum pressures]

- N ,

NP

A M o A e T TP A I T ———— T —_—— 72 s
The:maximum: normal condition: cask® pressure:for.a:PWR: payload: (West::17-Std:):isrcalculated

as follows? - R o :
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T es et

Fod.backfill gases ~and.canister:and.cask backfill ‘gas-The :132 | psig employed:n this' analysis’is
Elgmﬁ antly higher than ithe’6 :atmosphére maximum ?pfe"s’surezrebortedan"opewhteraturefi':BWR
Essemb"hes dornot*contam "an;equxvilentdo the]:E_WR:B RAs and. therefore ~do mot require - B

r“,.:;g TR

& maximum - ﬁésﬂé’ématenal
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34.5 Maximum Thermal Stresses

The ANSYS computer code is used to obtain temperatures for»use in the structural analyse§ of
Chapter 2.0. These temperatures are presented in Tables 3.4-1 and 3.4-2. The thermal stress

calculations for normal conditions of transport are performed in Sections 2.6.1 and 2.6.2.

3.4.6 Mﬁﬁmﬁmﬁmr&?&ﬁlé:claadih 5 Temp “‘“‘ture and. Camster HeatTioad

GE9x9: (150—ii”1’&h fue J regloﬁ)Lare then evaluated at.varions:;
allowable: fuel: cladding:temperatire: based; onz
cladding’ temperatures: are; senerically: calculate
35,000 MWD/MTU0.45.000. MWD/MIUZ Msbdﬁuﬁmed‘wso 660 ORI
to;envelop;, the* Maine Y ankee. 'specific,.

inventory. ;:After:applying: ‘a:bias’ to:ithe - ~mammum
allowable ¢ claddmgtemgemtums~z

burnup and minimum initial cool- fimey

the'maximum; allowable. heat. 10ad/is caloulated.as a function ¢ “of

3:4.'6‘."1} Maii"ﬁmm‘All“’()Wab'le* Claddmg Temperature

AR s S LA I IS
+

Based on:PNL.6364;. the: cladding, tempera imitis;expressed, as.a: function ;ofinitial: dry
storage temperatur mmal claddmgb,tress at the drx storageg temperatune*’and initial storage tme,

fuelsffod;ijéﬁd‘ffuegcla dir

gvgm.,?f!P,:;;gf
Jil‘ﬁﬁ« o 2
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ITo account for cladding oxidation.durng an.core fucl. assemblx operationtand. storage 6O, the fuel
Inthe ‘spent fuel poal; the"‘ﬁ‘o’nimalﬁcladdlng‘ﬂuchlcssgsgeduceﬁb 70.06 M
PWRkand*BWijﬁx TT ,ggspecuXely?' ~For. j

50,000 fmmftherefom:émploym& de Iayex;ﬁt}ggkne‘s’éﬁiéﬁ()'io ﬂ«‘fcmﬁ ‘

[[he pressure.in the.fuel assembly.10ds is produced by the -combination of. fill.gas and fiSsion gas;
For.a given fuel assembly designxthe fill \gas-quantity:is fixed and .does Not-vary with-discharge
burnup mBasedson‘theuutlal;pressurc*anddemperature of .the Tillgas; fthefnumberwof,moles of-gas
hre calculated using the ideal gas Jaw; - - o Sy

W
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10N gas 7] roducedrléf" al F""rt’adlctaf)le
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quantity:(directly .correlated:to. ther NUMBer. Of -F15S10nS: required:to; prodiice: the-desired: burnup);

SRy

the:release:fraction-of' the gas: from:the:pellet intoythe, pellet-cladding:void depends: onfill: gas

presSure. ‘and react'dr’o”peratm"g condxtmn@

‘burnup byj

S i x;w.;

:’: xllov ¢,JA“"‘“‘ Sy

& PN

i Assemblynm EhE

»até’fﬁ‘slﬁ'? sion:: thcn*’ denves the

\% ethodforﬁDetermxmn‘g'“the~Spent—EueL Contnbunonrto

ML tiy

model: (as’ apphed

AR R T

release fractl no uappro ari' a@ap'!p'ro; ’i‘ifﬁafi'ifz% or»BWRf’rowds' '3[1011

g TTTEEY, vy m,‘(".fw TR Y braasy
uncharactenstlcally.,hlghﬁtempggatures:“ d*h i : on.rates.: thes €.T0 ds :sho

MWD !~a1 é' h da toa nnatefth ue~ound45000 D/MTU.burnupcAn-
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..... e

report-and the Regulatory,Guide release: S ifractions are, for.punctured fuel rods
Eh pressunzmg gas*allows Additional: gaseous 1Sotopes .o migrate. from the fuel matrixzsusing
25% BWR 06l 100 Telease Jractions ~ therefore, Lresults-an -’ conservative
bladdmgipressunzatmn, assumptionfor the intact rod*analysis: %Eé‘iyhi?h“é‘%bﬁrﬁﬁp‘PWR‘?fﬁrﬁg
[ie-Tod peak burnupup t0.50,000 MWD/MI Q) :Maine -y ankee experence is. that the maxxmum
bas release rate (Tuelpellet.to rod-plenum inintact fuelrods)is

[2%.release g{ﬁﬁcﬁbﬁzé“s@i‘i”ﬁhéd%fq??ét@ma;mwﬁelgbﬁ@emm
Ebns'ér\""htiifély’é‘ﬁp”lié‘“dib’ﬂi”étﬁiﬁhm “

hete.the. Telease. of

Ty “""’*' SN

cs:in{

Fuelirod ‘free:volume
for PWR-and BWR;Iuel;re; ¥
the tables:isince’a “assemblies. w1th mgmﬁcant[y‘”lughmfree volume or:
byithe laddmg ‘SITESS: evaluauonsﬂpresent% I

ué‘]‘z: haracteristi

‘oweriuéhmass are!boun ded

P

gresultm g 'from*the releasébfe rgas *mventones *proauced *by

Ly ey ST

*the 'assembly-specxﬁcmamm‘ um cladding Stresses shownin ;

'.‘; ThlS ﬂata is ‘8 ““é”ﬂald

Ee Gtaatay

il‘he claddmg_temperature}hmlt"*cu ves:for.

| A e i

naximum:allowable laddm femperatur *at?»a siventcaol tin e~‘ it 'mammum'assem‘l burnup;

detenmne 9:«‘1As;sh6\i7ri*ﬁf?Tableé*3.4;‘.15j:‘allowable—claddmg
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temperature .varies: only: slightly over. a:wide ‘range. of: burnup . for a-given. required. cooling:time.,

ST iy IS S I S i s o LI D S B I T R O R R SR P LR
Consequently”the.variation in'cladding stress.with burnup is also smallé

3.4.6:2 Maximum-Allowable Canister’ Heat Tload

5 s Mty

[Chérmal’analysis was performed: at, three heat.10ads for b
fuel’to defermine the_corresponding maximum fuel.cladding.temperatire, . Only one: Heat 10ad. is
analyzed for BWR fuel. because the. maXimum, computed cad terhperatureds-sABLE, (286:75C). at
the - maximumzheat 102t Of .16 KW+ WhHiCh 154 AlTeady  10wers than,. the {minimum 2 allovwable
femperature: [imit, for, any, BWR. fuel;(Lable 3421 5) - Lherefote;. B W FUeILwas: HOt FUrter
analyzed and a fixed maximum decay heat of.16-kW.is allowable for transport of BWR. fuelt

>fuel‘and one! heat load for BWR

™ e T T o I Ty T PN S PG AR LR s R S R gl P P G
[The:thermal models;and méthods; described’in-Section:3;4.1 used, to determine. the: temperature
it I L L T AR P SR LS S A ki a L Sir o e peicovy et L R N U R T S T T A S L it s |
of ' fuel. cladding and 'System: components' for;the;design; basis heat:load: are: applied. to, determine

P B S A S R P LA Wi K I R R N i g T T ST T
the7claddingtemperature*at:reduced : heat:10ads 2 1 he FANS Y S - calculated- temperatures: that

allowable heat load are

Fuel'CladTemj Heat Lloa

Fuel!Type C CG) &W)
PWR 537 280.6 4
PWR 10 3271 Y
PWR 674 85873 2a
BWR 54§ P8677 lid

4 LepSianassti e gy o4 »L@T&.ﬁ T LR ,%W E PR R P Ty T SN ST ST B
The. PWR:temperature’versus: heat-load:curve,is, plotted’ in Ligure 3.4-155: L0 provide: adequate
T T, T T T, T g 6.3 Yt £ T R DS A R i LSt P eyt e g e £ et e oy N LAEN
design margin;;the maximum allowable cladding temperatiires are reduced by a femperatire biag!
et = T e R GRSy P A P L G N SO IO SN A8 v Ty e B g A
shown_in Table:3:4-17; prior.to-their.use in'the calculation of; maximum, allowable'canister heat

o s

BROPAYy REL ety £ ouimons R L b sl f5 2 T EE et P gy R RS sy st PN Y S S L T S e TN ik o BN Wi
load:Maximum'allowable canister, heat:loads are calculated. for.initial cool imes rangine o 2

R NI A S S G T4 S BRI RSV S L S A R A AR A LR N S R S Wt "
BWR - analysis: are presented:in:Table:3:4-16:%Since: these: temperatures: are. based: on.the PWR
ﬁn"“&eBWR{ﬁ‘s‘s‘éh’;plié‘séhﬁﬁih‘g"ith“gé,ﬁi"gh‘ 1est:cladding’stresstlevels.: the: maximum: heat: loads’ can: be
applied:to all UMS > desien basis contents

finiratvaaitmss.
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47 Evaluation of:Package‘Pcrfonnance for. Normal-Conditions-of, Lransport

«‘W

Results ‘of-thermal tanalysis (of=the: Umversal%Trans‘port' Cask?
Ffider. notmal -conditions. of -(ransport’ aret summanzed.in

Structural® anzﬂi?ﬁis‘i

B4:2% thé“’ﬁ‘éi'?éhnél ‘barrier- temperatu,;:e‘qt: 153°F 1s%elow «thef 1o
Excluswe use; shlpmcnt*,'lhercfore;the U} v e

-~

”
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Figure 3.4-1 Three-Dimensional PWR Cask Finite Element Model
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Figure 3.4-3 PWR 14x14 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-4 Two-Dimensional PWR Fuel Tube Model-
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Figure 3.4-6 Design Basis BWR Fuel Assembly Axial Power Distribution
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Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model
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Figure 3.4-9 Two-Dimensional BWR Fuel Tube (without BORAL) Model
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Figure 3.4-10  Cask Impact Limiter Thermal Model
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Figure 3.4-11 Personnel Barrier. Thermal Model
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Table 3.4-1 Maximum Component Temperatures - Normal Conditions of Transport,
Maximum Decay Heat, Maximum Ambient Temperature

Temperature (°F)
Cask with PWR Fuel Canister

Temperature (°F)
Cask with BWR Fuel Canister

Canister Gas: Canister Gas:
Component A Helium i Helium
Cask Lid O-Rings/Vent Port O-ring' %] 5%6 B 504
Lower Drain Port O-ring§ Ei 224 ] 230
Cask Radial Outer Surface | P64 56
Radial Neutron Shield A 593 §] %6
Lead Gamma Shield A 306 £ 598 .
Aluminum Disk Exterior i1 h68 ] 798
Aluminum Disk Interior 5 603 515
Support Disk Exterior H P53 208
Support Disk Interior A 608 B 512
Canister Shell a %08 & 363
Canister Shield Lid 2] 370 5] 308
Canister Bottom Plate i B4 ] 762
Maximum Fuel Rod Cladding B 673 i3 548
Cask Bottom 217 H P78
Bottom Forging 3 ) 3 530
Inner Shell | 844 & | B12
Outer Shell 3 301 ] b93
Top Forging® ] 554 A 193
Cask Lid R 764 B 204
Cask Lid Bolt’ a 563 5] 504
Average Gas Temperature in the 453 866
Canisters’®

Conditions: 100°F ambient temperature

20 kW decay heat load, 1 1 peaking factor - PWR
16 kW decay heat load, 1 22 peaking factor - BWR

Solar insolation
Cask cavity gas. helum

Canister cavity gas E hellum

. Average temperature

U W -

Calculated as a volumetnc average.

e J 62

- Cask lid bolts not explicitly modeled—taken to be the maximum temperature of the cask Iid
Lower drain port O-ning not explicitly modeled - taken to be the maximum temperature of the bottom forging

3.4-50
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Table 3.4-2 + Maximum Component Temperatures - Normal Conditions of Transport,

Maximum Decay Heat, Minimum Ambient Tempei'ature ’

T . Temperature (°F) Temperature (°F)
Component | .| . Cask with PWR Fuel Canister Cask with BWR Fuel Canister
( - ) ‘ . _|. Canister Gas: Canister Gas:

B " Helium EH Helium
Cask Lid O-Rings/Vent Port O-ring' *| * * & ¢ © R0 E B2
Cask Radial Outer Surface <. - SO RN i ) B £V
Radial Neutron Shield . i A S i I 1 62
Lead Gamma Shield- . B B T} - B I R '}
Maximum Basket* B 03 | s Ko4
Canister Shell E ; 8o | Ei B38
Canister Shield Lid B ) s & 73
Canister Bottom Plate S . B " Bos N 27
Maximum Fuel Rod Cladding ‘ 2 v B78 B - B40
Conditions: -40°F ambient temperature !

20 kW decay | heat load, 1 1 peaking factor -PWR . R
’ 16 kW decay heat load, 1 22 peaking factor- BWR .
A No nsolation
Cask cavity gas hehum i . ] '
Canister cavity gas E helium

1 Cask hd O-nng and vent port O-rmgs not exphicitly modeled—taken to be the maximum cask lid temperature
2 Taken to be the greater of the maximum support disk and the maximum alumunum heat transfer disk temperatures

W
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Table 3.4-3  Universal Transport Cask Thermal Performance Summary for Component
Operating Temperature
Cask with PWR | Cask with BWR
Fuel Canister Fuel Canister
(helium in cask (helium in cask Allowable
cavity/helium in | cavity/helium in Temperature
Temperature ; canister) canister) Range
Maximum cladding temperature(°F) 673 548 <705}
Component safe operating
temperature ranges
Cask lid O-rings -40 to 266°F -40 to DO8°F -40 to 300°F
Vent port coverplate O-ring -40 to PEG°F -40 to 208°F -40 to 300°F
Drain port coverplate-O-rings -40 to D74°F -40 to P30°F -40 to 300°F
Radial NS-4-FR neutron shield | -40 to B93°F] -40 to 286°F -40 to 300°F
Lead gamma shield -40 to B0G°F -40 to 29§°F -40 to 600°F
Aluminum heat transfer disk -40 to 603°F -40 to 515°F -40 to 700°F
PWR support disk -40 to 608°F -40 to 650°F
BWR'support disk -40 to S17°F 40 t07700°R

S gk Gyt

1. [The témpetatiire’ 6f 705°F (374°C), is based o the maximum allowable cladding temperatiiré established in-Tabld

3:4:15; for, the: fuels;with' 5 year, cooling time'and: 40,000 MWD/M T U: burnup. Which: cOrresponds to. maximum

allowable canister decay heat 0f 20 kW. for the PWR system (Lable 3.4-16). Note that the design basis heat load

of 20 kW is used'in the thermal evaluation for the BWR fuels.<The allowable, temperature of 374°C also bounds

the allowable temperatures for.the design basis heat J0ad for the B W R, SyStem, (16 kW) as shown in Tabie 3415
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Table 3.4-4 Maximum Internal Pressures for Transport
Fuel Cavity | .... Condition ... . |..." ..Pressure (psig). -
PWR Canister - |- 3% fuel rod failure - Biz — - -|-
i  [[00% fuel fod:failure 43
Cask | 3%fuelrodfailure .| . BOI -
T (% masinnE | B3
BWR Canister 3% fuel rod failure El—lj
[100% fuelrod failure 438
Cask 3% fuel rod failure Bi65
.
N
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Table 3.4-5 PWR.Per Assembly. Fuel Generated Gas. Inventory
.~ Krray Assy.Type | - MTU
14x14 WE Standard 04144
. 151 B&W, - 480
. 16x16 .. .CE __ 441
T7X14 WE'Standard 0.4671
Table 3.4-6 PWR: Canister. Free Volume (NG Fuel OF Inserts)
(Canister Clas p) 3
Basket Volume (3] 74490 7746
Canister Height (inch) 84:1 1919
Canister.Free Volume w/o Fuel (liter) 7 8400 8770
Canister and Cask Eree;Volume w/o Fuel (iter) 08 8970

Table 3.4-7 PWR:Maximum Normal Condition: Pressure’ Summary

Cask
Canister.Class Fuel Type Pressure (psi Pressure (psig)
Class. West 17x17 Standard 613 6.91
Class 2 B&W-17X17:Mark G 6.62
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Table 3.4-8 BWR PerAssembly.Fiel Generated 'Gas Inventory

| 5T . CE7XT(A9R6E) | . -.DA%8s - 6778

| Bx8 | “DEsx8i{63Rodsy | ~ D380 607

{

| Bxo- GE 9x9.(79 Rods) - D979 - 6.86

Table 3.4-9 - BWR Canister:FreeVolume (NoFuel OrInserts) -

Canister Class H 0 -
|Basket Volume (i) . , - [3116 :~ 4680

u; |Canister Height (inch) P .. 8535 f90:35
Canister Free Volume:w/o:Fueli(liter) - R i

W
.
S

'

1
J
o
=

Canister and Cask Free % olume w/0 Euel (liter) - ~ 710 930

TR

Table 3.4-10 BWRMaximum Normal. Gondifion Pressure summary

Clase 4 GEIx]
Class’s GE9X9
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Table3.4:11  PWR Cladding StressTevel Comparison Chart

B&W | B&W | CE | .CE WE | WE | WE.
Fuel-Type 15x15 | 17x17 | 14x14 | T6x16 | T4x14 | 15x15 | 17x1%,
RodOD:Gnchy .| D& 0379 | 04% | 0382 | 023 | 0422 | 0374
Cladding Thickness (inch) | 0.0263 | 0.024 -| 0.028 .| 0.025--| 00225 | 0.0242 | 0.0225.
Peilet OD (inch) 03686 | 0:3233 | 0.3765 | 0323 | 0:3674 | 03659 | 03225
Active Fuel Length,anehy | D42 | T3 | 37 | 10 | i452 | T8 | T4
Plenum Length (inchj 7755 | 8318 | 8528 | 9923 | 5790 | 7386 | 6260
Spring Weight (Ib) 0.042 | 0.02 0 0 0.07 | 0044 | 0037
Backfill Pressure (psig) 433 433 500 500 500 500 500
Fliel Mass (M1 U) 04807 | 074638 | 0:4037 | 04417 | 04144 | 04646 | 04671
# of Fucl'Rods 264 | 17 i79 | 204 | B64-
Free Volume (inch2) T#27 | T198 | 1253 | [E052 | TZ1 | 1300 | 082
Prossure (psia) BR0°C) 1523 | 478 | 1739 | 023 | 762 | 1713 | T95
Stress Level (Mpa) 8311 912 | 883 | Ti39 | forz | fo2d

3.4-56
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TesAl?  BWRCIGAL Suas T evel Comparson Chat

Fuel Type - | EXTx7 | EX:8x8 | EX9x9 | GE77x7 |GE 8x8a|GE 8x8b| GE 9x9 :
Rod OD.(inch) -D57 | 0484 | D424 | p363 | DA93 | Dag3. | 0241
Cladding Thickness (mch) | D036 | D036 | P03 | 0032 | D034 | p03z | D028
PelletODGnen) - | D49 | DA045 | 3565 | D487 | D4i6 | D41 | D376
Active Fuel Length ety | (44 | [50. |50 | 4 | & | 50 | [50
Plenum LengthGnen) . | 102200 | [0.024 | B578 | Mii190 |-[0.960.|. 5580 | Bi580
Spring Weight (1b) [E] b D047 | D083 | D066 | D.066 | D.047
Backfill Pressure (psig) . | f41 | [320 | [320 T | 320 | [@20 | 0320
Fliel Mass (MTU) D19 | D793 | DFGes | Df977 | D855 | Disa7 | B97s
FO Gl Rods E B B | B | B | B | D
Free Volume Ginchy) | 2426 | [i708 | G469 | -B236 | B8l | [970 | 758
Pressure (psin).(380°C) | 0264 | 469 | M358 | B71 | 236 | [345 | [286
Stress Level(MPa) 677 B51 | -B54 B82 £9:8 87 ff0i5
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Table 3.4-13 Cladding Stress as a Function of. Euel Assembly. Average Burnup and

iCemperature ~

EWR BWR
|Burnup 300°C 400°C | - '3005C 4505C
35,0000 MWD/MTU 054 Mpa | Ti23Mpa | 550 Mpa | 70.8Mpa
40,000 MWD/MLG 990 Mpa | Ti74Mpa | 618 Mpa | 782 Mpa
45,000 MWD/MTU 104.2°Mpa | 22:6Mpa | 67.6Mpa | 855:Mpa
50,000 MWD/MTU 1223°Mpa | [43.9.Mpa- A n
Table3:4°14  Maximum: Allowable 7 Initial "+ Storage & Lemperature ) (CC) - aswar Function

of Initial Cladding Stress .and: Initial Cool Tim

MPd | Syears | 6.years | 7.years |10.years |15 years
5 5002 | 4873 | 4559 | 47 | 3365
10 48818 | 4653 | 4264 | 403 | 385.6
20 | 4652- | #1535 | 880 | B724 | BEg
30 | 4304 | B97 | B70:X | B63R8 | Bs565
A0 | 4081 | B89 | B63Z | 56w | B30
50 | 4006 | 384 | 3597 | B531 | 3465
60 | 8956 | B804 | B559 | B49.6 | B43d
70 BOT9 | 3765 | B525 | B4l 840
80 | 3882 | B73 | 850.8 | 8452 | 3376
90 | 3857 | B72 | 3488 | 8428 | 83611
100 | 3807 | 3693 | B462 | B4l | 3332
110 | 375:2 | 8659 | 3446 | B3§ | B321
120 870 | 3624 | B3935 | B343 | 3283
130 | 3635 | 3553 | B322 | B266 | B20
140 | B53 | 3466 | B242 | BI36 | 3124
150 | 3469 | 3394 | Bi63 | BiiZ | B0§
160 | 339.6 | 33114 | 310:3 | BO4T | 2999
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ffable3.4<15 *.

Maximum Allowable Cladding  emperature forPWR.and BWR Fuel

"' Cool Time

PWR.Clad Temperature Limit[-Cl

'BWR Clad Temperature Limit [2C]

- 7. Burmnup (MWD/MIU) - Burnup (MWD/MTU) -
" [yearsl.. | B51000 | H5.000 | "| B5,000-| B0,000 | 45,000 | 50,000
— — _ — = T B :

7

EEER

et

T3 e || e e

[Cable 34716

BN
A IO TOM |1~ | 1O\

il
iz e

e
IElEEE

gt e iy ot T i g i stou sl apeamy pLas St T s
Maximum Allowablé:Decay:Heat for.PWRiand BWR :Systems

Edbl Time

PWR Decay Heat Limits [k W]

rnu i ‘
ears] | B5,000 | [0,000 | #5;000 | 50,000 | B5.000 | B0,000 | B5,000 | 50,000
5 000 | BO.00 | [O90 | 30 | f6o0 | &0 | [Boo | E
B 950 | [930 | [9:20 870 | 600 | [&00 | [0 E
i 780 | f7:80 | 770 | §720 | 600 | {600 | [6.00 e
fio 740 | 730 | 720 | 680 | [600 | [6:00 | [6.00 E
i3 6:80 680 | 670 | {650 | (600 | [6:00 | [i600 E

T D I A R Y S L P B i B S SR R RV A S L AT Rk A S 2y s
[ “Based on'maximum clad temperature:and biases-shown’in Table 3:4:17}

B30
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Table:3.4:17

53
2
oy

hang NI S S o g g L s i s Ko . L Ry s I
Temperature:Bias*Applied to:-Maximum Allowable'Decay Heats

Cool :rimé

- PWR Clad Temperature Bias [°C]

BWR Clad:Temperature Bias, [°C]

. Burnup (MWD/MTU]

. _ Burnup MWD/MTU) -

[years| | B5,000 | 40,000 | 45000 | 50,000 | B5.000 | 40,000 | 55,000 | 50,000
5 (5 | 03 i £ (8 .| [ (g | B
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L

Bl6 fThermal Evaluation for Site Specific Gontents

.6:

g se ¥ v e '»n;- i Ll el S
Maine-Y ankee'Site ‘Specific:Contents

[t S

fThe standard spent fuel:assembly for the.Maine Yankee site 18 the Gombustion Engineering (CE)
H4%14 Fuel assembly. Euelrof the same:design has.also ‘been supplied by ‘Westinghouse :and.by
Exxoni-The standard 14x 14 fuel -assembly.is included in the population of-the design basis PWR
Fuel assemblies for.he UMS 1 Tansport:System {see [Lable 4:2.5). 1 he:maximum decay: heat for
the Maine.Yankee fuel is Jimited fothe desipn-basis heatload forithe PWR fuels (20 KW, total,"or
0.83'KW :per.assembly).-<L his heat.10ad 15 bounded by the thermal ‘evaluations in-Sections -3.4. and
B75 for the normal conditions of transport.and hypothetical.accident.conditions -Tespectively:

fThe ‘Maine .Y ankee :site ‘specific fuels ,and, GTCG:waste :are; described in :Sections :3:1:1: 1 and

3112 Tespectively

- R R N RS i SR PRSI T e PO RS SR s T A M Y i Y e PR A I N N S ) RTINS
fThe " thermal -evaluations: of the..Maine .Y ankee :site :specificTuels xands the 4G LCC. wasterare
y 2440 3 G

provided in:Sections 3.6.11"and 3:6:1:2 Yespectively!

'

B SRR e T Y d i T T e T Ly -»::.- T T -'.>,~,»1: .F o »,J».%x krein ;r-“r RN SIS S TR
Preferential “loading :of : the “Maine .Y ankee *site-specific :fuel -‘assemblies: is *governed =by :the
RGO PR e A slstive s fo i i cLlidc gt T e R T I I SHOE TR Ty e iiicgiasanng it ot g Liprac (et |
standard fuel inventory requirement:presented in‘the Approved Contents and :Design Features for
e s S " AR TR =TI A g Ny N B U il SR S ALY NSRRI 7
the NAC-UMS>.System in Chapter:d 2701 the Final Safety Analysis Report (ESAR )1Or.the UMS S

o

fayrotoai o 3 2 AL ST e A oy P TR o, 2 ot Tasrratiestaptagia Ryl Luleytee s Lipd S LINASGIT iU SE S apo s
Universal Storage -System¥Docket:Number.72-1015:Toading"fuel :assemblies for.storage ‘with:a

A CORER AT AT s pmarits K R sl i 3 = b A A s A IR I R I i S e
€ool time_of.less thang/.years requires'a preferential 10ading arangement -with shorter-cooled fuel

PN BRI R SR I R S N PRI BT DI L Lo 1A R S S it e e i gt ool i e R R Y ks A
placed;at-the canister-interior:locations=The:correspondingithermal ievaluation for.the transport

T T h e e = AN AP L R A I PO R AW e e Y A T T P IR L B G AR 13 Y]
Systemis:shown=in®Section*3.4:2:1:% MaineLY ankee :site-specific preferential loading:patterns

Ere Uy P N RN LS R " oy = ) e T e g R el o R
placing:highheat:load#(1:05.0r;0.958 3k W) fuel-in‘basket peripheral:locations; as’* allowed:in
ErieL R iy YLK GRS AR e

Chapter 12 ;of the-UMS=Universal; Storage ‘System! ES AR iare Mot ;applicable for. t(he T ansport

i —

. v SRS R A AL S PG Sk i sl d ‘ﬂz% OO TIPSR
:loa d,»'m:zthe;ghtransporgtcask«:mustwmect%the,;_s,tandarc'l_r:conﬁguratmn

A e iy SR TR R B T e e O R 7 e e i e G A IS P MU I I
transport ' sheat-load:limitsyand icool :time-tablesizzAssuchia’ transportable
| s g TR L o s CECW i e B i s guaoil 3 P Y S g by e T I Y o
storage -canistersloadediunder’t site-specificthigh’heat:load preferential loading

Option will require; additional COOL e Tor, the Perpheral: assemblies. to meet.the, transporticask
s e e e T e e T " Ty T LY i . _ff: A R g Sk R (i S
€00l -time ;requirements s Shownin wlable 163 o:Table’5,5:1:1:10)%: This r assuressthat:-a
R T e T oy R RN B BT R R TR e ot SN B - - .
1oaded canister;willimeet/all thermal‘and shielding-limits for transport! B ‘

0
f

PR - -

PR ] e T 3.6-17 . NG Lo
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361 Spent Euel

The*Maine:Yankee site specifi¢ fuels included:in; this évaluation ares

11 Consolidated; fuelirod Jattices consisting, of:a:17x17: lattice fabrcated. with: 11X 1.7. exids 4
stainless; steel: Support rods and stainless steel.end ftings:: One.of these lattices COntaing
D83 fUel rods;and; 2-yacancies: v L hc: other: CONtAINS 172 fUGL rods. With. the  TeInainine

[ocations'either empty, or containing stainless steel UMY r0as) -

Standard. fuel' assemblies; with'a Control Element Assembly, (CEA) INSerted in each, ones

Standard:fuel; assemblies: that: haye, been; repaited: bysremoving. damaged. fuel.rods: and

replacing:them_with{ stainless; Stecl- dummy: 100s,; SOlid: ZITCONIUM : TO0S 0T AL 31 WES 08

enriched:fuel;rods

Standard’ fuel; assemblies. that: have:had: the: burnable; poison.tods: removed. and replaced

With hollow Zircaloy.Tubest “ -

Standard: fuel; assemblies: with. in-core. instrument. thimble:assemblies stored i, the. Genter

! Standard’fueliassemblics that; ater designe
blankets

.
¢

21 1)

Sy |

i

E:

¢

i

-

Pt et U R

Ent (radial) andsaxial

B sy e

eiénrichm

yariabl

.

The thermal eyalug . PIo W3eLhe maximum:heatload
| Sraan i 303 bl A A LA P O A T R R O S R L S S B YIS T TN T PRSPPI eTvIYTey,
per:assembly:is:limited to the'design:basis'heat 10ad (0.83'kW) forall:Maine.Y ankee site specific
fuel§§ )

"y . .

18 Consolidated Fuel .

N P T 00T T - e ey S Ty e T OIS AR
[There’ ate:two. (2)iconsolidated @el%lattxces,;’(pseudoaségérmbhes)n;ﬂheumaxxmugﬁ decay:heat;of

R e T P E P CHA T RN PRl TR EAE s
WR:fueliassembly; since;itsiheat'load'is only-one=:

e et it oo - ,5?,';.':.‘;'1, AL s &zﬂ:‘rga- “. ‘- g gL g i u‘ihi.— ‘:¢
The!secondiconsolidated: fuel Iattice. nas 17 2-10cl f0dS. With 76, SAnlcss:

B T ey T pe e ; R T T Y FR K i e B A s B N A PO Y o TR R L T
outer. periphery.of; e:presence of:the stainless’stee] rods; the'effective thermal

Jower;than; those. of:the, standard’ CE-14x14:fuel

& The:heat:load;of the ¢onsolidated fuel.latticel With

e
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h o

assembly.s: While:the: e stainless steel.Tods provide, better conductance an.the. axial:direction; - the
Tadiation heat transferas.less elfechive at.the:suriace of .stainless steel ods: as:-compared to the
Efandard stuel:rods & The adiation s a TURCHON: OF sSuTTace  emissivity ;and’ the <elissivity ;for
ETainless steel - (0.36) 118 Jdesscthansone half-of sthatfor Zircaloy+(0;75)- % As parametric :study.is
Berformed to. deronstiate that-the .therma performance ;ofathe: UMS 2" PWR: basket-loading
Eonfiguration’:consistingzof#23 standard .CE- <14x14+ft Tuel: assemblies-and. the. consolidated duel
lattice ‘with ‘stainless -Tods.is ‘bounded by that*of ; the ‘contiguration ‘consistng of 24 standard -GE

TES TRImATC

f14x14:fuel’ assembhcs.««‘lgwo finite element-models’ “areaused amn. meétuﬂy'*a‘two-mmen510nal fuel

Ry o

Rssembly mode] and a three-dlmensmnal*penodlc ‘canister.internal'model.-

S e e

El“hef two—dxmensxona] «m:odelns used o*’dctenmne;gthe"cffcctnve,;thermal
consolidated fuél:lattice with’staiTiless steel ‘Tods o me
fu"él fifthé?ﬁr'ﬁté‘eléﬁéﬁtﬁ*iﬁdﬁéIjéﬁmsents 'lo 1

condﬁ’éﬁ\?itié’ésbfﬁ"thb
A bf ,th" ?:anohdated

-

SRR P PO " »-sf“" Y g T gt

‘fuelfassembhes* -
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~

R

Positions:2; 13, 4.vand; siare shown=in: Figure:3.6:15 1.3/ Based? ang symx‘rietry“fthese’*locatlons
represent all of the possibletlocations'for.consolidated fuel:in the. basket)

TR oot ire: B R
~a‘sse Ehesfand

B‘431?1*3%-Vm€ﬁ‘i’é'héat,
assembly is* apphed ﬁiﬁtﬁé CBI42§I.4 fu

getu:auon corresponding 1o the desi

s & A

e ;regg'onsun‘the modeI Slunladr,_s_a heat generatlon;rate

t’the%top and bottom

surfaces? of the;model-are.
surface. of rthe. model: based: on

N SN E 5

Transport;» Cask=’ under:smonnalmcondlhons
performed-for.a ‘and

iy

ares-

Bas ‘*“'Casa Casedd | Cased | Cased | Cases

Basen ases
of: the:number. 0 f_

tHE”rﬁfalhmodeb (see Flgurek

s

b fuel{asscmblyw
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El4xl4‘fue1xassembhes =Thesexava]uafions show‘that%“ ébﬁsbhd’atéd"fﬁfélﬂaﬁé’é“caﬁ*ﬁ”&lo‘cﬁatédii”n

1)

A-Control EEl'éfr’“iéﬁt Assembly (CEA3 con

iuberﬁ’lhe B C m’até’n':i

smce tthCEA ther ¥
Artount 01« extra’ heatmgeneratedgby* ea\LCEA&*;'emams “below ™
{[‘hcrefogg,ajhe &-thermal. ‘performance.of:the “fuel~asscmbhes§w1th‘

bf the standard fuel assemblics] °

S ECWISET AT W]
<

Eonductlwt fth :
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producing.a proportionally: Iower. per:Tod heat-load: 1 he:heat 10ad: (On a, peL.T0d, basis) Of the fuel
| SRtk ST ki e R S A | TOFTIRITR G I A N R T M T e A i o gy T S'W
fods:in: a.standard: assembly = bounds.the: heat: 10ad.; of: the 1 1.95 . Wt % 21U ennched: fueli tods:
Consequently: v thes loading: of .modified fuel: assemblies-is: bounded’ "byithe: thermal-evaluation: of

the standard.fuel assembiy]

4 Standard, fuel. assemT)heS‘ that_have had the. butnable, poison rods: removed”é‘nd -replaced
with hollow. Zircaloy tubesy ‘

the maxzmumheat Ioad for'ihese assemblies?is® 0 552 K
basis, heat.10ad) and the: DUMberoF ROLIGW, ZirealovTo0sIs Bnlv aboutoneten
total number. ol the, fuek;rods); the: thermal’ performance . of these e]-ass 11esus bound’edf@
that of the standard fuel’ assem“bhesi

5

Il AsSembIVawill
sli ghtlyamcreasci the:a:ual* conductance* of. theafué"l{é?sﬁgﬁblyi (hélium:replaced: by; solid matenal);
Therefore; there: 15 no. negative-mpact-on. the, thermal petformance. of the Tual;assemblv with, this
configuration -1 he. thermal: performance, of  these. fuel: assembli"e??fls’;bounded: by.that, of;tha

standard fuel;assemblias]

AT QES EEA Pt VAT AbIE SnTIORRent (radialy e Al

61  Standard:fuel assemblies that.

‘yariable'e mchde -axial.bl ,
\€; standard: fuel: assemblies e Sinee theheat
10ad; per: assembly 1S Imited; to the 'design: bastsLheaté load;*there; is no:significant effect on.the
thermal' perfor rﬁhice ‘of:the’; sy_gtem "due to;this'loading'configitration
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. Btandardfucl as 5§semblles that have fuel.rods removed fromithe’ lattlce. :

[Chere is.one fucl :assembly-that'has:107.10ds. eféfﬁo“\}%d?lﬁﬂ?}ii”sfuél%éis’sé“m?‘ﬁl?’lfési—déhéét‘]6'5’(1:‘0&{/’ 0
Waits (only .8%:0l the ‘design basis heat-load 0t ;0. 83: KWy :Forithe rest:of fuel ‘assemblies that

‘ Tods Temoye di Tom he Jathce.the Makimum number,of femoved fuel:rods is 14 which
i'sr8%?(l4/,1%76)'of ﬂlC’t %t;mdsrxn’onc fue 'fassem”bly.»’?l’he maximum’ heat load jor any

iess th’ﬁfi;the dcsxgn basL_JAeat
configuration:that *contains ~standard fuc] assembhes b unds*? that"fof "thewfuel assemblie‘:"’sw with

moved'rods: L . T B

§

B! DamagedFuel Assemblies

[

o

Damaged -fuel assemblics; are sstandard sfuel assen : rods’ :
Suspected:cladding defects:greater: :thangglaxrhne?cracks'ﬁoi? 'flh()l“% ]eaksﬁ" Each daﬁﬁkc fue
fiSsembly.will beiplaced in‘a Maine Y ankeg.fuel can wihe T
tonfine fuel .material rwithin:thecan-and to facilitate thandling -and .refrievability =1 he - Maine
118 :ShOWn ”DfiiWiﬁ“T4 2: 01%‘& ’ 02537'711ch “lacement of the"loa‘d“é‘dffﬁ‘él

a’dﬁké’é?fﬁ'el :Can 18’8

Section:3:4: 151‘“15:31mu aﬂt_i__gsalOO%*faﬂuregof ithe:damaged -fuel:rods’held inthe:Maine-Yankee
fuél ‘can =L he ‘Canisterds assumed to contain twenty {20 design basis PWR .fuel -assermblies and
damaged fuel assembhes*m"fuelﬁcans imeach of the four.co corner,posmonsi

A‘*deb coniiié“”

Y Eoms TR
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In. addition; the thermal conductivity of helium is-used for the remainder of .the. active. fuel lenoth]
e T A S BAGRIE T R T R s R S P M e s e B ’ Y P e
Boundary, conditions; corresponding 1o normal: transport are-used: at the Guter surface of the: cask

& *S. PR Y

(See_Section-3:4:171.1)%; . The results:of- the steady-state, thermal: analysis:for,100%: fuel tod - fuel
cladding and guide. tube failure:are:

R __ Ma;;ﬁﬁuhimefnp“eigfﬁré'cﬁ -
—— Fuel Cladding | Damaged-Fuel | Support:Disk | Heat/1ransfor.Disk
Configuration - with: damaged ,

fitel < loaded - 1iny four. basket 682 633 618 614

corner locations ‘ '

Désign basis PWR fuel 673 N/A 608 605
Allowabl 750 N/A 5‘5’3 @

As shown mdhe prevmus table*‘the "n“laxunum, temperatures for»th e[;claddmgb daniéged, fuel

max1mum~‘tcmpera re;rofsthe s support’ disksremains’bou
analysesoﬁtﬁ'e;ﬁ;ekba‘éféﬂ

e g

The,effect of.the’c compacuon oL_e 6 damaged. fuel’is Most mxﬁcansfon the interor. of»‘fﬁé basket’,
and thlS effectns ’deterﬁune’d to‘bc’“low :as'shown:in:the

ey

release fraction .to:the  Pressure evalua.tlon m%Sectlon,a%?A 4;'1~x yleldsaainormal condltiok‘
pressure of:15.0 L psig; calculated USing BaWal 1x L Matk G fuel assemblv nar parameters.
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