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January 31, 2002 

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

Attn: Document Control Desk 

Subject: Submittal of Supplemental Information for UMS® Universal Transport Cask Application 
Docket No. 71-9270 (TAC No. L22452)

References: 1. Submittal of the NAC Responses to the NRC Request for Additional Information, 
not including Chapter 2 Structural Evaluation, Revision UMST-01A, NAC 
International, March 14, 2001 

2. Submittal of the NAC Responses to the NRC Request for Additional Information 
(RAI) on the UMS® Universal Transport Cask Application, Chapter 2 Structural 
Evaluation, Revision UMST-01B, NAC International, March 30, 2001 

3. Request for Additional Information related to the NAC-UMS® Transportation 
Package Certificate of Compliance Amendment Request, U.S. Nuclear Regulatory 
Commission, June 14, 2001 

4. Submittal of the NAC International Responses to the NRC Request for Additional 

Information on the UMS® Universal Transport Cask Application, Revision 
UMST-01D, NAC International, November 16, 2001

In accordance with various discussions with Steve Baggett (NRC), NAC International (NAC) 
herewith submits ten copies of supplemental information to Reference 4.  

This submittal includes Safety Analysis Report (SAR) changed pages, which are designated as 

Revision UMST-02A of the UMS® Universal Transport Cask SAR. Changes are editorial in manner 
throughout and a list of these changes is attached. Note: The enclosed SAR changed pages are to be 
inserted as replacement or new additional pages, as applicable, into the existing 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 changed pages have been prepared in accordance with the following conventions: 

" Revision indicators (shading and revision bars) are used to highlight changes. Shading indicates a 
revision from SAR Revision 0, while a revision bar indicates a change in the SAR from a 
previous revision, other than Revision 0.  

"* The changed pages for this submittal are designated as Revision UMST-02A to provide a unique 
identification of the pages and changes.  
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0 All of the pages in the List of Effective Pages are designated Revision UMST-02A and no 
revision bars are used on those pages.  

This submittal includes two new drawings: 

412-501, Revision 2 Spent Fuel Can Assembly, Maine Yankee (MY), NAC-UMS® 
412-502, Revision 2 Fuel Can Details, Maine Yankee (MY), NAC-UMS® 

These drawings of the Maine Yankee Fuel Can details were inadvertently omitted in the previous 
submittal. However, the appropriate analyses were included in the previous submittal.  

This submittal also includes a NAC Proprietary Information Calculation Package, EA790-2801, 
Revision 3, "Structural Analysis of PWR and BWR Fuel Assemblies in a Top End-Drop Accident." 
Three copies of the calculation package are provided in appropriately marked separate packaging.  
The required Proprietary Information Affidavit has been executed and is attached.  

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

Sincerely, 

Thomas C. Thompson 
Director, Licensing 
Engineering & Design Services 

Enclosures: 10 copies of UMST-02A changed SAR pages 
3 copies of Calculation Package, EA790-2801, Revision 3 

Attachments: List of UMST-02A changes 
Proprietary Information Affidavit 

cc: Paul Plante (MY) 
Tom Williamson (MY)
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NAC's Responses to the NRC's UMS® Transport RAI-2 Acceptance Review Concerns 

1/24/02 Concerns 

1. In Chapter 3, Thermal: Pages 3.4-57 through 3.4-70 were deleted from the submittal and the 
List of Effective Pages and were thus intended to be removed from the binder. In the future, 
more specific and clearer instructions will be provided.  

Also, note that pages 3.5-29 through 3.5-31 have likewise been deleted from the submittal and 
should be removed from the binder.  

2. Table 3.4-17 versus Tables 1.2-6 and 1.2-7: Tables 1.2-6 and 1.2-7 are for the generic UMS® 
contents-i.e., the fuel assemblies with burnup <45 GWD/MTU. Only the Maine Yankee 
site-specific fuel is evaluated for burnup up to 50 GWD/MTU.  

In the clad temperature analysis, the extension of fuel burnup to 50 GWD/MTU (for Maine 
Yankee) is included in the generic calculation of allowable clad temperatures. This was done 
in order not to repeat the clad temperature analysis in Section 3.6 for the Maine Yankee site
specific fuel 

3. Table 5.4-21 versus Table 1.2-6: Table 5.4-21 is correct. Table 1.2-6 will be revised to be 
consistent with Table 5.4-21.  

4. Review Chapters 3 and 5 to ensure that the text references to figures and tables are correct: 
Chapters 3 and 5 have been reviewed in detail for Section, Figure and Table references, with 
the following being noted: 

Chapter 3 

"* Table 3.4-4 on page 3.4-49 - Title is not consistent with the List of Tables. The List of 
Tables, Table 3.4-4 on page 3-viii, will be corrected to match the Table title in the text.  

" Text, page 3.6-8 - First paragraph refers to Canister Gas: Air in Table 3.4-1. The 
"Canister Gas: Air" reference will be deleted since Table 3.4-1 was revised per discussion 
with the NRC to show helium only.  

Chapter 5 

" Text, page 5.2-7 - The first reference to Table 5.2-20 will be changed to 
Table 5.2-19.  

" Text, page 5.4-5 - Fourth paragraph reference to Table 3.4-8 will be changed to Table 3.4
16 

5. Chris Brown's concerns about the adequacy of NAC's response to RAI 1-2 on high 
burnup fuel material properties: No response required from NAC at this time.
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1/25/02 Concerns 

1. List of Drawings: The List of Drawings in the submittal was inadvertently printed from an 

earlier version. The correct List of Drawings will be provided, including two additional 
drawings to address the Maine Yankee fuel can that were not originally on the list.  

2. Section 2.10.3.11: Section 2.10.3 was revised significantly and compressed upon completion 
of the scale model side drop test at Sandia in March 2001. Consequently, Section 2.10.3.11 
was deleted and should not be referenced in the SAR. Chapter 2 was reviewed for references 
to Section 2.10.3.11 and no references were found. (Note: Sections 2.10.3.8, 2.10.3.9 and 
2.10.3.10 were also deleted.) 

3. Review Chapters 2 and 7 to ensure that the text references to figures and tables are correct: 
Chapters 2 and 7 have been reviewed in detail for Section, Figure and Table references, with 
the following being noted: 

Chapter 2 

" Text, page 2.3-13 - Second paragraph - A sentence will be added to reference Table 
2.3.5-3.  

" Text, page 2.3-22 - Second paragraph will be revised to be consistent with the remainder 
of the section.  

" Text, page 2.5-50 - First paragraph reference to Figure 2.5.2-1 will be changed to Figure 
2.5.2.1-2.  

" Text, page 2.6-1 - Fourth paragraph reference to PWR and BWR cask pressures from 
Section 3.4.4 will be changed to 6.91 psig and 3.65 psig, respectively.  

" Text, page 2.6-24 - Third paragraph reference to Table 2.6.7.5-3 will be changed to Table 
2.6.7.5-6.  

" Text, page 2.6-25 - First paragraph reference to Table 2.6.7.5-3 will be changed to Table 
2.6.7.5-6.  

" Text, page 2.6-25 - Fourth paragraph reference to Table 2.6.7.1-16 will be changed to 
Table 2.6.7.1-15.  

" Text, page 2.6-38 - First paragraph reference to Table 2.6.7.5-3 will be changed to Table 
2.6.7.5-6.  

"* Text, page 2.6-38 - Third paragraph reference to minimum margins of safety will be 

changed to +0.08 and +0.33 to agree with Tables 2.6.7.2-5 and 2.6.7.2-6, respectively.  

"* Text, page 2.6-95 - Line 12 reference to Table 4.2-1 will be corrected.  

"* Text, page 2.6-116 - Fourth paragraph reference to Table 1.2-3 will be changed to Table 
1.2-2.  

" Text, page 2.6-116 - Fifth paragraph reference to Tables 2.1.2-2 and 2.1.2-3 will be 
changed to Tables 2.1.2-3 and 2.1.2-4.
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" Text, page 2.6-244 - First paragraph reference overall lengths of two BWR canisters will 
be changed to 185.6 and 190.4 to agree with Table 1.2-2.  

"* Text, page 2.6-244 - First paragraph reference to Table 1.2-3 will be changed to Table 
1.2-2.  

" Text, page 2.6-244 - First paragraph reference to longest canister length of 191.95 in. will 
be changed to 191.80 to agree with Table 1.2-2.  

" Text, page 2.6-244 - Second paragraph reference to ISG-4 will be changed to ISG-15 (as 
ISG-4 was superseded by ISG-15 in January 2001).  

" Table 2.6.14.9-1, page 2.6-288 -- The minimum margin of safety for the bottom comer 
drop + pressure + thermal (cold), 450 basket will be changed from +1.54 to +1.57 to agree 
with Table 2.6.14.9-4.  

" Text, page 2.6-355 - First paragraph reference to Section 2.6.15.6.3 will be changed to 
Section 2.6.15.6.2.  

" Pages 2.6-383 through 2.6-402 are duplicate pages and should be removed from the 
binder.  

" Text, page 2.7-3 - Third full paragraph reference to Section 2.1.2.3 will be changed to 
Section 2.1.2.4.  

"* Text, page 2.7-22 - Second paragraph will be deleted.  

"* Text, page 2.7-139 - First paragraph reference to ISG-4 will be changed to ISG-15 (as 
ISG-4 was superseded by ISG-15 in January 2001).  

" Text, page 2.10.3-2 - Second paragraph reference to Section 2.10.3.9 will be changed to 
Section 2.10.3.7.  

" Text, page 2.10.3-24 - Last line on page reference to Section 2.10.3.9 will be changed to 
Section 2.10.3.7.  

" Text, page 2.10.3-25 - Third line reference to Section 2.10.3.9 will be changed to Section 
2.10.3.7.  

" Text, page 2.10.4-1 - Third paragraph reference to Table 2.6.7.5-1 will be changed to 
Table 2.10.4.1-1.  

" Text, page 2.10.4-7 - Last paragraph reference to Table 2.6.7.5-1 will be changed to Table 
2.10.4.1-1.  

" Text, page 2.11.1-2 - Third paragraph, the first reference to Figure 2.11.1.1-1 will be 
changed to Table 2.11.1.1-1.  

Chapter 7 

* Text, page 7-1 - The last paragraph will be deleted.  

* Text, gage 7.1-4 - The reference to Section 7.5 in the third bullet will be changed to the 
UMS Storage System FSAR.  

* Text, page 7.3-4 - The references to Table 7-2 in Steps 31 and 33 will be changed to 
Table 7-1.
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NAC INTERNATIONAL 
AFFIDAVIT PURSUANT TO 10 CFR 2.790 

Willington J. Lee (Affiant), Vice President & Chief Engineer of NAC International, 655 Engineering 
Drive, Norcross, Georgia 30092, being duly sworn, deposes and says that: 

1. Affiant has reviewed the information described in Item 2 and is personally familiar with the trade 
secrets and privileged information contained therein, and is authorized to request its withholding.  

2. The information sought to be withheld is the following NAC International calculation package in 
support of the NAC-UMS® Universal Transport Cask submittal, which is being transmitted with 
NAC Letter No. ED20020055: 

* Calculation Package, EA790-2801, Revision 3, "Structural Analysis of PWR and BWR Fuel 
Assemblies in a Top End-Drop Accident." 

NAC International is the owner of this information; the information is considered proprietary 
to NAC International.  

3. NAC International makes this application for withholding of proprietary information based upon 
the exemption from disclosure set forth in: the Freedom of Information Act ("FOIA"), 5 USC 
Sec. 552(b)(4) and the Trade Secrets Act, 18 USC Sec. 1905, and NRC Regulations 10 CFR Part 
9.17(a)(4), 2.790(a)(4), and 2.790(b)(1) for "trade secrets and commercial financial information 
obtained from a person, and privileged or confidential" (Exemption 4). The information for 
which exemption from disclosure is here sought is all "confidential commercial information," and 
some portions may also qualify under the narrower definition of "trade secret," within the 
meaning assigned to those terms for purposes of FOIA Exemption 4.  

4. Examples of categories of information that fit into the definition of proprietary information are: 

a. Information which discloses a process, method, or apparatus, including supporting data and 
analyses, where prevention of its use by NAC's competitors without license from NAC 
International constitutes a competitive economic advantage over other companies.  

b. Information which, if used by a competitor, would reduce their expenditure of resources or 
improve their competitive position in the design, manufacture, shipment, installation, 
assurance of quality or licensing of a similar product.
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AFFIDAVIT PURSUANT TO 10 CFR 2.790 

(continued) 

c. Information which reveals cost or price information, production capacities, budget levels or 
commercial strategies of NAC International, its customers, or its suppliers.  

d. Information which reveals aspects of past, present or future NAC International customer
funded development plans and programs of potential commercial value to NAC International.  

e. Information that discloses patentable subject matter for which it may be desirable to obtain 
patent protection.  

The information sought to be withheld is considered to be proprietary for the reasons set forth 
in Items 4a, 4b, and 4d.  

5. The information sought to be withheld is being transmitted to the United States Nuclear 
Regulatory Commission (NRC) in confidence.  

6. The information sought to be withheld, including that compiled from many sources, is of a sort 
customarily held in confidence by NAC International, and is, in fact, so held. This information 
has, to the best of my knowledge and belief, consistently been held in confidence by NAC 
International. No public disclosure has been made, and it is not available in public sources. All 
disclosures to third parties, including any required transmittals to the NRC, have been made, or 
must be made, pursuant to regulatory provisions or proprietary agreements which provide for 
maintenance of the information in confidence. Its initial designation as proprietary information, 
and the subsequent steps taken to prevent its unauthorized disclosure, are as set forth in Items 7 
and 8 following.  

7. Initial approval of proprietary treatment of a document is made by the Project Manager and/or the 
Director of Licensing, the persons most likely to know the value and sensitivity of the 
information in relation to industry knowledge. Access to proprietary documents within NAC 
International is limited via "controlled distribution" to individuals on a "need to know" basis.  
The procedure for external release of NAC proprietary documents typically requires the approval 
of the Project Manager based on a review of the documents for technical content, competitive 
effect and accuracy of the proprietary designation. Disclosures of proprietary documents outside 
of NAC International are limited to regulatory agencies, customers and potential customers and 
their agents, suppliers, licensees and contractors with a legitimate need for the information, and 
then only in accordance with appropriate regulatory provisions or proprietary agreements.
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(continued) 

8. NAC International has invested a significant amount of time and money in the research, 
development, engineering and analytical costs to develop the information that is sought to be 
withheld as proprietary. This information is considered to be proprietary because it contains 
detailed descriptions of analytical approaches, methodologies, technical data and evaluation 
results not available elsewhere. The precise value of the expertise required to develop the 
proprietary information is difficult to quantify, but it is clearly substantial.  

9. Public disclosure of the information that is sought to be withheld is likely to cause substantial 
harm to the competitive position of NAC International, as the owner of the information, and 
reduce or eliminate the availability of profit-making opportunities. The proprietary information is 
part of NAC International's comprehensive spent fuel storage and transport technology base, and 
its commercial value extends beyond the original development cost to include the development of 
the expertise to determine and apply the appropriate evaluation process. The value of this 
proprietary information and the competitive advantage that it provides to NAC International 
would be lost if the information were disclosed to the public. Making such information available 
to other parties, including competitors, without their having to make similar investments of time, 
labor and money would provide competitors with an unfair advantage and deprive NAC 
International of the opportunity to seek an adequate return on its large investment.  

STATE OF GEORGIA, COUNTY OF GWINNETT 

Mr. Willington J. Lee, being duly sworn, deposes and says: 

That he has read the foregoing affidavit and the matters stated therein are true and correct to the best 
of his knowledge, information and belief.  

Executed at Norcross, Georgia, this 3 1 st day of January 2002.  

Willington J. Lee 
Vice President & Chief Engineer 

NAC International 

Subscribed and sworn before me this .. /1l day of I u" ,)2002 

b&met
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1.0 GENERAL INFORMATION 

NAC International 7 (NAC) has designed a canister-based system for the storage and 

transportation of spent nuclear fuel. The system is designated the Universal MPC System®. Its 

design is based on the dual-licensed, patented, and proven technology of the NAC Storable 

Transport Cask (NAC-STC, Docket No. 71-9235) and its basket and other licensed NAC cask 

designs. The transportation component of the UMS®, designated the Universal Transportation 

System, consists of a Universal Transport Cask loaded with a Transportable Storage Canister,.  

containing &ither spent fuel pr Greater Than Class C (GTCC) w aste. This Safety Analysis 

Report (SAR) demonstrates the ability of the Universal Transport Cask to satisfy the 2 
requirements of the U.S. Nuclear Regulatory Commission (NRC) for the transport of spent fuel 

as defined in the 10 CFR 71 [1]. In addition to these requirements, the cask also satisfies the 

requirements of IAEA Safety Series No. 6 [2] for the international transport of radioactive 

material.  

The value of the transport index for nuclear criticality control for the cask containing Pressurized 

Water Reactor (PWR) or Boiling Water Reactor (BWR) spent fuel is determined to be zero (0) in 

accordance with 10 CFR 71.59. Therefore, an infinite number of packages with optimum iiitenai 

and external moderation remain subcritical. The transport index based on dose rate evaluations 

at 1 meter from the external surface of the package is determined to be eighteen (18) in 

accordance with 10 CFR 71.4 (Transport Index).  

This Safety Analysis Report is formatted in accordance with U.S. NRC Regulatory Guide 7.9 [3] 

and NUREG-1617 [6]. This chapter presents a general introduction to the Universal Transport 

Cask and a detailed description of its design features. The terminology used throughout this 

report is summarized in Table 1V -1.
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Table L' -l Terminology

Universal Transport Cask

Packaging

Package 

Contents

Standard fuel

Intact fuel assembly 

Intact fuel rod

The packaging, consisting of a Universal Transport Cask body 
with a closure lid and energy-absorbing impact limiters. The 

Universal Transport Cask is used to transport a Transportable 
Storage Canister containing spent fuel or GTCC waste. The 

cask body provides the primary containment boundary during 

transport.  

The assembly of components necessary to ensure compliance 
with the packaging requirements of 10 CFR 71. Within this 
report, the packaging is denoted as the Universal Transport Cask.  

The packaging with its radioactive contents (spint fuelo:r GTCC 
waste), as presented for exclusive transport use (10 CFR 71.4).  
Within this report, the package is denoted as the Universal 
Transport Cask, the transport cask, or, simply, the cask.  

Twenty-four PWR fuel assemblies',,, fifty-six BWR fuel 
assemblies or Greater Than Class C, (GTCC) waste. The fuel 
assemblies mAay be configured as site specific fue . The fuel 
assemblies or waste is contained in a Transportable Storage 

Canister.  

irradiate-d fuel as's~emblies having the sam e c~on'fi-guration 'as, when 
originallyjfabiceated consisting generally of the end fittings, fuel 
rods,, guide_.tubes,.,and_ integral hardware. For BWR fuel, the 
ch annel is €n sideridntoberin-tegral hardware.  

The-de-sig-n b__asis fuel characteristics and,,an~a]yi are b,.ased ,on 
Z'icaloy clad fuel rod-s in a standard fuel configuration.  

radiated fuel thatdo0es anot show evfi dene of greaterth pini ole 
leaks or hairlne cracks in the fuel rod cla~dding.  

A fuel rod"w-ýithou h6wn- o*r- s Iusp ,ected -cladding de'fects geae 
tlan a pinhole leak- or a hairline crack.
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Table 1 -1 Terminology (continued)

Siespecifie fuel 

Consolidated fuel 

Greater than Class C 
waste 

Containment system

Spent fuel configurations that are unique to a site or reactor~due to 

.the addition of other com~pone~nts or reconfiguration of the f6el 

assembly at the site. I-t includes fuel assemblies which hold 

nonfuel-bearing components, such as control components or 

instrumment and plug thimbles, or -which are reconfigured as 

required by expediency. in reactor operations, research and 

development or testinyg. Reconfiguration may c.I o.I0nsist of 

individual fuel rod removal, fuel rod replacement of msirilar or 

.dissimilar material or enrichment, or the installation, removal or 
replacement of burnable poison rods.  

Site specific fuel includes irradiated fuel assemblies designed 
with variable enrichments or axial blankets and fuel that -is 

consolidated.  

A nonstandard fuel configuration in which the individual fuel 

rods from one or more fuel assemblies are placed ini3a single 

cont aine~r or a-lattice structure "thlat i s simila~r to a fuel seby 

Activated and surface contaminated metal, usually stainless steel, 

whose disposal is controlled by 10 CER 61 due to the p)resence of 

59 94 I 

ver lo ng-lived isotopes, including iNbapadý :VC.  

The components of the packaging that retain the radioactive 

material and gases during transport.
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Cask cavity 

Cask body 

- multiwall body 

- neutron shield 

Cask lid 

Top forging 

Cask bottom 

- Bottom forging 

- Bottom plate 

Drain port 

Vent port 

Seal test port 

Port coverplates

Table 1 -1 Terminology (continued) 

The volume of space within the containment boundary.  

Consists of concentric layers of the inner shell, gamma shielding, 
outer shell, and neutron shielding material.  

Consists of a stainless steel outer shell, and end plates; copper 
stainless steel (Cu/SS) fins; and solid NS-4-FR neutron shielding 
material.  

A 6.5 in.-thick steel disk used to close the Universal Transport 
Cask. The lid is attached to the top forging by 48 bolts.  

The component that forms the top of the Universal Transport 
Cask cavity and to which the cask lid is bolted.  

The cup-shaped component that forms the bottom of the 
Universal Transport Cask cavity.  

The plate welded to the outer shell to form the bottom of the cask.  
The bottom plate encloses the neutron shielding material in the 
bottom of the cask.  

Penetration through the bottom forging and the bottom ring that 
maybe used to drain the cask cavity if necessary.  

Penetration used to access the cask cavity to backfill and leak-test 
the cask cavity prior to transport. The vent port is recessed in the 
cask lid.  

The port used to test the containment seal. The test port is closed 
by a threaded plug fitted with an o-ring. The seal test port is 
recessed in the cask lid.  

The sealed covers that protect the quick disconnect located in the 

ports.
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Table 1 1 Terminology (continued)

Quick disconnect 

Lifting trunnions 

Rotation pocket 

NS-4-FR

Transport impact limiters 
(upper and lower) 

Transportable Storage 
Canister 

Shield lid 

Structural lid

The valved nipple used to operate the ports.  

Four high-strength stainless steel components located at the top 
forging that are used in pairs for lifting and handling the 
Universal Transport Cask. The two primary lifting trunnions are 
welded to the top forging and the two secondary lifting trunnions 
are bolted to the top forging.  

Two stainless steel blocks, each provided with a deep machined 
groove to accept the rear cask support. These pockets are welded 
onto the outer shell near the bottom of the cask.  

A solid, synthetic polymer; a borated hydrogenous material with 
neutron absorption capabilities similar to those of borated water.  
Developed by BISCO Products, Inc. and previously supplied by 
Genden .Engineering Services & Construction Company, 

NS-4-FR is now supplied by the Japan Atomic Power Company 
and its product licensees. Genden Engineering Services & 
Construction Company is a former subsidiary of Japan Atomic 
Power.  

Impact limiters designed for use during transport of the Universal 
Transport Cask. They protect the cask by limiting impact loads 
during the 1-ft free drop (normal conditions of transport) and the 
30-ft free drop (hypothetical accident conditions).  

The stainless steel cylindrical shell, bottom end plate, shield lid, 
and structural lid that contains the fuel or, TCC• waste basket 
structure and the contents.  

A 7 in.-thick stainless steel disk that is the inner component of a 
double-welded closure system for the Transportable Storage 
Canister. The shield lid provides a containment/confinement 
boundary (for storage only) and shielding for the contents.  

A 3 in.-thick stainless steel disk that is the u-ter qompoyi6en of a 
double-welded closure system for the Transportable Storage 
Canister. Positioned on top of the shield lid and welded to the 
canister, the structural lid provides a confinement boundary (for 
storage ) shielding for the Pontents, and canister lifting/handling 
capability.
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Basket

- support disk 

- heat transfer disk 

- fuel tube 

- tie rod 

-spacer 

- split spacer

Table V- -1 Terminology (continued) 

The structure located within the Transportable Storage Canister 
that provides structural support, criticality control, and primary 

heat transfer paths for the fuel assemblies or GTCC waste.  

A circular steel plate with 24 (PWR basket) or 56 (BWR basket) 
square holes machined in a symmetrical pattern. The support disk 
is the primary lateral load-bearing component of the basket. Each 
square hole in the support disk is a location for a fuel tube.  
For GTCC waste, the supporrt disk design is mod iied to 
accomm.odate the GTCC basket configuration.  

A circular aluminum plate with 24 (PWR basket) or 56 (BWR 
basket) square holes machined in a symmetrical pattern. T heat 
transfer disks are the primary heat transfer compo•nen in the PWR 
and BWR fuel baskets.  

A stainless steel tube with a square cross-section that encases 
BORAL neutron poison material on its exterior surfaces. One 
fuel tube is inserted through each square hole in the support disks 
and heat transfer disks of the PWR and BWR baskets. Fuel 
assemblies are loaded into the fuel tube.  

Aligns, retains and supports the support disks and the heat 
transfer disks in the PWR and BWR fuel basket. The tie rods 
extend from the top weldment to the bottom weldmentof the 6ifel 
basket.  

Installed on the tie rod between the support disks (BWR only) or 
between the support disks and upper and lower weldments (BWR 
and PWR) to properly position the disks and provide axial 
support for the support disks.  

Installed on the tie rod between the support and heat transfer disks 
to properly position the disks and provide axial support for the 
support disks and heat transfer disks in. the.P.WVR ian4BWv" 

baskets.
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Table 1 -1 Terminology (continued)

Canister spacer 

Transfer cask 

Vertical concrete cask 

Maine Yankee Fuel Can 

High Burnup Fuel

Stainless steel or aluminum components that position the canister 

in the Universal Transport Cask cavity during transport. Spacers 

are used for canisters containing fuel of Classes 1, 2, 4, or 5.  

A shielded lifting device used for handling of the Transportable 

Storage Canister during loading of spent fuel or GTCC waste, 

canister closure operations, and transfer of the canister into or out 

of the Universal Transport Cask, or into or out of the vertical 

concrete cask during storage operations. The Transfer Cask is 

described in the Safety Analysis Report for the onsite storage (10 

CFR 72) components of the UMS ®e Docket No. 72-10 15.  

The cask used to store the Transportable Storage Canister 

containing spent fuel or GTCC waste. The Vertical Concrete 

Cask is described in the Safety Analysis Report for the on-site 

storage (10 CFR 72) components of the UMS ®Docket No.  

72-1015.  

A specially desig•ned stainless steel screened can sized to hold an 

intact fuel assembly, consolidated fuel or damaged fuel. 'The can 
screens permit draining and drying, whileprecluding the relase 

of gross particulates into the canister cavity., The Maine Yankee 

Fuel Can. may only be loaded into a Class 1 Canister.  

A Maine Yankee. fuel assembly having a burnup between145,000 

and 50,000 MWDMIT , which must be preferentially loaded in 

periphery positions in the basket.  

An intact£ lpghS nhup fuel assembly in which no more "than '.% o 
hei 6e rods in the' assembly have a peak ' cladding oxide 

thilLcknes Is g1z'reate r tihan 80 ,microns, a'nd in ~which' no more than_3% 

of the fuel rods ii6-n thýe -as~s-e~m bly hav~e a p,)ea~k o'xid'e lIay-ver t-h-ic~kn~e-s's 

greater _than 70 microns,- as determninedb' measurement an 
statist Ic alyi s, ma besde sitct fuel. Hgbuup fuel 

not meeting these criteria is classified as 'damaged fuel

1-7
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gadi ,active material shipments in the Universal Transport Cask shall be subject to the following 

limits: 

1. The maximum contents weight for the Universal Transport Cask shall not exceed 77,500 lb.  

2. The design basis fuel characteristics shall be in accordance Tables 1.2-4 and 1.2-5.  

3. The total decay heat of the cavity contents shall not exceed 20 kW for PWR fuel and 16 kW 

for BWR fuel.  

4. The total weight of the PWR fuel assemblies, including standardin ser ts such-as burnable 

poison rods or guide tube thimbleplugs, shall not exceed 38,500 lb.  

5. The total weight of the BWR fuel assemblies shall not exceed 39,000 lb.  

6. Radiation levels shall not exceed the requirements of 10 CFR 71.47, 10 CFR 71.51, and IAEA 

Safety Series No. 6, paragraph 469.  

7. Surface contamination levels shall not exceed the requirements of 10 CFR 71.87(1)(1) and 

IAEA Safety Series No. 6, paragraph 408.  

8. Cask general spent fuel contents shall be in accordance with the limiting values shown below, 

and must be loaded in accordance with Tables 1.2-6 (PWR) dl12-7(BWR).  

Parameter PWR Cask BWR Cask 

Number of assemblies 24 56 
Max. U0 2 weight (MTU) 11.53 11.08 
Max initial enrichment (wt % 235U) 4.2 4.0 

M.nitial enrichment (wt'%_ 5U) !9 _.9 
Max. Burnup (MWD/MTU) 45,000 0?,000 
Min. cooling time (years) 5 

9. Casksite-spe'ific, contents may include Maine Yankee f wl itb miaximui~m buJrnup uip t~o 
50,00_M D/MU ~nGTC ~waste as described in Section 1.3.1.1 based on the 

site-pecific. fui-ce1,harac~tlernstlcsland. prefere~ntial loading pattern.ý

1.2-15
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Figure 1.2-1 Operational Schematic for the Universal Transport Cask
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Table 1.2-3 Basket Assembly Design Parameters

Basket Parameter Value 

Basket Assembly Length (in.) 

Class 1 (PWR) .1.62.8 

Class 2 (PWR) '17.-9ý 

Class 3 (PWR) 179.5 

Class 4 (BWR) 173.3 

Class 5 (BWR) 178.1 

Basket Assembly Diameter (in.) 65.5 

No. of support disks 

Class 1 (PWR) 30 

Class 2 (PWR) 32 

Class 3 (PWR) 34 

Class 4 (BWR) 40 

Class 5 (BWR) 41 

No. of heat transfer disks 

Class 1 (PWR) 29 

Class 2 (PWR) 31 

Class 3 (PWR) 33 

Class 4 (BWR) 17 

Class 5 (BWR) 17 

No. of fuel tubes 

Classes 1 - 3 (PWR) 24 (BORAL on all four sides) 

Classes 4 - 5 (BWR) 56 (42 with BORAL on two 
sides; 11 with BORAL on one 
side; and 3 with no BORAL) 

No. of tie rods 

Classes 1 - 3 (PWR) 8 

Classes 4 - 5 (BWR) 6

1.2-21
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PWR Fuel Assembly Characteristics

I - 111.1Min.)Guide Canister Max. Max. Width Max. Assembly Max. No of Fuel Max, Min. Rod Mim.'Clad Max. Pellet Max. Active TubeThick . ui 

Class. Vendor2  Arraý ength (inr) (in) Weight (ib) MTU Rods Pitch (in) Dia. (in) Thick (m) Dia.(in) Length (in) (in) 
CE 04x14 157.3 8.11 1292 0.404 176 0.590 0.438 0.024 0.380 137.0 0.040 

I Ex/ANF 14x14 160.2 7.76 1271 0.369 179 0.556 0.424 0.030 0.3511 142.0 0.034 
1 WE 14x14 159.8 7.76 1177 0.362 179 0,556 0.400 0.024 0.345 1144,0 0.034 
I WE 14x14 159.8 7.76 .1302 0.415 179 0.556 0.422 0.022 0.368 145.2 0.034 
1. WE, Ex/ANF 15x15 159.8 8.43 1472 0.465 204 0.563 0,422 0.024 0.366 1440 0.015 

S Ex!ANF 7x17 159.8 8.43 1348 0.413 264 0.496 0.360 0,025 0.303 144.0 0.016 
-WE 17x17 159.8 8.43 1482 0.468 264 0.496 0.374 0.022 0.323 144.0 0.016 

WE 17x17 160.1 8.43 1373 0.429 264 0.496 0.360 0.022 0.309 '144.0 0.016 
2 B&W 15x15 165.7 8.54 1515 0.481 208 0.568 0.430 0.026 0.369 144.0 0.016 
2 B&W 17x17 165.8 8,54 1505 0,466 264 0,502 0.379 0.024 0.324 143.0 •J.017 
3 CE 16x16 178.3 8.10 1430 0.442 236 0.506 0.382 0.023 0.3255 150.0 0.035 

Ex/ANF 3  14x14 160,2 7.76 1215 0.375 179 0.556 0,417 0.030 0.351 1044.0 0036 
I CFt 15x.5 -47.5 8.20 1360 0.432 216 0.550 0.418 0.026 ,0.358 132.0 
__ Ex/ANF 3  15x15 148.9 8.25 1339 0,431 216 0.550 0.417 0.030 0,358 431.8 -
I CE' l6xl6 158.2 8.10 1300 0.403 236 0.506 0.382 0.023 0,3255 136.7 0.035 

1 M!inMium and maximum initial enrichments are 1.9 wt % Z5 U and 4.2 wt % zu, respectively. All fuel rods are Zircaloy clad.  
-2. Vendor iDfindicates the source of assembly base parameters. Loading of assembfies meeting dimensional fimits is not restricted to the vendor(s)listed.  

i. :j14x14 , .15xl5 and 16xl fuelimanufactured for Pra ie Island, Palisades and St. Lucie 2 cores, respectively. Ihese are not g•eneric fuel asse'_bi-es provide•i 
to multiple reactors.
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Table 1.2-5 BWR Fuel Assembly Characteristics

Canister Max. Max. Assembly Max. Assembly Max. No of Fuel Max! Min. Rod Min. Clad Max. Pellet Max. Active 
Class'-! V-endoa tAri Length (In) Width (in)6 Weight (lb)7  MTU Rods Pitch (in) Dia. (in) Thick (in) Dia.(in) j~ength (in)2 

4 Ex/ANE 7X7 171.3 5.51 620 0.196 48 0.738 0.570 0.036 '0.490 144.0 
4 Ex/ANF 8X8 17173 5.51 563 0.177 63 0.641 0.484 0.036 0.405 145.2 
4 Ex/ANF 9X9 171.3 5.51 557 0.173 79 0.572 0.424 0.030 0.357 145.2 
4 GE 7 X7 '71.1 5.51 681 0.199 49 0.738 0.570 0.036 0.488 144.0 
4IGE 7X7 171,2 $,5t 681 0.198 49 0.738 0.56Q 0.032 0.487 144.0 
4 GE 8 X 8 171.1 5.51 639 0.173 60 0.640 0.484 0.032 0.410 145'.2 
4 GE 8X8 171.1 5.51 681, 0.179 62 0.640 0,483 0.032 0.410 Q 145.2 
4 GE 8X8 171.1 5.51 681 0.186 63 0.640 0,493 0.034 0.416 144.0 

5, Ex/AN 8 X 8 176.1 5.515 588 0.180 62 0.641 0A484 0.036 0.405 ý150,0 
5 Ex/ANF 9 X 9 t76.1 ý.51 576' 0.167 743 0.572 0.424 0,030 0.357 iso1.0 

5_ Ex/ANF 9X9 176.1 5.51 576 0.178 793 0.572 0.424 0.030 0.357 150.0 
5 GE 7X7 175.9 5.51 683 0,198 49 0.738 0.563 0.032 0.487 144.0 
5 GE 8X8 176.1 5.51 665 0.179 60 0.640 0.484 0.032 0.410 150.0 
5 GE 8X8 175.9 5.51 681 0.185 62 0.640 0.483 0.032 0.410 150.0 

OGE 8X8 '175.9 5.51 681 0.188 63 0.640 0.493 0.034 0.416 146.0 
5 GE 9X9 176.1f 5.51 646 0.186 743 0.566 0.441ý 0.028 0.376 150.0 
5 GE 9X9 176.1 5.51 646 0.198 793 0.566 0441 0,028 0.376 150.0 

A12 .Maxinim ePeakiP'anar AverageEnchnent 4.0 wt?%/ T. Minimumienrichment is .9 wt % i-All fuel rods are Zircaloy clad, 
I M5- men adf-Vfc-l length assembhie s co ,ntam-6": niatur al-" u*r a-m-um-blankets on top an'd bottoml 

'.Shorte nied activ'e -fuel 1ength~'in some rods.  

orndii ID indicates the s oirce of assex bly. base paranmeters. Loading of assemb ies mneeting dimnensional limits is not' restricted to the vendor(s) 1~& 
5. VMS Class ;4 accommoates-BBWR rea-ctoriclass` 2-3, fuel. IUMS CIas S-a-c'commodates BWR reactor class 4-6 fuel.  

i. Assenbly.1'width including channel.ed assemblies may be loaded based on a maximum channel thickness of 120 mni1 

7. Exxon/ANF assembly weights are listed withouit channel.
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Table l.2-6 Loading Table for PWR Fuel

I Burnup < 30 GWD/MTU 30 < Burnup 5 35 GWD/MTU 35 < Burnup: 40 GWD/MTU 
Enricnimet , Minimum Cool Time [years] Minimum Cool Time [years] Minimum Cool Time [yearsl 

wt%3-U, E) CE14xl4 14x14 !5x15 16x16 17x17 CE14x14 14x14 15x15 t6x16 17x17 CE14x14 I4x14 *15xi5 16x16 x17x I 
1.9<E<21 <! 6 8 8 7 8 8 10 11 91 
2.1 <E < 2.3 6 7 8 6 7 7 10 10 8 10 10 13 14 12 1i3 

23 :-E<25 6 7 7 6 7 7 9 10 8 9 9 12 1 r 12 
2.5 E< 2.7 6 7 7 6 7 7 9 9 7 8 9 12 12 10 it 
2.7< E< 2.9 6 7 7 6 7 6 8 9 7 8 8 11 i 1 9 '11f 
2.9 E <3.1 5 7 7 6 0 6 8 8 7 8 8 10 10 9 
3.1<E <3,3 65 0 7 6 6 6 8 8 7 7 7 10 i0 9 

3.3 E< 3.5 5 6 6 6 6 6 7 8 6 7 7 .9 10 8 9, 
3.5 E < 33. 1 6 6 6 6 7 7 6 7 ,791 . __ 

3ý.7:z•E:4.2 1 5 6 6 6 6 6 1 7 7 7 67 8 10 8 

40< Burnup < 45 GWD/MTU J I 
IE Iichment Minimum Cool Time [years] [ 

Wt % 23 (E) CE14xl4 14x14 15x15 16x16 17x17 _ _ __ 

1.9< E<2A 18 20 21 20 20 _____ 

2.1 -< E <2.3 15 19 19 18 19 
2.3 : E < 2.5 14 17 19 17 17 _______ 

2.5_< E<2.7 12 16 18 15 17 
237<E <2.9 11 15 18 14 17 
2.9-<3E <'10 14 18 13 15 _______ 

3.15 EE<3.3 10 13 17 13 1 5 ,,__ ., 

3.3 < E< 3.5 9 12 17 13 15 
3.5: E <337 8 11' 17 12 15 
37•- E: 4.2 8 11 15 12 14

,1.2-24
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f.3.1 Site Specific Contents 

this section describes* fuel assembly character -istics and confi-gu Ir Iations, or waste configurations, 
which are unique to. specific reactor sites. These site specific conitent configurations resultfrom 

conditions that occurred during reactor operations, participation in research and develoitmente 

propgrams, testing programs intended to im proe reactor operations, from decommiussi 

activities, and from the -PlIacement of control co~mponenrts or other it Iem s within the fuel a ssembly.-1 

site specific fuel assembly configuratioens are either shown to be bounded by the ,analysis of the 

standard design basis fuel ass Iembly configuration of the same tps or ) r are 
shown, to be acceptable contents -by specific evalutation of the configuration., 

Site, specific Greater Than, Class C. (GTCC) waste configurations are shown to be acceptable.y 

specific evaluation.  

In general, the evaluations of site specific contents are presented in the Appendix section of the 

appropriate SAR Chapter. This enables the site specific fuel assembly configu~ation evaluations, 

which encompasses a wide range of configurations, to be separated from the evaluations 

performed for the standard fuel assembly configurations.  

ý1.3. 1.11 Maine Yankee Site Specific Contents 

This section describes Transportable Storage Canister spent fuel contents which differ from the 

standard design basis l4x14. fulassembly ~byvirtu.e of reconfiguration of Individual fuel 

assemblies during the. cours~e of reactor operations. It, also describe~s the GTC waste p1D acin 

the GTCC waste camist~er a-n-d ba-s-ket.- Drawi ng2s- 90-612 and 790-61 1, respctively.~ The-design 

basis fuel asse-m'bly',- (Westilnghous17x-17 a's d-e-scrnibe-lIjn' Section- L'.2.3 and Tabl~e 1.2-4).b u ripds' 
most of th e Maine Yak st ~cfcfe oniuain.However,~ as ýapp Topriate to. the 

coniguatinaddtioal naysis is provided in-the Appendix to. the appro-priate Chapter.  

1.3.1 .1.1 Mainýe Yankee Sit-fe SpeciicA6 9 Se"ntf Fu el 66onfi -udm-ilonsý 

Th'e.s'tandardM Maine Y~nee- reactoreleassembl 'is the Comnbuston Egneig(E 4 4 

~he 'princpipal chara.cteristics ft is-61e.are shown in Table 1.2-4 Fel of thesame design ha 

also been'supplied b•y Westinghoquse and by* Exxon. ~The evaluation of this standard fuel is
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bounded by the evaluation of the Wstinghiue I 7 7s~tf e ~ hjij h dsg 

basis PWR fuel assembly for the NAC-UMS® Univesal Transport Cask.  

n the course of reactor operations, certain of the I4x 14 fuel assemblies were modified to chhang 
the standard conjfiguration., The principal mnodificatlons are of thre Dlnrl y~

The rem~oval of fuiel rods without replacement; 

*The replacement of removed fuel rods or burnable..poison rods. with- rods of another 
inatena1 such as sainless steel, or with fuel rods ofa di ifferent erchmentand 
The insertion of control elements, or instrument or plug thimbles, in guide tube positions.  

In addition to the mo6difi-ed fuel as-sembl*ies, there are fuel assemhblies that'were des'ilgnd with 
variable'enrichment and axial blankets. These fuel asse•rblies are not modified, but4  M.ffer m 
the cask design basis fuel assemblies.  

As part,_ of a research and ev'elpm pae removed the fuel rOdsfron 

several fe assembis and istalled those fuel rods in two lattice structures tha are' similJair ta 

I 7x17 fuel asembly Ts fuel isreferred to as consolidated fuel. Th e lattice structures are 
constructed of stainless steel 17x17 grids that are equally spaced on 4. stainless steel suj'port rods' 
Stainless steel end plates, are, attached tio. the ends of the support rods to hold t~he spent l~ue rods 
within the grids. The upper en e is to the fuel assembly upper end fttingdesig so 
that the consolidated fuel rod holder can be lifted with' the fuel assem ly p:pe.One 
consolidated fu'el lattce 'ha's 283 fuelrods ~wit_2 empty fuel ro~d positio -ns The's~eco~d' lattice 
has 172 fuel rods with the remaining fuel rod pqositions eiter unused or holding sessstee! 

dmy r~ods,.  

Af-uel assemrblywith re mWyed_. fue odS;,' poison rods, or a consolicted fuel !atti siýabe 
loaded inone of.othe four comer ositions of thePWRfuel basket Additionally one 
consolidated fuel lattice m•dy 6,eopaed in sminglebasket. These comer Psitin des•ignated 
"Pt/" in the f"ollowg: r are e dotr positions -aving 6les lartgee r rfuel 

trPS, which heut ntes~p§0 aqving less reactive interaction with the remaninR fuel 
positions. The corner positions.arealso eihrtoiin eintdy

E3 1-2
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Prýeferential Loading Diagram for Maine Yankee Site Specific Spent Fuel 

/ il 

P P 

The canister loading: procedures willindicate 'that the loading of a fuel assembly with rem 9 oved 

fuel or poison rods, or a consolidated fuel lattice, is administratively controlled to ensure the 

correct loading in one of the comer positions and that only one consolidated fuel lattic.is -loaded 

in any single canister.  

The configurations of the Maine Yankee site specific fuel assemblies that have-been evaluated 

and found to be acceptable contents include: 

* Fuel assemblies with u to 176 fuel rods removed from the assembly lattice.  

, Fuel assemblies with fuel rods replaced with either stainless steel rods, solid Zircaloy 

rods or fuel rods enriched to0 1.95w %w 

* Fuel assemblies with burnable poison•rods replaced with hollow Zircaloy tubes.  

SFuel assemblies that are variably enriched.  

* Fuel assemblies with annular axial blankets.  

*Fuel assemblies with a control element inserted.  

* Fuel assemblies with an instrument thimble inserted in the center guid6,tfube.  
* eFuel assemblies With up to two, fue6l.rods in~serted in any or all of the guide tubes.  

C consolidated fuel lattices.  

' High burnup fuel assemblies.  

* Fuel assemblies with start-p sources and othernon-fel itemsinserted in the guide thbes.  

* bDamaged fuel.

1.3.1-3
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Afuel ass-embly, with a' Contr'ol-Ele6m ent Assembly -(CE A), -CEA flow plug, or thimb .le 1 plug, 
inserted, ýwill be loaded in a Class_2 canister and basket for storage and traport duetothe 

increased length of the assembly with the control element installed; however, Such an assembly 
is not restricted to any specific location within the basket.  

A fuel assembly having fuel rods replaced by solid stainless steel or Zircaloy rods may- be loaded 
in any location in the basket.  

Intact-fuel assemblies may have nIon-fuel items in InsertIed ith.e gui.de tubes. The nonfe•-eitems 
are irradiated and unirradiated start-up sources, CEA fingertips and a segment of an in-core 
instrument (ICI) thimble. Start-up sources are inserted in a center guide tube position. The 
remaining items must be installed in comer guide tube positions. These guide tubes are closed 
on the bottom end by the assembly end plate and are closed on the top end by a CEA flow plug.  
Only one start-up source may be loaded in any fuel assembly; however, a fuel assembly with a 
start-up source may also hold all of the remaining non-fuel items. Any fuel assembly with a 
start-up source must be loaded in one of the conmer fuel positions of the ba sket.  

The structural evaluation. of the Maine Yankee site specific fuel config4rations is provided, in 
Section 2.11.1. The thermal, containment, shielding and criticality evaluations are provided in 
Sections 3.6.1, 4.5.1.1, 5.5.i,.iand 6.6.1.1, respectively. As shown in those evaluations, the 
design basis spent fuel assembly analyses generally bound the loadingof the Maine- Yankee 
spent fuel. Where the design basis analysis is not bounding, preferential loading isrequired.  

Table 1.3.1-i -. shows the currently known- pop)lation 'of Maine Yankee fuel assemblies. This 
table also -shows the proposed loading scheme.. for,.those.fuel.assembl.ies 'in the!_TransDortable 
Storage Canister.

1.3.1-4
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T Maine Yankee Spent Fuel Population 

Canister 

Number otf Loading Canister 
Spent FuelCnfiguration !Asseemblies Position Ciass 

Standard 1,434 Any 1 

Inserted Control Component '168 Any 2 

I-nsered Insrusment Thimble 138 Any I 

Consolidated Fuel 2 P/C' I 

Fuel Rod Replaced by Rod Enriched to 1.95 wt % 3 Any i 

Fuel Rod Replaced by Stainless Steel Rod or 

Zircaloy Rod 18 Any I 

Fuel Rods Removed 10 P/C i 

Variiable Enrichment 7I2 An 

Axial Banket 68 Any .  

Burnable Poison Rod Replaced by Hollow 

Zircaloy Rod 80 Pic :1or2 

Burnup between 45,000 and 50,000 M•WD/ U 90 Any '1.  

Maine Yankee Fuel Can As-Required P/C :1 

Inserted Start-up Source 5 P/C I 

Inserted CEA Fingertips or ICI String Segment 1 Any 2 

1. Only one consolidated fuel lattice may be loaded in ay"Transportable Storage Canister.

). .3.1-5
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1.3 .1. 1 J Maine Yankee Greater Than Class C Was ,t e 

The disposal of Greater Than Class C (GTCCJ) waste is controlled by 10, CER 61 [7]. GTCC is 
ein'ed'in 10 CFR 61.55®(3 anr4iy h ocentration of long-lived radionuclides ie, 14 C 

"5 Ni', arid 94N, and/or short-lived radion .uclides, i.e., 3 H,;60Co, a Ind 63&i.  

GTCC waste consists of radiation activated and surface contaminated steel. Stainless steel core 
baffle structure, which is located .adjacent to the reactor vessel in a high neutron flux field, is the 
major component of GTCC waste. The core baffle structure is cut underwater into pieces that 
are. l0'aded into a ciTCC basket. The GTCC basket is installed in a GTCC caniste-rthat has the 
same external dimensions as a Class 1 fuel canister.  

The principal isotopic constituents of typical GTCC waste are presented in Table 1.3.1-2. The 
radionuclide composition of the waste was determined based on radiochemical a f 
and dose rate measurements of the waste containers. The isotopes that primarily contribute to 
theyradiologi source• te are -JMn, 55Fe, u6Co, and 63Ni. The source terrs appljed in the 

evaluation of the GTCC waste are presented in Table 5.5.1.2-1. There is no combustible gas 
generation from the GTCC waste and there are no chemical or galvanic corrosion reac•t•ns with.  
the stainless steel• canister, 

The, design of t he GTCC canister and basket is shown in Drawings 790612 anId 79Q•611n, 
re specti vely. -This ba ske~t'is desiganed ,to -fi -t -,the C-I-a ,ss' 1 Transport able Storagýe Canis -ter. -,Th.e 
structural eautoni othbasket fo aine' Yankee waste is shown. in Section 2.11.2. The 
thermal evaluati .o n .is s -h own Iin ,Sec -ti .on 3.6 -.1. The-.econtain m ,et a ,nd I shielding eva -luations are 
shown in Sections 4.5. 1. fand 5.5.J1.2-. respT)e~ctively 'Since-th-e GTC*C w'as'te-do~es not -co-n-tain an 
significant fissionable material, no criticality analysis is required.  

The calculated weight of the loaded and sealed`*GTCC waste canister is": 
Pounds 

GT C-C wa canist r w-ith bo th 'Iids 18,140 
WeigtofGTC baset:3.2,3,20 

Weght of GTCCwaste 2,0 
Total70,4-60
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Thiswegti lesta h weight ofg ~t theonasaining-t 

sPpen fuel~, 

~ThebCC -a'st-e-c-aniis~terj. i's--sse-nti-a--ly -a'ntiea-t'o the UjMS® -Class 1' Tr_ _ Aab le Storage9 
Panister,excet fo th.1pacement of lifting ~lugs an t he plac.em ent of a k eywý,,, ýxithin-thid 

camIsterConsequenil~ "the interior and 'ext~eri- dime Ip sion ,s - n d the ma -terials of farictfqrujpj 

the G6TCC was-te 'camister and lids are 11the same -as th Ios e fo Ir the Cl .as s IC Ian Iis Ite r.The - TCC 

basket is constructed of Type 304 stainless steel and consists pri lyf ylindei. with a 

3-inch thick wall closed at the bottom. end with a 3-inch thick stainless steel Plate. .,The.cylinder 

is centered in the GTCC waste canister by.l4_Type_,304 stainless _steel support plates~ along its 

length. The support plates are 1-inch thick and 65.3xinche's ini diameter. The interior diameter of 

the- baskeqt cavity is.48.8 inches and it's interi or length4 is15,7 inch e s A 3-inch thick, stain less te e 

sepaao fiixture divides the cylinder into, two vertically ýstacked ~qqmparment~s, each 

77 'inches deep. The separator fixture restricts ,the diameter of the upe om rment to 

47.8-inches.  

Sinice the GTCC was'te canister I-has the same extern.al-I d imensions as* the UMS' Class 1' 

'Transportable Storage Canister, one 16.75-inch canister spacer is required during transpor of th-e' 
GTCC. waste cnister.,Transjport sp~acers are described in Section 1.2.1.219.

1.3.1 -7
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'Tal 1I31- i-S-io' t0picC-tokituq-e n tso of the Deig a-sis GTCC Waste 

Radiwonuclide Curie Inventory_(Cib/Canister 

;. 50+4 

~55 2.OOE+05 

60C 0 .90E+ý0-5 
59Ni 2E0 

LNi 0,6OOE+04 

94M __ .OEO 

g99 Tc i.OOE±O1I 

Total 5.82E+05

1.3.-8
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License Drawings

This section contains the License Drawings pertinent to the Universal Transport Cask. The 

dimensions indicated on the drawings are generally limited to one significant digit past the 
decimal point. Note that analysis of systqem or components may present dimensions with 

additional significant digits based on more detailed engineering drawings.

Drawing No.  

790-209 

790-210 

790-500 

790-501 

790-502 

790-503 

790-504 

790-505 

790-508 

790,509 

790-516 

790-519 

790-520 

790-570

Rev. No.  

1 

1

790-571

Title 

Imnpact Limiter Assemnbly-Upper, Cask, N.AC-UMS® 

Impact Limiter Assembly-Lower, Cask, NAC-UMS® 

Assembly, Universal Transport Cask, Overpack, NAC-UMS® 

Canister/Basket Assembly Table, NAC-UMS.  

Cask Body, Transport Cask, NAC-UMS® 

Lid Assembly, NAC-UMS® Cask 

Portt Coverplate Assembly, NAC-UM"SO 

Lifting Trunnion, NAC-UMS® 

Misc, De-tails, Transport CaSkNAc-UM-S

NaMepates-7NAC-UMS® 

Package Assembl, Univ'ersal TransportCask (UTC), 
NAC-UMSO 

Pa"c-,ka geA Assem b ly, Transport,, Universal Tr-an-s-po-r-t C as'k 
,(UTC)., NACI-IUMS® 

Spacers, ,Universal Tran'sp~olr~tCaskl, NAC -UMS(& 

Fueli Basket Assembfy, 56 El Ieme'nt- _BWR,.  
NA.C-UIMS® 

Bo6ttom_ Weld4ment,'Puel Basket, -5 -6 -El-e Ime Int -BW R,

1.3.4-1



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270
January 2002 

Revision UMST-02A

Dra7905No2

79.0-574.  

790-5.75 

790-581 

790-582 

790-583 

790-584 

790-585 

79o0-591.  

790-592 

790-593 

7910-594 

790-605 

790-6J1 

790-6112 

412-501 

412.-502

Rev. No.

3 

7 

5 

6 

4 

9 

2 

4 

0

Licensed Drawings (Continued) 

Title 

Top We.dment, Fuel Basket, 56 Element BWR, 

NAC-UMS® 

Support Disk and Misc. Basket Details, 56 Element BWR, 

N4AC-U`M S, 

Heat Transfer Diske Fuel B asket, 56 Element BWR 

NAC-UMSc® 

BWR Fuel Tube, NAC-UMS® 

PWR Fuel Tube, NAC-UMS® 

Shell Weidment, Canister, NAC-UMS® 

Assembly, Drain Tube, Canister, NAC-UMS 

Detail-s, Canister, NA• UMS® 

Transportable Storage Canister (TSC), NAC-UJMS® 

Bottom IWeldment, Fuel Basket, 24 Element PWR; 

NAC-UMS® 

Top Weidment, Fuel Basket, 24 Element PWR, 
NAC-UMS® 

Supprt iskandMisce. Ba'sk~t Details,24EeetPR 

m- M's® 
Het ranfe Dsk, Fuel Basket,, 24 Element PWR, 

NA'C-UMS": 

Fuel BasketAssembly, 24 Element PWR, A-M 

W iFuel" Tube, Over-Sized Fuel, NAC-UMS® 

GTCWas~teBasket, M-aine Yankee, NAC-UMS® 

GTC Wate, Cani~ster, Maine Yankee.NCUS 

Spent Fuel Can Assembly, Maine Yankee (MY), NAC-UMS® 

Fuela"n'-Details, Maine Yankee 

a3.,.A2 A S-
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2.3.5 Bolting Materials 

The bolting materials for the Universal Transport Cask are selected to provide high strength, 

good resistance to corrosion and coefficients of thermal expansion similar to those of the 

components being joined.  

The cask lid bolts are made of SB-637, Grade N07718 nickel alloy bolting material. The 

mechanical properties of this material are presented in Table 2.3.5-1. The mechanical properties 

for the port coverplate bolts, which are fabricated of SA-193, Grade B6 stainless steel, are 

presented in Table 2.3.5-2. The mechanical properties for the retaining rods, which are made of 

SA-193, Grade B8S austenitic stainless steel, are presented in Table 2.3.5-3.

2.3-13
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Table 2.3.5-1 Mechanical Properties of SB-637, Grade N07718 Nickel Alloy Steel Bolting 

Material 

Property Value 

Temperature ('F) -40 -20 70 200 300 400 500 750 

Ultimate Strength No Value 185.0 185.0 177.6 173.5 170.6 168.7 165.0 
Given 

Stress, S. * 

Yield Stress, No Value 150.0 150.0 144.0 140.7 138.3 136.8 133.8 
Given 

S, (ksi) * 

Maximum No Value 37.0 37.0 36.0 35.2 34.6 34.2 3315 
Allowable Stress, Given 
S (ksi) [21 ] 

Design Stress No Value 50.0 50.0 48.0 46.9 46.1 45.6 44.6 
Intensity, S, (ksi) Given 
[21] 

Modulus of 29.6E+03 29.5E+03 29.OE+03 28.3E+03 27.8E+03 27.6E+03 27.1E+03 26.1E+03 
Elasticity. E (ksi) 
[211 

Alternating Stress 13.3 13.7 13-1 12. 7 12.5 12.4 12.2 11.7 
Co 10 cycles (ksi) 
[17] 

Coefficient of No Value Given 7.05E-06 7.22E-06 7.33E-06 7.45E-06 7.57E-06 7.82E-06 
Thermal 
Expansion. ca 
(in/in/'F) [211 

Poisson's Ratio 4 0.31 
[211 

Density [21] 4 503 lbm/ft3 (0.291 Ibnmin ) 

Note: Reference [17] Appendix 1.  

• Calculated based on Design Stress Intensity: 

S 7m 70S -S temp

2.3-14
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Property Value 

Temperature ('F) 86 158 212 302 

Compressive 561 561 561 561 

Modulus, E, (ksi) 

[261 

Coefficient of 2.22E-05 4.72E-05 5.88E-05 5.741E-05 

Thermal 

Expansion, ca 
(in/in/-F) [26] 

Density, (Ibm/in 3) 0.0607 0.0607 0.0607 0.0607 

[261
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2.3.8 Impact Limiter Materials 

The transport impact limiters for the Universal Transport Cask are fabricated from redwood and 
balsa wood that is encased in stainless steel shells. The impact limiters absorb the kinetic energy 
of the loaded cask in a drop impact by crushing the redwood and balsa wood. The energy 
dissipated, or absorbed by crushing the wood, for a given increment of time, is equal to the 
integral of the area (i.e., area of impact limiter engaged in crushing) times the crush strength of 
the wood. The area under the force-deflection curve is equal to the amount of energy absorbed 
by crushing of the redwood, balsa wood, and the impact limiter shell.  

The static and dynamic crush properties have been determined by performing tests on redwood 
and balsa wood used in the impact limiters. The results of these tests are discussed in, Section 
2.6.7.5.3. These properties have been used in LS-DYNA, which is an explicit finite element 
program capable of performing three-dimensional nonlinear analysis of structures containing 
nonlinear material behavior such as plastic deformation of steel or crushing of wood.
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The component stresses on the effective thickness weld group are: 

Mycx (5,167,500)(12.07) - 6,887 psi (bending stress at points A & C) SAC - =687pi(edn tesa onsA&C 
Iy (8886) 

B Mxcy (1,404,000)(8.375)= 1,790 psi (bending stress at points B & C) SBC -6 Ix 6570

Ss = FR 1,373,000 

Aw 168 =8,030psi (resultant direct shear stress)

(SsT)A = Mz - 2,412,000 = 4385 psi (torsional shear stress at point A) 
2 bhtA (2)(19.94)(13.875)(1.0)

(SST)B= Mz 22,412,000 
2 bhtB (2)(19.94)(13.875)(2.875)

= 1517 psi (torsional shear stress at point B)

The Von Mises equivalent stresses at Points A, B, and C are: 

2EA - SC+3(Ss2 +(S2T)A) =17,279psi 

SEB [SBc + 3(Ss- + (Ss2) 0) = 14,267 psi 

SEC =[(SAC + SBC) + 3Ss] 16,393 psi.  

The minimum margin of safety at the weld/cask interface is based on the yield strength of 

cask material A-240, Type 304 stainless steel outer shell with S, = 25 ksi and is:

25,000 
MS- 2 17,.279 - 1 = + 0.45.

The positive margins of safety show that the rotation pockets satisfy the requirements of 

10 CFR 71.45 (b).
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2.5.2.3 Front Support

The longitudinal force toward the top end of the cask is resisted by a shear ring welded to 
the cask top forging. The shear ring bears on the shipping frame along two 46-degree 
arcs (Figure 2.5.2.1-2).  

The load on the shear ring is Rjx = 2,600,000 lb.  

Assuming that the neoprene cradle cushion compresses to 0.25 in. thick, the effective 
width of the ring in direct bearing against the side of the support frame is 1.65 in. The 
bearing pressure is 

Abur = (2)(92/360)(71)(42.88)(1.65) = 113.6 in2 

Sbrg = 2,600,000/113.6 = 22,887 psi.  

The allowable bearing stress on the surface of SA-336 Type 304 stainless steel is 

(Sbrg)AIlow = 25,000 psi at a temperature of 200'F.  

23,750 
The margin of safety for bearing is MS 4-1 +0.09.  

22,887 

The shear stress across the weld is 

S,= Rjx/A, = 2,600,000/185 = 14,054 psi

where A, = 7z(0.5)(85.26 + 82.61)(92/360)(1.375)(2) = 185 in2.

The margin of safety for shear is MS= (0.6)(2,750) I = +0.07.  14,054
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2.6 Normal Conditions of Transport 

This section presents the evaluation of the Universal Transport Cask for structural integrity for 

the normal conditions of transport.  

10 CFR 71.71 requires that the Universal Transport Cask be structurally adequate for the 

following normal conditions of transport: (1) heat, (2) cold, (3) reduced external pressure, 

(4) increased external pressure, (5) vibration, (6) water spray, (7) free drop, (8) corner-drop, (9) 

compression, and (10) penetration. In the free-drop analyses, the cask impact orientation 

evaluated is the orientation that inflicts the maximum damage to the cask. The regulation 

requires that the cask be evaluated for the normal conditions of transport at the most unfavorable 

ambient temperature in the range from -40'F to +100'F.  

The results of these evaluations demonstrate that the cask satisfies the requirements of 10 CFR 

71.71 for normal-conditions of transport.  

2.6.1 Heat 

The Universal Transport Cask is analyzed for structural adequacy in accordance with the 

requirements of 10 CFR 71.71(c)(1), "Heat (normal condition of transport)." The cask is loaded, 

ready for shipment, and supported in the horizontal position with an ambient temperature 

environment of 100'F, an internal pressure of 150 psig (from Section 3.4.4, the calculated 

pressures are 6.91 psig and 3.65 psig for casks containing PWR and BWR fuel, respectively), 

maximum decay heat load, maximum solar insolation, and still air.  

The stress analysis of the cask is performed by using a three-dimensional finite element model 

and the ANSYS computer program [32]. The model considers thermal heat, internal pressure, 

bolt preload, gravity, and combined loading conditions. The finite element model is described in 

Appendix 2.10.2. The temperature- dependent material properties considered in the analysis are 

documented in Section 3.2.
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The following categories of load on the cask are considered for the heat condition: 

1. Closure lid bolt preload-The required total bolt preload on the lid bolts is 5.4x 106 lb 
(111,680 lb/bolt for 48 bolts). Bolt preload is applied to the model by imposing initial 

strains to the bolt shafts.  

2. Internal pressure-For analysis purposes, an internal pressure of 150 psig is applied on 
the interior surfaces of the cask cavity in the outward normal direction. On the basis of 
the calculated maximum normal operating cavity pressures for PWR and BWR casks (7.3 
and 5.0 psig, respectively) use of 150 psig is conservative. The pressure loading region 
includes the mating surfaces of the lid and upper body forging outward to the lid seal 

centerline.  

3. Thermal-The heat transfer analyses performed for maximum normal operating 
conditions determine the cask temperature distribution for the heat condition. For the 
heat condition, the cask is considered to be in the horizontal position subjected to an 
ambient temperature of 100°F, with maximum decay heat load and maximum solar 
insolation, in still air. The cask temperature distribution obtained for this heat condition 
is used as input to the ANSYS analysis to determine the stresses in the cask. The ANSYS 
analysis determines the stresses resulting from thermal expansion of the cask from its 
initial 70'F condition to its normal transport temperature condition. These stresses 
include the effects of the differential thermal growth within the components, which result 
from the temperature difference across the cask walls. The cask temperature distribution 
is also used in the ANSYS structural analysis to determine the values of the temperature

dependent material properties.  

4. Gravity-The mechanical loads consist of gravity acting on the cask structure and its 
contents. The cask is assumed to be loaded and resting in the horizontal position on the 
front and rear cask supports. Mechanical loads resulting from a 1-g application of the 
cask structure and contents are imposed on the model. The weight of the cavity contents 
is imposed on the model as a contents pressure on the contact surface of the cask cavity.  

5. Fabrication and Installation-The effects of stresses resulting from the processes used in 
fabrication and installation are negligible.

2.6-2



SAR-UMS® Universal Transport Cask November 2001 

Docket No, 71-9270 Revision UMST-0tD 

The ratio of the normal transport vibration acceleration to the resultant acceleration for the 

combined longitudinal and vertical shock is used to ratio the stresses. The alternating shear 

stresses are Smax = (2.0/10.2)(28,546) = 5,597 psi and Smin = -(2.0/10.2)(28,546) = 5,597 psi.  

The margin of safety for the rotation pocket as a rear tiedown device for normal transport is: 

MS = (Sa/Sait) - 1 = (23,700/5,597) - 1 = '+3.2 

Therefore, the Universal Transport Cask satisfies the requirements for normal vibration incident 

to transportation as required by 10 CFR 71.71(c)(5).  

2.6.6 Water Spray 

Water causes negligible corrosion of the stainless shell of the Universal Transport Cask, and the 

cask contents are protected in the sealed cavity. A water spray as specified in 10 CFR 

71.71(c)(6) has no adverse impact on the package. The cask surface temperature specified during 

the water spray is between 100'F and -20'F. Consequently, the induced thermal stress in the 

cask components is less than the thermal stresses that occur during the extreme temperature 

conditions for normal transport. Therefore, the requirements of 10 CFR 71.71(c)(6) are satisfied.
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2.6.7 Free Drop (1-Foot): Cask Body Analysis 

The free drop scenario outlined by 10 CFR 71.71(c)(7) requires the Universal Transport Cask to 
be structurally adequate for a 1-ft drop (normal conditions of transport) onto a flat, essentially 
unyielding horizontal surface in the orientation that inflicts the maximum damage to the cask. In 
the following subsections, the cask body, impact limiters, closure lid and bolts, neutron shield 
shell, and upper ring components are evaluated for the end, side, and cormer-drop orientations.  

Evaluation of each drop orientation is accomplished by using finite element analysis techniques.  
A complete description of the 3D model used to analyze the cask body is presented in Appendix 
2.10.2. Appendix 2.10.2 also describes the loadings applied to the finite element model, the 
thermal conditions considered, and the locations of the sections on the cask body that are 
evaluated. The results of each drop orientation listed above are 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 analysis is performed using a 20g acceleration for the end and side drops. Using 4_20g 
acceleration provides a bounding analysis, as it exceeds the calculated g-ioads for the endand 
side drop events showwn in Table 2.6.7.5-6.  

For normal conditions, the one-ft drop is not a sufficient height to rotate the cask to an oblique 
orientation following a drop. Therefore, oblique drop orientations are not considered a credible 
event, and are not included in these analyses.  

Only the analyses for enveloping structural conditions, representing the more restrictive of either 
the PWR or BWR fuel payload configuration are presented. Where necessary, a composite 
payload of the PWR configuration decay heat load and the BWR configuration weight is used for 
the cask body analysis. This composite configuration imposes larger impact loads on the cask 
components and raises the component temperatures, thereby lowering the material strength, 
resulting in a more restrictive loading configuration than either the PWR or BWR payload 
configurations would impose.
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2.6.7.1 One-Foot End Drop 

In accordance with the requirements of 10 CFR 71.71, the Universal Transport Cask is 

structurally evaluated for the normal condition of transport 1-ft end-drop. In this event, the cask 

(equipped with an impact limiter over each end) falls a distance of 1 ft onto a flat, unyielding, 

horizontal surface, The cask strikes the surface in a vertical position; consequently, an end 

impact on the bottom end or top end of the cask occurs. The analysis is performed using a 20g 

acceleration, which provides a bounding analysis as it exceeds the calculated g-loads for the end 

drop event shown in Table 2.6.7.5-6.  

Stress results for the 1-ft top-and bottom-end-drop combined loading are documented in Tables 

2.6.7.1-1 through 2.6.7.1-16. These tables document the primary membrane (Pm), primary 

membrane plus primary bending (Pm + Pb), primary membrane plus primary bending plus 

secondary peak stress (P + Q), and critical (Pm, Pm + Pb, and P + Q) stresses in accordance with 

the criteria presented in Regulatory Guide 7.6.  

As shown in Tables 2.6.7.1-1 through 2.6.7.1-8, the margins of safety for the primary stress 

intensity category are positive for all of the 1-ft top-end-drop conditions. The most critically 

stressed component in the system is the top forging for the top-end-drop. The minimum margin 

of safety for Pm stress intensity for the top-end-drop condition is found to be 1.66 as documented 

in Table 2.6.7.1-5. The minimum margin of safety for Pm + Pb stress intensity for the top-end

drop condition is found to be 1.17, as documented in Table 2.6.7.1-6. The minimum margin of 

safety for the P + Q stresses (2.43) occurs in the inner shell, as documented in Table 2.6.7.1-8.  

As shown in Tables 2.6.7.1-9 through 2.6.7.1-16, the margins of safety for the primary stress 

intensity category are positive for all of the 1-ft bottom-end-drop conditions. The most critically 

stressed components in the system are the cask body ligaments for the bottom-end-drop. The 

minimum margin of safety for Pm stress intensity for the bottom end-drop condition is found to 

be 0.74, as documented in Table 2.6.7.1-13. The minimum margin of safety for Pm + Pb stress 

intensity for the bottom-end-drop condition is found to be 1.29, as documented in Table 

2.6.7.1-14. The minimum margin of safety for the P + Q stresses (2.49) occurs in the inner shell 

as documented in Table 2.6.7.1-15.  

Because the margins of safety are all positive, the Universal Transport Cask satisfies the 

requirements of 10 CFR 71.71(c)(7) for the 1-ft end-drop (normal transport) condition.
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Table 2.6.7.1-1 Pm Stresses-i-Foot Top End-Drop, Bolt Preload, Internal Pressure 

Allowable 
Cylindrical Stress Components (ksi) Stress 

Section Angle Sx Sy Sz Sxy SYz Sxz SI (ksi) (ksi) MS 

1 70 0.3 0.3 0 0 0 0.1 0.4 20 44.31 
2 180 0.3 0.3 0 0 0 0.1 0.4 20 48.47 
3 180 0.2 0.4 0.2 0 0 0.2 0.4 20 48.37 
4 180 0.3 0.2 0.3 0 0 0.3 0.6 20 35.02 
5 180 -0.1 -0.1 -0.2 0 0 0 0.1 20 157.23 
6 80 -0.1 -0.1 -0.1 0 0 0.1 0.2 20 92.5 
7 0 -0.1 0.1 0.5 0 0 0.1 0.7 20 28.2 
8 180 1.1 0 -0.2 -0.1 0 0.4 1.5 20 12.06 
9 105 -0.7 -0.6 -0.2 -0.1 0.1 0.4 0.9 20 21.26 
10 135 0.8 -0.5 -1.6 -0.1 0 0.6 2.7 19.1 6.1 
11 135 0.2 -1.1 -2.8 -0.1 0.1 0.6 3.3 19.1 4.85 
12 80 0.2 0.1 0.8 -0.1 0 0 0.8 19.1 24.3 
13 80 0.7 0.4 1.4 -0.1 -0.1 0.1 1 19.1 17.24 
14 135 -0.2 -0.1 0.5 0 0 -0.2 0.8 19.7 24.06 
15 80 0.6 0.1 0.5 -0.1 -0.1 0.1 0.6 19.7 33.05 
16 0 0 1 0.1 -0.1 0 0 1 19.7 18.04 
17 0 0 1.3 -0.1 -0.1 0 0 1.5 19.7 12.58 
18 0 -0.1 1.6 -0.3 -0.2 0 0 1.9 19.7 9.33 
19 0 -0.1 2 -0.5 -0.2 0 0 2.5 19.7 6.79 
20 0 -0.1 2.8 -0.8 -0.3 0 0 3.7 19.7 4.39 
21 0 -0.1 4.1 -1.2 -0.4 0 0 5.3 19.7 2.72 
22 0 -0.2 5.6 -1.8 -0.6 0 0.1 7.4 19.7 1.66 
23 105 -0.1 0.2 -0.6 0 0.2 0.2 1 19.1 18.69 
24 120 -0.1 1.5 -0.7 0 0.1 0 2.2 19.1 7.59 
25 0 -0.1 1.1 -0.9 -0.1 0 0 2 19.1 8.44 
26 0 -0.2 0.9 -1.2 -0.1 0 0 2.1 19.1 8.06 
27 0 -0.2 0.7 -1.5 0 0 0 2.2 19.1 7.82 
28 0 -0.2 0 -1.7 0.1 0 0 1.7 19.1 10.23 
29 10 -0.2 -1.2 -1.9 0 0 0 1.7 19.1 10.2 
30 20 -0.2 -2.8 -1.9 0 -0.1 0 2.6 19.1 6.41 
31 90 -0.4 -3 -1.7 0.1 -0.5 0.1 2.8 19.1 5.87 
32 0 -0.3 4.3 -2 -0.5 0 -0.3 6.4 20 2.1 
33 0 1.1 2.9 -1.9 -0.2 0 -0.6 5 20 3.02 
34 0 3.4 3.3 -3.1 -0.1 0.1 1.2 7 20 1.87 
35 180 -0.6 1.5 -2.1 0.3 -0.2 0.2 3.8 20 4.31 
36 0 1.5 1 -3.2 0 0.3 0.1 4.8 20 3.18 
37 0 -0.3 -0.2 -1.2 0 0.2 0.6 1.4 20 12.85 
38 0 -0.3 -0.2 -1.1 0 0.2 0.5 1.3 20 14.86 
39 0 -0.1 -0.5 -3.1 0 0.1 0.2 3 20 5.7 
40 0 -2 -2 -6.2 0 -0.1 -1.2 4.8 20 3.i5 
41 [35 -0.2 -0.2 -0.6 0 0 0-2 0.5 20 40.25
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Table 2.6.7.1-15 Critical Pm + Pb + Q Stress Summary (ksi)--l-Foot Bottom End-Drop, 

Bolt Preload, Internal Pressure, Thermal Hot

SI Allowabl e Margin of 

Component Section Angle (ksi) Stress (ksi) Safety 

S4 0 13.8 60 3.34 

2 9 6 17.2 60 2.49 

3 10 180 8.8 57.4 5.51 

4 15 0 8.9 59.1 5.67 
5 16 0 6.9 59.1 7.51 

622 0 3.4 59.1 16.42 

7 23 0 9.2 57.4 5.27 

827 0 15.2 57.4 2.78 

9 31 0 674 57.4 6.72 

10 35 0 §.9 60 5.08 

11 40 60 11.2 60 4.37 

12 41 180 4.8 60 11.57

Table 2.6.7.1-16 Critical Pm + Pb + Q Stress Summary (ksi)-l-Foot Bottom End-Drop, 
Bolt Preload, Internal Pressure, Thermal Cold

SI Allowable Margin of 
Component Section Angle (ksi) Stress (ksi) Safety 

1 4 180 5.8 60 9.36 

2 8 180 10.2 60 4.91 

1 10 180 1 1.2 57.4 4.1 2 

4 1o18 9.6 159.1 5.17 
5 16 20 6.1 59.1 8.64 

6 2 2 0 1.8 59132.29, 

723 180 5.1 57.4 '10.3 

8 27 0 3.1 57.4 17.63 
9 31 0 3.5 5'7.4 1i5.57 

'10 35 0 8.1 60 6.45 

11 40 1i0 8.4 60 6.14 
12 41 180 4.2 60 13.45
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2.6.7.2 One-Foot Side Drop 

In the 1-ft side-drop event, the cask (equipped with an impact limiter over each end) falls a 

distance of 1 foot onto a flat, unyielding, horizontal surface. The cask strikes the surface in a 

horizontal position, thereby resulting in a side impact on the cask. The types of loading involved 
in a side-drop event are closure lid bolt preload, internal pressure load, thermal load, and inertial 

body load. The analysis is performed using a 20g acceleration load, which provides a bounding 
analysis, since it exceeds the calculated g-loads for the one-foot side drop event shown in Table 

2.6.7.5-6.  

The same conditions evaluated for the end-drop are also used in the side drop evaluation. Stress 
results for the combined 1-ft side-impact loading condition are documented in Tables 2.6.7.2-1 

through 2.6.7.2-8.  

As shown in Tables 2.6.7.2-5 and 216.7.2-6, the margins of safety for the primary stress intensity 
category are positive for the 1-ft side-drop condition. The most critically stressed component in 
the system is the cask body ligament region. The minimum margin of safety is found to be +0.08 
for primary membrane stress intensity, as documented in Table 2.6.7.2-5. The minimum margin 

of safety is found to be +0.33 for primary membrane plus bending stress intensity, as documented 

in Table 2.6.7.2-6.  

As seen from the tables, the minimum margin of safety for primary plus secondary stress 

intensity for the 1-ft side-drop is 1.18 (Table 2.6.7.2-8).  

Because the margins of safety are all positive, the Universal Transport Cask satisfies the 

requirements of 10 CFR 71.71(c)(7) for the 1-ft side-drop (normal transport) condition.
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where 

r'S- 4-FR = 4.72 x 10-5 in/in/IF, coefficient of thermal expansion at 158°F 

ca3 11SS= 8.79 x 10-6 in/in/0 F, coefficient of thermal expansion at 200'F 

L = Length of the section 

AT = 150 - 75 = 75°F, average temperature differential 

Considering differential thermal expansion and 3% initial compression of the HT800 

expansion foam on the inside surface of the neutron shield shell, a compressive load 

develops. The total compression is 

Compression = 3% (0.125) + 0.033 = 0.037 in 

The equivalent compression of the foam is 

% Compression - x 100 = 29.6%.  
0.125 

Interpolating the manufacturer design information presented in Reference, [60], the 

equivalent pressure load developed on the neutron shield shell is 12.1 psi.  

2. Potential pressure developed from extended service of the NS-4-FR neutron shield at high 

temperatures is defined as 3 psi for this evaluation.  

Service Level C 

1. Service Level B loads plus dynamic induced load from a postulated one foot side impact 

(20 g).  

Considering the mass of the neutron shield shell and NS-4-FR, the effective pressure load 

becomes
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P = MA= (0.346)(20) = 6.9 psi 

where, from the dimensions provided in Fig. 2.6.7.7-1 

M= [(4.5)(0.0607) + (0.25)(0.291)] x 1 = .346 Ib, the mass of a 1 in2 unit area, 

A= 20g, the acceleration during a side drop.  

Service Level D 

1. Service Level B loads plus dynamic induced load from a postulated 30-foot side impact 
(60 g). Considering the mass of the neutron shield shell and the NS-4-FR, the effective 

pressure load becomes 

P = (0.346)(60) 20.8 psi.  

The following evaluation is presented for two different load orientations of the fin welds. Case 1 
represents the loads induced as a result of loading applied to the neutron shield and Case 2 
represents loading applied to the radial heat transfer fin.  

Case I-Neutron Shield Shell Loading

Implementing the design criteria for noncontainment support structures presented in NF-3250, 
normal operation load service level stress in the weld region connecting the neutron shield shell 
to the radial heat transfer fin is evaluated using a conservative simplification of the plate and 
shell structure to that of a uniformly loaded beam having unit depth.  

The maximum tension stress from Service Level B is: 

6m 
- 6m 17,867 psi 

t-
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Table 2.6.11.2-1 Stress Analysis Results for Uniform Pressure Loading of Inner Shell Due 

to Lead Pouring (Continued)

X Hoop stress, C"2 (psi) Radial Deflection, y 

(ft) (in.)

9.90 

10.05 

10.20 

10.35 

10.50 

10.65 

10.80 

10.95 

11.10 

11.25 

11.40 

11.55 

11.70 

11.85 

12.00 

12.15 

12.30 

12.45 

12.60 

12 75 

12.90 

13.05 

13.20 

13.35 

13.50 

1365 

13.80 

13.95 

14A10 

14.25 

1440 

14 55 

14.70 

14.85 

15.00

-247.1 

-247.1 

-247.1 

-247.1 

-247.1 

-247.1 

-247.1 

-246.9 

-246.9 

-246.9 

-246.9 

-246.9 

-246.7 

-246.7 

-246.7 

-246.7 

-246.9 

-247.1 

-247T6 

-248.2 

-249. 1 

-2504 

-251.7 

-253.2 

-254.5 

-255.3 

-2551 

-253.2 

-248.6 

-240.7 

-227.9 

-209.9 

-185.9 

-156.5 

-123.5

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-000031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-000031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00031 

-0.00032 

-0.00032 

-0.00032 

-000032 

-0.00032 

-0.00032 

-0.00032 

-0.00032 

-0.00031 

-0.0003 

-0.00029 

-0.00027 

-0.00024 

-0.0002 

-0.00016
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2.6.12 PWR Transportable Storage Canister Analysis - Normal Conditions of Transport 

In this section, the Transportable Storage Canister assembly containing PWR fuel is evaluated for 

the normal conditions of transport. The principal components of the canister assembly are the 

canister, the fuel basket assembly, the shield lid, and the structural lid. The canister and the 

canister shell, bottom plate, and lids are shown in Figures 2.6.12-1 and 2.6.12-2.  

Spacers are used to properly locate the canisters containing Class 1 and 2 PWR fuel in the cask 

cavity. The analysis of the spacers is presented in Section 2.6.16. The geometries and materials 

of construction of the canister, baskets, and spacers are described in Section 1.2.1.2.  

2.6.12.1 Analysis Description 

The Transportable Storage Canister contains and confines the spent fuel in the fuel basket. The 

canister is the defined confinement boundary for its contents during transport and storage 

operations, but the canister is not considered to provide containment during transport operation; 

the Universal Transport Cask provides the containment boundary for transport. The canister in 

the transfer cask serves as the handling component for its basket and contents during loading, 

closure, and transfer from the pool to storage or to the transport vehicle.  

Three canisters of varying lengths are designed to accommodate the three classes of PWR fuel.  

The design parameters of the canisters are provided in Table 1.2-2. For this analysis., the canister 

is modeled with the heaviest fuel (Class 2).  

The structural design criteria for the canister is from the ASME Code Section III, Subsection NB.  

Consistent with this criterion, the structural components of the canister are shown to satisfy the 

allowable stress limits presented in Tables 2.1.2-3 and 2.1.2-4 as applicable. The allowable 

stresses used in this analysis are based on a temperature of 380'F for all locations in the canister, 

unless otherwise indicated. These allowables are conservative for all sections in the canister with 

the exception of Sections 5 and 6 (see Figure 2.6.12.3-1 for section locations).  

For the canister structural lid weld'(Section 13, Figure 2.6.12.3-1), base metal properties are used 

to define the allowable stress limits since the weld filler rod tensile Properties are greater than the 

base metal, Also,, the allowable stress is multiplied by a stress reduction factor of 0.8 per ISG-4 

[49].
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Figure 2.6.14-2 BWR Transportable Storage Canister Shell and Lids

CANISTER SHELL BOTTOM PLATE

SHIELD

STRUCTURAL LID
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2.6.14.1 Analysis Description 

Two canisters of different lengths are designed to accommodate the two classes of BWR fuel.  

The overall lengths of the two BWR canisters are 185.6 in and '1§6.4 in. Other design parameters 
of the canisters are provided in Table 1.2-2. For this analysis, the largest load per disk 

configuration (BWR Class 4) is modeled with the longest canister of 191.80 inches.  

As is the case for the PWR canister, the structural design criteria for the BWR canister is the 
ASME Code, Section IH, Subsection NB. Consistent with this criterion, the structural 
components of the canister are shown to satisfy the allowable stress limits presented in Tables 
2.1.2-3 and 2.1.2-4 as applicable. The allowable stresses used in this analysis are based on a 
maximum material temperature of 380'F for all locations in the canister, unless otherwise 
indicated. These allowables are conservative for all sections because the maximum temperature 
in the canister shell central region is determined to be 363°F in the thermal analysis presented in 
Section 3.4.2. For the canister structural lid weld (Section 13, Figure 2.6.12.3-1), base metal 
properties are used to define the allowable stress limits since the weld filler rod tensile properties 
are greater than the base metal. Also, the allowable stress is multiplied by a stress reduction 
factor of 0.8 per ISG-15 [49].  

The ANSYS finite element computer program is used to analyze the canister for the 1-ft free

drop condition in the top and bottom end, side, and top and bottom comer-impact orientations.  

In addition, the effects of normal operating internal pressure and thermal stresses resulting from 
exposure of the cask to the hot (100°F ambient and solar insolance) and cold (-40'F ambient) 

normal conditions are evaluated. The worst-case stresses from these analyses are presented in 

Section 2.6.14.4.  

2.6.14.2 Finite Element Model Description - BWR Canister 

To evaluate the BWR Transportable Storage Canister for normal conditions of transport, ANSYS 
is used to construct and analyze a finite element model of the canister and its contents. The 

contents modeled consist of the fuel basket support disks and weldments. The fuel assemblies, 

fuel tubes, tie-rods, and related hardware are not explicitly modeled but are accounted for bx 

applying pressure loads to the support disk slots as appropriate.
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2.6.14.9 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Comer

Drop Load Conditions 

The thermal stress loads described in Section 2.6.14.3 are applied in conjunction with the 

primary loads in Section 2.6.14.8 to produce a combined thermal stress plus comer impact 

loading. The stress evaluation is performed according to the ASME Code, Section III, 

Subsection NB. On the basis of results in Section 2.6.14.8, the most critical sections are listed in 

Table 2.6.14.9-1. The stresses reported in this table correspond to the nodal stress at the surface.  

The minimum margin of safety is +1.57 when 3 Sm is used as the stress criterion. Tables 

2.6.14.9-2 through 2.6.14.9-5 present the results for top and bottom corner-drop with thermal 

results for the loading conditions that result in the minimum margins of safety. The margins of 

safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.9-1 BWR Canister Critical Sections for the Combined 1-Foot Corner-Drop 

and Thermal Load Condition

2.6-288

Critical Minimum 
Condition Stress Section Table No. Margin of 

Safety 

Top Corner-Drop + Pm + Pb + Q 2.6.14.9-2 + 2.02 

Thermal (cold) 

Top Corner-Drop + Pm + Pb + Q 2.6.14.9-3 + 2.05 

Thermal (hot) 

Bottom Comer-Drop + Pm + Pb + Q 9 2.6.14.9-4 +1.57 

Pressure + Thermal 
(cold), 450 Basket 

Bottom Corner-Drop + Pm+ Pb + Q 11 2.6,14.9-5 +1.62 
Thermal (hot) IIII
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2.6.15.7 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot 

Side-Drop Load Conditions

The loading for the 1-ft side-drop is combined with the thermal loading for Thermal Case 2 to 

produce the largest stress intensities. The allowable stress intensity, 3 Sm, is evaluated at 

Thermal Case 3 (see Section 2.6.15.6.2). The corner-drop condition is bounded by the side and 

end-drops.  

The 20 cross sections with the smallest margins of safety are presented in Tables 2.6.15.7-1 

through 2.6.15.7-5. The margins of safety are calculated as 

MS = (stress allowable/stress intensity) - 1.  

The tables are identified here.

Table Number 

2.6.13.7-1 

2.6.13.7-2 

2.6.13.7-3 

2.6.13.7-4 

2.6.13.7-5

Basket 

Orientation (Deg) 

0 

31.82 

49.46 

77.92 

90

Thermal 

Case 
2 

2 

2 

2

Stress 

Evaluation 

Pm + Pb + Q 
Pm + Pb + Q 
Pm + Pb + Q 

Pm + Pb + Q 

Pm + Pb + Q

Minimum Margin 

of Safety 

+ 1.44 

+0.78 

+ 0.59 

+ 1.40 

+2.08
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Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 00 Orientation, 

Thermal Case 2

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

14 25.5 18.4 14.5 -36.9 90.0 1.44 

13 24.3 17.6 -14.0 35.3 90.0 1.55 

234 6.5 -14.4 5.1 23.3 90.0 2.86 

232 -.2 -23.1 -.2 23.1 90.0 2.89 

298 -. 1 -23.1 .0 23.1 90.0 2.90 

300 8.8 -11.9 -4.1 22.3 90.0 3.04 

290 -. 1 -21.0 .1 21.0 90.0 3.28 

224 -.1 -20.6 -.2 20.6 90.0 3.37 

281 .1 -19.8 .1 19.8 90.0 3.55 

145 -11.9 -14.9 6.0 19.6 90.0 3.60 

111 -11.9 -14.9 6.0 19.6 90.0 3.60 

215 -.1 -19.3 -.3 19.3 90.0 3.65 

18 -9.3 -15.0 6.2 19.0 90.0 3.74 

266 -9.3 -15.0 6.2 19.0 90.0 3.74 

230 -4.1 -17.4 4.7 18.9 90.0 3.76 

194 -4.1 -17.4 4.7 18.9 90.0 3.76 

270 .0 -18.5 -.4 18.5 90.0 3.87 

134 -15.2 -9.7 5.3 18.4 90.0 3.89 

165 -15.2 -9.7 5.3 18.4 90.0 3.89 

146 -12.9 -12.7 5.4 18.2 90.0 3.93
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strength of lead. Therefore, the effects of stresses resulting from the processes used in 

fabrication of the cask are considered to be negligible. Further discussion of fabrication stresses 

in provided in Section 2.6.11.  

The following sections contain the evaluation of the cask for impact orientations in which the 

cask strikes the impact surface on its end (top 'and bottom), side, corner (top and bottom), and 

end oblique (top and bottom). The impact conditions in accordance with Regulatory Guide 7.8 

and the categories of load to be considered for the hypothetical accident conditions are similar to 

those for the 1-foot free drops, under normal conditions of transport, discussed in Appendix 

2.10.2. Therefore, the discussions in the following sections refer to Appendix 2.10.2 wherever 

applicable.  

Three categories of load-closure lid bolt preload, internal pressure, and inertial body loads-are 

considered on the cask. The inertia loads imposed upon the cask by the impact limiter result 

from the mass of the entire assembly being acted upon by a design deceleration value of 60 g for 

the 30-ft end-drop case. The closure lid bolt preload, internal pressure load, and contents loads 

considered for the 30-ft end-drop condition are similar to those considered for 1-ft end-drop 

condition in Section 2.6.7.1, with the exception that thermal stresses are not considered for 

accident conditions. The material properties of the components are considered to be temperature 

dependent.  

The allowable stress limit criteria is discussed in Section 2.1.2.4. These criteria are used to 

determine the allowable stresses for each cask component, conservatively using the maximum 

operating temperature within a given component to determine the allowable stress throughout 

that component (refer to Table 2.10.2.2-1). For cask body analyses presented in this section, the 

maximum heat conditions (thermal condition 1) is 100°F ambient temperature, maximum decay 

heat load, and maximum solar insolation.  

2.7.1.1 30-Foot End Drop 

In accordance with the requirements of 10 CFR 71.73(c)(1), the Universal Transport Cask is 

structurally evaluated for the 30-foot end-drop condition. In this hypothetical accident, the cask, 

with its payload, spacer (if appropriate), and the impact limiters, falls 30 feet onto a flat, 

unyielding, horizontal surface. The cask strikes the surface in a vertical position; consequently, 

an end impact on the bottom or top end of the cask occurs. The types of loading involved in an
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end-drop accident are closure lid bolt preload, internal pressure, thermal, and inertial body load.  

Appendix 2.10.2 describes the application of each loading condition.  

Figures 2.10.2.2-1 through 2.10.2.2-4 depict the sections used in the post-processing of the cask 

body results. Tables 2.7.1.1-1 through 2.7.1.1-4 present the results for the top-end drop. Tables 

2.7.1.1-3 and 2.7.1.1-4 provide a summary of Pm and Pm + Pb stresses for the top-end drop.  

Tables 2.7.1.1-5 through 2.7.1.1-8 tabulate the results for the bottom-end drop. Tables 2.7.1.1-7 

and 2.7.1.1-8 provide a summary of Pm and Pm + Pb stresses for the bottom end drop. For the top 

end, combined impact loading case, the calculated minimum margin of safety is 1.74 in the top 

forging (Table 2.7.1.1-3). The calculated minimum margin of safety is 0.87 (Table 2.7.1.1-4) for 

primary membrane plus bending. For the bottom end combined impact loading case, the 

minimum margin of safety is 0.53 (Table 2.7.1.1-7) in the ligaments. The minimum margin of 

safety for primary membrane plus bending stress intensity is 0.95 (Table 2.7.1.1-8) in the bottom 

forging.
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Table 2.7.1.3-7 Critical Pm Stress Summary-30-Foot Bottom Corner-Drop, Thermal 

Condition 1

Allowable Margin 
Component Section Angle SI (ksi) Stress(isi) of Safety 

1 3 0 15.9 48 2.03 
2 9 70 12.0 48 3.01 
3 11 0 25.8 45.9 0.78 
4 15 0 18.2 47.3 1,6 
5 16 50 18.5 47.3 1.56 
6 22 70 7.4 47.3 5.38 
7 23 20 15.8 45.9 1.9 
8 24 60 10.9 45.9 3.2 
9 31 40 9.9 45.9 3.64 
10 36 180 8.2 48 4.82 
11 40 80 3.6 48 12.49 
12 41 0 12.5 48 2.85

Table 2.7.1.3-8 Critical Pm + Pb Stress 
Condition 1

Summary-30-Foot Bottom Corner-Drop, Thermal

Allowable Margin 
Component Section Angle SI (ksi) Stress (ksi) of Safety 

1 3 0 20.2 72 2.57 
2 8 0 25.7 65 1.53 
3 11 0 32.6 68.8 1.11 
4 14 0 36.7 70.9 0.94 
5 16 40 21.9 70.9 2.23 
6 22 40 10.6 70.9 5.67 
7 23 0 22.2 68.8 2.1 

8 24 20 13.9 68.8 3.95 
9 31 40 15.2 68.8 3.54 
10 34 60 11.6 62.7 4.39 
11 40 40 6.8 63 8.31 
12 41 0 22.7 72 2.17
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2.7.1.4 30-Foot Oblique Drop 

In accordance with the requirements of 10 CFR 71.73, (c) (1) the Universal Transport Cask is 

structurally evaluated for the hypothetical accident 30-foot oblique drop condition. In this event, 

the cask, with its payload, spacer (if appropriate), and impact limiters, falls 30 feet onto a flat., 

unyielding, horizontal surface. The cask strikes the surface obliquely on its top or bottom comer.  

An oblique orientation angle of 750 from vertical is evaluated for the oblique drops.  

The results of the stress evaluation are provided in Tables 2.7.1.4-1 through 2.7.1.4-4 for the top 

oblique and 2.7.1.4-5 through 2.7.1.4-8 for the bottom oblique drop orientations. For the top 

oblique combined impact loading case, the minimum margin of safety for membrane stress 

intensity is 0.59 (Table 2.7.1.4-3) in the bottom portion of the outer shell. The minimum margin 

of safety for membrane plus bending stress intensity is 0.11 (Table 2.7.1.4-4) in the bottom 

forging.  

For the bottom oblique, combined impact loading case, the minimum margin of safety for 

membrane stress intensity is 0.79 (Table 2.7.1.4-7) in the top portion of the inner shell. The 

minimum margin of safety' for membrane plus bending stress intensity is 0.34 (Table 2.7.1.4-8) in 

the bottom section of the outer shell.
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2.7.9.1 Analysis Description 

The structural design criteria for the canister are contained the ASMiE Code, Section IHI, 

Subsection NB. Consistent with these criteria, the structural components of the canister (shell, 

bottom plate, and structural lid) are shown to satisfy the allowable stress intensity limits 

presented in Table 2.1.2-3. For the canister structural lid weld (Section 13, Figure-2.6.12.3-1,), 

base metal properties are used to define the allowable stress linits since the weld fillerrod tensile 

pro erties are greater than the base metal. Also, the allowable stress is multiplied by a stress 

,reduction factor of 0.8 per ISG-115 [4,9]..  

The ANSYS finite element program is used to evaluate the canister for the 30-ft drop conditions 

in the top and bottom-end, top and bottom-corner, and side-impact orientations. The ANSYS 

finite element model is the same as that used for the evaluation of the 1-ft drop impacts evaluated 

for normal conditions of transport. The model is described in Section 2.6.14.2.  

2.7.9.2 Analysis Results - BWR Canister 

The detailed results of the analysis for the 30-ft side, top and bottom comer, and top and bottom

end drops are presented in Tables 2.7.9.2-1 through 2.7.9.2-10. Only the load cases that result in 

the worst case margins are presented for each of the drop orientations considered. For the side 

drop, the worst case configuration is without pressure and the basket oriented at 00. For the 

bottom-drop, the worst case occurs with internal pressure. For the top-end drop, the most severe 

condition occurs without pressure. For the bottom-comer drops, the worst case stresses occur 

without pressure and the basket oriented at 0'. For the top-comer drops, the worst case occurs 

with pressure for primary membrane and without pressure for membrane plus bending.  

A drop accident stress evaluation is performed for the 30-ft side-drop, top and bottom-end drops, 

and for the top and bottom-comer drop conditions by applying a 60 g deceleration load. The 

loads developed in the basket are transferred through the canister wall into the inner shell (for the 

side-drop and oblique drops), and any axial component is transferred into the ends of the cask 

cavity. The axial loads are maximized for the end-drops and corner-drop conditions. The lateral 

loads are maximized in the side-drop since an enveloping acceleration is employed in the 

analysis. Regardless of the angle of the drop, the canister wall is uniformly supported along its 

length by the transport cask inner shell, and the load path is not affected by drop orientations 

close to the side-drop orientation. The oblique orientation will not provide enveloping loading 

above the side-drop conditions. Therefore, oblique orientations other than the comer drops are 

not considered.  
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The section stresses presented in the tables are identified by a section number. The minimum 
margin of safety at each section is presented by denoting the circumferential angle where the 
minimum margin of safety occurs. A cross-section of the canister showing the section numbers 
is presented in Figure 2.7.9.2-1. Stresses are evaluated at 9' increments around the 
circumference for each of the locations shown in Figure 2.7.9.2-1. The canister minimum 
margins of safety for the governing drop conditions are summarized in Table 2.7.9.2-11.  

The methodology used to evaluate the stresses for the side drop is identical to that used for the 
normal conditions 1-ft side drop for the BWR canister (Section 2.6.14.6). Sections 9, 10, and 11 
at the 0' circumferential position (see Figure 2.6.12.3-1) are not included in the evaluation.  
These regions are characterized as a bearing stress since they result from the canister shell 
bearing against cask inner shell. An evaluation of these bearing stresses is not required for 
accident conditions. Results for Sections 9, 10, and 1 I at angular locations other than 0' are 

included in the evaluation.  

Design changes were made to the BWR basket after the initial analyses were performed. The 
effects of the design changes on the BWR canister are discussed in Section 2.6.14.2. The same 
procedure used to scale the BWR canister stress intensities in Section 2.6.14.2 is used for the 
accident conditions in the following evaluation.  

The allowable stresses presented in the tables are for Type 304L stainless steel. The shield lid is 
constructed of Type 304 stainless steel. which possesses higher allowxable stresses, resulting in a 

conservative evaluation. These allowables are evaluated at 380'F, unless otherwise indicated.  

Review of the thermal analyses shows that the maximum temperature of the canister is 363'F 
(Section 3.4), so the presented margins of safety are conservative.
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2.10.,3 Confirmatory Testing Program - UMS® Impact Limiters and Attachments 

This section provides a description of the scale model test program, which was carried out as 

confirmatory support of, the analysis and licensing effort fior the design qualif e 

NACf-UMISO Trans'port Cask impact -limiters..and attachments-. More specifically, _the- purpolse lof 

the ^UMS Scale Model Test Program was to confirm (1) the capability of the impact limiters to 

restrict the deceleration of the cask to the design limits used in the structural evaluation of the 

transport cask; and (2) the impact limiters remain attache-d t~o the cask body, 

The test results confirm the impact limiter analysis and provIde physical evidence that the LUMSO 

impact limiters will function as designed to limit the deceleration applied to the cask and its 

contents and to remain attached to the transport cask during an accident condition impact.  

The scale model test program for the NAC-UMS® impact limiters included:(1) 30-foot drops of 

a quarter-scale model of the UMS cask in the top end, side, and top comner impact orientations 

and (2) a static compression test for the top end drop cask orientation. The total weight of the 

quarter-scale model and impact limiters (4,060 pounds)_,; cresponded to the full-scale'260,000 

pou nds. design limit of the NAC-LTMS® Transport Cask.  

This' section' presen Its "IIthe Isca le _ model- impact li mit er Iand attac-hme'n't drawigs the, test' 

descriptions, test result.s, and conclusions that demonstrate the design quification of the impact 

limiters and tieir attachment P s. S 

2. 10.3.1 Confirmatory Testing Program Results Summar 

Three 30-foo drptsswrpromdfrthe M'S- ira ns'po-rt c~a'sk sc ale model _t~est prog6ura'm-.  

The. top end drop, andtopý corner drop test were performed at the ~drop test facilt attle OAk 

Ridge National Laboratory (QRL 'in'April'1999.- The, Side drop tetas performed at Sandia 

National~ T Laoaoy (SN~sing a, different quarter-s~cale mdli ac 01 

Since the, f ,. pupo~se..of the UMS® DP~:rop Tet PIrogra ..was,_to confirm the des ,ign of the UMýS, 
transport cas k impact limiters anid atahets ledsign of the scale m-odel1 package focu~se~d on 

the- limiters andtei-ttachm ents to the cask body.. The scale mnodel. body, yias',dsigned to 

accurately represent het eraebtenhe ecsboyadthe imrpact limiters and the we~ight, 

CG ~and 'mass momentf ofinertia of, the cask body,_and its .con tents.JThe use ofl a sca1e'mod e is 

appropriate to perform these tests and the scale selected. for the tests was a quarter-scale model.
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Using a smaller scale model would, present fabrication- difficulties, while use of, a. larger scale 

model, would. increase the drop pad requirement (mass and -geometric size). Thc drop pads at 

QLand SNL met the-requirement of the JA-EA1 to -simulate an unyielding surface for the 

MS® quarter-scalle model. The test data consisted of measurements of the deformations of the 

impact limiters, the package accelerations, and inspection of the retaining, rods. ]Impact linmiter 
measurements were performed before and after each testlto determine the crush depOthof the 
impact limiters. The measured crush depths are used to demonstrate that the impact limiter 

design calculations are bounding. The accelerations are recorded by accelerometers attached to 
the model body. The accelerometers are positioned and oriented so that a single• acceleroeter 
records the vertical acceleration of the model. The acceleration data obtained from the 
accelerometers contained contributions to the acceleration signal that were extraneous basled on 
the frequencies of the contributions. For this reason, the acceleration data was further processed 
to extract accelerations, which were compared to the accelerations calculated by the LS-DYNA 
finite, element analysis, program. Additional test documentation included high-speed 
photography that confirmed the orientation of the cask at impact and still photographs of the 
scale model, impact limiters, and the impact limiter. retaining rods. Post-test inspection oithe 
retaining rods and the- impact limiters confirmed that the impact limiters have a significant 
margin of safety for remaining attached to the cask body during and after a 30-foot drop test 

impact.  

The Ls-DYNA analyses for the quarter-s'cale model are presented in Section 2.10.3.7.  

The, quarter-'scale model30-foot dop test acceleration values.and the ,LS-DYNA predited 
(calculated) values are sum marized in the following table: 

UMS Quarter-Scale Drop Test Results LS-DYNA Prediction D~ign 

Cask model BasiS Acceleration 
Top Bottom Top 

tain Acclroee Accelerometer .. Bottom 9 Drop Orientain eAceleroeter ke-c'elerometer Accelerometerg 

Top Comer '121 N/A i43 N/A 240 

T6piEnd 207 N/A 226 N/A )40 

Side 190 198 220 213 240 

The drop test measured crush- depths and the LS-DYNA predicted'(calculated) I alues ae 

summarized in the following table:
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Where: 

L=44.-6inches 

Uýsing the cross-s'ection of both pipes, the moment of inertia is: 

I ) (D4 D4) n (20-17 4)=3,754 in4.forthe20-inchpipe,and 
64 0 ,64 

114 (Do - Di (14 -12.5 )=687 in fortthel4-inchpipe 
64 64 

The total moment of inertia is 4,441 in4 

B =283E+_06_ psi' 

p'= effective mass per unit length of beam 
= 2,812/44.6/386.4 =.163 lb -Sec I in2 

Substituting, 

fb = 694Hz 

In accordance with Blevins, the shear and bending mode frequencies are combined as: 

or 

fc 330 Hz 

The fiter frequecy is. coRservatively selected to be 450 Hz for the side drop..  

2.10.3.4.• kesults/vEaluation for the 30-Foot SideDrop 

The 30fo iedo a h nyts &fne tN uigthe qq qKe-scal e model foi the 

transport cask.~ Prior to lifting. tlie sbc1e model, pckage to the 30-fot drop heigh, the trqufo 

the retani~ng rods and nuts- were inspected to ensure that the torque sp~ecifications were met.  

High-speed-camneras were posi tioned- atj to locations with respect to, the model. Cameras were 

positioned to view the model fromthn d and cameraweepsUnetbtn a side view of 

the model impacting the.,pad. The lateral view confirmed that. the axis of, the Cask model wvas
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effectively horizontal at ~the time of impact. There appeared to. be no rocking of the cask during 
the drop andd the model rebound was less than six inches after the initial 30-foot drop impact.  

2.10.13.4.4 Impact Imiter Deformation and Attachment Data 

After the side drop-test, it was observed- that the impc limiters remained atIache I d -to the c ask 
body m model (see Figure 2.10.3 -.5). The impiact limiters were removed and it- was observed that 
twelve attachment rods remained intact for the top impact limiter and nine attachment rods 
remained intact for the bottom impact limiter. These results indicate that both impact limiters 
remained attached to the cask body during and after the side drop test. Upon inspection of the 
rods, it was determined that the rods, which failed outside the crushed region, exhibited a tensile 
failure at the- location where the attachment rod abruptly changed diameter (threadedundercut).  
The design of the square cut out in the attachment rod has been reversed to allow the thread run 
out to terminate at the location of the previous square cut out.  

Measurements of the deformed model impact miter dimensions were obtainedf the side 

drop test to determine the crush depth that occurred. These dimensions are tabulated-bel ow, 
along with the crsh depth calculatedby LS-DYNA for the quarter-scale model (The description 
of the LS-DYNA analyses supporting these values is presented in Section 2.10.3.7).  

Model Drop Test Crush Depth LS-DYNA Crush Depth Prediction 

Original Final Measured Original Final Total 
Location Thickness s Thic' Thickness Thicknes rhin Crs 

Side Drop-under .00.63.2. .47.....  

the trunnion S~ide. Drop-vbottom 
SideDrpaottomi 5.13 2.38 2.75 5.13 2.42 2.711 
impact limiter 

2.10.3.4.5 Accelerotmeter Data fr om thhe 30-Foot Side Drop Test 

The unfilterem accelerometertýraces werie 'electronicalY stored( topert fi terng after the tests.  
Three acc-eler~a~tion tra*c-e-s -w'er-e 'ob6t~ai-n'e-d nea-r t-he bottom of th moel and three acceleration 
traces w Ie.r e Abtain ,ed ,n .ear. thetý' the ,mo.,del The Iac celerati .on -ti .me h ,istori~ie s, ,b .oth the fil :tere Id 
anid the un~f-ilter~e-d ,d-a-t-a with maximumf accelerations, are, shown in Figure 2.10.3-6 fort fe top end 

andi Fiue21037 flor-the bottom 'end, locations on the cask niodý]. Figur e- 2.O38 s'hpws th 
acceleration' trace co~ntairning:-the m .ax~imum~ aqcceleration ~for the top end' along,_with the 
acceleration' time- 'isoryopue by- USDN (asescribed iSection 2.10.3.7). A similar

2. 10.3-2j4
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set of curves is, shown in Figure 2.10.3-9 for the bottomr end of the cask that compares the 

maximum acceleration obtained from testing to the acceleration tim history obtained from the 

LS-'DYNA -analysis in Sect-ion 2.10-3.j. The peak accelerati~ons for the quarte~r-scale. model- Are 

shown Plbelow.' 

ModeiAcceleration Res-uts LS.DYNAr A-cncelerationi 
IfNMS ()PectoDeign 

Cask Model (g) Basis Ac'celeratioin 

Drop Orientation Top Bottom ToP Bottom (g) 
Accelerometer Accelerometer Accelerometer Accelerometer 

Side §0 l9 193 210 240 

2.Q .3.4.6 Energy Absorption Capacitj of the Impact Limiter in the 30-F6oot Sitde Drop 

The capacity to absorb energy is the function of the impact limiter. For a side impact, the energy 

absorption of the impact limiter can be obtained from the 30-foot side drop test results.  

Similarly, the results of the static test for the end drop orientation can be used to determine the 

energy ablsorpt~ion for the endý orientation. ,-The-, side-, drop acceleration time -history. can, be 

integrated twice to obtain theý dslcmnt, which can be plotted versus the force (the ppoduc'( of 

the acceleration time history and the model•weight, i.e., the acceleration time history in units of 

g). This force versus displacement time history is shown in Figure 2.10.3-10. The a-rea under 

this curve corresponds to u.46d E6wnch-pounds which is wi thin I %of the total energy (TE) otf the 

side drop test (1 .47E6 inch-pounds). The total energy, is obtained by multiplying the model 

weight of 4,060 pounds times the totali- q. ryeir•d, which is h60 esnchs plus the average 

of9the crush dept hs (2.8 7 + 2.75)5?/2.-Fro6m e thi.e dr•o test results, the upper impact limiter has 

a 0.5-inch depth of- uncrus~he-d w-o-o-dreýma'ining, at the trunnion cutout and the lower impact 

limiter- has a 2.25-inch depth' o uncrushedwoodremaining at the umaximum._. crush-sceqrid 

Thus, the upper limiter is most limiting. Since th" uPper impact limiter can crush until the 

trunnion comes into contact with the impact _plane,: there is an®additional 0.5-inch crush d 

available. Using _70,0QO puds hich represents the total force from the top and bottom 

impact limiter)_from the force-displacemnttime history curve, this potential additional Q.5-inch 

crush distance -corresponds t_540,0)or 37 5,000 inch-poun ds of additional _energy, _which 

coud b aborbd Tusfor a- sie im ct theUMS imac limiters have an additiona enery 

absorption capacity, ofjappoxpaey2%(5Q0/ 6E)
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2.10.3.4.7 Summary of the Side Drop Test 

The compaI son of the maximum test Iaccelerations t-hoecmpqby4-D 

considered to be acceptable. The LS.-DYNA results shows that the predicted accelerations are 
appYoximately 10% above the test values. Additionally, the design acceleration corresponding to 
the quarter-scale model is 240g. This indicates that, not only is there a 10% magin 10%ween LS
DYNA and the design basis acceleration, but there is considered to be additional margin between 

th rdcted values and the test data.._With respect to, maxi urn crush depth,~ LS-PYNA was 
showntoi _provide -a conservative prediction. Using the dynamic _force-deflection curv the 

UMS_ imac lmter design is shown to have* an additional 25% energyabopincait 
required to decelerate the transport cask. The side drop test performedat Sandia .National 
Laboratory confirms that the UMS impact limiters -are adequate to -limit the cask component 

accelerations well within the design basis accelerations.  

2.!0.3.5 Evaluation of the 30-Foot Oblique Drop 

In Section 2.6.7,5.5, a parametric study was performed to show that for the NAC-STC cask, the 
side drop produces •ihe maximum lateral accelerations. This, is due to th-ow lengt tradius.6f 

gyrationrafito forthe t STC cask. The following table compares the iroIf the, UMS -and the 
NAC-STC casks

Cask Ur , 

LT S(® :11.4 8.  

NAC-STC 
:1.50 

Based on this compason, it is concluded that t e.side.drop provides bounding. acceleratons 
over shallow oblique drops. Consequently, a separate obique drop test is not required.  

2.10.3.6. Scale Model Drawings 

The drawings for the ORNL and SNL quartI-er -scale models are included in thissection for

reference.  

2.10.3.6.1 0- R'--NL, Dro p-- Tes*t* M_ o-d-e~l 

The detailed, dimensions, weldingnd .materials are shown" on.o the drawings of. the model body 
and impact limiters used in the ORNL drop tests.
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2.10.4 Dy.amic Load Factor (DLF) Evaluation for PWR and BWR Support Disks 

Design basis accelerations of 20g, and 60g are used in the PWR and BWR support disk 

elval uations for, no ,rmal conditions (Sections 2.6.13 and 2.6.15) and accident condition's(Sections 

2ý.7.8 and 2.7. 10), res pe cti vely. This section is.to demo nstrate t hat, wi th the consideration of the 

Dynamic Load Factors (DLF), the maximum acceleration occurring at the support disks is 

bounded by the design basis accelerations. The 1-foot end drop and 1-foot side drop conditions 

are evaluated in Sections 2.10.4.1 and.2.10.4.2, respectively. Both the PWIR and BWR support 

disks are considered.  

2.10.4.1 I-Foot End Drop Analysis 

Two ANSYS finite element models, constructed using SHELL63 elements, are used for the end 

drop analysis as shown in Figures 2.10.4.1-1 and 2.10.4.1-2 for PWR and BWR support disks, 

respectively. The model represents a single support disk restrained at the tie-rod locations in the 

Z-direction (perpendicular to the plane of the disk).  

The maximum acceleration (g. ) at the cask surface determined by the impact limiter analysis is 

17.1g for the I-foot end drop (Tabl e 2.10.4.1-1). The corresponding acceleration time histofies 

are shown in Figure 2. 91041.1

The steps used to determine the DLF, and the response, acceleration of the support disk for the 

1-foot drop condition, are: 

1. The acceleration time history for the 1if2oot end drop condition obtained from impact 

limiter anly~sisj Fgur .1..13 is transformed~ into a frequency response spectrum as 

shown inFigure 2.10.4.1-4, using the response spectrum .generator in ANSYS. The zero

period acc~ellerat~ion (,>1000 ,Hz),i~s noted ,a~s 17..33g.

2-. Amoa.ap.!layalyysis performed for the.PW.R and BWR.suppor disks using the ANSYS 

models ..shown in Figu4es 2.10.4.1-1 and 2.10.4.1-2. The, modal frequencies and the 

correspqnding moqd al ,participation factors (DFN) are determined by the analysis., Note 

that thie MPFs for modes above 1000- Hz ýare ne'giigibl~e and hence not included,

2.10.4-1
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3. ased on th frequen~cy, response spectrum obtained in, Step 2, the responise acceler ,ation 

(g~s iscluae sn h qaeroto-h-u-fte qae (SRSS)_method in 
conjjunction with the~ absolute sum of the modal response. for closely spaced modes (see 

N;RC Regulatory Guide 1.92 [59]). As shown in Tables 2.10.4.1-1 and 2.10.4.1-2, the 
Iresponseaccelration is calculfatedl to be 13.45- ~ 35gfrPL.adBRspor 

,disks,, respectively. Only the out-of-plane vibrational modes are considered.  

The' DLF is determ-ined by dividing the response ~acceleration gss bthmaximum 

acceleration .(gn,,) froma the Impact limiter analysis, results (i.e., DLF ('SRss)./(m~) 

C-onsequently, the DLF for the PWVR.support disks is calculated to- be 0.79 (13.451/17.1.). The 

DLF for the BWR support disks iscalculated to be 0.719 (13.53/17.,1), 

As shown in Tables 2.10.4.1-1 and 2.10.4.1-2, the maximum response acceleration for both the 

PWR and BWR support disks for 1-foot end drop condition is less than 20g and, hence, are 

bounded by the diesig,-n basis accelerations of 20gj.or inormal conditions of transport. Similar 

results are expected for the accident condi ti ons and, 'therefore, nIof futer evalluation is Performed.

2.10.4-2
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2.10.4.2 Si de D6ropAnaiysis 

The ANSYS PJWR and BWR disk models used in the side drop analysis are shown in Figures 

.2.10.4.2-1_ and.2.10.4.2-2, respectively.- The, models are the same as those for the end dlrop 

analyses except that different boundary conditions are applied, as shown. For each model, the 

support at location "A" allows movement in the "x" direction, but constrains movement in the 
"y" and "z" directions. Similarly, the support at location "B" allows movement in the"y" 

direction, but constrains movement in the "x" and 'Y' directions.  

Figure 2'.10.4.2-3. shows the LS.-DYNA finite element model for t~he side drop analysis. This 

model represents a half-symmetry section (1.5 inch in longitudinal direction) of the cask body 

(outer shell, lead shell, inner shelIl), canister and a support disk.  

Syrmetry boundary conditions are applied at the plane of symmetry. Inertia load is applied in 

the, negative "'y" direction. The cask body is very heavy compared with the mass of the support 

disk, and fuel. Hence, a model of cask body with an axial length equivalent to 3 times the, disk, 
thickness is sufficient to represent the physical interaction between the cask shells and the 

supportdisk.. An effective density is used for the support disk to account for the, self-weightof 
the disk andIhn tthe weight ofthe fuel assembly.  

The mass of the support disk is, negligible compared with the mass, of the cask shells. Therede 

there is no disk-to-cask interaction. The influence of the disk natural frequencies on the self

excitatilon of cask- body is n~egligible. Since the main interaction is from cask-to-disk, the support 

di'sk is" simply modeled as .a rigi Id .material. -The IB IWR support disk configuIr IaIt IIon is used fo Ir Ith IeI 

dis i te odl.Th dnsity of ,the, d~isk is.a~djusted to account. for the actual weight for. P'IVR 
and BWR C'onfigurations. The structural behavior of the cask'shells is elastic-plastic• The model 

has 0 fou cntact interf aces.  

1. eteenpthenrdiSK and ecanist.ell 
2. bet ween' t" h e c ani s t-eri- anýdf in-n e'rsh-ell._1 

Y. 6etweei _t~he -inner, shell andl la&&shelL 

4 be~tw'e'en tela hl adotrsel 

The maximum- acceleration (g 1 )at_ the cask' surface- determined by the impact limiter analyssi 

16.4g for the 1-foot side drop (Table 2,10.4.1-1). The corresponding acceleration time histories are 

shown' in Figure 2.10.41.4A
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The steps used to determine the DbL, and the response acceleration of the support disk, are: 

1., The Iacceleration time history for side drop condition obtained from the impact limiter 
analysis is used as a dynamic load input to the LS-DYNA model. The response 
acceleration- time history corresponding to the support disk is determined by this analysis.  

2. The response acceleration time history is filtered at 10.00 Hz (because MPFs- above this 
frequency are negligible). using, the LS-DYNA post-processor to remove the high 
frequency components of the response. See Figures 2.10.4.2-5 and 2.10.4.2-6 oir ite 
unfiltered and filtered acceleration time histories for PWR and BWR, respectively.  

3. The filtered acceleration time history obtained above is transformed into a frequency 
response spectrum using the response: spectrum generator in ANSYS,.. The zero-pe-r iod 
accelerations (>1000 Hz) are noted as 10.38g for PVR (Figure 2.10.4.2-7) and as, 1L6g 
for BWR (Figures 2.10.4.2-8), respectively.  

4. A modal analysis is perfo9red for the PWR and BW support disks using the ANSYS 
models, (Figure's -02.10A..2-1 --and . 2,10.4.2-2). The modal frequencies and the 
corresponding m~odal ,partic ,ipatio~n fac-tors .(MIPE) are determined by the anal ysis., Note, 
that the MPFs for modes above 1000 Hz are negligible and hence not included.  

5. Based on the frequencyresponse spectrum obtained in step-4, the response acceleration 

(gsRss) is calculated uing thkesquare-roit-of-_tesh . f-the-squaes. (SRSS) method'in 
conjunction with the absolute•s•ur. of.the.modal response for€closely spaced modes (see NRC 
Regulat.ry,_Gude 1.,912). .As,,•s•hown in Tables 2.10.4.2-1 and 20.4.2-2,2the aclerton 

response (gsRss) is calcuae to be1.99g and-15.72g for PWR and BWR support dss 
respectively.- Only the in-plaane vibrational modes are considered.  

The DLF is dete-r-m'ine-d"6byý!_Aidin.,g., therespon~se accel~erati-o-n ,(gss) by the maxi'mum acceleration 
(g..) from the ipacp~tlimiter .analysis results (i.e. DLF-=U = SSgs /.s)I(gnw)).ý The L. fortePIR n 
BWR support'disks is calculated tobe 0.91 (14.99/16.4) and 0.96 (15.72/16.4), respcti yelY 

As shown in-Ta'bles 2.042-1_an d-2.'10.4.-2-2-,Jth-e 'm-a'xi4mum respons- -cceleration for bŽt the PWR 
and BWR support disks for 1-foot-t side dmp condition are less than 20g. and, hence, are bounded by 

the design basis acceleranions of 20 for normal conditions of transport. similar resultsd epected 
for the acclidenrt-c-onditind ofrhreauto spromd

2.10.*4-8
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2.11.1.11 Maine Yankee Site Specific ,Spent Fuel 

The standard spent fuel assembly for the Maine Yankee site is the Combustion Engineering (IqE) 

14_x1_4 fuel -assembly, Fuel of the same design has also been supplied by. Westinghouse and by 

Exxon. The standard 14.x14 fuel assemblies are, included. in the population of the design basis 

PWR fuel assemblies for the LMS• Transport System (see Table 1.2.5). The structural 

evaluation for the UMs 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 Secti•on 1. 3.1.  

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

1,360 Plbs ., This weight is bounded by the weight of the design basis PWR fuel assembly 

(37,608/24 .. 1,567 lbs) used in the PWR support disk analysis presented in Section 2.6.13. The 

fuel configurations with removed fuel rods, with fuel rods replaced by solid stainless steel or 

Zircaloy rods, or with poison rods replaced by hollow Zircaloy rods, all weigh less than the 

stan dard 14x14 fuel assemb ly. The configuration with instrument thimbles installed in the center 

guide tube position weighs less than the standard assemibly with the control element assembly 

installed. Consequently, this configuration js also bounded by the weight of the design basis fu~el 

assembly. Since the weiht of any of these fuel assembly configurations is bounded by t e 

design basis fuel, assembly,)weight, no additional analysis of these configurations is, rqired.  

A structural evaluation is required for the suiport disk, for the configuration holding consolidated 

fuel.:- Th4ere .are t~wo .con~solildated fuel 'lattices,_ each constructed of 17x 17 Zircaloy_ fuel grids and 

stails steel end filttings' which !are, connected by 4 stainless, steel support rods,. .,One of- the 

consolidated fuel lIat~tices* h• 283 fuel rods with 2 empty positions. The other has 172 fuel rods 

with the remaining positions either empty or holding stainless steel rods. The calculated weigzht 

for the heav'iest of the two consolidated fuel lattices is -2,400, lbs-.  

A parametric study is performed to. show that -the- PWVR support disk holdingz a ýMaine Yankee 

consolidated fuel ltieis bounided by the UMS,ýP~WR suprtds stres evaluation presentd 

in. See.ti~•9..n 2..6.13, :Note tha~tonly one consplidated fuel lattice will be loade~d. inan y single 

Transportable -Storage Canister andthat the loading Position of the consolidated fuel assembly Is 

restricted to a basket comrerinsitioin (see'Section*!.3.1)

21. 11'.1,_- 1'
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However, Maine Yankee fuel cans holding other intact or damaged fuel can be loaded in the 
othr threecorner positions of the basket (Maine Yankee fuel cans may be loaded only in, the four 

corner positions of the basket. See Figure. 2.11.1.1-1 for corner positions). Therefore, the 
bounding case for Maine Yankee is the basket configuration wvith tw~enty (20) Maine Yankee 
fuel assemblies, thrcee (3) fuel cans containing spent fuel, andone () fuel can containing 

consolidated fueL 

The two'-dimensional ANSYS model used in the support disk evaluation (see.Figiire 2.64'3-2) in.  
Section 2.6.13 is employed for the parametric stud The boundary condition of the 

modified by restraining the outer surface of the canister shell. The load from. a PWR fuel 
assembly is modeled as a pressure load at the inner surface of each support disk slot opening.  

The design ,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 thickness 0.5 inch, and the number of disks = 30), 
the pressure load corresponding to a Maine-Yankee standard CE 14x 14 fuel assembly is 10.3 psi, 
The pressure load is 11.3 psi for a Maine Yankee fuel can holding an intact or damaged fuel 
assembly. For a Maine Yankee fuel can holding consolidated fuel, the 1ressure load is 17.0 psi, 

This study considers both the 1 -foot (20g) and the 30-foot (60g) side drop conditions for four 

different drop qorentations: 0?, 18.22', 26.28', and 45, as shn i1. A total, 'of 
five cases are considered in 'the study. Inertial loads are applied to the support disk in -all cases* 
The base case considers that All 24 fuel positi6ns hold design basis PWR fuel assemblies. The 

othe or' f 6fc~ases (Cases ,throg 4) q rersetfur pos~sible load combinations for the placement 

of f~our MaineiYankeee fuel cans: in the comer pOsitions; o'ne of which holds consolidated fuel.  
the remnaining- qtwenty (2Q) basket positions hold'Maine Yankee standard 14xl4 fuel assemblies.  

Tebsket loading positions are shown in Figure 2.11.1.1-1. The load cobntons ealute 

inte fur-Maine Yake fuel can loading assare: 

Case Basket Position Basket Position1 Basket Position Basket Position 
1 2 3 4 

1 Consolidated Damaged Damaged Damaged 
2 Damaged Consolidated Damaged Damaged 
3 Damaged Damaged Damaged Consolidated 
4 Damaged Damaged Consolidated Damaged

2.11.1-2
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'8.' Damaged Fuel Assemblies 

Damaged fuel assemblies are standard fuel assemblies with fuel rods that have, knownx~or 

"suspected cladding defects greater than hairline cracks or pinhole leaks. Each damagedfue 

passemb~ly will be placed,~ Maine, Yankee -fuel can. _The primary function of the fuel can' is to 
confine fuel material within the can and- to facilitate handling and retrievability. The Maine 

Yankee fuel can is shown, in Drawings 412-501 and 412-502. The placement of the l oaded fuel 

cans is restricted by operating -procedures and/or Technical Specifications to loading into the four 

fuel tube positions at the. periphery of the fuel basket as shown in Fi gure 3. 6. 1. 1-4. Thejheat loa -d 

for-elach damage~d fuel -assembly is limiltedto, the design basis heat load of 0.833 kW, (2,0 kW/24)., 

A steady-state thermal analysis is performed using the three-dimensional cask model described in 
Section 3.4..11.1 simulating 100% failure of the damaged fuel rods held in the Maine Yankee 

fuel can. The canister is assumed to contain twenty (20) design basis PWR fuel assemblies and 

damaged fuel assemblies in fuel cans in each of the four comer positions.  

A debris compaction length of 104 eis considered alysis based on the volume9of 

fuel rod-s- 'and"a 50% comppaction. of the debris. Additionally, this 104:inch debris region .is 

assumedý t .o be located at the center, of the, active fuel region of the design basis PjWR fuel 

assemblies, aS.s-shown in Figure 16,1.4-4. The entire heat load for a single fuel assembly (i.e., 

0.833o-kW)ji considered to be concentrated in the debris region., The effective thermal 

conductivities for the design basis PWVR fuel assembly (Section 3.4.1.1.2) are used for the debris

region. This is- conservative, ýsince the debris. (100% ,failed'rods) is expect.ed to have a higher 

denit (bttr ondcton an mresurac aie etter radiation) than an intactfe assembly, 

In adýdition the thera codcivtfhe~liumis used for the remainder of the active fel lengthý.  

Bonary codtoscrepnigt omlt Anpr are used at the outers eur o the cask 
(seeSecion3.4,1.J).The fesuilts, of the ,stead y::sate therm al anayis for 10%fulrdfe 

cladding and guide tube failure- are: 
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Maximum Temperature ('F) 
Description Fuel Cladding Damaged Fuei support Disk Heat Transfer Disk 

Configuration with damragedý 
fuel. loaded in four basket 682 633 6189 614 
corner. locations 
Design -basis PWR fuel 673 N/A 608 605 
Alowable 716 N/A 656 700 

As shown in the previous table, the max imum tempe ratures for the fu'el cladding, damaed fuel 
assembly, support disks, and heat transfer disks for the configuration with damaged fuel loaded 
in four (4) basket cormer locations are within the allowable temperature range. Additionallythe 
maim urnin temperature of the support disk, remains bounded by that use in the structura 

analyses of the fuel basket.  

Damaged high bumup fuel must be loaded into damaged fuel cans. These fuel assemblies have 
more than 1% of rods with oxide layers an_8Q microns or more than 3%-of rods with 
oxide layers greater than 70 microns and burup greater than 45,000 MWD/MTU. The cask 
pressure for this condition is used as input to the containment analysis. Consistent with, the 
containment analysis, a basket release fraction o 20 % i s sapplied. This release fraction accounts 

for. up, to 12 high burnup assembles including up to four classi fed as damaged., Aplying this 
release-fra~ction, to the pressure.e-vailuat~ilo~n Ii.nSectiori 3.4.4.1 yields a normal COnDitions cask 

pressure of 15.61 _psig; calculated using B&4W 17x17,Mark C fuel assembly, parameters.'

3.6-8
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S~ _a JBbdz 
r-S(B) aBb 

where H is the height of the fuel region. With the burnup profile normalized to unity, this 

becomes 

r =-Bbdz.  H 

The integral is evaluated numerically by using the trapezoid rule, and the resulting scale factors 

are shown in Table 5.2-19 for PWR and BWR neutron source rates. The scale factor is unity for 

photon sources because photon source rates vary linearly with burnup.  

The fuel neutron and fuel gamma source rate profile for the design basis PWR fuel assembly is 

tabulated in Table 5.2-20 and shown graphically in Figure 5.2-3. Corresponding BWR profiles 

are given in Table 5.2-21 and Figure 5.2-4.

5.2-7
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Figure 5.2-1 Enveloping Axial Burnup Profile for PWR Design Basis Fuel 
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Figure 5.2-2 Enveloping Axial Burnup Profile for BWR Design Basis Fuel 
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5.4.3.1MethodologU 

The, loading table, analysis extends the, applicability of the initial 10-year cooled 45.Q00 

MWVD/MTU PWR and 40,000 NMWD/W{U BWR shielding design basis evaluation~ by providing 

minimum cool times for 30,000 MWD/MTIJ to_45~,000 MWD/MTU burned fuel assemblies in 

increments of 5,000 MWD/MTU. In addition to the burnup range thetloading table evaluation 

also includes minimum initial enrichment limits ranging from 1.9 to 3.7 wt "g'k7•Ui-fn 0.4 

Wt %2 -5U increments. Changes in the initial enrichment can have a substantial impact on the 

actinide neutron, slource-of the spent nuclear fuel and, thereby, modifies -the muinimum cool times 
required to meet the decay heat and dose rate limits imposed on the transport cask.  

The fuel typ.• analyzed in the loading table analysis include the candidate design basis fuel 
assemblies listed in Section 5.1.1. Note that the analysis of BWR fuel types considers only the 

longer BWR-4/6 type fuel, which bound the shorter BWR-2/3 type fuels.  

A complete •set f so urce spectra and decay heat values for this set of limiting assemblies is then 

computed using the SAS2H[4] d nitial enrichment, bumup, and cool times 

representative of the fuel intended for shipment in the UMS TransportCask.  

Next, the cool time require.for each, fuel, type, initial enrichment, and burnup combination to 

meet, limiting values of decazy_ heat an' dose rate i s determined. The decay heat limits are set 

based on the 'cool-time dependent decay, heat limtits established in Section 3.4.6, as shown in 

"Table 3.4-16. The dose, rate limi•t•s are establishediiased on a one-dimensional analysis of the 

Transport Cask containing the desig- basi PWR p and BWR.fuels under both nonnal aand accident 

conditions.  

Wit h ih limit ng'cro, We idniidfr e~ rue cmb tinth.esults' arefrte 

s may e det• j tin each array size classification. This 

Wasz liiiains- nedd to '.,simpilify fht application~ of the loading tables in 

detefinining the suitability of apariclicirfuel fors shpment without need for a detailed analysis.  

TheSCALE com uter code system is. used to evaluate radiation source terms and t perform- on 

dimensionalhielding ccu.lations.•ý So urcete-r-ms are evaluated using .the SAS2H code,, which 

Prc.syhgL adSi €_e asea.td eORIGEN -S c ode,, ,ncluding tUMUPdp-,eppndent 9coss-section 

pro6essin-._, Sour C ecspra -ataclditibnal_ _co ti ýae vlae bydirect'application ofth 
1Q0iGEN-S-cod'e. T--he S-A-SI co,~,se,--e~--,,e-l-usto d-eter-min~e on-e"-dimne~n'sio~na-l d~ose--ra-t~e-s aii4

5.4-5
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thbe dose, ra te respognse.-functi~ons. Te AS driver p~r~ovidesan interfac ,q to -t ,he -XSDRNPM 
one-diniensional transport code. All SCALE analyses are conducted using the SCý(ALE 27N18G 
group library.  

Thep key analytical assumption made in this analysis is the validity of extending one-dimensional 
.dos.e rate comparisons to, conclusions about the dose rate field in the vicinity pof bt•hcask. This 
assumption is supported by the following: 

1. The. gegometry of the cask system is, essentially the same regardles of the 

fuel-type loaded. Thisis particularly true when the dissipating effects on 
dose rate of the cask shielding materials-are considered. possible concerns 
about an unfavo abl-e geometry (eIg., a fuel assembly end fitting adjacent 

to an area of minimal shielding occurring for a particularfue assebly 
ve-been, considere d both impli-citly in the-- desig of tahe sys -tem ad 

directly in the three dimensional shielding analyses conducted'for the 
design basis fuels.  

2. The one-dimensional. radial dose rates. used for-_the comparison are 
themselves accurate predictions of actual dose rates. The ratio of the 

length of. the 'caisk to its iaeter ensures thttebcd ,a pjroximation 

imp~licit 'In a one-dimensional "calIculation is valid. This asupinI 
further justififed based o:n the results •of a three-dimensional verification 
studyi 

Furthermore, h n mensn doiaaecompasons are made on the, asis -bfjel region 
sources alone. This -analyiss is intended to -consider the impact of the relationship bet..eeni• itial 
eninchment and burmup _on-actinide production in. the active fuel region. The three-dime.sinal 

sh iefdi6g.. c alculations: perfohned r.th Tapr~spCask incorporate thre maimum plenum- and 
en-fiýtting hardwaredes~criptions of all assemblis intended fors simenti h M ytm 

Hecthe non-fuel-soturce regions jave already been considered ~to the maximum extent and it 
is only necessary t emonstraiete"at e'fd -. `re on soures ae- bonde-d-"ythe-desg•Abis.  

This agument is :app _edltb",theosuib!1 ty of considenng s rates computedp oly for the 
radial case.--Since noa�s�pt6f th 8k shield cojntrnsctlon changeswitivagfueipeit s

5.4-6
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7.0 OPERATING PROCEDURES 

The Universal Transport Cask is designed to transport spent nuclear fuel and'Greater Than Class 

C (GTCC) waste, The cask is dry loaded in the spent fuel building or at the onsite Independent 

Spent Fuel Storage Installation (ISFSI). This chapter outlines the procedures for dry loading or 

unloading at either location, conducting the receiving inspection, preparing the cask prior to 

loading or unloading, and preparing the cask for transport following loading or unloading. These 

procedures are based on the assumption that an empty cask is hauled onsite by a railcar or heavy 

haul trailer. Table 7-1 summarizes the major torque values to be used in the procedures.  

The operating procedures outlined in this chapter represent the minimum generic requirements to 

ensure safe and reliable operation of the cask. The cask user is responsible for developing, 

preparing, and approving site-specific procedures in accordance with these procedures, the 

package certificate of compliance, and the user's quality assurance program. Following the 

user-approved operating procedures will assure that cask handling and shipping activities are 

performed in accordance with the Certificate of Compliance, safety analysis report, and 

applicable U.S. Nuclear Regulatory Commission and U.S. Department of Transportation 

regulations governing the packaging and transport of radioactive materials.  

The generic procedures primarily address the loading and unloading of a Universal Transport 

Cask with a Transportable Storage Canister that has already been loaded with spent fuel or 
GTCC waste (S.ections 7.1,3 and 7.3.3). Tese proedre dhescribe the uSe of the transfer cask, 

whc sprimjarily a lIiftin g device, but also provides biologica shielding- when it contains a 

loaded 'canister. The transfer cask is used for the vertical transfer of the canister between 

workstations and the storage 'or transpo"rt-ca~s k-s. Th-e transfer cask is more fully described in the 

Safety, Analysi~s Report (SRfrteUSUniver&sa Soaeystem, Docket No. 72-10151
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Table 7-1 Torque Values 

Number 

Component* Used Fastener Torque Value 

Cask lid bolt 48 2 - 8 - Socket 3,900 + 100 ft-lb 

Head Bolt 

Vent/drain port coverplate bolt 8 1/2 - 13 UNC - Socket 300 + 50 in-lb 

Head Cap Screw 
Lid o-ring test port plug 1 Parker #16 P5N 30 ± 5 in-lb 

Vent/Drain -ng test_ port plug 2 Cajon #SS-2-PST 125 ±5 in-lb 

Impact limiter 32 ASTM Al93.,GRB.S 75 + 5 ft-lb 
retaining rods Aust. Stainless Steel [5] 

Impact limiter nut 32 1-1/4 - 7 UNC 35 ± 2 ft-lb 

Heavy Hex Nut 

Impact limiter 32 1-1/4-.7 UNC 75 ± 5 ft-lb 

jam nut Hex Jam Nut 
Adapter plate bolts 4 1-1/4-7 UNC - Socket 250 ± 30 ft-lb 

Head Cap Screw [5] 

Secondary trunnion bolts 24 1-1/8 - 12 UNF 500 ± 50 ft-lb 

Socket 

Head Cap Screw 

Personnel barrier 6 3/8 - 16 UNC 35 + 2 ft-lb 

(Tie Down Bolts) HeX Head -Bolt 

Impact miterp ositioner 6 3/4 -10 UNC Socket 50.± 5 inl!b 
(upper and lower) eac, dCp, Screw 

Torque values forc.omponents not shown in this table are provided on the appropriate 

license drawings in Section 1.3.4.  

Note: Threadedf fasteners shall be lightly lubricated with Nuclear Grade NEOLUBE® or 

equivalent.
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2. Detorque and remove the vent coverplate bolts.  

3. Remove the vent port coverplate from the lid: 

Note: Thedrai pon coverpIate need not be removed for dry loading or unloading.  

4. Visually inspect 'the port coverplate o-rings for damage, or defects and~ replace if 

necessary. Store the coverplate so that the o-nings and o-ring grooves are ,prtected from 

incidental damage.  

5. Detorques the cask lid bolts using the reverse torquingsequence.  

6. Remove the bolts and store them in a temporary storage area.  

7. Clean and visually inspect boltsfor damage. Replace any damaged bolts.  

8. Install the two cask lid alignment pins.  

9. Install lifting hoist rings in the lid-lifting holes.  

10. Attach the lid-lifting device to the lid and an overhead crane.  

Caution: Ensure that the o-rings and o-ring grooves in the lid are protected from any 

incidental damage to the seal area in its temporary storage position.  

11. Remove the lid and store in a temporary storage area.  

12. Decontaminate the lid and visually inspect the lid o-rings for damage and wear and 

replae * as- necessary.  

No.t.e:. •V-isually Inspecting and. cleaning of bolts can be perfi;rmed. inparl let o other 

operations performed in thfis prdcedure.  

13. Clean and visually inspect the threaded connections in the top forging.  
14. Remove the two cask lid alignment pins 

15. Visually examine the internal cavity to ensure that no damage has occurred during transit 

and that. no foreign materials are present: 

116. Record all inspection results

17. Install the cask adapter ring to protect the cask sealing surfaces 

1.8. If a canister spacer is to be installed: 

a) Attach the spacer lift fixture to the spacer.  

b) Using an appropriate crane, lower the spacer into the cask cavity and remove the lift 

fixture.  

19. Install the transfer cask adapter plate guide pins.  

20. Install the adapter plate on top of the cask.  

21. Remove the adapter plate guide pins.  

22. Install the transfer cask on the adapter plate.

7.1-3



SAR - UMSO Universal Transport Cask January 2002 
Docket No. 71-9270 Revision UMST-02A 

7.1.3 Loading Transportable Storaqe Canister into Universal Transport Cask 

A transfer cask is used to load the Transportable Storage Canister into the Universal Transport 
Cask at the spent fuel building or at the ISFSI loading area. The assumptions underlying this 
procedure are.  

"* The canister is already loaded with fuel or GTCC waste.  

"* The canister is seal welded, vacuum dried, and helium backfilled.  

"* The canister is located in a transfer cask. (The procedures for closing the canister 
followinE fuel loading, and for draining, sealing, drying, inerting, and leak testing the 
canister and installing hoist rings are provided in Section 7.5 of the JS® oStorage 

System FSAR.) 

" All of the, required steps of Section 7.1.2 are complete, including adapter plate and 
bottom spacer installation (if necessary).  

* The Universal Transport Cask is positioned in the designated area in the spent fuel 

building or at the ISFSJ with the cask lid off.  

The movement and operation of the transfer cask with a loaded canister prior to inserting the 
canister into the Universal Transport Cask are part of in-plant operations and preparation for 
storage. Steps for these operations are therefore not included in the following procedures.  

i. Verify.that the retaining ring ,is installed on the transfer cask; 
2. Lift the transfer cask and lower it on top of the adapter plate on the transport cask and 

engage the hydraulic cylinders with the doors.  

3. Engage the transportable storage canister lifting sling's master ring with the crane hook 
and engage the individual sling hooks with their respective hoist rings located on the 
structural lid of the transportable storage canister.  

4. Raise the canister enough to remove the ioad on the Transfer Cask doors and then open 
the doors.  
CAUTION: While lowenng the canister in Step 5, be careful to avoid contact with the 
interior cavity wall of the Universal Transport Cask.
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8. Remove the threaded plugs and attach the lifting eyes in the cask lid.  

9. Attach the lid-lifting device to the cask lid and to the overhead crane.  

10. Remove the cask lid and place the lid in a designated area.  

11. Ensure that the O-ring grooves in the lid are protected so that they will not be damaged 

during handling.  

12. Decontaminate the lid as necessary.  

13. Remove the two alignment pins.  

14. Install the cask adapter ring to protect the sealing surfaces of the cask.  

15. Install the adapter plate guide pins.  

16. Install the transfer cask adapter plate to protect the sealing surfaces of the transport cask 

and to provide a seating surface for the Transfer Cask.  

17. Install the four adapter plate bolts.  

18. Install the transfer cask alignment pins in the adapter plate.  

7.3.3 Unloading Transportable Storage Canister from Universal Transport Cask 

A transfer cask is used to unload the Transportable Storage Canister. The transfer cask could be 

used to transfer the loaded canister to the spent fuel building for subsequent storage in the spent 

fuel pool or to transfer it to another storage or disposal overpack. Prior to beginning operation of 

the transfer cask doors and the hydraulic system should be checked. The transfer cask retaining 

ring should be installed.  

1. Remove threaded plugs from structural lid.  

2. Install the swivel hoist rings in the canister structural lid.  

CAUTION: The structural lid may be thermally hot.  

3. Install the transport cask adapter ring to protect the sealing surfaces of the transport cask.  

4. Install the transfer cask adapter plate on the transport cask.  

5. Attach the canister lifting sling to the hoist rings in the structural lid. Position the sling so 

that the free end of the sling can be engaged by the cask-handling crane hook.  

6. Attach the transfer cask lifting yoke to the cask-handling crane hook.  

7. Engage the yoke to the lifting trunnions of the transfer cask.  

8. Lift the transfer cask and move it above the Universal Transport Cask.  

9. Lower the transfer cask to engage the alignment pins of the transfer cask adapter plate.  

10. Once the transfer cask is fully seated, remove the transfer cask lifting yoke and store it in 

the designated location.
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11. Install the transfer cask bottom door hydraulic operating system.  
12. Open the transfer cask bottom doors.  
13. Lower the cask-handling crane hook through the transfer cask and engage the canister 

lifting sling.  
CAUTION: When raising the canister in Step 14, be careful to minimize any contact 
between the canister and the cavity wall of the Universal Transport Cask and between the 
canister and the cavity wall of the transfer cask.  

14. Raise the canister into the transfer cask just far enough to allow the transfer cask bottom 
doors to close.  

15. Close the transfer cask bottom doors and install the door locking pins.  
16. Carefully lower the canister until it rests on the transfer cask bottom doors.  
17. Disengage the canister lifting sling from the crane hook.  
18. Retrieve the transfer cask lifting yoke and engage it with the transfer cask trunnions.  
19. Lift the transfer cask from the transport cask and move it to the designated location.  

20. Attach the adapter plate lifting fixture.  
21. Remove the four bolts securing the adapter plate to the Universal Transport Cask.  
22. Using the auxiliary crane, lift the adapter plate from the top of the cask and move the 

adapter plate to the designated storage location.  

23. Remove cask adapter ring.  

24. Install the vent port coverplate over the vent port in the cask lid.  

25. Install/torque the coverplate bolts to the values specified in Table 771.  
26. Install the cask lid alignment pins.  

27. With the lid-lifting device, install the cask lid by using the alignment pins to assist in 

proper seating.  

28. Remove the lid-lifting device, lid lift hoist rings, and the lid alignment pins.  
29. Install the lid bolts and torque them to the value specified in Table 7-1.  

30.Using apressure test fixture, pressurize the 0-ring annulus of the cask lid to I5 psig and 
hold for 10 minutes: -Th-eresshiould be noslos, of pressure during tetestperiod.  

31. Install the 1 plug in t he.SealTest port, Verifing that the test plug 0-ring.is in place, and 
torque the plug to the value specified in Table 7-1 L 

32. Using a pressure test fixture pressurize-the vent coverplatea-ring anulus to 15 psg and 

hold for 1 0 'minutes. There 'should beno ioss ofipressure during the test period.  
33., Install the. plug. in the seal test port, verifyjng that the test plug__-ring isjin place, and 

ýorque, the plug 0to the value,.specified in7dble 7- L' 
34. Repeat Step s, 32and 33-fo•rthedrain por, if thedrain p-t was used.
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