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October 21, 2002 

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

Attn: Document Control Desk 

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

Docket No. 71-9270 

References: I Submittal of Supplemental Responses to the NRC Questions on the UMS® 
Universal Transport Cask Application, NAC International, September 27, 2002 

2. Conference Calls on Final Thermal Questions on the UMS® Universal Transport 
Cask Application, NRC and NAC International, October 8, 9, & 10, 2002 

In accordance with the conference call discussions of Reference 2, NAC International (NAC) 

herewith submits eight copies of the responses to the supplemental thermal questions related to the 

review of the NAC-UMS® Universal Transport Package application. Also, provided in this submittal 

are the SAR Section 5.5.1 2 (Maine Yankee Site Specific GTCC Waste) pages, which were 
k_ inadvertently omitted from the Reference 1 submittal. Please note that this SAR section was initially 

submitted in Revision UMST-OOA, dated June 29, 2000.  

This submittal includes the NRC questions and the NAC responses to those questions presented in 
the standard NAC response format, followed by the associated NAC-UMS® Safety Analysis Report 

(SAR) changed pages, which are designated as Revision UMST-02E. Note: The enclosed SAR 
changed pages are to be inserted as replacement or new additional pages, as applicable, into the 
existing NAC-UMS® SAR binders. The List of Effective Pages provided in this submittal can be 
used to ensure that the correct page revisions are incorporated in the SAR binders.  

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

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

* Revision bars also indicate text flow.  

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

* All of the pages in the List of Effective Pages are designated Revision UMST-02E and no 
revision bars are used on those pages.  
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NAC is anxious to complete the review and certification process for this UMS® Universal Transport 

Cask Application in accordance with the published schedule NAC appreciates the continued efforts 

of the NRC staff to complete this application process.  

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

Sincerely, 

l1 e 4
Thomas C. Thompson 
Director, Licensing 
Engineering & Design Services 

Enclosures 

cc: Paul Plante (MY) 
Tom Williamson (MY) 
Brian Hansen (APS) 
Glenn Michael (APS) 
Don Gregoire (APS) 
David Jones (DE) 
Keith Waldrop (DE)
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 3: THERMAL EVALUATION 

3-1 The Thermal Section of the NAC-UMS Transport Cask SAR needs additional 

information associated with the Maine Yankee site-specific fuel. A preferential 

loading discussion regarding its impact on the component temperatures including 

seals and o-rings allowable temperature limits is needed. Note that a similar 

discussion is provided for the general fuel in Section 3.4.2.1.  

NAC Response 

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

The preferential loading does not result in any slot containing fuel with a heat load greater 

than 0.833 (20/24) kW. As summarized for the above cases, the maximum fuel cladding 

temperature in Case 1 is bounded by the maximum fuel cladding temperature in Table 

3.4-1. Since the total heat for the uniform heat load case bounds the three cases of 

preferential loading, the component temperatures provided in Table 3.4-1 bound the 

component temperatures resulting from the preferential loading cases.
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NAC-UMS 
Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 3: THERMAL EVALUATION 

3-2 The Thermal Section of the NAC-UMS Transport Cask SAR needs additional 

information associated with the Maine Yankee site-specific fuel. Damaged fuel 

assemblies are discussed on Page 3.6-7, but no mention is made of the effect of 

compaction of the damaged fuel on seals and o-rings. Rather, only cladding, 

structural support disks' and heat transfer disks are discussed. Additional 

discussion is needed for the seals and o-rings.  

NAC Response: 

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

The effect of the compaction of the damaged fuel is most significant for the interior of the 

basket, and this effect is determined to be 10 OF, as shown in the table above. For the 

cask body closure lid seal, the effect of the damaged fuel is expected to be insignificant, 

since the transportable storage canister shield and structural lids, representing a thickness 

of 10 inches of steel, separate the fuel from the cask body closure lid seals. The canister 

lids act to spread any concentration of heat from the damaged fuel. The port cover seals 

are even more remote from the damaged fuel than the cask body lid seals and, therefore, 

are not considered to be affected by the damaged fuel.
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NAC-UMS 
Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 3: THERMAL EVALUATION 

3-3 Evaluate the effect of the Hypothetical Fire Accident on the closure function of 

the cask lid bolts.  

NAC Response 

The hypothetical Fire accident is expected to have an insignificant effect on the lid bolts.  

The impact limiters have been shown to remain attached to the cask during any cask drop 

events. Therefore, the temperature increase for the lid bolts is not significant due to the 

fire accident. The sealing function of the closure lid will not be affected (lid bolts will 

not become loose) due to the temperature increase during the fire accident because the 

coefficient of thermal expansion of the cask lid (Type 304 stainless steel) is larger than 

that for the lid bolt (SB-637 Nickel alloy).  

As shown in SAR Section 2.7.1.7, a stress evaluation is performed for the closure lid and 

the bolts for the governing accident condition of the 30-foot drop, which bounds the fire 

accident condition. The evaluation for the 30-foot drop considered the loadings from the 

bolt preload, thermal expansion (normal condition of transport), o-ring compression, 

internal pressure, and cask content and lid self-weight resulting from a 60g top end comer 

impact. The resulting loads on the lid bolts for the drop accident condition are 

significantly higher than those for the fire accident condition and the calculated bolt 

stresses for both conditions are well below the allowable stresses.  

Therefore, the hypothetical fire accident condition does not have any adverse effect on the 

cask lid and closure function of the lid bolts.
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NAC-UMS 
Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 3: THERMAL EVALUATION 

3-4 A sensitivity study was performed in Section 3.4.1.1.1 of the SAR for the 3-D 

Cask Model. The study analyzed 8 effects that had the general impact of 

restricting heat flow from the cask, thereby increasing the temperature of the 

internal canister components (i.e. cladding and disks). However, since the neutron 

shield is the component closest to its allowable temperature (only 8" F), it appears 

the combined effect of Cases 1, 2 & 7 plus a reversal of the effects of Cases 3 

thru 6 & 8, would all tend to increase the temperature of the neutron shield 

material well beyond its 300* F temperature limit for the NCT. Please explain.  

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

Increase effect of Cases 1,3,4 and 8 
plus 
Decrease effect of Cases 5,6,and 7 
plus 
Remove the no contact assumption between the fuel assembly & fuel tube and 
remove it between the fuel tube and the support disk.  

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

the neutron shield temperature limit will not be exceeded.  

NAC Response: 

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

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

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

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

conductance of the basket, which has a similar effect as the reversal of cases 5, 6 and 8.
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

NAC Response to 3-4 continued 

The maximum neutron shield temperature was determined to be 2930 F for the additional 

case, which is the same as the maximum temperature reported in Table 3.4-1. This is 

consistent with the observation that as the contact area is increased the heat is more 

efficiently dispersed through the 7.5 inches of metal in the cask body shells, which would 

prevent a concentration of heat in the radial neutron shield. Therefore, the reversal of the 

effects of cases 3 through 6 and 8 are expected to be negligible on the neutron shield 

temperature.  

A review of the thermal testing of the NAC-LWT cask, which is approximately 1 meter 

in diameter, shows that the current heat transfer film coefficient used in the UMS thermal 

evaluation is more than 10% conservative. Using the methodology for the cases in the 

sensitivity study, with no reduction in film coefficient at cask surface, an additional 

analysis is performed based on the combination of the following conditions: (1) 10% 

increase of the emissivity of stainless steel and aluminum; (2) Increased contact area 

between disks and canister shell (from 20 to 40 in the half-symmetry model); (3) 8% 

increase in heat transfer disk thickness; (4) Decreased gap between disks and canister 

shell (5) Decreased gap between canister shell and cask inner shell; (6) 6% reduction of 

cask radial copper fin thickness; (7) 10% increase of the lead emissivity; and (8) The 

effective thermal conductivity of the fuel tubes elements in the 3-D model (at the contact 

region only, i.e. the side of the fuel in contact with the tube) changed to the thermal 

conductivity of stainless steel (to simulate the contact between the fuel assembly and the 

fuel tube and between thefuel tube and the disks). The analysis results indicate that the 

maximum temperature of the neutron shield is 289'F, which is below the allowable 

temperature of 300'F. This demonstrates that the maximum temperature in the neutron 

shield will be less than the allowable temperature even when the sensitivities are 

considered and that the maximum temperature in the neutron shield reported in Table 3.4

1 is conservative.
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

NAC Response to 3-4 continued 

The following SAR text is inserted at the end of Section 3.4.1.1.1: 

The maximum temperature for the radial neutron shield is 293°F as reported in Table 3.4

1. To ensure that sufficient margin exist for the neutron shield, an additional sensitivity 

study was performed using the model for the nine cases evaluated for the fuel and basket 

components. The analysis considers a combination of the following conditions: (1) 10% 

increase of the emissivity of stainless steel and aluminum; (2) Increased contact area 

between disks and canister shell (from 2' to 40 in the half-symmetry model); (3) 8% 

increase in heat transfer disk thickness; (4) Decreased gap between disks and canister 

shell (5) Decreased gap between canister shell and cask inner shell; (6) 6% reduction of 

cask radial copper fin thickness; (7) 10% increase of the lead emissivity; and (8) The 

effective thermal conductivity of the fuel tubes elements in the 3-D model (at the contact 

region only, i.e. the side of the fuel in contact with the tube) changed to the thermal 

conductivity of stainless steel (to simulate the contact between the fuel assembly and the 

fuel tube and between the fuel tube and the disks). Note that there is no reduction in the 

heat transfer coefficient at cask surface for this sensitivity study. The analysis results 

indicate that the maximum temperature of the neutron shield is 289°F, which is below the 

allowable temperature of 300'F. This demonstrates that the maximum temperature in the 

neutron shield will be less than the allowable temperature even when the sensitivities are 

considered and that the maximum temperature in the neutron shield reported in Table 3.4

1 is conservative.
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 3: THERMAL EVALUATION 

3-5 NAC is requested to provide clarification of the preferential loading 

requirements/configurations for the Maine Yankee (MY) site-specific fuel in the 

UMS Transport cask. Specifically, SAR Section 3.6.1, Maine Yankee Site

Specific Contents, should be revised to include a clarification of the preferential 

loading requirements for transport, similar to SAR Section 3.4.2.1. The 

clarification should address the relationship between the preferential loading of 

the MY site-specific fuel for storage in the UMS Storage System versus the 

preferential loading of the MY site-specific fuel for storage in the UMS Transport 

Cask.  

NAC Response: 

Fuel clad allowable temperatures limit transport and storage maximum allowable heat 

loads, either on a total cask basis or on a per assembly basis. UMS safety evaluations set 

the allowable cladding temperatures by using the Commercial Spent Fuel Management 

(CSFM) method as indicated in Section 3.4.6 of the SAR. This approach is based on 

uniform, also referred to as standard, basket loadings and results in a decrease in the 

maximum allowable clad..temperature, and therefore allowable heat load, as cool time 

and/or burnup increases. Chapter 5 of the SAR employs the varying allowable heat loads 

in combination with shielding dose rate limits to determine minimum allowable cool 

times for each fuel assembly type. Minimum allowable cool times are established as a 

function of minimum initial enrichment and maximum burnup. A generic approach of 

limiting each assembly in the basket to the CSFM determined maximum allowable 

assembly heat load is applied to each PWR and BWR assembly category and the CE 

14x14 Maine Yankee specific fuel type.
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

NAC Response to 3-5 continued 

To provide increased flexibility in loading the MY specific fuel inventory as early as 

possible after reactor shutdown, an additional evaluation is performed in the storage 

application. The additional evaluations allow loading of higher heat loads (shorter cooled 

fuel than the standard, uniform pattern) into the periphery of the basket while lowering 

the allowable heat loads (longer cooled fuel than the standard, uniform pattern) for the 

canister interior assemblies, as shown in the Approved Contents and Design Features for 

the NAC-UMS® System in Chapter 12 Section B 2.1.3 of the Final Safety Analysis 

Report (FSAR) for the UMS® Universal Storage System, Docket Number 72-1015. The 

transport thermal evaluation presented in Chapter 3 and the shielding evaluations 

presented in Chapter 5 of the SAR are based on uniform assembly heat loadings and do 

not apply to higher heat load peripheral loadings. Not including the peripheral higher 

heat load patterns requires all canisters loaded under this option to be stored until all fuel 

assemblies in the canister meet the minimum cool time for transport. While interior fuel 

assemblies in the high heat load preferential loading configuration may already be at an 

acceptable transport cool time when placed into storage, the high heat load peripheral 

assemblies require additional cool time to meet transport cask allowable heat load and 

dose limits. The standard pattern for transport requires an increase in cool time over the 

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

Preferential loading of the Maine Yankee site-specific fuel assemblies is governed by the 

standard fuel inventory requirement presented in the Approved Contents and Design 

Features for the NAC-UM, S® System in Chapter 12 of the Final Safety Analysis Report 

(FSAR) for the UMS® Universal Storage System, Docket Number 72-1015. Loading fuel 

assemblies for storage with a'cool time of less than 7 years requires a preferential loading 

arrangement with shorter-cooled fuel placed at the canister interior locations. The 

corresponding thermal evaluation for the transport system is shown in Section 3.4.2.1.  

Maine Yankee site-specific preferential loading patterns placing high heat load (1.05 or 

0.958 kW) fuel in basket peripheral locations, as allowed in Chapter 12 of the UMS® 

Universal Storage System FSAR, are not applicable for the transport
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

NAC Response to 3-5 continued 

system. All fuel assemblies loaded in the transport cask must meet the standard 

configuration transport minimum allowable heat load limits and cool time tables. As 

such, a transportable storage canister loaded under the Maine Yankee site-specific high 

heat load preferential loading option will require additional cool time for the peripheral 

assemblies to meet the transport cask cool time requirements shown in Table 1.3.1-2 (also 

Table 5.5.1.1-10). This assures that a loaded canister will meet all thermal and shielding 

limits for transport.  

The previous paragraph is added in Section 3.6.1 of the SAR for clarification of the 

preferential loading requirements for transport.
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NAC-UMS 

Docket # 71-9270 

TAC # L22452 

NAC INTERNATIONAL RESPONSE 

TO 

REQUEST FOR SUPPLEMENTAL INFORMATION 

CHAPTER 5: SHIELDING EVALUATION 

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

current version of the SAR.  

NAC Response: 

SAR Section 5.5.1.2 pages 5.5.1-36 through 5.5.1-41, changed pages for the Master Table 

of Contents, and an updated List of Effective Pages are included with this response.

Page 12 of 12



rn

z 
Cý 
zJl 

Z9 UZ 

cF



List of Effective Pages



"SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

'October 2002 

Revision UMST-02E

List of Effective Pages -

Table of Contents 

i ..................... Revision M 

ii .................... Revision 

iii ......... Revision 

iv .................. Revision 

v ..................... Revision 

vi ................... Revision 

vii .................. Revision 

viii ................. Revision 

ix ................... Revision 

x .................... Revision 

xi ................... Revision 

xii " Revision 

xiii ................. Revision 

xiv ................. Revision 

xv ........ Revision 

xvi ................. Revision 

xvii ................. Revision 

Chapter 1 

1-i ............... Revision 

1 -ii ........ Revision 2 

[] .......... *........ Mt o . s 0 

1.1-1 ......... ......Revision

1.1-2 ............. Revision 

1.1-3 .............. Revision 

1.1-4 .............. Revision 

1.1-5 .............. Revision 

1.2-1 ............. Revision 

1.2-2 ............ Revision 

1.2-3 .............. Revision 

1.2-4 .............. Revision 
1.2-5 .............. Revision 

1.2-6 ...... ........ Revision 0 

1.2-7 ......... ....... Revisi6nRisio 

1.2-8 .............. Revision 

1.2-9 .............. Revision 

1.2-10 ............ Revision 
1.2-11 .......... Revision 

1.2-12 ........... Revision 

1.2-13 ..... Revision 
1.2-14 ............ Revision 

1.2-15 ............ Revision 

1.2-16 ............ Revision 

1.2-17 ............ Revision 

1.2-18 ...... Revision 

1.2-19 .... Revisionf 

1.2-20 ........... Revision 

1.2-21 ......... Revisionf 

1.2-22 .......... R-evision 

1.2-23 ....... Revision 
.... ...... .. wrm 

1.3-1 .............. Revision

........ VZZ0ý

1



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Page 

S...........  

........... evision 

........... Revision 

........... Revision 

.xevion- Em 2

Sdrawingsi 

Revised as shown in Chapter 1 

Chapter 2 

2-i .................. Revision 

2-ii ................. Revision 

2-iii ................ Revision 

2-iv ................ Revision & 

2-v ................. Revision 

2-vi ................ Revision 

2-vii ............... Revision 

2-viii .............. Revision 

2-ix ................ Revision 

2-x ................. Revision 

2-xi ................ Revision 

2-xii ............... Revision

es (Continued) 

2-xiii .............. Revision 

2-xiv .............. Revision 

2-xv ............... Revision 

2-xvi .............. Revision 

2-xvii ............. Revision 

2-xviii ............ Revision 

2-xix .............. Revision 

2-xx ............... Revision 

2-xxi .............. Revision 

2-xxii ............. Revision 

2-xxiii ............ Revision 

2-xxiv ............ Revision 

2-xxv ............. Revision 

2-xxvi ............ Revision 

2-xxvii ........... Revision 

2-xxviii .......... Revision 

2-xxix ............ Revision 

2-xxx ............. Revision 

2-xxxi ............ Revision 

2.1-1 .............. Revision 

2.1-2...................Revision 0 
2.1-3............ Revision 

2.1-4 ...... ........ Revision 0 

2.1-5 ............................... Revision 0 
2.1-6 .............. Revision 

2.1-7 ............................... Revision 0 

2.1-8 ............................... Revision 0 
2.1-9 .............. Revision 

2.1-10 ............ Revision tf

2



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270 1
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.1-11 ............ Revision - 2.3-16 ..... Revision 

2.1-12 ............ Revision 2.3-17 ............ Revision 

2.1-13 ............ Revision O TT 2.3-18 ...... Revision 

2.1-14 ............ Revision 2.3-19 ...... Revision 
2.1-15 ....... Revision- 2.3-20 ....... Revision* 
2.1-16 ............ Revision - 2.3-21 ......... Revision' 

2.1-17 ............Revision ............ ff [ 

2.1-18 ........... Revision ;. . 2.4-1 ............ Revision 

2.1-19 ........... Revision 2.4-2............. Revision 

2.1-20 .... : ....... Revision 2.4-3 .............. Revision 

2.1-21 ............ Revision 2.4-4 .............. Revision 

2.1-22 ............ Revision 2.4-5 .............. Revision 
2.1-23 ..... Revision 2.4-6 ............. Revision 

i............. InJ .7 2.4-7 ...... Revision 
2.2-1 " Re-vision 2.4-8 .............. Revision 

2.2-2 .............. Revision 1 2.4-9. .....'....... Revision 

2.2-3 .............. Re•ision ' 2.5-1 .............. Revision 

S.............. K =-2.5-2 ............ Revision 
2.3-1 .............. Revision 0 2.5-3 ...... '. Revision 

2.3-2 ........... Revision 2.5-4 ............. '. Revision 
2.3-3 .............. Revision 0 2.5-5 .............. Revision 0 
2.3-4 .............................. Revision 0 2.5-6 ...... :.Revision 
2.3-5 ............................... Revision 0 2.5-7 ...... Revision 

2.3-6 ............................... Revision 0 2.5-8 ...... . Rerision 

2.3-7 .............. Revision 0 2.5-9 ... :.: ......... Rvision 
2.3-8 ............................... Revision 0 2.5-10......Rev'ision 

2.3-9 .............. Revision 0 2 2.5-11 . ..... Re-ýision 
2.3-10 ........... Re'ýision 2.5-12 ............. vision 

2.3-11 ........................... Revision 0 2.5-13 ....... Revision 

2.3-12 ............................. Revision 0 2.5-14 .::........ Revision 
2.3-13 ............ Revision 2 ... 2.5-15 ............................ Revision 0 

2.3-14 ............. Revision 0 2.5-16 ............. Revision 0 
2.3-15 ............ Revision 2.5-17 ............ Revision*

3

I I "I 1ý411 .



SAR-UMSO Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.5-18 ............ Revision 2.5-51 ............ Revision 
2.5-19 ............ Revision • 2.5-52 ............ Revision 
2.5-20 ............ Revision 2.6-1 .............. Revision 
2.5-21 ............ Revision 2.6-2 .............. Revision 
2.5-22 ............ Revision 0 2.6-3 .............. Revision 
2.5-23 ............ Revision ' 2.6-4 .............. Revision 

2.5-24 ............ Revision - 2.6-5 .............. Revision 

2.5-25 ............ Revision 7 2.6-6 .............. Revision 
2.5-26 ............ Revision • 2.6-7 .............. Revision 
2.5-27 ............................. Revision 0 2.6-8 .............. Revision 
2.5-28 ............................. Revision 0 2.6-9 .............. Revision 
2.5-29 ............ Revision S 2.6-10 ............ Revision 
2.5-30 ............ Revision 2.6-11 ............ Revision 
2.5-31 ............ Revision 2.6-12 ............ Revision 
2.5-32 ............................. Revision 0 2.6-13 ............ Revision 
2.5-33 ............................. Revision 0 2.6-14 ............ Revision 
2.5-34 ............................. Revision 0 2.6-15 ............ Revision 
2.5-35 ............................. Revision 0 2.6-16 ............ Revision 
2.5-36 ............................. Revision 0 2.6-17 ............ Revision 
2.5-37 ............................. Revision 0 2.6-18 ............ Revision 
2.5-38 ............................. Revision 0 2.6-19 ............ Revision 
2.5-39 ............................. Revision 0 2.6-20 ............ Revision 
2.5-40 ............................. Revision 0 2.6-21 ............ Revision 
2.5-41 ............................. Revision 0 2.6-22 ............ Revision 
2.5-42 ............................. Revision 0 2.6-23 ............ Revision 
2.5-43 ............................. Revision 0 2.6-24 ............ Revision 
2.5-44 ............................. Revision 0 2.6-25 ............ Revision 
2.5-45 ............................. Revision 0 2.6-26 ............ Revision 
2.5-46 ............................. Revision 0 2.6-27 ............ Revision 
2.5-47 ............................. Revision 0 2.6-28 ............ Revision 
2.5-48 ............................. Revision 0 2.6-29 ............ Revision 
2.5-49 ............. Revision 0 2.6-30 ............ Revision 
2.5-50 ............ Revision 2.6-31 ............ Revision

4



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-32 ............ Revision 
2.6-33 ............ Revision 
2.6-34 ............ Revision 

2.6-35 ............ Revision 
2.6-36 ............ Revision 

2.6-37 ............ Revision 
2.6-38 ............ Revision 
2.6-39 ............ Revision 
2.6-40 ........... Revision 
2.6-41........... Revisionn 
2.6-42 ............ Revision 
2.6-43 ............ Revision 
2.6-44 ............ Revision 
2.6-45 ..... Revision 
2.6-46 ............ Revision 
2.6-47 ...* ........ Revision 
2.6-48 ..... Revision ' f 

2.6-49 ............ Revision 
2.6-50 ............ Revision 
2.6-51 ............ Revision 
2.6-52 .......... Revision 

2.6-53 ..... Revision 
2.6-54........... Revision 
2.6-55 ............ Revision Si 
2.6-56 ........... Revision 
2.6-57 ........... Revision 
2.6-58 ............ Revision t,, 

2.6-59 ............. Revision 
2.6-60 .......... Revision S 
2.6-61 ..... Revision • 
2.6-62 ............ Revision 
2.6-63 ..... Revision 
2.6-64 ........... Revision

2.6-65 ..... Revision 
2.6-66 ............ Revision 
2.6-67 ............ Revision 
2.6-68 ............ Revision 
2.6-69 ............ Revision 

2.6-70 ........... Revision' 
2.6-71 ............ Revision 
2.6-72 ..... Revision 
2.6-73 ........ Revisioni 
2.6-74 ............ Revisioni 
2.6-75 .......... Revision 
2.6-76 ............. Revision 
2.6-77 ............ Revision 
2.6-78 ............ Revisiori 
2.6-79 ..... evisiori 
2.6-80 ............ Revision 
2.6-81 ............ Revision' 
2.6-82 ..... Revision' 
2.6-83 ........... Revision 
2.6-84 ............ Revision' ] 
2.6-85 ............ Revision 
2.6-86 ............ Revision ' 

2.6-87............ Revision 
2.6-88 ............ Revision 
2.6-89 ..... Revision 
2.6-90 ............. Revision 
2.6-91 ........... Revision 
2.6-92 ........... Revision 
2.6-93 ........... Revision 
2.6-94 ............ Revision 
2.6-95 ......... ,.Revision 

2.6-96 ........... Revision 
2.6-97 ........... Revision

5



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.6-98 ............ Revision • 2.6-131 .......... Revision 
2.6-99 ............ Revision 2.6-132 .......... Revision 
2.6-100 .......... Revision - 2.6-133 .......... Revision 
2.6-101 .......... Revision S 2.6-134 .......... Revision 
2.6-102 ......... Revision • 2.6-135 ......... Revision 
2.6-103 .......... Revision • 2.6-136 .......... Revision 
2.6-104 .......... Revision 2.6-137 .......... Revision 
2.6-105 .......... Revision S 2.6-138 .......... Revision 
2.6-106 .......... Revision 2.6-139 .......... Revision 
2.6-107 .......... Revision 2.6-140 .......... Revision 
2.6-108 .......... Revision • 2.6-141 .......... Revision 
2.6-109 .......... Revision o 2.6-142 .......... Revision 
2.6-110 .......... Revision - 2.6-143 .......... Revision 
2.6-111 .......... Revision 2.6-144 .......... Revision 
2.6-112 .......... Revision S 2.6-145 .......... Revision 
2.6-113 .......... Revision , 2.6-146 .......... Revision 
2.6-114 .......... Revision .5-. 2.6-147 .......... Revision 
2.6-115 .......... Revision - 2.6-148 .......... Revision 
2.6-116 .......... Revision . 2.6-149 .......... Revision 

2.6-117 .......... Revision 5 2.6-150 .......... Revision 
2.6-118 .......... Revision 2.6-151 .......... Revision 
2.6-119 .......... Revision 2.6-152 .......... Revision 
2.6-120 ......... Revision 1 2.6-153 ......... Revision 
2.6-121 .......... Revision S 2.6-154 .......... Revision 
2.6-122 .......... Revision • 2.6-155 .......... Revision 
2.6-123 .......... Revision i 2.6-156 .......... Revision 
2.6-124 .......... Revision • 2.6-157 .......... Revision 
2.6-125 .......... Revision - 2.6-158 .......... Revision 
2.6-126 .......... RevisionI 2.6-159 .......... Revision 
2.6-127 .......... Revision - 2.6-160 .......... Revision 
2.6-128 .......... Revision 0 2.6-161 .......... Revision 
2.6-129 .......... Revision . 2.6-162 .......... Revision 
2.6-130 .......... Revision 2.6-163 .......... Revision

6



- SAR-UMS® Universal Transport Cask 

-'Docket No. 71-9270 t - --
October 2002 

Revision UMST-02E

List of Effective Pages (Continue'd)

2.6-164 ........ Revision 

2.6-165 ........ Revision 

2.6-166 ......... Revision 

2.6-167 .......... Revision 

2.6-168 ......... Revision 

2.6-169 ........... Revision 

2.6-170 .......... Revision 

2.6-171......... Revision nd-,.  

2.6-172 ......... Revision 

2.6-173 ......... Revision 

2.6-174 ......... Revision ' " 

2.6-175 ......... Revision " 

2.6-176 ......... Revision 

2.6-177 ......... Revision 

2.6-178 ........ Revision 

2.6-179 ...... Revision 

2.6-180 .......... Revision S _ 

2.6-181 ......... Revision 

2.6-182 ......... Revision , 

2.6-183 ......... Revision 

2.6-184 ........ Revision D .

2.6-185.......... Revision 

2.6-186 ......... Revision 

2.6-187 ......... Revision 

2.6-188 ......... Revision 

2.6-189 ......... Revision 

2.6-190 ......... Revision 

2.6-191 ......... Revision 

2.6-192 ....... Revision 7.  

2.6-193 ......... Revision 

2.6-194 .......... Revision 

2.6-195....... Revision 

2.6-196 ......... Revision

2.6-197 ......... Revision 

2.6-198 ......... Revision 

2.6-199 ......... Revision 

2.6-200 .......... Revision O 

2.6-201.......... Revision 

2.6-202 ....... Revision 

2.6-203 ......... Revision 

2.6-204 ......... Revision 

2.6-205 ......... Revision 

2.6-206 ......... Revision' 

2.6-207 ......... Revision 

2.6-208 ......... Revision 

2.6-209 ......... Revision 

2.6-210 .......... Revision 

2.6-211 ......... RevisionD 

2.6-212 ......... Revision 

2.6-213 ...... Revision M M

2.6-214 ......... Revision 

2.6-215 ......... Revision 

2.6-216......... Revision 

2.6-217 .......... Revision 

2.6-218 ......... Revision 

2.6-219.......... Revision 

2.6-220......... Revision 

2.6-221 ......... Revision 

2.6-222 ......... Revision 

2.6-223 ......... Revision 

2.6-224 ......... Revision 

2.6-225 ......... Revision 

2.6-226 ......... Revision 

2.6-227 .......... Revision M E 

2.6-228 ......... Revision 

2.6-229 .......... Revisio'n

7



SAR-UMS Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-230 ......... Revision 

2.6-231 ......... Revision 

2.6-232 ......... Revision 

2.6-233 ......... Revision 

2.6-234 .......... Revision 

2.6-235 ..... Revision • 

2.6-236 ......... Revision 

2.6-237 ......... Revision 

2.6-238 ......... Revision ] 
2.6-239 ......... Revision 

2.6-240 ......... Revision 

2.6-241 ......... Revision 

2.6-242 ......... Revision 

2.6-243 ......... Revision 

2.6-244 .......... Revision 

2.6-245 ......... Revision 

2.6-246 ......... Revision 

2.6-247 ......... Revision 

2.6-248 ......... Revision 

2.6-249 ......... Revision 

2.6-250 ......... Revision 

2.6-251 ......... Revision 

2.6-252 ......... Revision 

2.6-253 ......... Revision 

2.6-254 .......... Revision 

2.6-255 ......... Revision 

2.6-256 ......... Revision 
2.6-257 ......... Revision 

2.6-258 ......... Revision 

2.6-259 ......... Revision 

2.6-260 ......... Revision 

2.6-261 .......... Revision 

2.6-262 ......... Revision

2.6-263 ......... Revision 

2.5-264 ......... Revision 

2.6-265 ......... Revision 

2.6-266 ......... Revision 

2.6-267 ......... Revision 

2.6-268 ......... Revision 

2.6-269 ......... Revision 

2.6-270 ......... Revision 

2.6-271 ......... Revision 

2.6-272 ......... Revision 

2.6-273 ......... Revision 

2.6-274 ......... Revision 

2.6-275 ......... Revision 

2.6-276 ......... Revision 

2.6-277 ......... Revision 

2.6-278 ......... Revision 

2.6-279 ......... Revision 

2.6-280 ......... Revision 

2.6-281 ......... Revision 

2.6-282 ......... Revision 

2.6-283 ......... Revision 

2.6-284 ......... Revision 

2.6-285 ......... Revision 

2.6-286 ......... Revision 

2.6-287 ......... Revision 

2.6-288 ......... Revision 

2.6-289 ......... Revision 

2.6-290 ......... Revision 

2.6-291 ......... Revision 

2.6-292 ......... Revision 

2.6-293 .......... Revision 

2.6-294 ......... Revision 

2.6-295 ......... Revision

8



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270 $ �.  

'1'

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-296 ......... Revision 

2.6-297 ......... Revision

2.6-298 ....... :.Revision 

2.6-299 ........ Revision 

2.6-300..... Revision 

2.6-301 ......... Revision 

2.6-302........... Revision 

2.6-303 ......... Revision 

2.6-304 ...... Revision 

2.6-305 ......... Revision 

2.6-306 ........... Revision 
2.6-307 .......... Revision 

2.6-308.......... Revision 

2.6-309 ......... Revision 

2.6-310 ...... .... Revision 

2.6-311 ......... Revision S I 

2.6-312 ......... Revision ' : 

2.6-313 .......... Revision' 

2.6-314 ......... Revision 0 

2.6-315 ......... Revision • -0 

2.6-316...........Revision n 
2.6-317 ......... Revision -

2.6-318 ..... Revision S D

2.6-319 ......... Revision 

2.6-320 ......... Revision 

2.6-321 .1...... Revision • 

2.6-322 ......... Revision 

2.6-323 ....... Revision 

2.6-324 ..... Revision * 

2.6-325 ..... Revision 

2.6-326 ........ Revision - ' ' .  

2.6-327 .......... Revision 

2.6-328 ......... Revision

2.6-329 ......... Revision 

2.6-330..........Revision 

2.6-33 .......... Revision 

2.6-332 .......... Revisi6n m 

2.6-333 ..... Revision 

2.6-334 ....... ;,..Revision 

2.6-335 ......... Revision 

2.6-33 6......... Revision 

2.6-337 ......... Revision 

2.6-338 .......... Revision 

2.6-339 ......... Revision'M = 

2.6-340 .......... Revisionff&, 

2.6-341 ......... Revision 

2.6-342 ......... Revision 

2.6-343 ......... Revision 

2.6-344 ......... Revision 

2.6-345 ........ Revision MOM 

2.6-346 ...... Revision 

2.6-347 ......... Revision 

2.6-348 ......... Revision 

2.6-349 ........ Revision 

2.6-350 ......... Revision 

2.6-351 ..... Revision 

2.6-352 ......... Revision • 

2.6-353 . Revision 

2.6-354'........ Revision 

2.6-355 ...... R'-ision 

2.6-356 ........ Revisiofi 

2.6-357 ..... Revisiofi 

2.6-358 ....... Revision 

2.6-359 9......R..iRevision MO M 

2.6-360 ......... Revision 

2.6-361 .......... Revision 11-

9



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.6-362 .......... Revision - 2.7-13 ............................. Revision 0 

2.6-363 .......... Revision • 2.7-14 ............ Revision 
2.6-364 .......... Revision 2.7-15 ............................. Revision 0 
2.6-365 .......... Revision • 2.7-16 ............................. Revision 0 
2.6-366 .......... Revision , 2.7-17 ............................. Revision 0 

2.6-367 .......... Revision 0 2.7-18 ............ Revision 
2.6-368 .......... Revision I 2.7-19 ............................. Revision 0 
2.6-369 .......... Revision - 2.7-20 ............................. Revision 0 
2.6-370 .......... Revision S 2.7-21 ............ Revision 
2.6-371 .......... Revision 2.7-22 ............ Revision 
2.6-372 .......... Revision • 2.7-23 ............................. Revision 0 
2.6-373 .......... Revision • 2.7-24 ............................. Revision 0 
2.6-374 .......... Revision 0 2.7-25 ............ Revision 
2.6-375 .......... Revision • 2.7-26 ............................. Revision 0 
2.6-376 .......... Revision - 2.7-27 ............................. Revision 0 
2.6-377 .......... Revision • 2.7-28 ............ Revision 
2.6-378 .......... Revision • 2.7-29 ............ Revision 
2.6-379 .......... Revision - 2.7-30 ............ Revision 
2.6-380 .......... Revision 0 2.7-31 ............ Revision 
2.6-381 .......... Revision 2.7-32 ............ Revision 
2.6-382 .......... Revision S 2.7-33 ............ Revision 
2.7-1 .............. Revision T 2.7-34 ............ Revision 
2.7-2 ............................... Revision 0 2.7-35 ............ Revision 
2.7-3 .............. Revision - 2.7-36 ............ Revision 
2.7-4 .............. Revision - 2.7-37 ............ Revision 

2.7-5 ............................... Revision 0 2.7-38 ............ Revision 
2.7-6 ............................... Revision 0 2.7-39 ............ Revision 
2.7-7 .............. Revision S 2.7-40 ............ Revision 
2.7-8 .............. Revision S 2.7-41 ............ Revision 
2.7-9 .............. Revision - 2.7-42 ............ Revision 

2.7-10 ............ Revision • 2.7-43 ............ Revision 
2.7-11 ............................. Revision 0 2.7-44 ............ Revision 
2.7-12 ............................. Revision 0 2.7-45 ............ Revision

10



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270 ,

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.7-46 ............ Revision • 

2.7-47 ............ Revision 

2.7-48 ............ Revision 

2.7-49 ............ Revision 

2.7-50 ............ Revision 

2.7-51 ............ Revision 

2.7-52 ..... Revision 

2.7-53 ............ Revision 

2.7-54 ..... Revision 

2.7-55 ............ Revision 

2.7-56 ............ Revision 

2.7-57 ............ Revision 

2.7-58 ............ Revision 

2.7-59 ............ Revision 

2.7-60 ............ Revision • 00•.  
2.7-6 1...... Revision 

2.7-62 ..... Revision 

2.7-63............ Revision 

2.7-64 ..... Revision 

2.7-65 ...... Revision 

2.7-66 .......... Revision 
2.7-67 ..... Revision • 

2.7-68 ........... Revision 

2.7-69 ............ Revision 

2.7-70 .......... ..'Revision 

2.7-71 ..1...... Revision 

2.7-72 ............ Revision O 

2.7-73 ............ Revision 

2.7-74 ..... Revision • 
2.7-75 ...... Revision 

2.7-76 ..... Revision 

2.7-77 ............. Revision 

2.7-78 ......... :.: Revision

2.7-79 ........... Revision 

2.7-80 ............ Revision 

2.7-81 ............ Revision 

2.7-82 ............ Revision 

2.7-83 ............ Revision 

2.7-84 ............ Revision 

2.7-85 .......... Revision' 

2.7-86......Revision 

2.7-87 ............ Revisioni 

2.7-88 ............ Revision 

2.7-89 .......... Revision 

2.7-90 ........... Revision 

2.7-91 ........... Revision 

2.7-92 ............ Revision

2.7-93 ............ Revision 

2.7-94 ............ Revision' 

2.7-95 ............ Revision' 

2.7-96 ............ Revision 

2.7-97 .......... Revision 

2.7-98 ............ Revision 

2.7-99 ............ Revision 

2.7-100 ..... Revision 

2.7-101 ........Revision 

2.7-102 ......... Revision 

2.7-103 ......... Revision 

2.7-104 .......... Revisioh 

2.7-105 ...... Revisioh 

2.7-106 ......... Revision 

2.7-107 ......... Revision 

2.7-108.. ... Revision I T M 

2.7-109 ......... Revision 

2.7-1106 ......... Revision 

2.7-111 ......... Revision

11



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.7-112 .......... Revision n 2.7-145 .........  
2.7-113 .......... Revision - 2.7-146 .........  
2.7-114 .......... Revision 2.7-147 .........  
2.7-115 ......... Revisionn 2.7-148 .........  
2.7-116 .......... Revision . 2.7-149 ..........  
2.7-117 ......... Revision n 2.7-150 ..........  
2.7-118 .......... Revision 2.7-151 ..........  
2.7-119 ......... Revision 2.7-152 ..........  

2.7-120 .......... Revision O 2.7-153 ..........  
2.7-121 .......... Revision n 2.7-154 ..........  
2.7-122 .......... Revision 0 2.7-155 ..........  
2.7-123 .......... Revision 2.7-156 ..........  
2.7-124 .......... Revision • 2.7-157 ..........  
2.7-125 .......... Revision 2.7-158 ..........  
2.7-126 .......... Revision - 2.7-159 ..........  
2.7-127 ......... Revision • 2.7-160 ..........  
2.7-128 .......... Revision - 2.7-161 ..........  
2.7-129 .......... Revision • 2.7-162 ..........  
2.7-130 .......... Revision 2.7-163 ..........  
2.7-131 .......... Revision S 2.7-164 ..........  
2.7-132 .......... Revision • 2.7-165 ..........  
2.7-133 ......... Revision n 2.7-166 ..........  
2.7-134 .......... Revision 2.7-167 ..........  
2.7-135 .......... Revision - 2.7-168 ..........  
2.7-136 .......... Revision & 2.7-169 ..........  
2.7-137 ......... Revision • 2.7-170.  

2.7-138 .......... Revision 2.7-171 
2.7-139 .......... Revision & 2.7-172.  

2.7-140 .......... Revision 2.7-173.  
2.7-141 .......... Revision S 2.7-174.  
2.7-142 .......... Revision • 2.7-175.  
2.7-143 .......... Revision - 2.7-176 ..........  
2.7-144 .......... Revision 2.7-177 ..........

.Revision 

.Revision 

Revision 

* Revision 

Revision 

Revision 

*Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 
Revision 

Revision 

Revision

12



SAR-UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 I Revision UMST-02E 

List of Effective Pages (Conitinu'ed) 

2.7-178 .......... Revision -..........  

2.7-179 ......... Revision ..........  

2.7-180 .......... Revision ........  

2.7-181 .......... Revision 2.8-1 .............. Revision 0 

2.7-182 ........ ,. Revision • 2.9-1 .............. Revision 

2.7-183 .......... Revision ..........  

2.7-184 .......... Revision- .............. L •• 

2.7-185 .......... Revision • .......... ,..... w m a 

2.7-186 . ....... Revision ............... .  

2.7-187 ..... Revision • .• .......... ...  

2.7-188 .......... Revision ........ SIM 

2.7-189 ......... Revision .. .  

2.7-190.,...... Revision .............. wgb 
2.7-191 ........... Revision n 2.10-1 .. .......... F M 

2.7-192 .... ,..... Revision ,........  

2.7-193 ........ /.Revision .........  
2.7-194 .......... Revision z .........  

2.7-195 ..... ... Revision ......... ms 

2.7-196......,. Revisiofn ........  

2.7-197 .......... Revision - .  

2.7-198 ..,...... Revisi6o'n. .........  

2.7-199 .......... Revision .........  

2.7-200 . Revision ..........  

2.7-201 .......... Revision .........  

2.7-202 .......... Revision .........  

S... ...... .......  

....... on 
7 ...... .........

13



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

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2 F-O 
us ;--99ý 

....... mem, SiOMIJISAISM 

....... K' -M si 75J M R 
J_ neMýT,6r! ý;j UM' SýT 0 

Ivi 10xr a om 

......... irf0fi, JTV Tm" 

......... F-e 

......... wvvýi6a 

7 1"D 

ý4- ý- s i ýn! 
....... i I E-ý I W-2 S E ý L, 0 

....... Mmgib' 

....... ME 9 i 6 R 1-16-4 S717ý" 

....... LCew w ý-` V M--'S 17 M

....... M N 9 1 OW ýS T, ý!2

14

L7+0 

peWS on 

....... MISS 
mc gum, 

....... ROOM*, 

....... USESOEM 

-16 

FT72773 .........  
......... .. .  

....... RUT 117 ri



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Con-tinued) 

.,........ ..... .... [m -c.  

ME% n I S ý =M ......... ~ q•' 

• .......... OFF, • • • .... ...i• 
.ra ......... R ••• ..... .. • •: 

.......... .:• • ..:..:.... M 

....... R-MA MoM S1701...... :.• • 

S~~~....... Kýý Ohl •..... .:-• 

• ..,..... FRI• .•:...::.• 

S................

15

!



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

Chapter 3 

3-i .................. Revision 

3-i ........ Revision '• 

3-ii ....... Revision 

3-iv ................ Revision S 02 

3-v ................ Revision 

3-vi ................ Revision 

3-vii ............... Revision 

31-i ....... Revision 

3.1-............Revision 
3.1-3 .............. Revision 

3.1-4 .............. Revision0 

3.1-3 ...... ........ Revision 0 

3.1-6 ............................... Revision 0 

3.1-1 ............................... Revision 0 

3.2-2 ............................... Revision 0 

3.2-3 ............................... Revision 0 

3.2-4 ...... Revision 0 
3.2-5 ........ Revision 

3.2-4 .............. Revision 

3.2-7 .......... Revision 3.2-6 ............................... Revision 0 

3.2-7 .............. Revision 

3.2-8 ...... n Revision 0 

3.2-9 .............. Revision 

3.2-10 ......... Revision. isi0 
3.2-11 ............................. Revision 0 

3.2-12 ............................. Revision 0 
3.2-13 ............................. Revision 0 

3.2-14 ............................. Revision 0 
3.2-15 ............................. Revision 0

3.2-16 ............................. Revision 0 

3.2-17 ............................. Revision 0 
3.2-18 ............ Revision 

3.2-19 ............................. Revision 0 
3.3-1 .............. Revision 

3.3-2 .............. Revision 

3.3-3 .............. Revision 

3.4-1 .............. Revision 

3.4-2 ............................... Revision 0 

3.4-3 ............................... Revision 0 

3.4-4 .............. Revision 

3.4-5 .............. Revision 

3.4-6 .............. Revision 

3.4-7 .............. Revision 

3.4-8 .............. Revision 

3.4-9 .............. Revision 

3.4-10 ............ Revision 

3.4-11 ............ Revision 

3.4-12 ............ Revision 

3.4-13 ............ Revision 

3.4-14 ............ Revision 

3.4-15 ............ Revision 

3.4-16 ............ Revision 

3.4-17 ............ Revision 

3.4-18 ............ Revision 0 

3.4-19 ............ Revision 

3.4-20 ............ Revision 

3.4-21 ............ Revision 

3.4-22 ............ Revision 

3.4-23 ............ Revision 

3.4-24 ............ Revision 

3.4-25 ........... Revision 

3.4-26 ........... Revision

16



SAR:UMS® Universal Transport Cask October 2002 

DocketNo: 71-9270- Revision UMST-02E 

List of EffeCtive Pages (Continued)' 

3.4-27 ......... Revision ....... i..J 2 

3.4-28 .... ,..... Revision ST'23.5-1 .............. Revision 4-0 

3.4-29 ........... Revision S, 3.5-2 .............. Revisionj 

3.4-30 ..... Revision S 3.5-3 ...... Revision STo0 

3.4-31 ........... Revision S - 3.5-4 .......................... Revision 0 

3.4-32 ..... Revision T 3.5-5 ...... Revision S

3.4-33 ..... Revision S 3.5-6 ...:....... Revision 0 IM 

3.4-34 ........... Revision S - , 3.5-7 ............... Revision 

3.4-35 ........... Revision S O 3.5-8 .............. Revision 

3.4-36 ........... Revision' S 3.5-9 .............. Revision 

3.4-37.........Revision S3 2 ............ Revision 

3.4-38 .......... Revision EJ 3.5-11......Revision0 

3.4-39 ..... Revision 1 3.5-12 ..... Revision 

3.4-40 ........ R ev is ion U-V V02L_ 3.5-13 ......... Revision~ 

3.4-41 ........ Revision ST0 ~3.5-14 ......... Revision S~ 

3.4-42 ........... Revision M 3.5-15 ...... Revision 

3.4-43 ...... Revision 1' 3.5-16............ Revision 

3.4-44 ..... Revision ME 3.5-17 ...... Revision 

3.4-45 ..... Revision 2 3.5-18 ..... Revision 

3.4-46 ...... Revision • 3.5-19 .......... Revision 

3.4-47 ...... evision - 0 3.5-20 ............ Revision SOM.  

3.4-48 ........... Revision S 3.5-21 ............ Revision 

3.4-49 ........... Revision STM2 3.5-22 ........... Revision - ,, 

3.4-50 ........... Revision S 3.5-23 ............ Revision EMW" .  
3.4-5 1..... Revision S 3.5-24 ............ Revision -SJ0ID 

3.4-52 ........... Revision T 3.5-25 ........ Revision 
3.4-9 3......Revision S 3.5-26 ........... Revision 

3.4-53 .;.....Rvso • L•352 ......... Revision • 

3.4-54...:...... Revision M 3.5-27 ........... Revision 

3.4-55 .... : .... Revision 3.5-28 ..... Revision 

3.4-56 ...... Revision S 3.6-12 . Revision 
3.4-5 ........... R v so 35-7 , ...... :...... vii~ 

4......... ...........  
4 ........... .K•vs~ionU S0 4............ M S902E

17



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Page 

S.............. .m .• s . 2 

S..............~ so :U •'I=U1

Sj6~ ............ d M & 

S............ Re~! • t*iR 

....... R Is0 2 

. ......... M ft7 

........ S =TQ1OI

Chapter 4 

4-i .................. Revision b T 2P 

4-ii ................. Revision L 0 A 

. .............. isi 

4.1-.............Revision 4.1-2.......Reison... ~7 

4.1-3 .............. Revision W 

4.1-4 .............. Revision S 

4.2-1 .............. Revision 

4.2-2 .............. Revision •S L523f

s (Continued) 

4.2-3 .............. Revision L L2q, 
4.2-4 .............. Revision V .S2• 

4.2-5 .............. Revision ::STq02C 

4.2-6 .............. Revision P 2-"" 

4.2-7 .............. Revision s o n 

4.2-8 .............. Revision •JMSTp2q 

4.2-9 .............. Revision •STu r 
4.2-10 ............ Revision Stm 

4.2-11 ............ Revision M m2J 

4.3- .............. Revision jM-02q 4.3-2....Revision t•T02 
4.3- 2 .............. R e v is i o n 7ý-ý_:2• 

4.3-3 ...... Revision -4- 72" 
4.3-4 .............. Revision • 

4.3-5 .............. Revision ORSTM,0 

4.4-1 .............. Revision U9KENNS .  
4.5-1 .............. Revision UM 0T-00 

S...........R• iihj 

••UMSTg99• 

S.... 3........... ion ,--

~...........  

' ........... M s 

S........... R -U i•M 2 9

18



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

'Revision UMST-02E

List of Effective Page 

...........  

..........  

S...:.......  

S........ l l 

S.....RR =7:

"Chapter 5 

5-i ............. '.... Revision 

5-ii ..............u.. Revision 

5-iii ................ Revision 

5-iv....... * ..... Re-vision 

5-v ..... I ............ Revision 

5-vi ................ Revision 

5-vii ............... Revision 

5-viii......... Revision 

............... OMU TM 

Revision 

.... .... ........ Revision 

5...............R evsin 
5.1-1 2 Revision 0 

5.1-2 3 . . Revision.R s 

5.1-3 .........,....Revision 

5.1-5 .............. Revision 

5.1-6 ...... Revision 

5.1-7 ..... Revision T 

5.1-8 .............. Revision

s (Continued) 

5.1-9 .............. Revision 

5.1-10 ..... Revisioh 

5.2-1 .............. Revision 

5.2-2 ...... Revision 

5.2-3........... Revision 

5.2-4 ............................... Revision 0 

5.2-5 ............................... Revision 0 

5.2-6 ............. Revision 

5.2-7 ............. Revision 

5.�.. ...... Revision 

5.2-9 .............. Revision 

5.2-10 ........................... Revision 0 

5.2-11 ............................. Revision 0 

5.2-12 ............ Revision •

5.2-13 ...... Revision* 

5.2-147......................Revision 0 

5.2-15 ............. Revision 0 

5.2-16 ....... Revision 6 

5.2-17........ Revision " 

5.2-18 ............. Revision 0- .  

5.2-19 ............................. Revision 0 

5.2-20, ............. Revision 0 

5.2-21 ............. . .... Revision 0 

5.2-22 ............................ : Revision 0 
5.2-23 ......... ;...........:...: Revision 0 

5.2-24 ....... R..t-evisi6n 

5.2-25 ......... Revision' 

5.2-26.. ............. Revision 0 

5.3-1 ....... Revision 

5.3-2..'....: ...... Revision , 

5.3-3 ............................... Revision 0 

5.3-4 .......... Revision • 

5.3-5 .............. Revision

19



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

5.3-6 .............. Revision S 5.4-4 .............. Revision 
5.3-7 .............. Revision 5.4-5 .............. Revision 
5.3-8 .............. Revision 5.4-6 .............. Revision 
5.3-9 .............. Revision ' 5.4-7 .............. Revision 
5.3-10 ............ Revision 5.4-8 .............. Revision 
5.3-11 ............................. Revision 0 5.4-9 .............. Revision 
5.3-12 ............................. Revision 0 5.4-10 ............ Revision 
5.3-13 ............................. Revision 0 5.4-11 ............ Revision 
5.3-14 ............ Revision 5.4-12 ............ Revision 
5.3-15 ............................. Revision 0 5.4-13 ............ Revision 
5.3-16 ............................. Revision 0 5.4-14 ............ Revision 
5.3-17 ............ Revision 5.4-15 ............ Revision 
5.3-18 ...... Revision 5.4-16 ............ Revision 
5.3-19 ............ Revision 5.4-17 ............ Revision 
5.3-20 ...... Revision .........
5.3-21 ............ Revision ...___ 

5.3-22 ............ Revision 

5.3-23 ............................. Revision 0 ............  
5.3-24 ..... Revision ............ e a 
5.3-25 ............ Revision ............  
5.3-26 ............................. Revision 0 ............ R SI 
5.3-27 ............ Revision ............  

5.3-28 ............ Revision ............  
5.3-29 ............ Revision • 5.5-1 .............. Revision 
5.3-30 ............ Revision ...........  
5.3-31 ............ Revision ........... M a 

5.3-32 ............ Revision ...........  
5.3-33 ............ Revision ........... 4;V 

5.3-34 ............ Revision 

5.3-35 ............................. R evision 0 ...........  
5.4-1 ............................... Revision 0 ........... W E. rW M 
5.4-2 .............. Revision ...........  
5.4-3 .............. Revision ...........

20



'SAR-UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 iý Reiso UMST-02E 

S~List of Effective Pages (Continued) 

S........ R •-W W -Q m.. ..... s....  
t ..... .:• .... FE 90170 rim 

S...:...... ..... ...:....• 

• • ....... R • •_• _ • .....,...  
• ... ...... KRUM- • .... .......  
•.z...:...... m •a 2 -- f, 6..m...  

S.. ... K :lMa uz ........... ;-alyfi 

•_ ..... ..... U •z ýeýf..:.......M M SVZf 

S... .... t~~a~xa• ' , • .... .......  

S......... M B , ........... • 
• ... ...... .: • .. .... ....  

S...... .• . • • - .:..::.....  

..... .7 , r, ...... .•tW A 
S....:....., • ......... Ro m.l

21"



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

S......... • 6.1-2 ..............  
S......... [. . 6.1-3 .............  

6.2-1 ..............  
S......... R•"• • SI•• (m6.2-2 .............  

..... •4 , 6.3-3 .............  

S.........- ..............  
6.3-1 ..............  

T.... -0OZ 6.3-2 ..............  
S.......i 0. 6.3-3 ..............  

e...... • 6.3-4 ..............  
S......... • 6.3-5 ..............  

e......... si - 6.3-6 ..............  
6.3-7 ..............  

.ision M 6.3-8 ...............  
e......... vi on t 6.3-9 ...............  

.51 ......... R•J's • 46.3-10 .............  
S......... M MME 51-7-7 •6.3-11 .............  S......... MET •i 7qj, 6.3-12 .............  

S......... 7 -V i 0 6.3-13 .............  
S.............. r • 6.3-14 .............  
M ,. .............. W- IS ITE 6.4-1........

Chapter 6 

6-i .................. Revision 

6-ii ................. Revision 

6-iii ................ Revision 

6-iv ................ Revision 
6-v ................. Revision 

6-vi ................ Revision 

6.1-1 .............. Revision

6.4-2 ...............  

6.4-3 ...............  

6.4-4 ...............  

6.4-5 ...............  

6.4-6 ...............  

6.4-7 ..............  

6.4-8 ..............  

6.4-9 ..............  

6.4-10 ............  

6.4-11 ............  

6.4-12 ............  

6.4-13 .... ......

* Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 
Revision 

Revision 
Revision 

Revision 
Revision.es 

n.......Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 

................ Revision 0 
S................ Revision 0 

Revision 
Revision 

Revision 

Revision 
Revision ... 1 

Revision 

Zevision

22

I1_



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

SOctober 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

6.4-14 ..... Revision 0 6.5-8 ...... Revision 

6.4-15 ........... Revision 6.5-9 ...... Revision 

6.4-16 ........... Revision 6.5-10 ............ Revision 
6.4-17 ........... Revision S 6.5-11 ........... Revision 

6.4-18 ............ Revision 6.5-12 ............ Revisionf M M 
6.4-19 ............ Revision - 6.5-13 ............ Revision 
6.4-20 ............ Revision ' 6.5-14 ............ Revision 

6.4-21 ...... Revision S 6.5-15 ............ Revision 

6.4-22 ............ Revision • 6.5-16 ........... Revision 

6.4-23 ........... Revision .. ............ .- e•&707 0 • 

6.4-24 ...... Revision ............  

... ......... & ME .......i.....[mn 7 - .. 6vsin ý O 

-.... . o s' . ............ W 
S....... :..... Kesi k ........ ..... ig• ou m 

S.-.......... K 010s- =7• ............ •s 

6.51 . ... Revision 0..........  

6.5-2 •"-Revision 0 " . .... • • 
6.5-3........ Revision 0.........  

6.5-4........ Revision 0 ...........  

6.5-5............ Revision 0 ..........  

6.5-6 ...........Revision FF! T ..........  

6.5-7 ............. Revision S ..........

23



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

............ .W E 

............  

............ ý ýIJNjk,, MU: 

6.6-1 .............. Revision 

...........  

........... V 

...........  

...........  

...........  

...........  -m ........... Ic msufilu, -

........... f Myl § 7777-7 -S-T-770-2-71 

...........  

S 
r6h-ýfi5ffM& ýý,Q 

, jj 

.......... R'S'n I ý 6 ý L W TTIM"M 

......... RHLETMI-Mý17&2, 

is! Tio 

,% -, ý770--,'jj 

17j-M ......... I -0-F Mi Z 7n, 

e 

........... Um -003 

........... 

U -7

...........  

........... I C , ýym

24

...........  

...........  

........... ý 1=011-' ý M 

...........  

...........  

s 0 

a 

T" 
......... lows 

......... POO g



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

List of Effective Pagi~s (Continui~d) 

S......... m m sm:• S m ......... s , 

F-K-, ......... R • •:oo• m 3.. ...... I US-M M 

F."2 . ......... R M -•icini• .,• ......... WRFIM MR N 

S......... 1• • -.......... m o 

• .. ......... a•• - .......... m i= 4 o• 

F47*1...........s n. • ........... ,a o

25



SAR-UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 Revision UMST-02E 

List of Effective Pages (Continued) 

7.1-1............Revision 

q ......... •7.1-2............ Revision 

S......... I S T -`.; M'7.1-3 .............. Revision 

S......... ti•• d'_a~l, M T--Vk 7.1-4 .............. Revision 
7.1-5 .......... Revision _[• d ......... ST13 7.1-6 .............. Revision 

7.1-7 .............. Revision 
S......... RPff, -IT.§i6 -:LJ =TV7.1- ............ Revision 

M -FST 11 ......... K-,20•• 7.2-2 ............ Revision 

......... •eyJIV -0ý 7.2-1 .............. Revision 
......... R s7.2-7 .............. Revision 
......... -7 .............. Revision 

e......... R& 00 7.3-4 .............. Revision 

7.4-31.......... Revision 
• -3 4......... 7.3-4 .......... o.... Revision 

......... 7.4-1 .............. Revision 

......... 7.5-1 .............. Revision 

e Chapter 8 

......... --- i........ Revision 

8-i .................. Revision 

............ 8-iii ................ Revision 

S......... 1. =evidjjjj8.1-1 ....... Revision 
S.............. N 1 S8.1-2 .......................  

S.............. • •• • 8.1-3 .............. Revision

Chapter 7 

7-i .................. Revision 

7-ii ................. Revision 

..... ..... ....

8.1-4 .............. Revision 

8.1-5 .............. Revision 

8.1-6 .............. Revision 

8.1-7 .............. Revision 

8.1-8 .............. Revision 

8.1-9 .............. Revision

26



SAR-UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 Revision UMST-02E 

List of Effective Pages (Continued)

8.1-10 ............ Revision 

8.1-11 ............ Revision 

8.1-12 ............ Revision 

8.1-13 ............ Revision 

8.1-14 ............ Revision 

8.1-15 ............ Revision 

8.2-1.........Revision 
8.2-2 .............. Revision 

8.2-3 .............. Revision 
8.2-4 .............. Revision 

8.2-5 .............. Revision 

8.3-1 .............. Revision 
8.3-2 .............. Revision S A 

8.3-3 ..... ......... Revision 0 
8.3-4 ...... ........ Revision 

8.3-5 ...... ........ Revision 0 

8.3-6 ............................... Revision 0 

8.3-7 ............................... Revision 0 

8.3-8 ............................... Revision 0

27



THIS PAGE INTENTIONALLY LEFT BLANK



Master Table of Contents



SAR - UMS® Universal Transport Cask October 2002 

Docket No: 71-9270 Revision UMST-02E 

STable of Contents (Continued) 

3.3 Technical Specifications for Components ............................. 3.3-1 

3.3.1 Radiation Protection Components ................................................................... 3.3-1 

3.3.2 Safe O perating Ranges ..................................................................................... 3.3-1 

3.4 Thermal Evaluation for Normal Conditions of Transport ............................................ 3.4-1 

3.4.1 Therm al M odels .................................................. ........................................... 3.4-2 

3.4.1.1 Analytical Models: Cask with PWR Fuel Canister ......................... 3.4-4 

3.4.1.2 Analytical Models: Cask with BWR Fuel Canister., ................ 3.4-• 

3.4.1.3 Cask Impact Limiter-Thermal Model....................... 3.4-5 

3.4.1.4 Personnel Barrier Thermal Model ........................................... 3.4-F: 

3.4.1.5 Test M odel ....................................................................... ........ 3.4-1 2 

3.4.2 M aximum Temperatures ........................................................................... 3.4-E 

............n........a....................................
3.4.3 M inimum Temperatures ............................................................................. 3.4-0 

3.4.4 M aximum Internal Pressures ..................................................................... 3.4

3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister 

and s C ask ........................................................................ 3.4-0 

3.4.4.2 Maximum Internal Pressure for BWR Fuel Canister 
•• ~~................................. ..:.....". ................ :............. 3.4-• 

3.4.5 -Maximum Thermal Stresses .............................. 3.4-F 

* 3.4.6 umW 5 o55m din0 Merrael =e0 .ans.....ea..d.... 3.4-FQ 

o a .......a• ••.m.......at.r.................. 3.4-ED 

.4a. i urn owa Wansteal' a- ........................  

tiafifi fS .... 3.4-.  

I " 

3.5 Thermal Evaluation For Hypothetical Accident Conditions .................................... 3.5-1 

3.5.1 Therm al M odels ..................................................................... ...... ...... ........ . ...... 3.5-1 

3.5.1.1 A nalytical M odels ......................................................................... 3.5-1 

3.5.1.2 .............T :d e............................. .......... 3.5-3 

3.5.2 Package Conditions and Environment ...... ............ 3.5-9 

-3.5.3, Package Temperatures ............................. . ...... '3.5-4 

-3.5.4 Maximum Internal Pressufes .......... ......... ............ 3.5-5

xi,



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

STable of Contents (Continued) 

3.5.5 M axim um Therm al Stresses ........................................................................... 3.5-5 
3.5.6 Evaluation Of Package Performance For Hypothetical 

A ccident Conditions .................................................................................. 3.5-E 

B R f r n e ...... ..................... ...............................................................  

4 R eN c Es............................................................ M 

4.1 Containm ent Boundary .... ............................................................................... 4.1-1 

4.1.1 Containment Vessel................................................................ 4.1-1 
4.1.2 Containment Penetrations .................. .. .............................  

4.1.3 Seals A nd W elds............................................. .......................................... 4.1-2 
4.41.3.1 Seals ............................................ .................................................. 1-2 
4.1.3.2 W elds ............................................................................................ 4.1-1 

4.1.4 Closure .. Vessel......................................................................................... 4.1-1 

4.2 Containment Requirements for Normal Conditions of Transport................................ 4.2-1 

4.2.1 Containment of Radioactive Material ............................................................. 4.2-1 
4.2.1.1 Calculations ...................of .o .... . ......................... 4.2 

4.2.1.2 Correlation of • Rates to Air Standard ............. 4.2-5 
4.2.2 Pressurization of Containment Vessel ............................................................ 4.1-1 
4.2.3 Containm ent Criteria........................................................................................ 4.12

4.3 Containment Requirements For Hypothetical Accident Conditions ............................ 4.3-1 
4.3.1 Fission Gas Products .... Material............................................................. 4.3-1 
4.3.2 Containm ent ofe se l ........................................................... 4.2-.  

4.3.2.1 Calculation of oa e a Rates ........................................... 4.3-2

xli



.E 7 0 S R0 I::,

DOKE NO 7197

1NIVEtfR`SAL ýM ,P 

SAFI

.7STlM7

-RE PORT..'
- ~ ~ fo-the.  

UIVMS® Uni~versal' flasport as

ftNAG 
RE I NTE R NATIO0NA L



List of Effective Pages



"SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages -

Table of Contents 

i .................... Revision 

ii .............. Revision S , 

iii .................. ReVision S 

iv .................. Revision 1 
v ..................... Revision 

vi ................... Revision 

vii .................. Revision S 
viii ................. Revision 

ix .................. Revision • 

x ............ ... Revisionn 

xi ................... Revision S , ,
xii ....... ,.......... :Revision.  

xiii ............... Revision S 

xiv ........ Revision 

xv .................. Revision 

xvi ........ Revision S• ' 

xvii ....... Revision & 

Chapter 1

1-i .................. Revision 
1 -ii ................. Revision 

................. R 
1.1-1 .......... ..... Revision

1.1-2 .............. Revision 

1.1-3 ............. Revision 

1.1-4 .............. Revision 

1.1-5 ............. Revision 

1.2-1...........Revision 
1.2-1 ................ ,Revision • 
1.2-2 ............. Revision 

1.2-3 ............. Revision 

1.2-4 ......... Revision 

1.2-5............. Revis ion 

1.2-6 ............. ...... Revision 0 

1.2-7 .............. Revision 

1.2-8 .......... Revision M99 

1.2-9 ........... Revision 

1.2-10 ........... Revision 

1.2-11 ...... Revision 

1.2-12...........Revision 

1.2-13 ........... Revision 

1.2-14 ............ Revision 

1.2-15 ...... Revision n 

1.2-16......... Revision 

1.2-17 ..,...... Revision 

1.2-18 ............ Revision 

1.2-19 ..... Revision 

1.2-20 ..... Revision 

1.2-21 1....... Revision 

1.2-22•.....Revision 

1.2-23 .......;...Revision 

S.......... U ý 

1.3-1 ....... Revision 

.....

1'



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pagi 

S...........  

........... Revision 

........... Revision 
........... Revision 

".ev i 02S

drawings 

Revised as shown in Chapter 1 

Chapter 2 

2-i .................. Revision 

2-ii ................. Revision 

2-iii ................ Revision 

2-iv ................ Revision 

2-v ................. Revision 

2-vi ................ Revision 

2-vii ............... Revision 

2-viii .............. Revision 

2-ix ................ Revision 

2-x ................. Revision 

2-xi ................ Revision 

2-xii ............... Revision

es (Continued) 

2-xiii .............. Revision 2 

2-xiv .............. Revision 

2-xv ............... Revision 

2-xvi .............. Revision 

2-xvii ............. Revision 

2-xviii ............ Revision 

2-xix .............. Revision 

2-xx ............... Revision 

2-xxi .............. Revision 

2-xxii ............. Revision 

2-xxiii ............ Revision 

2-xxiv ............ Revision 

2-xxv ............. Revision 

2-xxvi ............ Revision 

2-xxvii ........... Revision 

2-xxviii .......... Revision 

2-xxix ............ Revision 

2-xxx ............. Revision 

2-xxxi ............ Revision 

2.1-1 .............. Revision 

2.1-2................Revision 0 
2.1-3........... Revision 

2.1-4................ Revision 0 
2.1-15.............. Revisiono0 

2.1-6 ............................... Revision 0 
2.1-7 .............. Revision 2.1-4 ............................... Revision 0 

2.1-68.............. Revisiono0 
2.1-8 ............................... Revision 0 

2.1-9 .............. Revision 

2.1-10 ............ Revision

2



•SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.1-11 ............ Revision 2.3-16 ...........  

2.1-12 ............ Revision 2.3-17 ...........  
2.1-13 ..... Revision ',7 2.3-18 ...........  

2.1-14 ..... Revision - 2.3-19 .....  
2.1-15 ............ Revision R 2.3-20 ...........  
2.1-16 ............ Revision 2.3-21 ...........  
2.1-17 ............ Revision ...........  

2.1-18 ............ Revision 2.4-1 ..............  

2.1-19 ..... Revision 2.4-2 .......  

2.1-20 ............ Revision . 2.4-3 ......  

2.1-21............. Revision - 2.4-4 ..............  

2.1-22 ............ Revision 2.4-5 .  

2.1-23 ...... Revision S 2.4-6......  

..... s...... 2.4-7......  

2.2-1 ....... Revision UTSP __Z 2.4-8 .............  
2.2-2 .............. Revision M 2.4-9 ......  
2.2-3 .............. Revision 2.5-1 ............  

m • .............. Bgý ýST--"M' 2.5-2 .............  
2.3-1 ............................... Revision 0 2.5-3 ..............  
2.3-2 .............. Revision - 2.5-4 ........... :..  
2.3-3 .............. Revision 0 2.5-5 ......  

2.3-4 .............. Revision 0 2.5-6 ......  

2.3-5 . . . . Revision 0 2.5-7 ..............  
2.3-6 . Revision 0 2.5-8 ......  

2.3-7 .............. Revision 0 2.5-9 ...........  
2.3-8 .............. Revision 0 2.5-10 ............  
2.3-9 . Revision 0 2.5-11.2 .........  
2.3-10 ............ Revision 2.5-12 ............  

2.3-11 ............. Revision 0 2.5-13 ..........  
2.3-12 . : Revision 0 2.5-14 ...........  
2.3-13 ...... Revision 2.5-15 .....  

2.3-14 ............ Revision 0 ,. 2.5-16 .....  
2.3-15 ............ Revision • •? 2.5-17 ............

.Revision 

Revision 

.Revision 

e -evisior • 

Revision 

Revision x 

* Revision 

,Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

................. Revision 0 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

................. Revision 0 

................. Revision 0 

Revision

3



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.5-18 ............ Revision 

2.5-19 ............ Revision 

2.5-20 ............ Revision 

2.5-21 ............ Revision 

2.5-22 ............ Revision 

2.5-23 ............ Revision 

2.5-24 ............ Revision 

2.5-25 ............ Revision 

2.5-26 ...... Revision 

2.5-27 ............................. Revision 0 

2.5-28 ............................. Revision 0 

2.5-29 ............ Revision 

2.5-30 ............ Revision 

2.5-31 ............ Revision 

2.5-32 ............................. Revision 0 

2.5-33 ............................. Revision 0 

2.5-34 ............................. Revision 0 

2.5-35 ............................. Revision 0 

2.5-36 ............................. Revision 0 

2.5-37 ............................. Revision 0 

2.5-38 ............................. Revision 0 

2.5-39 ............................. Revision 0 

2.5-40 ............................. Revision 0 

2.5-41 ............................. Revision 0 

2.5-42 ............................. Revision 0 

2.5-43 ............................. Revision 0 

2.5-44 ............................. Revision 0 

2.5-45 ............................. Revision 0 

2.5-46 ............................. Revision 0 

2.5-47 ............................. Revision 0 

2.5-48 ............................. Revision 0 

2.5-49 ............................. Revision 0 

2.5-50 ............ Revision

2.5-51 ............ Revision 

2.5-52 ............ Revision 

2.6-1 .............. Revision 

2.6-2 .............. Revision 

2.6-3 .............. Revision 

2.6-4 .............. Revision 

2.6-5 .............. Revision 

2.6-6 .............. Revision 

2.6-7 .............. Revision 

2.6-8 .............. Revision 

2.6-9 .............. Revision 

2.6-10 ............ Revision 

2.6-11 ............ Revision 

2.6-12 ............ Revision 

2.6-13 ............ Revision 

2.6-14 ............ Revision 

2.6-15 ............ Revision 

2.6-16 ............ Revision 

2.6-17 ............ Revision 

2.6-18 ............ Revision 

2.6-19 ............ Revision 

2.6-20 ............ Revision 

2.6-21 ............ Revision ¶ 

2.6-22 ............ Revision 

2.6-23 ............ Revision 

2.6-24 ............ Revision 

2.6-25 ............ Revision 

2.6-26 ............ Revision 

2.6-27 ............ Revision 

2.6-28 ............ Revision 

2.6-29 ............ Revision 

2.6-30 ............ Revision 

2.6-31 ............ Revision

4



SAR-UMS'ý Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-32 ............ Revision 

2.6-33 ...... Revision 

2.6-34 ..... Revision 

2.6-35 ............ Revision ' • 

2.6-36 ............ Revision 

2.6-37 ....... Revision 

2.6-38 ...... Revision 

2.6-39 ..... Revision 

2.6-40 ............. Revision 

2.6-41.........Revision 

2.6-42 ........... Revision 

2.6-43 ............ Revision 

2.6-44 ............ Revision 

2.6-45 ...... Revision 

2.6-46......... Revision • 

2.6-47............ Revision 

2.6-48 ........... Revision S.II 

2.6-49 ............ Revision 

2.6-50 ............ Revision 

2.6-51 ............ Revision 

2.6-52 .......... Revision 
2.6-53 ...... Revision 

2.6-54 ..... Revision S• 

2.6-55 ...... Revision " 

2.6-56; ........... Revision '4"0 

2.6-57 ............ Revision -, 

2.6-58 ..... Revision 

2.6-59 ...... Revision 

2.6-60 ........... Revision 2 
2.6-61 !..........Re-vision S• 2 
2.6-62 1 +.. Revision 

2.6-63.5 ...... Revision , 
2.6-64 ..... Revision

2.6-65 ............ Revision 

2.6-66 ............ Revision 

2.6-67 ............ Revision 

2.6-68 ............ Revisibon 

2.6-69 ........ Revisiofn* 

2.6-70 ............ Revision 

2.6-71 ...1...... Revision 

2.6-72 ............ Revision 

2.6-73 ............ Revision 

2.6-74 ............ Revision' 

2.6-75 ............ Revision 0 

2.6-76 ............ Revision 

2.6-77........... Revision 

2.6-78 ............ Revision 

2.6-79 ............ Revision 

2.6-80 ........... Revision 

2.6-81 ............ Revision 

2.6-82 ......... Revision 

2.6-83 ........ Revision' 

2.6-84 ............ Revision 

2.6-85 .......... Revision 

2.6-86 ............ Revision 

2.6-87 ............ Revision 

2.6-88. .......... Revision

2.6-89 ............. Revision 

2.6-90 ........... Revision 

2.6-91 ........... Revision 

2.6-92 ........... Revision 

2.6-93 ............ Revision • , 

2.6-94 .'........... Revision 

2.6-95 ... Revision " 

2.6-96 ............ Revisioni 

2.6-97.: .... Revision

r



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.6-98 ............ Revision 2.6-131 .......... Revision 
2.6-99 ............ Revision i 2.6-132 .......... Revision 
2.6-100 .......... Revision 2.6-133 .......... Revision 
2.6-101 .......... Revision 1 2.6-134 .......... Revision 
2.6-102 .......... Revision - 2.6-135 .......... Revision 

2.6-103 .......... Revision 2.6-136 .......... Revision 
2.6-104 .......... Revision 2.6-137 .......... Revision 
2.6-105 .......... Revision - 2.6-138 .......... Revision 
2.6-106 .......... Revision • 2.6-139 .......... Revision 
2.6-107 .......... Revision S 2.6-140 .......... Revision 
2.6-108 .......... Revision - 2.6-141 .......... Revision 

2.6-109 .......... Revision S 2.6-142 .......... Revision 
2.6-110 .......... Revision 2.6-143 .......... Revision 
2.6-111 .......... Revision 2.6-144 .......... Revision 
2.6-112 .......... Revision • 2.6-145 .......... Revision 
2.6-113 .......... Revision • 2.6-146 .......... Revision 
2.6-114 .......... Revision 2.6-147 .......... Revision 
2.6-115 .......... Revision S 2.6-148 .......... Revision 
2.6-116 .......... Revision 2.6-149 .......... Revision 
2.6-117 .......... Revision S 2.6-150 .......... Revision 
2.6-118 .......... Revision 2.6-151 .......... Revision 
2.6-119 .......... Revision - 2.6-152 .......... Revision 
2.6-120 ......... Revision • 2.6-153 ......... Revision 
2.6-121 .......... Revision 2.6-154 .......... Revision 
2.6-122 .......... Revision 2.6-155 .......... Revision 
2.6-123 .......... Revision S 2.6-156 .......... Revision 
2.6-124 .......... Revision 2.6-157 .......... Revision 
2.6-125 .......... Revision S 2.6-158 .......... Revision 

2.6-126 .......... Revision S0' 2.6-159 .......... Revision 
2.6-127 .......... Revision - 2.6-160 .......... Revision 
2.6-128 .......... Revision . 2.6-161 .......... Revision 
2.6-129 ......... Revision • 2.6-162 ......... Revision 
2.6-130 .......... Revision 1 2.6-163 .......... Revision

6



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

' October 2002 

Revisioh UMST-02E

- List of Effective Pages (C6ntinued)

2.6-164 .......... Revision 
2.6-165 ......... Revision • Ki 

2.6-166 ....... Revision 
2.6-167 .......... Revision 
2.6-168 ......... Revision 
2.6-169 .......... Revision 
2.6-170 .......... Revision 
2.6-171 ........... Revision 
2.6-172 .......... Revision 
2.6-173 .......... Revision S .  
2.6-174 .......... Revision -0 
2.6-175 ......... Revision 
2.6-176 .......... Revision 
2.6-177 .......... Revision • ' 
2.6-178 ......... Revision 0 
2.6-179 .......... Revision n 
2.6-180 .......... Revision S , 

2.6-181 ........... Revision 
2.6-182 .... Revision 
2.6-183 ....... Revision 

2.6-184 .......... Revision 
2.6-185 ..... Revision 

2.6-186 .......... Revision 
2.6-187 ......... Revision 
2.6-188 .......... Revision S 
2.6-189 .......... Revision 
2.6-190 .......... Revision I 

2.6-191 .......... Revision 
2.6-192 ..... ,Revision 
2.6-193 .......... Revision 
2.6-194 .......... Revision 
2.6-195......... Revision 
2.6-196 .......... Revision

2.6-197 ........ Revisioni MM 
2.6-198 .......... Revision 
2.6-199 ......... Revision' 
2.6-200 ......... Revisioni " 
2.6-201 ....... R...evisiori 
2.6-202 .......... Revisirin EM = 
2.6-203 .......... Revision 
2.6-204.,....... Revision 
2.6-205 .......... Revision' 
2.6-206 .......... Revision' 
2.6-207 .......... Revisi6n-m-m 
2.6-208 .......... Revision' 
2.6-209 ......... Revision'
2.6-210 .......... Revision I' 

2.6-211 ......... Revision 
2.6-212 .......... Revision H M 
2.6-213 ......... Revision 
2.6-214 .......... Revision 
2.6-215 .......... Revision 101 

2.6-216 .......... Revision 
2.6-217 .......... Revision* 
2.6-218 .......... Revision 
2.6-219 .......... Revision 
2.6-220.......... Revision • .2 

2.6-221........ Revision' 
2.6-222 ........ Revision 
2.6-223 .... R...Revision 
2.6-224......... Revision 
2.6-225.......... Revision 
2.6-226 .... Revision 

2.6-227 ......... Revision 
2.6-228 .......... Revision 

2.6-229.......... Revision



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-230 ......... Revision 

2.6-231 .......... Revision 

2.6-232 ......... Revision 

2.6-233 ......... Revision 

2.6-234 ......... Revision 

2.6-235 .......... Revision 

2.6-236 ......... Revision 

2.6-237 ......... Revision 

2.6-238 ......... Revision 

2.6-239 .......... Revision 

2.6-240 .......... Revision 

2.6-241 ......... Revision 

2.6-242 ......... Revision 

2.6-243 ......... Revision 

2.6-244 ......... Revision 

2.6-245 ......... Revision 

2.6-246 ......... Revision 

2.6-247 ......... Revision 

2.6-248 ......... Revision • 

2.6-249 ......... Revision 

2.6-250 ......... Revision 

2.6-251 ......... Revision 

2.6-252 ......... Revision 

2.6-253 ......... Revision 

2.6-254 .......... Revision 

2.6-255 ......... Revision 

2.6-256 ......... Revision 

2.6-257 ......... Revision 

2.6-258 .......... Revision 

2.6-259 ......... Revision 

2.6-260 ......... Revision 

2.6-261 ......... Revision 

2.6-262 ......... Revision

2.6-263 ......... Revision 

2.5-264 ......... Revision 

2.6-265 ......... Revision 

2.6-266 ......... Revision 

2.6-267 ......... Revision 

2.6-268 ......... Revision 

2.6-269 ......... Revision 

2.6-270..... Revision 

2.6-271 ......... Revision 

2.6-272 ......... Revision 

2.6-273 ......... Revision 

2.6-274 ......... Revision 

2.6-275 ......... Revision 

2.6-276 ......... Revision 

2.6-277 .......... Revision 

2.6-278 ......... Revision 

2.6-279 ......... Revision 

2.6-280 ......... Revision 

2.6-281 ......... Revision 

2.6-282 ......... Revision 

2.6-283 ......... Revision 

2.6-284 ......... Revision 

2.6-285 ......... Revision 

2.6-286 ......... Revision 

2.6-287 ......... Revision 

2.6-288 ......... Revision 

2.6-289 ......... Revision 

2.6-290 ......... Revision 

2.6-291 ......... Revision 

2.6-292 ......... Revision 

2.6-293 ......... Revision 

2.6-294 ..... Revision 

2.6-295 ......... Revision

8



"SAR-UMS®,Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

2.6-296 ........ :. Revision 

2.6-297 ......... Revision 

2.6-298.......... Revision 

2.6-299 ......... Revision 

2.6-300 ........ Revision 

2.6-301 ......... Revision 

2.6-302 ......... Revision 

2.6-303 ......... Revision 

2.6-304 ......... Revision .4.  

2.6-305 .......... Revision 

2.6-306 ......... :Revision 

2.6-307 ......... Revision 

2.6-308 ......... Revision 

2.6-309 ..... Revision • 
2.6-310 ......... Revision 

2.6-311 ..... Revision " 

2.6-312 ........... Revision S.  

2.6-313 ......... Revision 

2.6-314 ........... Revision 

2.6-315.......... Revision 

2.6-316 .......... Revision 

2.6-317 .......... Revision -" 

2.6-318 ........ . Revision 

2.6-319 ...... Revision _2 

2.6-320'. Revision.  

2.6-321 ..... Revision•, 

2.6-322 ..... Revision 

2.6-323 .......... Revision 

2.6-324 ..... Revision S 

2.6-325 ..........Revision 

2.6-326.. . ..... Revision 

2.6-327 ......... Revision 

2.6-328 ......... Revision -m

2.6-329 ......... Revision 

2.6-330 ......... Revision 

2.6-331 ......... Revision 

2.6-332 ......... Revisi6oi 

2.6-333 ......... Revision 

2.6-334 ......... Revision 

2.6-335 ......... Revisionf 

2.6-336 ......... Revision 

2.6-337 ......... Revision 

2.6-338 ......... Revision 

2.6-339 .......... Revision 

2.6-340 ........ Revision 

2.6-341 ......... Revision 

2.6-342 ......... Revision 

2.6-343 .......... Revisio n 

2.6-344 ......... Revision 

2.6-345 ......... Revision 

2.6-346 ......... Revision 

2.6-347 ......... Revision • 

2.6-348 ......... Revision 

2.6-349 ......... Revision 

2.6-350.......... Revision 

2.6-351 ...1.. Revision 

2.6-352 .......... Revision n 

2.6-3 53.....Revision 

2.6-354 .. ... Revision 

2.6-355 .... ;...Re-vision 

2.6-356 ......... RevisionM 

2.6-357 ......... Revision 

2.6-358 ......... Revision 

2.6-359 ....... Revision 

2.6-360 ......... Revision 
2.-361,. ..,ý.-..:. Revision UM 1-SI-I

9,

I-



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.6-362 .......... Revision • 2.7-13 ............................. Revision 0 
2.6-363 .......... Revision 2.7-14 ............ Revision 
2.6-364 .......... Revision • 2.7-15 ............................. Revision 0 
2.6-365 .......... Revision - 2.7-16 ............................. Revision 0 
2.6-366 .......... Revision • 2.7-17 ............................. Revision 0 
2.6-367 .......... Revision - 2.7-18 ............ Revision 
2.6-368 .......... Revision • 2.7-19 ............................. Revision 0 
2.6-369 .......... Revision S 2.7-20 ............................. Revision 0 
2.6-370 .......... Revision 2.7-21 ............ Revision 
2.6-371 .......... Revision 1 2.7-22 ............ Revision 
2.6-372 .......... Revision • 2.7-23 ............................. Revision 0 
2.6-373 .......... Revision S 2.7-24 ............................. Revision 0 
2.6-374 .......... Revision • 2.7-25 ............ Revision 
2.6-375 .......... Revision 0 2.7-26 ............................. Revision 0 
2.6-376 .......... Revision • 2.7-27 ............................. Revision 0 
2.6-377 .......... Revision - 2.7-28 ............ Revision 
2.6-378 .......... Revision - 2.7-29 ............ Revision 
2.6-379 .......... Revision * 2.7-30 ............ Revision 

2.6-380 .......... Revision 2.7-31 ............ Revision 
2.6-381 .......... Revision • 2.7-32 ............ Revision 
2.6-382 .......... Revision 2.7-33 ............ Revision 
2.7-1 .............. Revision ' 2.7-34 ............ Revision 

2.7-2 ............................... Revision 0 2.7-35 ............ Revision 
2.7-3 .............. Revision • 2.7-36 ............ Revision 
2.7-4 .............. Revision 2.7-37 ............ Revision 
2.7-5 ............................... Revision 0 2.7-38 ............ Revision 
2.7-6 ............................... Revision 0 2.7-39 ............ Revision 
2.7-7 .............. Revision • 2.7-40 ............ Revision 
2.7-8 .............. Revision - 2.7-41 ............ Revision 
2.7-9 .............. Revision - 2.7-42 ............ Revision 
2.7-10 ............ Revision - 2.7-43 ............ Revision 

2.7-11 ............................. Revision 0 2.7-44 ............ Revision 
2.7-12 ............................. Revision 0 2.7-45 ............ Revision S. TM

10



'SAR-UMS® Universal Transport Cask 

-Docket No. 71-9270 ,1
'October,2002 

Revision UMST-02E

List of Effective Pages'(Continued)

2.7-46 ............ Revision 

2.7-47 ....... Revision 

2.7-48........... Revision 0 

2.7-49 ............ Revision 

2.7-50 ............ Revision 

2.7-51 ...... Revision • 

2.7-52.,...... Revision 

2.7-53 ......... .Revision -0 
2.7-54........ Revision 

2.7-55 ............ Revision 

2.7-56 ........... Revision 

2.7-57 ........... Revision 

2.7-58 .......... Revision •0 

2.7-59 ........... Revision • 
2.7-60 ............ Revision Si ' 

2.7-61 ........ Revision 

2.7-62 ............ Revision 

2.7-63 ...... Revision 

2.7-64 ..... Revision S '• 

2.7-65 ........ R evision u °'M 
2.7-66 ............ Revision M, 
2.7-67 ............ Revision • 
2.7-68 ..... ,.....Revision • 

2.7-69 ....... Revision 

2.7-70. .......... Revision 

2.7-71 ........ Revision 19 " 

2.7-72 ............ Revision 

2.7-73 ........... Revision " 

2.7-74 ..... Revision 

2.7-75 ...... Revision S -.  

2.7-76 ..... Revision -. .  
2.7-77 ........... Revision , 

2.7-78 .......... Revision

2.7-79 ...... R evision 

2.7-80 ............ Revision 

2.7-81 ............ Revision 

2.7-82 ............ Revision 

2.7-83 ............. Revision GM 
2.7-84 ..... Revision 

2.7-85 ............ Revision 

2.7-86 .......... Revision 

2.7-87 ..... Revision 

2.7-88 ...... Revision 

2.7-89 ............ Revision 

2.7-90 ............ Revision 

2.7-91 ............ Revision S 

2.7-92 ............ Revision > -" 

2.7-93 ............ Revision MAKT

2.7-94 ............ Revision 

2.7-95 ............ Revision 

2.7-96 ............ Revision 

2.7-97.... * ...... Revision 

2.7-98 ............ Revision 

2.7-99 ......... Revision U 
2.7-100 ......... Revision 

2.7-10 ........ Rvisin 

2.7-102 ....... Revision 

2.7-103 ..... Revision 

2.7-104 ..... R.... evision 

2.7-105 .......... Revision L ...  

2.7-106 ......... Revision 

2.7-107 ....... ... Revision 

2.7-108 ......... Revision 

2.7-109 ......... Revision 

2.7-110.........Revision 

2.7-111 ........... Revision

11!



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

2.7-112 .......... Revision - 2.7-145 .......... Revision 
2.7-113 .......... Revision - 2.7-146 .......... Revision 
2.7-114 ......... Revision n 2.7-147 ......... Revision 
2.7-115 .......... Revision S 2.7-148 .......... Revision 
2.7-116 .......... Revision 2.7-149 .......... Revision 
2.7-117 ......... Revision & 2.7-150 ......... Revision 
2.7-118 .......... Revision 2.7-151 .......... Revision 
2.7-119 .......... Revision . 2.7-152 .......... Revision 
2.7-120......Revision 12.7-153 ..... Revision 

2.7-121 .......... Revision 2.7-154 .......... Revision 
2.7-122 .......... Revision • 2.7-155 .......... Revision 
2.7-123 .......... Revision 2.7-156 .......... Revision 
2.7-124 .......... Revision • 2.7-157 .......... Revision 
2.7-125 .......... Revision0 2.7-158 .......... Revision 
2.7-126 .......... Revision 2.7-159 .......... Revision i 

2.7-127 .......... Revision 2.7-160 .......... Revision 
2.7-128 .......... Revision • 2.7-161 .......... Revision 
2.7-129 .......... Revision - 2.7-162 .......... Revision 
2.7-130 .......... Revision - 2.7-163 .......... Revision 

2.7-131 .......... Revision 2.7-164 .......... Revision 
2.7-132 .......... Revision • 2.7-165 .......... Revision 
2.7-133 .......... Revision - 2.7-166 .......... Revision 
2.7-134 .......... Revision - 2.7-167 .......... Revision 
2.7-135 .......... Revision 2.7-168 .......... Revision 
2.7-136 .......... Revision - 2.7-169 .......... Revision 
2.7-137 .......... Revision • i' 2.7-170 .......... Revision 
2.7-138 .......... Revision 2.7-171 .......... Revision 
2.7-139 .......... Revision 2.7-172 .......... Revision 
2.7-140 .......... Revision • 2.7-173 .......... Revision 
2.7-141 .......... Revision 2.7-174 .......... Revision 
2.7-142 .......... Revision ' 2.7-175 .......... Revision 

2.7-143 .......... Revision - 2.7-176 .......... Revision 
2.7-144 .......... Revision 2.7-177 .......... Revision

12



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

List of Effective Pages (Continued) 

2.7-178 .......... Revision ..........  
2.7-179 ........ Revision ..........  
2.7-180 .......... Revision ...........  
2.7-181 ......... Revisionn 2.8-1 ............................... Revision 0 
2.7-182 .......... Revision • 2.9-1 ............. Revision 
2.7-183 .......... Revision ............. Ears, 

2.7-184 .......... Revision .............. F I M 

2.7-185 .......... Revision ..............  

2.7-186 .......... Revision S.............. RO M _M5 
2.7-187 ....... Revision .1............. H 
2.7-188 .......... Revision MRIQ
2.7-189 .......... Revision ..............  
2.7-190 .......... Revision ..............  
2.7-191 .......... Revisioni 2.10-1 .....  
2.7-192 .......... Revision ......... Sim 

2.7-193 ...... Revision E M .........  

2.7-194 ......... Revision .........  
2.7-195 ........ Revision .........  

2.7-196 .......... Revision ......... WU M TM 

2.7-197 ......... Revision .........  
2.7-198 ........ Revision .........  
2.7-199 ......... Revisi6n ........ -n11 

2.7-200 ...... Revision .........  

2.7-20 1......... Revision .........  
2.7-202 .......... Revision .......... .12ff 

SO ..........  

. ........

13



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

,......MTo -1-S -- N 

...... .11 i; Kr i E ,1 

F02: ....... VOM-o

14

....... °° A 

NB ....... M,17 U 71717 

...... w WS U, NIS 

i ....... w• -ME



-SAR-UMSO Universal Transport Cask 

Docket No. 71-9270

October 2002 

R-eision UMST-02E

List of Effective Pages (Continued)

S• .:... - 6 W-•O

V °o°° EM a C,622 , 

, ........... RU M -SI M • ...  

S......... Uy=-s= M:I 

T F ......... R 'i s o

15

MA=2 ..=.....  

S....... WE M 

ME727 ...i...-. • ..• 

... ..... ..•• 

=7 ............ •



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

Chapter 3 

3-i .................. Revision 

3-ii ................. Revision 

3-iii ................ Revision 

3-iv ................ Revision 

3-v ................. Revision 

3-vi ................ Revision .* 

3-vii ............... Revision 

3 .............. Revision M-O 

3 ........1- ...... Revision 
3.1-3 .............. Revision 

3.1-4 ...... ........ Revision 0 

3.1-5 ...... ........ Revision 0 
3.1-6 ............................... Revision 0 

3.2-1 ............................... Revision 0 

3.2-2 ............................... Revision 0 
3.2-3 ............................... Revision 0 
3.2-4 ...... Revision S 

3.2-5 ........ Revision 

3.2-6 ...... ........ Revision 0 
3.2-7 .............. Revision 

3.2-8 ............................... Revision 0 
3.2-9 .............. Revision 

3.2-10 ...... Revision 

3.2-11 .............. Revision 0 
3.2-12............. Revision 0 
3.2-12 ............................. Revision 0 

3.2-13 ............................. Revision 0 

3.2-14 ............................. Revision 0 
3.2-15 ............................. Revision 0

3.2-16 ............................. Revision 0 
3.2-17 ............................. Revision 0 
3.2-18 ............ Revision 

3.2-19 ............................. Revision 0 
3.3-1 .............. Revision 

3.3-2 .............. Revision 

3.3-3 .............. Revision 

3.4-1 .............. Revision 

3.4-2 ............................... Revision 0 
3.4-3 ............................... Revision 0 

3.4-4 .............. Revision 

3.4-5 .............. Revision 

3.4-6 .............. Revision 

3.4-7 .............. Revision 

3.4-8 .............. Revision 

3.4-9 .............. Revision 

3.4-10 ............ Revision 

3.4-11 ............ Revision 

3.4-12 ............ Revision 

3.4-13 ............ Revision 

3.4-14 ............ Revision 

3.4-15 ............ Revision 

3.4-16 ............ Revision 

3.4-17 ............ Revision 

3.4-18 ............ Revision 

3.4-19 ............ Revision 

3.4-20 ............ Revision 

3.4-21 ............ Revision 

3.4-22 ............ Revision 

3.4-23 ............ Revision 

3.4-24 ............ Revision 

3.4-25 ........... Revision 

3.4-26 ........... Revision

16



SAR-UMS® Universal Transport Cask October 2002 

-Docket No. 71-9270 Revision UMST-02E 

List of Effective Pages (Continued) 

3.4-27 ........... Revision ............ 10 

3.4-28 ........... Revision -- 3.5-1 .............. Revision 

3.4-29 ........... Revision 3.5-2 ............ Revision 
3.4-30 ........... Revision • t 3.5-3 .............. Revision 

3.4-31 ........... Revision 3.5-4 ............................... Revision 0 

3.4-32 .......... Revision 3.5-5 .............. Revision 

3.4-33 ........... Revision 3.5-6 .............. Revision 

3.4-34 ......... Revision 3.5-7 ...... Revision 

3.4-35 ........... Revision 3.5-8 .............. Revision 

3.4-36 ........... Revision 3.5-9 .............. Revision 
3.4-37 ..... Revision •S O2 3.5-10 ........ Revision 

3.4-38 ..... Revision 0O2 3.5-11 ............ Revision

3.4-39 ............ Revision S 3.5-12 ............ Revision 

3.4-40 ........... Revision 3.5-13 ...... Revision 

3.4-41 ........... Revision S • " 3.5-14........... Revision 

3.4-42 ...... Revision W 3.5-15 ............ Revision 

3.4-43'...., ...... Revision 3.5-16 ............ Revision 

3.4-44 ..... Revisionn 3.5-17 ............ Revision 

3.4-45 ..... Revision 3.5-18 ..... Revision 

3.4-46 ...... Revision - 3.5-19 ........... Revision 
3.4-47 ........... Revision ' 3.5-20 ......... Revision 

3.4-48 ........... Revision a 3.5-21 ............ Revision 

3.4-49 ........... Revision 3.5-22 ............ Revision 

3.4-50 ............ Re~vision-• ] 3.5-23 ....... Revision 

3.4-51 ..... Revision 2 3.5-24 ..... Revision 

3.4-52 ........... Revision 3.5-25 ............ Revision 

3.4-53 ..... Revision 3.5-26 ........ Revision a 

3.4-54 ...... Revision 3.5-27 ............ Revision 

3.4-55 ........... Revision 3.5-28...... Revision 

3.4-56 ........... Revision -O 707MM 3.6-1 ....... Revision

17



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Page 

S..............V .  

.............. 7~so •"tl S i 

S..............  

S..............b -,' ^•--T A

Chapter 4 

4-1 .................. Revision 

4-ii ................. Revision 

4.1-1.......... Revision 

4.1-2.............. Revision S

4.1-3 .............. Revision 

4.1-4 .............. Revision 

4.2-1 .............. Revision 

4.2-2 .............. Revision

es (Continued)

4.2-3 .............. Revision 

4.2-4 .............. Revision 

4.2-5 .............. Revision 

4.2-6 .............. Revision 

4.2-7 .............. Revision 

4.2-8 .............. Revision 

4.2-9 .............. Revision 

4.2-10 ............ Revision 

4.2-11 ............ Revision 

4.3-1 .............. Revision 

4.3-2 .............. Revision 

4.3-3 .............. Revision 

4.3-4 .............. Revision 

4.3-5 .............. Revision 

4.4-1 .............. Revision 

4.5-1 .............. Revision 

.......

18



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

List of Effective Page 

S.........  

.. ... ...... • 

..... kyls 00'!

Chapter 5 

5-i .................. Revision 

5-ii Revision 
5-iii ............ Revision 

5-iv ................ Revision 

5-v ................. Revision 

5-vi ....... Revision 

5-vii ............... Revision 

5-viii .............. Revision 
0 ....: ........ ...  

...... ..... ... Revision 

................. Revision 

5.1-1 ............................... Revision 0 

5.1-2 . Revision 0 

5.1-3 . Revision 

5.1-4 .............. Revision 

5.1-5 . Revision 

5.1-6 .............. :Revision 

5.1-7 .... Revision 

5.1-8 ...... Revision

s (Continued) 

5.1-9 ...... Revision 

5.1-10 ............ Revision 

5.2-1 .............. Revision M •

5.2-2 ...... Revision 

5.2-3 .............. Revision 

5.2-4 ............................... Revision 0 

5.2-5 ............................... Revision 0 

5.2-6 ....... Revision 

5.2-7 ...... Revision 

5.2-8 ...... Revision 

5.2-9... ...... Revision 

5.2-10 ................. I......:. Revision 0 

5.2-11 .. Revision 0 

5.2-12 ........... Revision ; 

5.2-13 ............ Revision " 

5.2-14 . ... Revision 0 

5.2-15 ............. Revision 0 

5.2-16 .:....... Revision 

5.2-17 ........ Revision 

5.2-18 ............. Revision 0 

5.2-19 ............. Revision 0 

5.2-20 ......................... Revision 0 

5.2-21 ...................... Revision 0 

5.2-22.................. Revision 0 

5.2-23 ........................ :. Revision 0 

5.2-24 ......... Revisioni 

5.2-25 ............ Revision 

5.2-26 ............................. Revision 0 

5.3-1 ............ Revision 

5.3-2 ............. Revision " 

5.3-3 .... ............ Revision 0 

5.3-4 ......... Revision' 

5.3-5 .............. Revision S

19



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

October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

5.3-6 .............. Revision • 5.4-4 .............. Revision 
5.3-7 .............. Revision - 5.4-5 .............. Revision 
5.3-8 .............. Revision • 5.4-6 .............. Revision 
5.3-9 .............. Revision * 5.4-7 .............. Revision 
5.3-10 ............ Revision - 5.4-8 .............. Revision 
5.3-11 ............................. Revision 0 5.4-9 .............. Revision 
5.3-12 ............................. Revision 0 5.4-10 ............ Revision 
5.3-13 ............................. Revision 0 5.4-11 ............ Revision 
5.3-14 ............ Revision • 5.4-12 ............ Revision 
5.3-15 ............................. Revision 0 5.4-13 ............ Revision 
5.3-16 ............................. Revision 0 5.4-14 ............ Revision 
5.3-17 ............ Revision S 5.4-15 ............ Revision 
5.3-18 ............ Revision 5.4-16 ............ Revision 
5.3-19 ..... Revision n 5.4-17 ..... Revision 
5.3-20 ............ Revision ............  
5.3-21 ............ Revision ............  
5.3-22 ............ Revision.  

5.3-23 ............................. Revision 0 ............ m•M 
5.3-24 ............ Revision ............  

5.3-25 ............ Revision ............  
5.3-26 ............................. Revision 0 ............ i Sd 
5.3-27 ............ Revision -............ R 

5.3-28 ............ Revision . ._ 
5.3-29 ............ Revision 5.5-1 .............. Revision 
5.3-30 ............ Revision -........... mmwl 
5.3-31 ............ Revision ........... eI t: 

5.3-32 ............ Revision 

5.3-33 ............ Revision ...........  
5.3-34 ............ Revision ...........  

5.3-35 ............................. R evision 0 ...........  
5.4-1 ............................... Revision 0 ........... vi 0 
5.4-2 .............. Revision .  
5.4-3 .............. Revision ...........

20



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

List of Effective Pages (Continued) 

S......... ýe" gfOH ........... Fat• •i 
71..:.. •: .• - ...........  

• .... :i.. ••• ' • ........... • 
• .. ....... • • ............ R ' n- ': 

PM,7n3 ......... M:• tn~ 6 6 MU ....... .... •.: 

• .. ........ • :- ..... L......" 
• • .: ...... •• - ... ....... ---.  

• ... .... • • s .= .. ...... .  

S....... • • .... ....... LS:10-• @ 
• ..... ,.. RS _ - -a , ........... • • 

S.......... MINI:': ......... F7)a•mo"" = 

S......... uvi • • ant 0 , ,- ..... Rs s• l 
S... ... • • s -V5 ......... lftl ý 

• .-.... M.. ,-- -4 ......... IMMSMMIS.  
.. ...... • • . .•• .:..L• 

....... .-.. • !, : . ......... k• 
S...... ..:.R : isJ ; .- ..... .... 7-M:

21



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

S......... • 6 .1-2 .............  

S......... • 6.1-3 ..............  
S......... • 6.2-1 ..............  

S......... • 6.2-2 ..............  

6.2-3 ..............  

- ........- ..............  
•,• 3•1 ......... • 6.3-1 ..............  

S......... • 6.3-2 ..............  

s O °6.3-6...........  

S......... n• T6.3-4......  

e Io t 6.3-8 ......  

S......... • 6.3-6 ..............  
T70 6.3-7 ..............  

......... m 6.3-1......  

6.3-2......  

3§, j - 6.3-13 ............  

......... W6 69ýnj M-2..3-8 ...  

6.3-1 4 ...........  
......... . .. 6.3-14 ............  

S.............. ••6.4-1 ...............

Chapter 6 

6-i .................. Revision 

6-ii ................. Revision 

6-iii ................ Revision 

6-iv ................ Revision 

6-v ................. Revision 

6-vi ................ Revision 

6.1-1 .............. Revision

6.4-2 ..............  

6.4-3 ..............  

6.4-4 ..............  

6.4-5 ..............  

6.4-6 ..............  

6.4-7 ..............  

6.4-8 ..............  

6.4-9 ..............  

6.4-10 ............  

6.4-11 ............  

6.4-12 ............  

6.4-13 ............

Revision 

* Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 0 

Revision 

Revision 

Revision 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

................. Revision 0 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision L:M¶1fl1•

22



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270 4Th�7

October 2002 

Re'Visi6n UMST-02E

.List of Effective Pages (Continued)

6.4-14 ........... Revision 

6.4-15 ............ Revision 

6.4-16 ..... Revision 

6.4-17 ............ Revision 

6.4-18 ............ Revision • .:• 

6.4-19 ............ Revision 

6.4-20 ............ Revision 

6.4-21 ............ Revision 

6.4-22 ..... Revision 

6.4-23 ...... Revision 

6.4-24 ............ Revision 
S............ ••s 

S......... ... •s ] 
S.. ........ .. • 

S.......... ...•• 0 
.. ... :. .......... s..•, 

65 1..................... Rev n 7 
2 ............ i 

65 3 ................... ... R vso 0 

.- ..............  

6.5-53............... Revision 0 

6.5-4 .............. ..... Revision 0 

6.5-5 .............. Revision 0 
6.5-6 .......... Revision 

6.5-7 .......... Revision

6.5-8 .............. Revision 

6.5-9............. Revision

6.5-10 ......... Revision 

6.5-11 ...... Revision 1 

6.5-12 ........... Revision' 

6.5-13 ...... Revision 

6.5-14 ........... Revision 

6.5-15 ...... Revision 

6.5-16 ....... Revision _ 

-..........  

• ............ t • s 

S.. ...... .... • 

S.L..•......

23



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued)

............ Re& ýLsf 1ý 

............  

............  

............  

6.6-1 .............. Revision 

........... ý T!- T-750. -2. d 

...........  

........... , ýi6omslm

...........  

...........  

...........  

...........  

........... ýT-0ýý2 

...........  

-@=Um 

wxý 
......... ý Slon

ey 32 

=.61 ......... Y ýe V rsi 76" M", U M 

. ..........  

.......... W , 

......... ýeyi- T-W 

........... U m 

...........

24

...........  

.1 St 
......... .k-Im 

......... VAN 

ffý61-2 ........... Fain!



7SAR-UMSO Universal Transport Cask -,:..iOctober 2002 

-Docket No. 71-9270 Revision UMST-02E 

I_ +,,Li st of Effective Pages (Continued) 

• ... : ... • s • • / • ..........  

~ M 17 1" ...... =s 7 .- -t ..... ....  

S• ....... IM. ® -u ,- u..-...., 

F 7271 ......... Ui- gs 6MUM ...... ...  

• " ......... - 10 2M• •- ........... •g• 

S....... ..k•. Rev iRIM ......... • 
...... :.•. ram an-S.:.. ....... VEMMMM TY_-0 

5 I "...... .. ..  

.......... • > ....... ....

25



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

List of Effective Pages (Continued) 

7 ................  

................  
S......... g m o"•l~ e • •7.1-1 .............  

7.1-2 .............  
S......... ý 7.1-3 ..............  
S......... • 7.1-4 ..............  
. .. ...... . .7.2-5 ......... ,.  

......... 7.1-2......  
• • ......... R • 2• 7.1-7 ............  

7.2-2 ..........  
S......... R • . "•+0•7.2-2 ............  
......... 7m7.3-4 .......2 

S17.4-1......  S......... K• J•-O0V 7.5-2 ..............  
S......... P*,, • 7.3-8 ..............  
......... •7.3-8 ..............  

S......... Iýa ii "7 YST 2 7.4-1 ..............  
S ......... R ~ • • ,N7.5-1 ..............  

S......... 8-i 7 .4 1................  

8-ii ....i .............  ......... + . s n.,.t Z 8-iii .................  
S....... R •O• 8 iii..................  

8.1-1.............  E71 ............ 9;7$W1F M8.1-I 

........ f .-793 [ 8.1-2 ...............  

.............. 8.1-3 ..............

Chapter 7 

7-i .................. Revision 

7-ii ................. Revision 

3.........C M,2I

8.1-4 ..............  

8.1-5 ..............  

8.1-6 ..............  

8.1-7 ..............  

8.1-8 ..............  

8.1-9 ..............

ReviMsion 

* Revision 

Revision 

* Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 
Revision 
Revision 

Revision

Chapter 8

Revision 

Revision 

Revision 

Revision 

Rev......i....  

Revision 

Revision 

Revision 

Revision 

Revision 

Revision 
Revision

26



SAR-UMS® Universal Transport Cask, October 2002 

Docket No. 71-9270 Revision UMST-02E 

List of Effective Pages (Continued) 

8.1-10 ............ Revision 

8.1-11 ...... Revision 8.1-12 ............ Revision S i, 
8.1-12 ............ Revision 

8.1-13 ............ Revision 

8.1-14 ............ Revision 

8.1-15 ............ Revision 

8.2-1 .............. Revision 

8.2-2 .............. Revision 

8.2-3 .............. Revision 

8.2-4 .............. Revision 

8.2-5 .............. Revision 

8.3-1 .............. Revisionn 

8.3-2 .............. Revision n 0 

8.3-3 ............................... Revision 0 

8.3-4 .............. Revision 

8.3-5 ............................... Revision 0 

8.3-6 ............................... Revision 0 

8.3-7 ............................... Revision 0 

8.3-8 ............................... Revision 0

27



THIS PAGE INTENTIONALLY LEFI BLANK



Master Table of Contents



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

rTable of Contents (Continued) 

3.3 Technical Specifications for Components ................................................................... 3.3-1 

3.3.1 Radiation Protection Components ............. ...................................................... 3.3-1 

3.3.2 Safe O perating R anges ...................................................................................... 3.3-1 

3.4 Thermal Evaluation for Normal Conditions of Transport ............................................ 3.4-1 

3.4.1 Thermal Models ........................................... 3.4-2 

3.4.1.1 Analytical Models: Cask with PWR Fuel Canister ......................... 3.4-4 

3.4.1.2 Analytical Models: Cask with BWR Fuel Canister ...................... 3.4-5 

3.4.1.3 Cask Impact Limiter Thermal Model ........................................ 3.4-V0 

3.4.1.4 Personnel Barrier Thermal Model ............................................ 3.4-F 

3.4.1.5 Test M odel ................................................................................ 3.4

3.4.2 M aximum Temperatures ................................................................................ 3.4-E2, 

3.4.3 M inimum Temperatures ........................................................................... 3.4-F 

3.4.4 M axim um Internal Pressures .........................................................................  

3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister 

and Cask ................................ 3.4- [ 

"3.4.4.2 Maximum Internal Pressure for BWR Fuel Canister 
S• • • ....................................................................... 3.4-• 

3.4.5 Maximum Thermal Stresses ........................................ 3.4-rm 
S3.4.6 umg o a e• 1 d i id era ue•.n C...us.e....t3.4-ad .. .... 1 I ...i. ........ 3 

•"••u~l•• •............................... 3.4-IM 

-b v uation ennakal ......................s ..... 3.4-.  

3.5 Thermal Evaluation For Hypothetical Accident Conditions ............. ........................ 3.5-1 

3.5.1 ThermalModels .......................................... 3.5-1 

3.5.1.1 A nalytical M odels ......................................................................... 3.5-1 

3.5.1.2 Test M odel ............. : ............... . ................................................. 3.5-3 
3.5.2 Package Conditions and Environment ...................... '3.5-9 

3.5.3 Package Temperatures .... ....... ....................................... -3.5-4 

3.5.4 M aximum Internal Pressures ........................... ......................... .................. 3.5-5

xi



SAR - UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 Revision UMST-02E 

M Table of Contents(Continued) 

3.5.5 M aximum Therm al Stresses ........................................................................... 3.5-5 

3.5.6 Evaluation Of Package Performance For Hypothetical 

A ccident Conditions ........................................................................................ 3.5-1 

LM ere u.. .. S e on n .............................................................  

SN E ...................... .................... ....................................  

4.1 Containment Boundary........................................................................................4.1-1 

4.1.1 Containment Vessel .................................... 4.1-1 
4.1.2 Containm ent Penetrations................................................................................. 1-.  

4.1.3 Seals A nd W elds. ............................................................................................ 1-2 

4.1.3.1 Seals .............................................................................................. 4.1-2 
4.1.3.2 W elds ............................................. ........................................... 4.1-1 

4.1.4 Closure Penetrn........ ............................................................................... 4.1-f 

4.2 Containment Requirements for Normal Conditions of Transport ................................ 4.2-1 

4.2.1 Containment of Radioactive Material ............................................................. 4.2-1 

4.2.1.1 Calculations of o b Rates...............................42• 
4.2.1.2 Correlation of owbe Rates to Air Standard............. 4.2-5 

4.2.2 Pressurization of Containment Vessel ............................................................ 4.1-1 

4.2.3 Containm ent Criteria........................................................................................ 4.2-1 

4.3 Containment Requirements For Hypothetical Accident Conditions ............................ 4.3-1 

4.3.1 Fission Gas Products ...... Mater.............................................................. 4.3-1 
4.3.2 Containm ent ofe se l ............................................................ 4.3-1 

4.3.2.1 Calculation of o Rates ........................................... 4.3-2 

xii



Chapter 3



SAR - UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 Revision UMST-02E 

Table of Contents 

3.0 THERMAL EVALUATION ....... : ............................... 3.1-1 

3.1 D iscussion ............... .................................. ............................................. 3.1-1 

3.2 Summary of Thermal Properties of Materials ............................................................... 3.2-1 

3.2.1 C onductive Properties ....................................................................................... 3.2-1 

3.2.2 R adiative Properties ............................................ ................................ * .......... 3.2-1 

3.2.2.1 Governing Radiation Principle .......................... 3.2-1 

3.2.2.2 Radiation from Cask Surface ............................................................ 3.2-2 

3.2.2.3 Radiation Across Gaps Within the Cask ........................................... 3.2-3 

3.2.2.4 Radiation from the Top of the Canister., ................... 3.2-4 

3.2.3 Convective Properties ....................................................................................... 3.2-4 

3.3 Technical Specifications for Components .................................................................... 3.3-1 

3.3.1 Radiation Protection Components .................................................. : ................. 3.3-1 

3.3.2 Safe O perating R anges ...................................................................................... 3.3-1 

3.4 Thermal Evaluation for Normal Conditions of Transport ............................................ 3.4-1 

3.4.1 Thermal Models ........................................... 3.4-2 

3.4.1.1 Analytical Models: Cask with PWR Fuel Canister ........................... 3.4-4 

3.4.1.2 Analytical Models: Cask with BWR Fuel Canister ................. 3.4-E 

3.4.1.3 Cask Impact Limiter Thermal Model .......................... 3.4-( 

3.4.1.4 Personnel Barrier Thermal Model .................................................... 3.4-2Y 

3.4.1.5 Test M odel ....................................................................................... 3.4-22 

3.4.2 M axim um Tem peratures ................................................................................ 3.4-22 

ia l i ......................................................................... 3.4-5 

3.4.3 Minimum Temperatures ........................................................................... 3.4-E6 

3.4.4 Maximum Internal Pressures ................................................................... 3.4-E6 

3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister and 

" C ask ................................................................................. 3.4 - '6 

3.4.4.2 Maximum Internal Pressure for BWR Fuel Canister and 

rCask ........................................................................... 3.4-58 
3.4.5 Maximum Thermal Stresses ........................................................................... 3.4-9O

3-i



SAR - UMS® Universal Transport Cask October 2002 

Docket No. 71-9270 Revision UMST-02E 

Table of Contents (Continued) 

3.4.6 l•r i• CiddingC derH-t e •htb .......... 3.4-30 

.l w-ra ...................................... 3.4-30 

3=.4.6-. &M aiiiýOII&AlOwable aiste r- Hý a'U i id ..............................  

3.43 ution of Package Per fftaic&fdr N6ormal Conditns 0rai ..... 3.4-35 

3.5 Thermal Evaluation for Hypothetical Accident Conditions .......................................... 3.5-1 

3.5.1 Thermal Models ................................................... 3.5-1 

3.5.1.1 A nalytical M odels .............................................................................. 3.5-1 

3.5.1.2 Test M odel ......................................................................................... 3.5-3 

3.5.2 Package Conditions and Environment .............................................................. 3.5-4 

3.5.3 Package Tem peratures ...................................................................................... 3.5-4 

3.5.4 M axim um Internal Pressures ............................................................................ 3.5-5 

3.5.5 M aximum Therm al Stresses ...................................................................... 3.5-H 

3.5.6 Evaluation of Package Performance for Hypothetical Accident Conditions .... 3.5-9 

E~ Th'via'1 Evliaii Ud-_6 Si tF-6ci fji6C ................................................ 3__ý 
=. 6 hoe ............................ .................................  

s. .......................................... ................................ ............ 7 
MT 2 neffi • tdr,,,T assft'C •waste ....................................  

S R eferences .....................................................................................................................

3-ii



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

. October 2002 

Revision UMST-02E

Figure 3.1-1 

Figure 3.1-2 

Figure 3.4-1 

Figure 3.4-2 

Figure 3.4-3 

Figure 3.4-4 

Figure 3.4-5 

Figure 3.4-6 

Figure 3.4-7 

Figure 3.4-8 

Figure 3.4-9 

Figure 3.4-10 

Figure 3.4-11 

Figure 3.4-12 

Figure 3.4-13

List of Figures 

Definition of the Gap Between Basket,,Canister, and Inner Shell 
for Horizontal Position of Universal Transport Cask Containing 
PW R Fuel .................................................................................................... 3.1-4 

Definition of the Gap Between Basket Canister, and Inner Shell 

for Horizontal Position of Universal Transport Cask Containing 

B W R Fuel ................................................................................................... 3.1-5 

Three-Dimensional PWR Cask Finite Element Model ............................. 3.4-5 

Design Basis PWR Fuel Assembly Axial Power Distribution ................. 3.4-57 

PWR 14x14 Fuel Assembly Two-Dimensional Finite Element Model .... 3.4-F_ 

Two-Dimensional-PWR Fuel Tube Model ............................................ 3.4-,L9 

Three-Dimensional BWR Cask Finite Element Model ..................... 3.4 -.  

Design Basis BWR Fuel Assembly Axial Power Distribution ............. 3.4-E 

,BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model ....... 3.4-K2: 

Two-Dimensional BWR Fuel Tube (with BORAL) Model................ 3. 4 -: 3 

Two-Dimensional BWR Fuel Tube (without BORAL) Model ................... 3.4-4 Two-Dimensional BWR Fuel Tube (without BORAL) Model ............ .

Cask Impact Limiter Thefmal M odel ....... : .......................... ..................... 3A4L5 

, rf T hermiifl odel ............................................................. 3.4-56 

•pei~at~�LR&Resu&ts ,at Keeeints !fthe B ii .................... 3.4-,T 

W R e t................... 3.4-P

3-iii



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

Figure 3.4-14 

Figure 3.4-15 

Figure 3.5-1 

Figure 3.5-2 

Figure 3.5-3 

Figure 3.5-4 

Figure 3.5-5 

Figure 3.5-6 

Figure 3.5-7 

Figure 3.5-8

List of Figures (Continued) 

BWRmtielD•L6 ...v6ii:.............. 3.4-T,8 
~rkfF ~........ 44 

I d .................................................................................................. 3.4-T 

Two-Dimensional Axis-Symmetric Finite Element Cask 

M odel (PW R and BW R) ............................................................................. 3.5-15 

Upper Region of Two-Dimensional Axis-Symmetric Cask Finite 

Element M odel (PW R and BW R) ............................................................... 3.5-" 

Lower Region of Two-Dimensional Axis-Symmetric Cask Finite 

Element M odel (PW R and BW R) ............................................................... 3.5-2 

Hypothetical Accident Conditions Maximum Lead 

Tem perature History (PW R) ..................................................................... 3.5-1 

Hypothetical Accident Conditions Maximum Neutron Shield 

Exterior Temperature History (PWR) ....................................................... 3.5-E 

Hypothetical Accident Conditions Maximum Cask Inner Shell 

Tem perature History (PW R) ..................................................................... 3.5-12 

Hypothetical Accident Conditions Maximum Cask Outer Shell 

Tem perature History (PW R) ..................................................................... 3.5-"s 

Hypothetical Accident Conditions Maximum Lower Neutron 
Shield Temperature History (PW R) ........................................................ 3.5-f:j

3-iv



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270
a 4.

October 2002 

Revision UMST-02E

Table 3.1-1 

Table 3.2-1 

Table 3.2-2 

Table 3.2-3 

Table 3.2-4 

Table 3.2-5 

Table 3.2-6 

Table 3.2-7 

Table 3.2-8 

Table 3.2-9 

Table 3.2-10 

Table 3.2-11 

Table 3.2-12 

Table 3.2-13 

Table 3.2-14 

Table 3.4-1 

Table 3.4-2 

Table 3.4-3

List of Tables 

Thermal Analysis Bounding Conditions - Normal Conditions of Transport.... 3.1-6 

Thermal Properties of Solid Neutron Shield (NS-4-FR) .................................. 3.2-6 

Therm al Properties of Stainless Steel ............................................................... 3.2-7 

Therm al Properties of Carbon Steel .................................................................. 3.2-8 

Thermal Properties of Chemical r Lead................................................ 3.2-9 

Thermal Properties of Type 6061=T 1 Aluminum Alloy ............................. 3.2-10 

Therm al Properties of Helium ........................................................................ 3.2-11 

Therm al Properties of Dry Air ........................................................................ 3.2-12 

Therm al Properties of Copper ........................................................................ 3.2-13 

Thermal Properties of Zircaloy and Zircaloy-4 Cladding ............................... 3.2-14 

Therm al Properties of Fuel (U0 2 ) ................................................................... 3.2-15 

Thermal Properties of BORAL Composite Sheet ........................................... 3.2-16 

Thermal Properties of Redwood (Air Dry) ...................................................... 3.2-17 

Thermal Properties of i raxCerarrc .i .... ................................. 3.2-18 

Gaps Within the Universal Transport Cask .................................................... 3.2-19 

Maximum Component Temperatures - Normal Conditions of Transport, 
Maximum Decay Heat, Maximum Ambient Temperature ........................ 3.4-50 

Maximum Component Temperatures - Normal Conditions of Transport, 
Maximum Decay Heat, Minimum Ambient Temperature .............................. 3.4-H I 

Universal Transport Cask Thermal Performance Summary For 
Component Operating ii e..................... I ................. 3.4-•_2

3-vii



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270
October 2002 

Revision UMST-02E

Table 3.4-4 

Table 3.4-5 

Table 3.4-6 

Table 3.4-7 

Table 3.4-8 

Table 3.4-9 

Table 3.4-10 

Table3.'4-12 

Tabl -e 3. 4-1-3 

ITbl 3-.4- 16 

Table 3.5-1 

Table 3.5-2 

Table 3.5-3

List of Tables (Continued) 

Maximum Internal Pressures for Transport .............................................. 3.4-53 

ws nerate aSbl.... ..................................... 4. 54 

W aste ree Vome (o in ................................ 3.L4.54 

w k mu'MN - ........................... 3 4 

LW r A ssem y u •eierte nasn entor ................................. 55 

BWRT CansteF 7eebVolume, (No 16FtieI .....................................  

BWR MaximuijiNormal Condtiton Pressure'Sunmih.......................  

P..........................  

BWR Cladding Srss ve CoI so Cha ....................................... 3.4-56 

Cladding S tress asi Fuinctiono oFuel ,Asseiiibl jAf'i-ag Burnu 'and.•M r•rtt ................................. 4-. 8 

MC- d1 foalIita Stdnk~tr as*iii _____ 

ntal Ml'i6ýTTR ý-sýn l 
M iirnu , an m ef .......................................................................... 3.4-.  

Maximum Componen• ti T Ioempera tures - c a FcincttOn 
o nditioCladdi eS nt C . ...................................... 3.4-E 

M iiZMaxIum Allo 3YbI d!ikldin orer de'aBVR el ... 3.4-5_

Maxaum 10, h 1 M:e g jtMFM6•PWR.E,& Bifiyses . .............. 3.4-ý-

-ePetueB•.A hgloMamuAloae • ............ 7

Maximum Component Temperatures - Hypothetical Accident Conditio n Fire Transient (PW R Cask) ...................................................... 3.5-M_• 

Maximum Component Temperatures - Hypothetical Accident 

Condition Fire Transient (BW R Cask) ............................................. 3.5

Maximum Internal Pressures for Hypothetical Accident Conditions ....... 3.5-F8

3MVII



SAR-UMNS6 Universal Transport Cask October 2002 
Docket No. 71-9270 Revision UMST-02E 

the corresponding total heat'is *,only 15.7 kW and the heat denritii'ls 88% of the 20 kW over 144 
inches. The 20kW over 144 inches is considered to be controlling.  
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3.4.1.1.2 Two-Dimensional Fuel Assembly Model: PWR Fuel 

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element 

thermal model of the PWR 14x14 fuel assembly. Taking advantage of the-symmetry of the 

cross-section of the fuel, the finite element model represents a one-quarter section of the fuel.  

The model includes the fuel pellets, cladding, gas between the fuel rods, and gas occupying the 

gap between the fuel pellets and cladding. Modes of heat tranisfer modeled include conduction 

and radiation between individual fuel rods for the steady-state 'czon~titi•Si. 'The model is shown in 

Figure 3.4-3. Thermal analyses of the o~ther PWR fuel assembhies (i.e.:; 17x17, 16x16, and 
15x15) are performed; however, because the PWR 14x14 fuel assemt4blyesults iri6 the lowest 

effective thermal cnductivities, only Ithe analysis of that' fu'el assernbly is presented in this 

section.
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ANSYS PLANE 55 conduction elements and LINK31 radiation elements are used in the model, 

which includes a total of 49 fuel rods (representing a total of 196 fuel rods for the full cross

section). Each fuel rod consists of the pellet, Zircaloy cladding, and a gap between the pellet and 

clad. The gas in the gap between the pellet and clad, as well as the gas between the fuel rods, is 

modeled as E] helium •. Radiation elements are defined between rods and from rods to the 

boundary of the model (inside surface of the fuel tube). Radiation across the gap between the 

pellet and clad is conservatively ignored. Effective emissivities are determined by using the 

formula shown in Section 3.4.1.1.1.  

The effective conductivity for the fuel is determined by using a two-step procedure. Using the 

fuel assembly model, a uniform temperature is applied to the exterior of the model (see Figure 

3.4-3) in conjunction with the volumetric heat generation.. From this analysis, the maximum 

temperature located at the center of the fuel assembly is determined. This maximum temperature 

occurs at the comer of the model, which represents the center of the entire fuel assembly.  

A Sandia National Laboratory Report [10] defines an expression for use in determining the 

maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform 

volumetric heat generation. At the boundary of this square cross section, the temperature is 

constrained to be uniform. The expression for the maximum temperature is given by: 

To=T +0.29468 Qa2 1 
Keff 

where: 

S= temperature at center of -fuel (T) 

Te = temperature applied at exterior of fuel (TF) 

Q = volumetric heat generation rate (Btu/hr-in 3) 

a = half-length of square cross section of fuel (inch) 

Kff = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in-°F).  

Using the maximum temperature, located at the center of the fuel, from the detailed fuel 

assembly model, the preceding expression is used to determine the KIff for an isotropic 

homogeneous representation of the fuel assembly.
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Volumetric heat generation based on the design heat load of 20 kW with a peaking factor of 1.1 

is applied to the fuel pellets. The temperature at the boundary of the model is' constrained to be 

uniform. The effective conductivity is determined 'on the'basis'of the heat-generated and the 

temperature difference from the center-of the' model to its edge. The'tem1ierature-dependent 

effective properties are established by using different boundary temperatures.' The effective 

conductivity in the axial direction of the fuel assembly is calculated on the basis of a weighted 

average of the axial cross sectional area.: , .. ' 

3.4.1.1.3 Two-Dimensional Fuel Tube Model: PWR Fuel 

The effective conductivity of the fuel tube and BORAL plate, which is used in the three

dimensional canister model, is determined by the two-dimensional fuel tube model. As shown in 

Figure 3.4-4, this model includes the fuel tube, the BORAL plate (including the core matrix 

sandwiched by aluminum claddings), E gaps on both sides of the BORAL plate, and a [ gap 

between the stainless steel cladding for the BORAL plate,'and the support disk, or heat transfer 

disk. TheIBORAL plate,in the PWR fuel tube is.composed of 62.34% B4C and 37.66% 

aluminum.  

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct 

the model, ,which consists of eight layers of conduction elements and six radiation elements that 

are defined at the [ gaps (two per gap). The thickness of the model (x-direction).is the distance 

measured from the inside dimension of the fuel tube to the inside dimension of the slot in the 

support disk (assuming that the fuel tube is located at the center of the disk slot). The tolerance 

of the BORAL plate core thickness, 0.003 inch, isused.as the gap size for both sides of the 

BORAL plate. The model height is defined to be the same dimension as the model thickness.  

A heat flux is applied at the left side of the model and the temperature at the right boundary of 

the model is constrained. The heat flux is determined on the basis of design heat load of 20 kW 

with a peaking factor of 1.1. The maximum temperature of the model (at the left boundary where 

the heat flux is applied) is calculated by using ANSYS. The effective conductivity through the 

tli 6kess of the'iubei's determined by*using the following equation: 

q=Keff(A/L) AT, or. " ' 

Keff = qL/(A AT), ., 

where:
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q = heat rate applied to inner surface of fuel tube (Btu/hr) 
A = area (in2) 
L = thickness of composite tube model (in) 
AT = temperature difference across the model (fF) 
Keff = effective conductivity (Btu/hr-in-0 F).  

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

3.4.1.2 Analytical Models: Cask with BWR Fuel Canister 

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

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

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

3.4-14



SAR-UMS® Universal Transport Cask . October 2002 

Docket No. 71-9270 Revision UMST-02E 

fuel assemblies, fuel tubes enclosing the top and bottom fittings, -and the first stainless steel 

support.  

For the BWR configuration, h gas inside the canister •1i• cask cavity is modeled as helium 

,because the cavity will be backfilled with helium prior to transport. Conduction and radiation are 

modeled by using ANSYS "SOLID70" and "'LINK31" elements, respectively.- The principal 

gaps applied to the model are shown in Figure 3.1-2 and are described in Section 3.2.2.3. In 

establishing these .gaps, the differential thermal expansion between the components is 

considered.  

Because the canister is in horizontal position during transport, the elements for the canister shell 

are shifted ,downwards to simulate'contact -with the inner shell, of the cask. Similarly, the support 

disks and the heat transfer disks are shifted downward to simulate contact with the canister shell.  

As shown in Figure 3.1-2, a 2-degree contact is considered for the gaps between the canister shell 

and the cask inner shell and between the support disk and the canister shell. This'contact is 

simulated by using appropriate conductivity (100 Btu/hr-inch-0 F) for elements at the contact 

locations. The aluminum heat transfer disks are'assumed to have only a line contact with the 

canister shell becausethe heat transfer disks are not subjected to any loads other than their own 

weight.  

To account for differential expansion, gaps within the model are adjusted on. the basis of 

temperature and defined physical contact conditions. Solar insolance and ambient temperature 

conditions are applied to the neutron shield'shell when appropriate. Insolance is'used at the 

exterior surface of the cask and is based on the amount of insolation required by 10 CFR 71 to be 

applied over a 12-hr period evaluated in the steady state (applied over 24 hr simulating 12-hr 

period of solar exposure and 12-hr period of no solar exposure). The heat flux resulting from 

insolation on a curved surface is calculated as follows: 

1 Btu 12 hr 1 ft2  Btu/hr-in 2 

1 12hr-ft× 24•hr 144in 0 

Multiplying this value by the emissivity of the cask surface, E = 0.36,,gives a heat flux resulting 

from insolance on curved surfaces of 0.154 Btu/hr-in 2 . Using the same method and a heat flux of
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2,950 Btu/12 hr-ft2 (0.853 Btu/hr-in 2), gives a heat flux resulting from insolance on flat surfaces 

of 0.307 Btu/hr-in2 .  

The model is analyzed to determine the maximum temperatures for the basket, canister, cask 
shells, radial shielding, and surface conditions under normal conditions of transport. All material 
properties are shown in Tables 3.2-1 through 3.2-13.  

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

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

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

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

Eeff 1/(l/6 1 + 1/E 2.- 1)
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Solar insolance is applied to the neutron shield shell-surface for the [ , n (ambient 

temperature = 100°F) L. A value of 0.154 Btu/hr-inch2 is used'as the heat flux at the neutron 

shield shell surface on the basis of the 1,475 Btu/hr-ft2 heat flux for a curved surface.  

Calculation of the heat flux resulting from insolation on a curved surface is discussed earlier in 

this section.' 

Volumetric heat generation (Btu/hr-inch 3) is applied tothe active fuel region on the basis of a 

total heat load of 16 kW, a shortest active fuel rod length of 144 inches, and an axial power with 

a peaking factor of 1.22 as shown in Figure 3.4-6.  

3.4.1.2.2 Two-Dimensional Fuel Assembly Model: BWR Fuel 

I II 

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element 

thermal model of the BWR 9x9 fuel assefmbly.' Taking advantage of the symmetiy of the cross

section of the fuel, the finite element model represents a one-quarter section of the fuel. The 

model includes the fuel pellets, cladding, gaý betw6'n the fffel rods, and gas o0cupying the gap 

between the fuel pellets arid cladding. Modes of he'at transfer modeled include' 'conduction and 

radiation between individual fuel rods for the steady-state condition. The model is shown in 

Figure 3.4-7. Thermal analyses of the other BWR fuel assemblies (i.e., 7x7 and 8x8) are 

performed; however, because the BWR 9x9 fuel assembly results in the lowest effective thermal 

conductivities, only the analysis of that fuel assembly is presented in this section..  

ANSYS PLANE55 conduction elements and LINK31 radiation:elements are used in the model, 

which includes a total of 20.25 fuel rods (representing a total of 81 fuel rods for the full cross

section). Each fuel rod consists,of the pellet, Zircaloy cladding, and a gapbetween the pellet and 

clad. The gas in the gap between the pellet and clad; as well as the gas between the fuel rods, is 

modeled as [ helium. Radiation elements are defined between 'rods and from rods to the 

boundary of the model (inside surface of the fuel tube)., Radiation effect at the gaps between the 

pellet and clad is conservatively ignored. Effective emissivities are determined by using the 

formula shown in Section 3.4.1.1.1.  

The effective conductivity for the fuel is determined by using a two-step procedure. Using the 

fuel assembly, model, a uniform temperature is applied to the exterior.of.the model (see Figure 

3.4-7) in conjunction with-the volumetric-heat generation. From this analysis, the maximum
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temperature located at the center of the fuel assembly is determined. This maximum temperature 
occurs at the comer of the model, which represents the center of the entire fuel assembly.  

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

Tc =Te +0.29468 Q a2 
Keff 

where: 

Tc = temperature at center of fuel (°F) 
Te = temperature applied at exterior of fuel ('F) 
Q = volumetric heat generation rate (Btu/hr-in 3) 

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

OF).  

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

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

area ratio.  

3.4.1.2.3 Two-Dimensional Fuel Tube Models: BWR Fuel 

The fuel tubes in the BWR fuel basket differ from those in the PWR fuel basket in that not all 
sides of the fuel tubes contain BORAL. Therefore, two effective conductivity models are
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necessary-one fuel tube model with the BORAL plate (a total of 10 layers of materials) and 

another fuel tube model with a gas gap replacing the -BORAL plate (a total of,4 layers of 

materials). Additionally, the BORAL plate in the BWR fuel tube is composed of 16.46% B4C 

and 83.54% aluminum, whereas the BORAL plate in the PWR fuel tube- is composed of a 

62.34%--37.66% composition of B4C and aluminum.  

The effective conductivity of the fuel tube and BORAL plate, which is used in the three

dimensional canister model, is determined by a two-dimehsional fuel 'tube model. As shown in 

Figure 3.4-8, this model includes the fuel channel, gas gaps between the fuei'chann~el and fuel 

tube. the fuel tube, the BORAL plate (in6luding the core'matrix gandwiched by aluminum 

claddings), gas gaps on both sides of the BOIRA"plate, and a "gas gap between the stainless steel 

cladding for the BORAL plate and the support disk 6i heat' firaisfte disk.  

Additionally, the effective conductivity of the fuel tube without the BORAL plate, which is used 

in the three-dimensional canister model, is determined -by another two-dimensional fuel, tube 

model. As shown in Figure 3.4-9, this model includes the fuel channel, gas gaps between the 

fuel channel and stainless steel fuel tube, the fuel tube, and a gas gap between the stainless steel 

cladding and the support disk or heat transfer disk.  

ANSYS PLANE55 conduction elements and LINK31 radiation elements are,used to construct 

the models. The model with the BORAL plate consists of 10 layers of conduction elements and 

8 radiation elementsthat are defined at the gas gaps (two per gap)., The model without ,the 
BORAL plate consists of four layers of conduction elements and four radiation elements that are 

defined at the gas gaps (two per gap). The thickness of the models (x-direction) is the distance 

measured from the inside dimension of the fuel channel to the inside dimension of the slot in the 

support disk (assuming that the fuel tube is located at the center of-the disk slot). In the model 

containing the BORAL plate, the tolerance of the BORAL plate core thickness, 0.0045 inch, is 

used as the gap size for both sides of the BORAL plate. The height of the models is defined to 

be the same dimension as the thickness of the models.  

In each-analysis, a heat flux isapplied at ,the-left side of the model and the temperature at the 

right boundary of the model is constrained. The, heat flux is determined on ,the basis of the 

design heat load of 16 kW, with a peaking factor of 1.22. The maximum temperature of the
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model (at the left boundary) and the temperature difference (AT) across the model are calculated 
by using ANSYS. The effective conductivity is determined by using the following formula: 

q = Keff(A/L) AT 

or 

Kff = qL/(A AT) 

where: 

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

A = area (in ) 

L = thickness of composite tube model (in) 

AT = temperature difference across the model (fF) 

Kff = effective conductivity (Btu/hr-in-0 F).  

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

of material.  

3.4.1.3 Cask Impact Limiter Thermal Model 

As described in Sections 3.4:1.1 and 3.4.1.2, the cask impact limiters are not explicitly modeled 
in the 3D cask models. In these models, the cask ends enclosed by the impact limiters are 
modeled as being adiabatic surfaces. The cask impact limiters are evaluated thermally for 
normal operating condition's in this section. Specifically, the volumetric average temperature of 
the redwood material in the cask impact limiters is calculated using an ANSYS finite element 
model. Taking advantage of the symmetrical geometry of the cask impact limiters about the 
major axis of the cask, the finite element model is an axisymmetri6 representation of one of the 
impact limiters with the cask oriented in a horizontal position. This represents the orientation of 
the impact limiters during normal transport. The cask impact limiter thermal model is shown in 
Figure 3.4-10.  

The finite element model of the cask impact limiter is constructed of PLANE55 axisymmetric 
thermal elements, and radiation and conduction heat transfer across air gaps within the model 'are 
accounted for using effective!thermal conductivity properties for air using the method described 
in Section 3.2.2.3. Air gaps are modeled between the cask and impact limiter based upon
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nominal dimensions. Additionally, a 0.125-in. thick layer of P% ra er Imr-Fibe- 06-er is 

modeled between the impact limiter redwood and the cask mating surface of the impact limiter.  

A heat flux of 0.13.Btu/h-in2, which represents the package contents, is applied to the interior 

surface of the cask lid. This heat flux is obtained from the thermal results for the 3D cask model 

with the PWR canister and air as the canister cover gas (described in Section 3.4.1.1),by 

conservatively assuming the heat transfer rate to the cask lid is equal to the heat transfer rate to 

the canister shield lid.  

Heat fluxes representing the normal conditions solar heat loads are applied to the cylindrical and 

vertical flat end surfaces of the impact limiter as shown in Figure 3.4-10. The solar heat flux 

applied to the vertical flat surfaces of the impact limiter 0.0769 Btu/h-in2 model (which is in the 

normal transport orientation) are calculated in the same manner described in Section 3.4.1.1.1 

using the prescribed solar heat flux value of 737 Btu/12-hr-ft2. A solar heat flux of 0.154 Btu/hr

in2 is applied to the cylindrical portions of the cask and impact limiter modeled.  

A steady-state heat transfer analysis is performed using the ANSYS model described in this 

Section. The volumetric average temperature of the cask impact limiter redwood material (Tavg) 

is calculated from the results of the thermal steady state analysis.  

3.4.1.4 Personnel Barrier Thermal Model 

According to 10 CFR 71.43(g), a package must be designed, constructed, and prepared for 

transport such that in still air at 100°F and shade, no accessible surface of the package has a 

temperature exceeding °OF in •iexcuiiv use shipment. Compliance with 10 CFR 71.43(g) 

is demonstrated by performing a computational fluid dynamics (CFD) analysis on a finite 

element model of the "ifr betwen thae casiisuaexe.-,: ro s n a teron 

Er using ANSYS/FLOTRAN. The finite element model sRN ti ted ii ih al 
FLUIDMFI64 e "emntsian ids presented in fgure 3.4-112 

U-Because of geometrical symmetry, only one-half of the' cask and the air around the cask is 

modeled. 6_di et tie l atin h rki • e 
.cs~ ter-surac7t"eP9rs75neIt er~asi9n ere j2`n'tsi~ e: ntsc f • •ay 

,and more~ hieat is-med ~totheoto ,of.ttie, ersonnLbaeITri Along the centerline of the 

model, the horizontal velocity component is specified to be zero. heo & esat4t t ielocati6ini6fthe
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eronjcx oa"p t-to; 36_sW•), n_ ee_ e a_ conditions,• ty= 

fromt o0etop l~arer At he bttom' side ofth• model), 
stes t atmosptenessue t tetonstra)ewlthtotU100,F , The 

portion of the model corresponding to the cask surface constrains both the horizontal and vertical 
components of the velocity to be zero.  

The cask and personnel barrier are not explicitly modeled in this analysis-only the air 
surrounding the cask is modeled. It is conservative a e-roe rrnt'ex y 
WoýM because it will not have a temperature greater than the temperature of the air in contact 
with it. The fea6ý o nodes in the model that correspond to the air adjacent to the r-sak 
surface are constraieiasboundayfconmttons oftte6odLt Te te eratu on rto 

line~ar1Skldisibtd wihtýot~ Vad '70tmiraife ~h _ 

Since the personnel barrier is not explicitly modeled, its temperature is considered to be the 
temperature of the air at coordinates that correspond the location of the personnel barrier surface.  
The maximum temperature of -the personnel barrier occurs at the top most location at the 
centerline of the model. ThT Q.nanatyhausmg, dee 

3.4.1.5 Test Model 

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

3.4.2 Maximum Temperatures 

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

necessary because all package temperatures Will equilibrate to -40'F. The cask body maximum 

allowable component temperatures are shown in Section 3.3.2 and Table 3.4-3.  

Using the thermal model described in Section 3.4.1.3, the volumetric average temperature of the 

redwood in the impact limiters is 135"F.  
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3.4.3 Minimum Temperatures, 

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

3.4.4 Maximum Internal Pressures 

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

3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister and W oi6 Cask 
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3.4.5 Maximum Thermal Stresses 

The ANSYS computer code is used to obtain temperatures for use in the structural analyses of 
Chapter 2.0. These temperatures are presented in Tables 3.4-1 and 3.4-2. The thermal stress 
calculations for normal conditions of transport are performed in Sections 2.6.1 and 2.6.2.  

3.4.6 Maxmum Allo WalWt a67 C1ddiil eipiajeratired & tCan iste iHeat, Load 
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Figure 3.4-2 , Design Basis PWR Fuel Assembly Axial Power Distribution
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Figure 3.4-3 PWR 14x14 Fuel Assembly Two-Dimensional Finite Element Model
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Two-Dimensional PWR Fuel Tube Model-
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Figure 3.4-5 Three-Dimensional BWR Cask Finite Element Model
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Figure 3.4-6

L 
0 

C, 

0 D 

+

L 
L 

0 

LL 

-p 
It_ 

C

U,_ 

U,--

11

1.

Design Basis BWR Fuel Assemribly Axial Power Distribution

ANSYS 5.2 
FEB 14 1997 
12:46:27 

-PLOTNO. 1 
P_AXIAL 

ZV =1 
DIST=.75 
XF, =.5 
YF'=.5 
v.uP...'ZF =5 Svup =Z

Fracti on of Acti ve Fuel Lengt h

3.4-41



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270

October 2002 

Revision UMST-02E

Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model
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Figure 3.4-9 Two-Dimensional'BWR Fuel Tube (without BORAL) Model
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Figure 3.4-10 Cask Impact Limiter Thermal Model
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Figure 3.4-11 ?6ersonne1aeW rmad Model
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Table 3.4-1 Maximum Component Temperatures - Normal Conditions of Transport, 
Maximum Decay Heat, Maximum Ambient Temperature 

Temperature (*F) Temperature ('F) 
Cask with PWR Fuel Canister Cask with BWR Fuel Canister 

Canister Gas: Canister Gas: 
Component _ Helium _ Helium 
Cask Lid O-Rings/Vent Port 0-ring' ,_ _ _ _ IM 
Lower Drain Port O-ringl _ _ __ 273_ 
Cask Radial Outer Surface ER E36 
Radial Neutron Shield 5] • • 

Lead Gamma Shield _____ •9"8 

Aluminum Disk Exterior fl _ _ _ _ 

Aluminum Disk Interior 10-13 

Support Disk Exterior f 0-8 

Support Disk Interior W 91

Canister Shell 4 -6 

Canister Shield Lid 27- 0 
Canister Bottom Plate -24 26"2 
Maximum Fuel Rod Cladding El _5_4__ 

Cask Bottom T 5 2 

Bottom Forging 2 I 5 

Inner Shell 4 51

Outer Shell _ _ _ __9 

Top Forging 2  
_ _ _ _ _ _ _ 

Cask Lid R '2 

Cask Lid Bolt 3  5q, 
Average Gas Temperature in the K6: 
Canisters5

Condltlons- I 00*F ambient temperature 
20 kW decay heat load, I I peaking factor - PWR 
16 kW decay heat load, 1 22 peaking factor - BWR 
Solar insolation 
Cask cavity gas. helium 
Canister cavity gas [a helium Ei

I. Cask lid 0-rings and vent port 0-rings not exphcitly modeled-taken to be the maximum cask lid temperature 
2. Average temperature 
3. Cask lid bolts not explicitly modeled-taken to be the maximum temperature of the cask lid 
4 Lower drain port O-nng not explicitly modeled - taken to be the maximum temperature of the bottom forging 
5 Calculated as a volumetric average.  

9l 
U1
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Table 3.4-2 , Maximum Component Temperatures - Normal Conditions of Transport, 

Maximum Decay Heat, Minimum Ambient Temperature, 

Temperature (IF) Temperature (IF) 

Component . Cask with PWR Fuel Canister Cask with BWR Fuel Canister 

Canister Gas: Canister Gas: 
""___________-_______,[Helium Helium 

Cask Lid O-Rings/Vent Port O-ringi' ___4__ _ 121 R 

Cask Radial Outer Surface J7.12 " ___" ____ F ______-_".  

Radial Neutron Shield F , _ _ _ _ -__ _ _ 

Lead Gamma Shield, F 1 r 
Maximum Basket 2  V _ 5__ F 
Canister Shell F P1 __ 

Canister Shield Lid V4 * V,_ -_ "__.  

Canister Bottom Plate Z7' - _ 

Maximum Fuel Rod Cladding p 9.0 _______ .

Conditions: -40'F ambient temperature 

20 kW decay heat load, I 1 peaking factor -.PWR 

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

No insolation 

Cask cavity gas helium 

Canister cavity gas C helhum

I Cask lid 0-nng and vent port 0-rings not explicitly modeled-taken to be the maximum cask lid temperature 
2 Taken to be the greater of the maximum support disk and the maximum aluminum heat transfer disk temperatures 
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Universal Transport Cask Thermal Performance Summary for Component 

Operating e

Cask with PWR Cask with BWR 

Fuel Canister Fuel Canister 

(helium in cask (helium in cask Allowable 

cavity/helium in cavity/helium in Temperature 
Temperature canister) canister) Range 

Maximum cladding temperature(fF) 673 ý48 <70 

Component safe operating 

temperature ranges 

Cask lid O-rings -40 to 261°F -40 to E0'• F -40 to 300OF 
Vent port coverplate O-ring -40 to E6:60 F -40 to 208°F -40 to 300OF 
Drain port coverplate-O-rings -40 to 2°40F -40 to _MOF -40 to 300OF 

Radial NS-4-FR neutron shield -40 to 9:3_F° -40 to MOF -40 to 300OF 

Lead gamma shield -40 to 36"0°F -40 to 2n 0F -40 to 600°F 

Aluminum heat transfer disk -40 to 603°F -40 to •°F -40 to 700°F 

PWRs i~isp • -40 to E°F -40 to 650°F 
BWW p0rii -40 to .°TF 4to,,700 

I. T teF 7mTz (u74 V pl •1 i1 1 , ,1•,,, . .

'tiJ iur uxc iueiswrni �-vear coonn� rime' anit 411AM Mi MW I MM Ii I - h1lrni�n hiphnrrpct�,-�nde tr. ,,,o�,,,mW

all h1&�ni�te�r &r�,v h�-�jnf '�A lrW'ft-�r �
niii-n----ca-- ' iU1'L -_____________ -.---- ---- -.- U~~I~iito &J.
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Table 3.4-4 Maximum Internal Pressures for Transport 

Fuel Cavity .... Condition Pressure (psig) ° 

PWR Canister* - 3% fuel rod failure ---- E;: 

f00%fie l •ffailu'r 4+3 

Cask... 3% fuel rod failure • I.  

00% -ftiel•rodfifre 9.3 

BWR Canister 3% fuel rod failure 47 

V-% fie ro6dTfailure E3.8 

Cask 3% fuel rod failure E!6-5 

00Q%, fiýrd: iluixe 2.8
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Table 3.4-5 P ,FWm ly GenAi a ifbh veLi t-5r

=14f 4 t~d ~ 04=1 S 
=115k I& =.480 - _ 

11 6x 1 . C =.441.7_ _ _ _ 

=j17M __________-ar 0.4=671 =40.1___

Table 3.4-6 PWR CaWester F ume eVou , -oFuel orIiserts

Table 3.4-7 W •axi ium Norm 1 C2onditioSn:Pr-ssure1Su

---- I
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Table 3.4-8 E3W P AssA ii1veF ý 72 efated GNs I'rvnvet,-0

_____ 

=A9x 89 Ro s ~5 =6-78 

F___ i863 Rb~ 61s=880 k6=07 

09___ :E 99( od)1979 =6-.86____

Table 3.4-9 - 0MýCaifTd VT9F6fýfýf

B~s~fo~fi&~~=31 10 =468 0 

C~~nist~~r =e~Cic 5.55 =90.35 

ms r'F:ýs~~fF'~,Fu7,-'g~-500 E4 
91 i r CT dýý710 ______ 

Table 3.4-10 XV aiufNornm7TF-Coditifl"6n'resiir Sunmi 

7 E ~~47:EL5 

~iffsq5 E,7'Tx7V .4:1, EE5 

____S 5-9 33 ff3.48
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