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NAC 
INTERNATIONAL

Atlanta Corporate Headquarters 
655 Engineering Drive 
Norcross, Georgia 30092 
770-447 1144 
Fax 770-447-1797 
www. naci ntl.corm

February 4, 2002 

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

Attn: 

Subject:

References:

Document Control Desk 

Submittal of Supplemental Safety Analysis Report Changed Pages for an Amendment 
of the Certificate of Compliance (CoC) for the NAC-UMS® Universal Storage System 
to Incorporate Enhanced Design Features 

Docket No. 72-1015

1. Certificate of Compliance (CoC) No. 1015, Amendment 2, for the NAC 
International UMS® Universal Storage System, U. S. Nuclear Regulatory 
Commission (NRC), December 31, 2001 

2. Final Safety Analysis Report (FSAR) for the UMS® Universal Storage System, 
Amendment 2, NAC International, January 2002 

3. Request for an Amendment of the Certificate of Compliance (CoC) for the NAC
UMS® Universal Storage System to Incorporate Enhanced Design Features, NAC 
International, January 15, 2002

As reported to the NRC in a conference call earlier this week, NAC International (NAC) herewith 
submits eight copies of Safety Analysis Report (SAR) changed pages for Reference 3. These supple
mental changed pages incorporate seismic requirements specific to the Arizona Public Service Palo 
Verde Nuclear Plant.  

This submittal includes SAR changed pages for Chapters 11 and 12, which are designated as 
Revision UMSS-02C. The Revision UMSS-02C changed pages have been prepared in accordance 
with the following conventions: 

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

" Revision bars are used in the page margin to indicate changes. All previous revision bars on the 
Revision UMSS-02C pages have been deleted, so that only the revisions associated with this 
amendment request are marked on those pages. Revision bars are not used to indicate text flow.  

"* All of the pages in the List of Effective Pages are designated Revision UMSS-02C, but no 
revision bars are used on those pages.  
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If you have any comments or questions, please contact me directly at (678) 328-1321.  

Sincerely, 

Thomas C. Thompson 
Director, Licensing 
Engineering & Design Services 

Enclosures 

cc: (w/o enclosures) 

Paul Plante (MY) 
Tom Williamson (MY) 
Brian Hansen (APS) 
Glenn Michael (APS) 
David Jones (DE) 
Keith Waldrop (DE)
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= 0.6947, 

140 1-4 2.096 x 10-4 ibm/in3 , mass density of the material, g=1728 x 386.4 

0.5E 0.5(3.38 x 106) 
G = (l+v) - (1+0.2) = 1.408 x 106 psi , modulus of rigidity, 

and, 

m = Ri/Ro = 39.75/68 = 0.5846, 

v = 0.2, Poisson's ratio for concrete.  

Since the fundamental mode frequency is greater than 33 Hz, static analysis is appropriate.  

11.2.8.2.1 Tip-Over Evaluation of the Vertical Concrete Cask 

To maintain the concrete cask in equilibrium, the restoring moment, MR must be greater than, or 

equal to, the overturning moment, M. (i.e. MR > Mo). Based on this premise, the following 

derivation shows that 0.26g acceleration of the design basis earthquake at the surface of the 

concrete pad is well below the acceleration required to tip-over the cask.  

The combination of horizontal and vertical acceleration components is based on the 100-40-40 

approach of ASCE 4-86 [36], which considers that when the maximum response from one 

component occurs, the response from the other two components are 40% of the maximum.  

According to ASCE 4-86, the vertical component of acceleration shall be obtained by scaling the 

corresponding ordinates of the horizontal components by two-thirds. However, the vertical 

component of acceleration is conservatively considered to be the same as the horizontal component 

of acceleration in the evaluation in this section.  

Let: 

ax = a, = a = horizontal acceleration components 

ay = a = vertical acceleration component 

Gh = Vector sum of two horizontal acceleration components 

G, = Vertical acceleration component 

There are two cases that have to be analyzed:
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Case 1) The vertical acceleration, ay, is at its peak: (ay = a, a, = .4a, a, = .4a)

"Gh =a2 +a2 
x z 

"Gh = (O.4 xa)? + (0.4 x a) =0.566x a

az=0.4a Gh 7

ax=0.4a
G =1.Oxa =l.Oxa v y

Case 2) One horizonal acceleration, ax, is at its peak: (ay=.4a, ax=a,az=.4a)

h a2x -a 2z 

Gh = C(1.0xa) 2 +(0.4xa) 2 = 1.077xa

az=0.4a

a,=1.0a

G =0.4xa =0.4xa v y 

In order for the cask to resist overturning, the restoring moment, MR, about the point of rotation, 

must be greater than the overturning moment, MW, that: 

M >M or 
R O Fr ×~b> Fo xd=•(Wxl- W×Gv) xb>Ž(W×Gh ) xd

where:

W 

F, = 

F, =

vertical distance measured from the base of the VCC to the center of gravity 

horizontal distance measured from the point of rotation to the C.G.  

the weight of the VCC 

overturning force 

restoring force

11.2.8-4
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"Point of 
rotation 

~z60.28" 

63.15' 

substituting for Gh and Gv gives: 

Case 1

(1-a) > 0.566x a 
d d 

0.566 +1.0 b)

(I - 0.4a) b > 1.077a 

a• 7 1.077+ 0.4 b/d)

Because the canister is not attached to the concrete cask, the combined center of gravity for the 

concrete cask, with the canister in its maximum off-center position, must be calculated. The point 

of rotation is established at the outside lower edge of the concrete cask.

11.2.8-5
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The inside diameter of the concrete cask is 74.5 inches and the outside diameter of the canister is 

67.06 inches; therefore, the maximum eccentricity between the two is: 

e __ 74.50 in - 67.06 in - 3.72 in.  
2 

The horizontal displacement, x, of the combined C.G. due to eccentric placement of the canister is: 

70,701(3.72) = 0.85 in.  

310,345 

Therefore, 

b = 64-0.85 =63.15 in.

d = 117.1 in.

63. 1/1157.1 
1)a 117.  

0.566 + 1.0 X 63.1517.1 

a < 0.49g

63.15 
2) a 117.1 

1.077 + 0.4 X 63-15 
17.1 

a <0.42g

Therefore, the minimum ground acceleration that may cause a tip-over of a loaded concrete cask is 

0.42g. Since the 0.26g design basis earthquake ground acceleration for the UMS system is less 

than 0.42g, the storage cask will not tip over.  

The factor of safety is 0.42 / 0.26 = 1.6 1, which is greater than the required factor of safety of 1 .1 

in accordance with ANSI/ANS-57.9.  

Since an empty vertical concrete cask has a lower C.G. as compared to a loaded concrete cask, the 

tip-over evaluation for the empty concrete cask is bounded by that for the loaded concrete cask.  

11.2.8.2.2 Sliding Evaluation of the Vertical Concrete Cask 

To keep the cask from sliding on the concrete pad, the force holding the cask (Fs) has to be greater 

than or equal to the force trying to move the cask.

11.2.8-6
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Based on the equation for static friction: 

F =[tN>GhW 

(1- Gv)W'>GhW 

where: 

S= coefficient of friction 

N = the normal force 

W = the weight of the concrete cask 

G, = vertical acceleration component 

Gh = resultant of horizontal acceleration component 

Substituting Gh and G, for the two cases: 

R (1 - 1.0a) > 0.556a Rt (1 - 0.4a) > 1.077a 

For a = 0.26g 

Casel) #>0.20 Case 2) #>0.31 

The analysis shows that the minimum coefficient of friction, [t, required to prevent sliding of the 

concrete cask is 0.31. The coefficient of friction between the steel bottom plate of the concrete cask 

and the concrete surface of the storage pad, 0.35 [21], is greater than the coefficient of friction 

required to prevent sliding of the concrete cask. Therefore, the concrete cask will not slide under 

design-basis earthquake conditions. The factor of safety is 0.35 / 0.31 =1.13, which is greater than 

the required factor of safety of 1.1 in accordance with ANSI/ANS-57.9.  

For pad conditions corresponding to a coefficient of friction of 0.4 or higher, the above expression 

(Case 2) verifies that the concrete cask will not slide when it is subjected to an acceleration of 

0.29g. Using Case 2, the required friction for 0.29g is 0.35, which results in a safety factor of 

0.40/0.35 or 1.14, which is greater than the required safety factor of 1.1.  

11.2.8.2.3 Stress Generated in the Vertical Concrete Cask During an Earthquake Event 

To demonstrate the ability of the concrete cask to withstand earthquake loading conditions, the fully 

loaded cask is conservatively evaluated for seismic loads of 0.5g in the horizontal direction and 

0.5g in the vertical direction. These accelerations reflect a more rigorous seismic loading, and

11.2.8-7
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therefore, bound the design basis earthquake event. No credit is taken for the steel inner liner of the 

concrete cask. The maximum compressive stress at the outer and inner surfaces of the concrete 

shell are conservatively calculated by assuming the vertical concrete cask to be a cantilever beam 

with its bottom end fixed. The maximum compressive stresses are:

(Tvouter = (M / S outer) + ((l+ay)(Wvcc) / A ) = -82 - 49 = 

yvinner = (M /S inner ) + ((l+ay)(W,,c) / A ) = -48 - 49 =

-131 psi, 

-97 psi,

where: 

a= 0.50 g, horizontal direction, 

a, = 0.50 g, vertical direction, 

H 117.1 in., fully loaded C.G., 

Wvcc= 315,000 lbf, concrete cask weight 

(includes canister and basket weight used 

in seismic evaluation), 

OD = 136 in., concrete exterior diameter, , 

ID = 79.50 in., concrete interior diameter, 

A 71 (OD 2 - D 21 / 4 = 9,562.8 in.2, H 

I =Tc(OD 4 -_ID 41/64= 14.83xi06 in. 4, 

S outer= 21/OD = 218,088.2 in. , 

S inner = 21/ID = 373,035.0 in.3 

w = aX W,,C / 22 5.88 = 700 lbf/in.  

M = w (225.88)2 / 2 = 1.79 x 107 in.-lbf, the maximum

H-
OD 
ID -

ay

4-

I-

I

I-

w 

225.88

bending moment at the support.

The calculated compressive stresses are used in the load combinations for the vertical concrete cask 

as shown in Table 3.4.4.2-1.

11.2.8.3 Corrective Actions

Inspection of the vertical concrete casks is required following an earthquake event. The positions of 

the concrete casks should be verified to ensure they maintain the 15-foot center-to-center spacing 

established in Section 8.1.3. The temperature monitoring system should be checked for operation.

11.2.8.4 Radiological Impact

There are no radiological consequences for this accident.

11.2.8-8
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Design Features 
B 3.0 

B 3.4 Site Specific Parameters and Analyses 
This section presents site-specific parameters and analytical bases that must be verified by 
the NAC-UMS® SYSTEM user. The parameters and bases presented in Section B.3.4.1 
are those applied in the design basis analysis. The parameters and bases used in the 
evaluation of SITE SPECIFIC FUEL are presented in the appropriate sections below.  

B 3.4.1 Design Basis Site Specific Parameters and Analyses 

The design basis site-specific parameters and analyses that require verification by the 

NAC-UMS® SYSTEM user are: 

1. The temperature of 76°F is the maximum average yearly temperature. The 3
day average ambient temperature shall be 106'F or less.  

2. The allowed temperature extremes, averaged over a 3-day period, shall be 
greater than -40'F and less than 133°F.  

3. The design basis earthquake horizontal and vertical seismic acceleration levels 
at the top surface of the ISFSI pad or at the center of gravity of the loaded 
concrete cask on the ISFSI pad are bounded by the values shown: 

Configuration Coefficient Horizontal g-level Corresponding 
of Friction in each of Two Vertical g-level 

Orthogonal Directions 

Standard 0.35 0.26g 0.26g 
Standard 0.40 0.29g 0.29g 

4. The analyzed flood condition of 15 fps water velocity and a height of 50 feet of 
water (full submergence of the loaded cask) are not exceeded.  

5. The potential for fire and explosion shall be addressed, based on site-specific 
considerations. This includes the condition that the fuel tank of the cask 
handling equipment used to move the loaded CONCRETE CASK onto or from 
the ISFSI site contains no more than 50 gallons of fuel.  

(continued)
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Design Features 
B 3.0 

B 3.4.1 Design Basis Site Specific Parameters and Analyses (continued) 

6. In addition to the requirements of 10 CFR 72.212(b)(2)(ii), the ISFSI pad(s) and 

foundation shall meet the design basis earthquake horizontal and vertical 

seismic acceleration levels at the top surface of the ISFSI pad as specified in 

B3.4.1 (3).  

7. In cases where engineered features (i.e., berms, shield walls) are used to ensure 

that requirements of 10 CFR 72.104(a) are met, such features are to be 

considered important to safety and must be evaluated to determine the 

applicable Quality Assurance Category on a site specific basis.  

8. TRANSFER CASK OPERATIONS shall only be conducted with surrounding 

air temperatures > 0°F.  

9. The VERTICAL CONCRETE CASK shall only be lifted by the lifting lugs with 

surrounding air temperatures _> 0°F.
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