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1. INTRODUCTION AND SUMMARY 

This report justifies the operation of the sixteenth cycle of Oconee Nuclear Station, Unit 3, at the 

rated core power of 2568 MWt Included are the required analyses as outlined in the USNRC 

document "Guidance for Proposed License Amendments Relating to Refueling", June 1975.  

To support Cycle 16 operation of Oconee Unit 3, this report employs analytical techniques and 

design bases established in reports that were previously submitted and accepted by the USNRC 

and its predecessor (see references).  

A brief summary of Cycle 15 and 16 reactor parameters related to power capability is included in 

Section 5 of this report. All of the accidents analyzed in the FSARI have been reviewed for Cycle 

16 operation. In those cases where Cycle 16 characteristics were conservative compared to the 

licensing basis analysis, no new accident analyses were performed.  

The Technical Specifications have been reviewed, and the modifications, if any, required for Cycle 

16 operation are justified in this report.  

Based on the analyses performed, which take into account the postulated effects of fuel 

densification and the Final Acceptance Criteria for Emergency Core Cooling Systems, it has been 

concluded that Oconee Unit 3 can be operated safely for Cycle 16 at the rated power level of 2568 

MWt.  
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2. OPERATING HISTORY 

The referenced fuel cycle for the nuclear and thermal-hydraulic analyses of Oconee Unit 3, Cycle 

16 is the nearly completed Cycle 15. Cycle 15 achieved initial criticality on February 24, 1994; 

power escalation began the next day. The fuel cycle design length for Cycle 16 is 445 + 10 EFPD; 

this is based on a Cycle 15 length of 440 + 10 EFPD. No operating anomalies occurred during 

previous cycle operations that will adversely affect fuel performance in Cycle 16.  

Cycle 16 will operate in a feed-and-bleed mode for its entire design length, as did Cycle 15.  
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3. GENERAL DESCRIPTION 

The Oconee Unit 3 reactor core and fuel design basis are described in detail in Chapter 4 of the 

FSARI. The Cycle 16 core consists of 177 fuel assemblies, each of which is a 15 by 15 array 

containing 208 fuel rods, 16 control rod guide tubes, and one incore instrument guide tube. The 

fuel consists of dished-end, cylindrical pellets of uranium dioxide clad in cold-worked Zircaloy-4.  

The fresh batch of fuel assemblies have an average nominal fuel loading of 487 kg uranium and 

have axial blankets. The fuel assemblies in the remaining batches have an average nominal fuel 

loading of 463.6 kg uranium and do not use axial blankets. The undensified nominal active fuel 

lengths, theoretical densities, fuel and fuel rod dimensions, and other related fuel parameters are 

given in Table 4-1.  

Figure 3-1 is the core loading diagram for Oconee 3, Cycle 16. To be discharged at the end of 

Cycle 15 are the 10 assemblies constituting Batch 14B, 46 assemblies out of Batch 15, and 4 

assemblies in Batch 16. The remainder of Batch 15 (5 assemblies -- 3.45 wt% 235U) is designated 

Batch 15C. The remainder of Batch 16 (52 assemblies -- 3.55 wt% 235U) is designated Batch 

16B. All 60 Batch 17 assemblies (at 3.60 wt% 235U) will be retained for operation in Cycle 16.  

Fresh fuel for Batch 18 consists of 60 assemblies enriched to 3.36 wt% 235U with six inch axial 

blankets, top and bottom, enriched to 2.00 wt% 235U. The core periphery is composed of Batch 

.16B assemblies. The Batch 18 assemblies are distributed throughout the core interior with the 

rest of Batch 16B and the Batch 17 assemblies. Figure 3-2 is a quarter-core map showing the 

assembly burnup and enrichment distribution at the beginning of Cycle 16.  

Cycle 16 will operate in a rods-out, feed-and-bleed mode. Core reactivity control is supplied 

mainly by soluble boron and is supplemented by 61 full-length Ag-In-Cd control rods and 44 

burnable poison rod assemblies (BPRAs). In addition to the full-length control rods, eight Inconel 

gray axial power shaping rods (APSRs) are provided for additional control of the axial power 

distribution. Cycle 16 locations of the 69 control rods and their group designations are indicated 

in Figure 3-3. The Cycle 16 locations and enrichments of the BPRAs are given in Figure 3-4.  
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FIGURE 3-1 

OCONEE 3, CYCLE 16 
CORE LOADING DIAGRAM 

x 

A G-11 E-13 G-09 E-03 G-05 
16B 16B 16B 16B 16B 

B 0-09 P-10 0-12 0-08 0-04 P-06 0-07 
16B 16B 17 18 17 18 17 16B 16B 

C H-li P-09 M-06 M-10 P-07 M-08 
16B 18 17 18 17 18 17 18 17 18 16B 

D K-13 G-06 E-14 G-08 E-02 F-09 K-03 
16B 18 17 18 16B 18 16B 18 16B 18 17 18 -16B 

E L-14 K-14 D-05 K-04 0-10 K-12 E-12 K-02 L-02 
16B 17 18 17 18 17 17 17 18 17 18 17 16B 

F M-07 N-13 P-05 D-14 G-10 P-12 P-11 N-03 M-09 
16B 17 18 16B 18 15C 18 17 18 15C 18 16B 18 17 16B 

G 0-05 F-ll B-09 F-03 D-11 C-10 D-07 F-05 0-11 
16B 18 17 .18 17 18 17 17 17 18 17 18 17 18 16B 

N H G-07 H-13 H-07 F-13 F-07 E-04 B-12 M-12 L-09 L-03 H-09 H-03 K-09 
16B 17 18 16B 17 17 17 15C 17 17 17 16B 18 17 16B 

K C-05 L-l1 N-09 0-06 N-05 L-13 N-07 L-05 C-11 
16B 18 17 18 17 18 17 17 17 18 17 18 17 18 16B 

L E-07 D-13 B-05 B-04 K-06 N-02 B-11 1D-03 E-09 
16B 17 18 16B 18 15C 18 17 18 15C 18 16B 18 17 16B 

M F-14 G-14 M-04 G-04 C-06 G-12 N-ll G-02 F-02 
16B 17 18 17 18 17 17 17 18 17 18 17 16B 

N G-13 L-07 M-14 K-08 M-02 K-10 G-03 
168 18 17 18 16B 18 168 18 168 18 17 18 16B 

O E-08 B-09 E-06 E-10 B-07 H-05 
16B 18 17 18 17 18 17 18 17 18 16B 

p C-09 B-10 C-12 C-08 C-04 B-06 C-07 
168 168 17 18 17 18 17 16B 168 

R K-1 I M-13 K-07 M-03 K-05 
16B 16B 16B 16B 168 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

z 

A-## Previous Cycle Location 
X Batch Number 
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FIGURE 3-2 

OCONEE3,CYCLE16 
ENRICHMENT AND BURNUP 

8 9 10 11 12 13 14 15 

H 3.45 3.60 3.60 3.60 3.55 3.36/B 3.60 3.55 
32605 18921 18880 18240 33506 0 18380 34318 

K 3.60 3.60 3.36/B 3.60 3.36/B 3.60 3.36/B 3.55 
18921 18129 0 19008 0 18990 0 30161 

L 3.60 3.36/B 3.45 3.36/B 3.55 3.36/B 3.60 3.55 
18880 0 32618 0 24542 0 15085 36238 

M 3.60 3.60 3.36/B 3.60 3.36/B 3.60 3.55 
18240 18995 0 18981 0 15462 30709 

N 3.55 3.36/B 3.55 3.36/B 3.60 3.36/B 3.55 
33506 0 24594 0 . 18847 0 35659 

0 3.36/B 3.60 3.36/B 3.60 3.36/B 3.55 
0 18981 0 15472 0 34394 

P 3.60 3.36/B 3.60 3.55 3.55 
18380 0 15151 30704 35647 

R 3.55 3.55 3.55 
34318 30203 36212 

E.EE Initial Enrichment in wt % U-235. /B indicates 2.00 wt % U-235 blanket fuel.  
BBBBB BOC Burnup in MWd / MTU 
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FIGURE 3-3 

OCONEE 3, CYCLE 16 
CONTROL ROD LOCATIONS 

x 
A 

B 4 6 4 

C 2 5 5 2 

D 7 8 7 8 7 

E 2 5 1 1 5 2 

F 4 8 6 3 6 8 4 

G 5 1 3 3 1 5 

H 6 7 3 4 3 7 6 

K 5 1 3 3 1 5 

L 4 8 6 3 6 8 4 

M 2 5 1 1 5 2 

N 7 8 7 8 7 

O 2 5 5 2 

P 4 6 4 Group 
Number 

R 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

z 

Group # of Rods Function Group # of Rods Function 
1 8 Safety 5 12 Control 
2 8 Safety 6 8 Control 
3 8 Safety 7 8 Control 
4 1 9 1 Safety 8 8 APSRs 

Total: 69 
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FIGURE 3-4 

OCONEE 3, CYCLE 16 
BPRA ENRICHMENT AND DISTRIBUTION 

8 9 10 11 -12 13 14 15 

H 0.80 

K 1.40 1.10 

L 1.40 1.40 0.80 

M 1.40 1.10 

N 1.10 1.10 

0 0.80 0.80 

P 

R 

C.CC BPRA Concentration in w/o B4 C inA 2O3 
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4. FUEL SYSTEM DESIGN 

4.1 Fuel Assembly Mechanical Design 

The types of fuel assemblies and pertinent fuel design parameters for Oconee 3 Cycle 16 are listed 

in Table 4-1. The Batch 18 feed assemblies are of the Mark-BlOT design. The assembly design is 

the same as the previous Mk-B 10 fuel deployed in Oconee 3 Cycle 15, although the fuel rod design 

has some significant changes. Changes to the fuel rod design include a larger diameter fuel pellet, a O thinner cladding wall thickness, a smaller diametral pellet to clad gap, a change in the pellet dish 
design from a truncated cone to a spherical dish, and the addition of axial blankets.  

4.2 Fuel Rod Design 

The fuel assembly design for the Mk-B 10T will be identical to the Mk-B10. The differences lie 

within the fuel rod design. These changes have been made to yield higher uranium utilization and 

improve fuel reliability. The Mk-B 1 OT will contain larger diameter pellets, a smaller pellet to clad 

gap, a change in the pellet dish design from a truncated cone to a spherical dish, lower initial 
prepressure, and the addition of axial blankets at an enriched weight of 2% U235. These items, 
either in whole or in part, will contribute to a higher uranium utilization and improved fuel 
reliability. The mechanical evaluation of the Mk-B1OT design is discussed in this section.  
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4.2.1 Cladding Collapse 

Batches 15C, 16B, and 17 were analyzed for creep-collapse using the CROV6.3A computer code 

and procedures described in topical report BAW-10084P, Rev. 211. The Mk-BlOT fuel analysis 

was performed by BWFC utilizing CROV 9.0. The CROV analyses are performed either in a 

generic fashion or on a batch specific basis, depending on available margins. The TACO2 4 

(TACO3 7 was utilized by BWFC for CROV 9.0 analysis of Batch 18 fuel) code was used to 

calculate internal pin pressures and clad temperatures used as input to CROV. As shown in Table 

4-1, the collapse times for the most limiting batches were conservatively determined to be greater 

than the maximum mcore residence times.  

4.2.2 Cladding Stress 

As described in Reference 8, Duke has performed a generic and conservative fuel rod cladding 

stress analysis in accordance with the guidelines set forth in Section III, Division I - Subsection 

NB, of the ASME Boiler and Pressure Vessel Code. All methods are consistent with Reference 8.  

Compliance with ASME Code.criteria verifies the structural integrity of the cladding throughout 

W0 the most limiting design conditions.  

The following conservatisms exist in the generic cladding stress calculation: 

* High external cladding pressure (110% of design system pressure) 

* Low internal pressure (HZP - min. specified pre-pressure) 

* Maximum possible radial temperature gradient through clad (fuel melt conditions) 

* Conservative cladding dimensions with regard to stress 

Duke's reload analysis of the Mk-BlOT fuel design demonstrates that the generic analysis is 
bounding.  

4.2.3 Cladding Strain 

Duke has performed a cladding strain calculation using TACO2 4 in accordance with the approved 

methodology8 . This analysis demonstrated that the uniform, circumferential strain of the cladding 

was within 1.0%.  
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4.2.4 Cladding Fatigue 

Duke has performed a generic cladding fatigue analysis for the Mk-B10T fuel design with 

TACO2. The reload analysis indicates that the generic Mk-B9/B10 fuel rod fatigue analysis and 

the Mk-B OT generic fuel rod fatigue analysis are bounding.  

4.3 Thermal Design 

Duke has performed a generic Linear Heat Rate to Melt analysis for the Mk-B10T fuel design 

with TACO2. The analysis indicates that the Mk-BlOT fuel rod design will provide an increase 

in available margin over the Mk-B9 and Mk-B 10 fuel designs from 0 - 1000 Mwd/mtu burnup, 

and will be slightly more limiting at burnups >1000 Mwd/mtu.  

The linear heat rate to melt capability based on centerline fuel melt was assessed separately for 

each batch of fuel against Duke's generic linear heat rate to melt analysis, which is based on the 

TACO24 computer code. The fuel parameters used to determine the fuel meli limits are shown 

in Table 4-2.  

The analysis includes the following bounding, generic conservatisms: 

1. A maximum gap based on as-fabricated pellet and cladding data.  
2. Maximum incore densification based on resinter test results.  

The maximum assembly and rod average burnups are predicted by Duke to be 48,046 MWd/mtU 

and 50,832 MWd/mtU, respectively, for Cycle 16. Fuel rod internal pressure has been evaluated 

using TACO2 4 with a conservative pin power history, and the maximum pressure is less than the 

nominal reactor coolant (RC) system pressure of 2200 psia.  

4.4 Material Compatibility 

The Batch 18 fuel assemblies do not utilize different component materials. Therefore, the 

chemical compatibility of all possible fuel-cladding-coolant-assembly interactions for the Batch 

18 fuel assemblies is identical to that of previous fuel.  
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Table 4-1 

Fuel Design Parameters and Dimensions 

Batch No.  

15C 16B 17 18 

FA type Mark B8 Mark B9 Mark B10 Mark BlOT 

No. of FAs 5 52 60 60 

Fuel rod OD, in. 0.430 0.430 0.430 0.430 

Fuel rod ID, in. 0.377 0.377 0.377 0.380 

Flex spacers, type Spring Spring Spring Spring 

Rigid spacers, type None None None None . Undensified active 141.8 140.6 140.6 142.29 

fuel length, in.  

Fuel pellet OD (mean 0.3686 0.3700 0.3700 0.3735 

spec), in.  

Fuel pellet initial 95.0 95.0 95.0 96.0 
density (mean spec), 

%TD 

Initial fuel enrich- 3.45 3.55 3.60 3.36 

ment, wt % 235U 2.00* 

Est. residence time, 42,552 32,400 21,720 10,920 

EOC 15, Hours 

Cladding collapse 57,000 55,000 51,600 34,066 

time, Hours 

* Enrichment % for Axial Blanketed Pellets.  
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Table 4-2. Linear Heat Rate to Melt Analysis 

Batch No.  

15C 16B 17 18 

Nominal initial density, 95.0 95.0 95.0 96.0 
% TD 

Nominal initial pellet 0.3686 0.3700 0.3700 .3735 
diameter, in.  

Nominal initial clad ID, in. 0.377 0.377 0.377 0.3800 

Nominal initial clad OD, in. 0.430 0.430 0.430 0.430 

Average linear heat rate @ 5.74 5.79 5.79 5.73 
100% of 2568 MW, kW/ft 

Linear heat rate capability 20.15 20.73 20.73 21.63 
from 0-1000 MWD/MTU, kW/ft 

Linear heat rate capability 21.20 21.71 21.71 21.22* 
>1000 MWD/MTU, kW/ft 20.10* 

* 21.22 (>1000 - 53,580 MWD/MTU) and 20. 10 (>53,580 - 60,000 MWD/MTU) 
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5. NUCLEAR DESIGN 

5.1 Physics Characteristics 

Table 5-1 compares core physics parameters of the designed Cycle 16 with those of the reference 

Cycle 15. The Cycle 15 and 16 values were generated by Duke Power Company using the 

CASMO-3 / SIMULATE-3 based reload design methods (Reference 15). Since the core has not 

achieved an equilibrium cycle, differences in core physics parameters are to be expected between 

the cycles. Figure 5-1 illustrates a representative relative power distribution for the beginning of 

Cycle 16 at full power with equilibrium xenon and normal rod positions.  

The primary reasons for the differences in the physics parameters between Cycles 15 and 16 are 

the variations in the fuel assembly shuffle pattern, and the slightly longer cycle length for Cycle 16.  

The 60 fuel assembly feed batch is used to meet the Cycle 16 design length of 445 EFPD, which is 

5 EFPD longer than the previous cycle. Differences in ejected and stuck rod worths between 

cycles are attributable to changes in. the radial flux and burnup distributions. All safety criteria 

associated with these rod worths are met. The adequacy of the shutdown margin with Cycle 16 

stuck rod worths is demonstrated in Table 5-2. The following conservatism's are applied for the 

shutdown calculations: 

1. Poison material depletion allowance.  
2.. 10% uncertainty on net rod worth.  

Flux redistribution is explicitly accounted for since the shutdown analysis is calculated using a 

three-dimensional model. The reference fuel cycle shutdown margin is presented in the Oconee 3, 
Cycle 15 Reload Report (Reference 3).  

5.2 Analytical Input 

The Cycle 16 incore measurement calculation constants used for computing core power 

distributions were obtained in a similar manner as for the reference cycle.  

5.3 Changes in Nuclear Design 

The methodology described in Reference 15 was implemented for Oconee 3 Cycle 16.  
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Table 5-1 Oconee 3 Physics Parameters (a) 

Cycle 15 (b) Cycle 16 

Cycle Length - EFPD . 440 445 

Cycle Burnup - MWd/mtU 13,769 13,986 

Average Core Burnup - EOC, MWd/mtU 30,198 30097 

Initial Core Loading, mtU 82.1 83.5 

Critical Boron - BOC (no xenon), ppmB 

HZP, Groups 7 and 8 at nominal positions(d) 1723 1774 
HFP, Groups 7 and 8 at nominal positions 1541 1598 

Critical Boron - EOC (equilibrium xenon), ppmB 

HZP, Groups 7 and 8 at nominal positions 308 307 
HFP, Groups 7 and 8 at nominal positions 0 7 

Control Rod Worths - HFP, BOC (4 days), %Ak/k 

Group 7 1.00 0.91 
Group 8(e) 0.13 0.14 

Control Rod Worths - HFP, EOC, %Ak/k 

Group 7 1.08 1.03 
Group 8(f) 0 0 

Maximum Ejected Rod Worth - HZP, %Ak/k (g) 

BOC (no xenon), Gps 5-8 inserted 0.44 (N12) 0.28 (LlO) 
EOC (no xenon), Gps 5-8 inserted 0.54 (N12) 0.35 (L1O) 

Maximum Stuck Rod Worth - HZP, %Ak/k 

BOC (4 days), Gps 1-7 inserted 1.68 (N12) 1.08 (N12) 
EOC, Gps 1-7 inserted 1.80 (N12) 1.34 (N12) 

Power Deficit, HFP to HZP, %Ak/k 

BOC (4 days) 1.84 1.14 
EOC 3.23 2.47 

Doppler Coefficient - HFP, 10-5 (Ak/k-oF) 

BOC (no xenon) -1.20 -1.40 
EOC -1.57 -1.61 
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Table 5-1 Oconee 3 Physics Parameters (continued)(a) 

Cycle 15 (b) Cycle 16 (o 

Moderator Coefficient - HFP, 10-4 (Ak/k-oF) 

BOC (no xenon) -0.77 -0.43 
EOC -3.44 -3.21 

Boron Worth - HFP, ppmB/ %Ak/k 

BOC (4 days) 132 137 
EOC 118 113 

Xenon Worth - HFP, %Ak/k 

BOC (4 days) . 2.57 2.58 
EOC 2.71 2.81 

Effective Delayed Neutron Fraction HFP 

BOC (4 days) 0.00616 0.00617 
EOC 0.00516 0.00514 

(a) Cycle 16 data are for the conditions stated in this report. The Cycle 15 core conditions are 
identified in Reference 3.  

(b) Based off a Cycle 14 length of 440 + 5 EFPD (Actual Cycle 14 length of 438.18 EFPD).  
(c) Based off a Cycle 15 length of 440 + 10 EFPD.  
(d) Nominal positions are as follows: 

HZP (BOC) CRGP7, 8 = 100, 35%WD 
HZP (EOC) CRGP7, 8 = 100, 100%WD 
HFP (BOC) CRGP7, 8 = 92, 35% WD 
HFP (EOC) CRGP7, 8 = 92, 100% WD 

(e) Worth is calculated from 35% to 100% WD for both cycles.  
(f) CRGP8 = 100% WD. Therefore, there is no CRGP8 worth at EOC.  
(g) Ejected rod worths for both cycles include a 15% uncertainty penalty.  
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Table 5-2. Oconee 3 Cycle 16 Shutdown Margin Calculation 

BOC, EOC, 
%Ak/k %Ak/k 

Available Rod Worth 

Total Rod Worth, HZP 8.22 8.73 
Worth reduction due to poison burnup -0.40 -0.40 
Maximum Stuck Rod, HZP -1.08 -1.34 

Net Worth 6.74 6.99 
Less 10% Uncertainty -0.67 -0.70 

Total Available Worth 6.07 6.29 

Required Rod Worth 

Power Deficit, HZP to HFP 1.14 2.47 
Maximum Inserted Rod Worth, HFP 0.30 0.50 

BOC is at 4 days (equilibrium xenon).  
Total Required Worth 1.44 2.97 

Shutdown Margin 

Total Available Worth minus Total Required Worth 4.63 3.32 

Note: Required Shutdown Margin is 1.00% Ak/k.  
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FIGURE 5-1 

OCONEE 3, CYCLE 16 
TWO DIMENSIONAL RELATIVE POWER DISTRIBUTION 

HFP, 004 EFPD, EQXE 
NOMINAL ROD POSITIONS 

8 9 10 11 12 13 14 15 

H 0.939 1.212 1.311 1.270 1.041 1.358 1.009 0.357 

K 1.212 1.282 1.374 1.303 1.362 1.261 1.183 0.362 

L 1.311 1.374 1.058 1.353 1.130 1.255 0.814 0.231 

M 1.270 1.302 1.353 1.310 1.332 1.039 0.441 

N 1.041 1.361 1.129 1.331 1.135 0.966 0.258 

0 1.358 1.260 1.254 1.038 0.965 0.355 

P 1.009 1.183 0.812 0.440 0.258 

R 0.357 0.363 0.231 
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6. THERMAL-HYDRAULIC DESIGN 

The generic thermal-hydraulic design analyses supporting Cycle 16 operation were performed by 

Duke Power Company using the methods described in References 1, 2, 3, 6, 8 and 9. The Cycle 

15 and Cycle, 16 maximum design conditions are summarized in Table 6-1, while changes to 

these conditions are discussed below.  

Cycle 16 is the first Duke reload to employ BWFC's Mk-BlOT fuel. The Mk-B1OT design has a 
larger active fuel length than the Mk-B 10 fuel, thereby reducing its average heat flux. The 1.1% 

reduction in bypass flow is due to all 64 open assemblies having optimized guide tube (OGT) 

flow holes. The average pin power hot channel factor accounts. for the effects of manufacturing 

variations in the total U-235 per rod. This factor was increased due to a fuel specification 

change to allow slightly greater variation in enrichment.  
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Table 6-1. Thermal Hydraulic Design Conditions 

Cycle 15 Cycle 16 
Design power level, MWt 2568 2568 

System pressure, psia 2200 2200 

Reactor coolant flow, % design flow 107.5 107.5 

Core bypass flow, % total flow 7.4 6.3 

Vessel inlet/outlet coolant temp at 555.8/602.2 555.8/602.2 
100% power, oF 

Ref design radial-local power peaking factor 1.71 1.71 

Ref design axial flux shape 1.5 cosine 1.5 cosine 

Active fuel length, in. 140.6 142.3 

Avg. heat flux at 100% power, 103 Btu/hr-ft2  176 174 

CHF correlation BWC BWC 

Min. DNBR >1.18 >1.18 

Hot channel factors: Enthalpy rise 1.013 1.013 
Heat flux 1.000 1.000 
Flow area 0.97 0.97 
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7. ACCIDENT AND TRANSIENT ANALYSIS 

7.1 General Safety Analysis 

Each FSARI accident analysis has been examined with respect to changes in Cycle 15 parameters 

to determine the effect of the Cycle 16 reload and to ensure that thermal performance during 

hypothetical transients is not degraded. The effects of fuel densification on the FSAR accident 

results have been evaluated and are reported in Reference 6. Since Batch 18 reload fuel assemblies 

contain fuel rods with a theoretical density higher than those considered. in Reference 6, the 

conclusions in that reference are still valid.  

No new dose calculations were performed for the reload report. The dose considerations in 

Reference 14 are characteristic for Oconee 3 Cycle 16.  

7.2 Accident Evaluations 

The key parameters that have the greatest effect on determining the outcome of a transient can 

typically be classified in three major areas: core thermal parameters, thermal-hydraulic 

parameters, and kinetics parameters, including the reactivity feedback coefficients and control rod 

worths.  

Fuel thermal analysis parameters for each batch in Cycle 16 are given in Table 4-2. Table 6-1 

compares the Cycle 15 and 16 thermal-hydraulic maximum design conditions. The Oconee 3 

Cycle 16 key physics and kinetics parameters have been compared against the corresponding 

parameters assumed in the Oconee FSAR analyses. For the parameters that were noh-conservative 

with respect to the corresponding FSAR values, the respective accident analyses have been 

evaluated to confirm that the FSAR licensing basis analyses still remains bounding.  

The combination of average fuel temperature as a function of LHR and the lifetime pin pressure 

data used in the BAW-1915 LOCA limits analysiS13 are conservative compared to those calculated 

for this reload. Thus, the analysis and the LOCA limits reported in BAW-1915 provide 

conservative results for the operation of Oconee 3 Cycle 16 fuel 5.  

The cycle specific LOCA kW/ft limits for Oconee 3 Cycle 16 were compared to the 

Mk-B9/Mk-B 10 fuel10 LOCA kW/ft limits, and were found to be conservative with respect to the 

Mk-B9/Mk-BlO limits17. The Mk-B8 and Mk-B9/Mk-B1O LOCA kW/ft limits were used for 

Oconee 3 Cycle 16 and are provided in the Technical Specification bases.  

7-1



7.3. Fuel Dimensional and Weight Changes 

The new fuel loaded for Oconee Unit 3 Cycle 16 is B&W Mark BlOT fuel. This fuel is 

characterized by a number of dimensional changes from the Mark B 10 fuel loaded for the previous 

cycle. The fuel pellets in the Mark B1OT fuel have a slightly larger outside diameter (0.3735 

inches) than the Mark B10 fuel (0.3700 inches). The fuel to clad gap is decreased to 6.5 mils from 

the Mark B10 fuel to clad gap of 7.0 mils. The Mark BLOT fuel cladding is thinner than the Mark 

BIO fuel (25 mils vs. 26.5 mils). Also, the active fuel stack height for the Mark BLOT fuel (142.29 

inches) is taller than the Mark B 10 fuel (140.6 inches). The impact of these and future fuel design 

changes on the FSAR Chapter 15 safety analyses was evaluated. Specifically, an evaluation of the 

reduction in core average heat flux due to the longer fuel stack height and the greater fuel-to

coolant heat transfer capability due to a thinner clad and gap was performed for each of the Oconee 

FSAR Chapter 15 Accidents. The greater fuel-to-coolant heat transfer capability will cause lower 

fuel temperatures on power increases and will tend to mitigate the amount of fuel heatups. This 

will have the greatest effect on transients involving (1) fuel heatups, e.g., flow reductions, and (2) 

power increases due to narrow ranges -of positive. reactivity insertions, e.g., rod ejections rather 

than rod withdrawals. The flow reductions are the most affected transients. The specific 

mechanism is that the negative fuel reactivity (Doppler) feedback is not as high since the fuel does 

not heat up as much. All FSAR Chapter 15 transients are evaluated below to determine the affect 

of the dimensional changes associated with the Mark B 1 OT fuel and future fuel types.  

15.1 Uncompensated Operating Reactivity Changes 

The effect of the fuel dimensional changes.may effect the physics parameters assumed in the 

basis for operating reactivity changes and other FSAR Chapter 15 analyses. Any effect on 

the cycle specific physics parameters are evaluated each cycle, as part of the reload process.  

The Oconee cycle specific physics parameters are evaluated each cycle to ensure that they are 

conservative with respect to the current Oconee FSAR analysis values. Therefore, any 

operating reactivity changes will.be bounded as long as the cycle specific physics parameters 

are determined to be conservative with respect to the licensing basis analyses values.  

15.2 & 15.3 Startup Accident & Rod Withdrawal Accident at Rated Power 

For this analysis, the design criteria which must be met are, reactor coolant system thermal 

power shall be limited to < 112% full power and reactor coolant system pressure shall not 
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exceed code pressure limits. The thinner gap and clad of the Mark B1OT fuel give better heat 

transfer from the fuel to the moderator, this will result in lower fuel temperatures and less 

Doppler feedback during the neutron power increase. With less Doppler feedback the neutron 

power will increase at a slightly higher rate than would occur in the Mark B 10 fuel and result 

in a high neutron flux level trip sooner for fast reactivity insertion rates. The reactor coolant 

system thermal power will be limited to less than 112% full power by the high neutron flux 

level trip for fast reactivity insertion rates and the high pressure trip for slow reactivity 

insertion rates. Per the Oconee FSAR a sensitivity analysis was performed to determine the 

effects of varying the reactivity addition rate. The reactivity addition rate was varied from 

more than an order of magnitude below the nominal single rod group withdrawal rate used for 

the reference analysis to a rate above that for simultaneous withdrawal of all control rods.  

The reference FSAR analysis demonstrated that the reactor is completely protected against 

any startup accident involving the withdrawal of any or all control rods An FSAR analysis of 

the reactivity insertion rate spectrum was also performed to confirm that the high flux level 

and high pressure trips will limit reactor thermal power to less than the peak power 

acceptance criteria for rod withdrawal at rated power accidents.  

The thinner gap and clad of the Mark B1OT fuel results in better heat transfer, so a given 

reactivity insertion will result in a slightly steeper pressure rise due to a faster temperature 

rise in the coolant. Since the pressure rise is directly related to the amount of power generated 

by the reactivity addition, the reactivity addition rate spectrum will cover the small changes in 

reactivity addition for these transients. The most limiting RCS overpressure transient for rod 

bank withdrawal events has been determined to be the control rod bank withdrawal event at 

zero power (Startup Accident). For the startup accident, the licensing basis peak pressure 

analysis assumes a reactivity addition rate at the maximum rate which will not result in a high 
flux trip in order to maximize the RCS pressure. Therefore, any increase in effective 

reactivity addition rate due to less Doppler feedback above that assumed in the licensing basis 

analysis for this event will result in a reactor trip on the high flux level trip. Since the 

maximum pressure transient occurs at the transition point between tripping on the high 

pressure trip and the high flux level trip, the peak pressure transient will be limited by the 
high flux level trip. The rod withdrawal accident at rated power exhibits the same behavior 

and is bounded by the startup accident peak pressure analysis 

Therefore, it is concluded that the high pressure trip and the high flux level trip adequately 

protect the reactor against any startup or rod withdrawal at rated power accident.  
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15.4 Moderator Dilution Accident 

This transient is characterized by low reactivity addition rates and slow transient behavior.  

The changes in reactivity addition and fuel to moderator heat transfer rates will be negligible 

for this transient. The changes in the thermal power and peak RCS pressure will be very 

small; thus, the thermal power will not exceed 112% rated power and the system pressure will 

not exceed code allowable limits. Therefore, it is concluded that the high reactor coolant 

temperature trip or the high pressure trip will continue to adequately protect the reactor 

against a moderator dilution accident.  

15.5 Cold Water Accident 

The protection criteria for this accident are that the minimum DNBR be greater than the 

acceptance criterion for the correlation used and that the system pressure limits not be 

exceeded. The thinner gap and clad of the Mark B 1 OT fuel give better heat transfer from the 

fuel to the moderator, this will result in lower fuel temperatures and less Doppler feedback 

during the neutron power increase. With less Doppler feedback the neutron power will 

increase at a slightly higher rate than would occur in the Mark B 10 fuel and result in a high 

neutron flux level trip sooner. The FSAR analysis shows that the flux trip is actuated very 

quickly and the thermal power only reaches 62%. The change in neutron power will have 

very little effect on thermal power since the neutron flux trip occurs very quickly. Therefore, 
any increase in thermal power and decrease in DNBR due to the Mark B 1 OT fuel will be 

negligible, and the cold water accident will continue to be non-limiting with respect to DNBR.  

The thinner gap and clad of the Mark B 1 OT fuel results in better heat transfer, so a given 

reactivity insertion will result in a slightly steeper pressure rise due to a faster temperature 
rise in the coolant. The increase in heat transfer and associated pressure rise will result in a 
slight increase in the total RCS pressure result. However , this transient is not limiting with 

respect to the pressure code limits and any slight increase in RCS pressure will be within the 

available margin and continue to be within the pressure code limits.  

15.6 Loss of Coolant Flow Accident 

The loss of coolant flow accident consists of several different possible scenarios, a partial loss 

of flow (failure of one or more pumps), full loss of flow (loss of electrical power to all 

pumps), locked rotor (mechanical failure of one pump resulting in locked rotor or sheared 

shaft). The reactor protection criterion for loss of coolant flow conditions resulting from 
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electrical malfunction of reactor coolant pumps or their power supply is that the minimum 

DNBR experienced by the core shall be greater than the acceptance criteria for the correlation 

used. The worst DNB case has been determined to be the partial loss of coolant flow (two 

pump coastdown) transient. This transient was evaluated for the new Mark B 1 OT fuel and 

the DNBR results were found to be conservative with respect to the generic Mark B8 fuel 

limits. The overall effect on this transient of the Mark B 1 OT fuel dimensional changes is a 

DNB benefit. Therefore, the full or partial loss of coolant flow will continue to meet the 

DNBR acceptance criteria using Mark BOT fuel.  

The locked rotor and sheared shaft event are affected by the increased neutron and thermal 

power prior to reactor trip like the full or partial loss of coolant accident. Unlike the loss of 

full coolant flow transient, which assumes a reactor trip on the detection of loss of power to 

the pumps, the locked rotor transient is tripped by the flux/flow imbalance trip. With a 

slightly increased neutron power following the locked rotor the flux/flow trip will occur 

slightly sooner. In the FSAR analysis the DNBR reaches the acceptance criteria limit very 

quickly (0.9 seconds). Since the DNBR limit with the Mark BlOT fuel will be reached 

slightly sooner, the assumed switch from nucleate to film boiling will begin sooner. The 

increase in thermal power as a result of the increase in neutron power will be small. The 

Mark B 1 OT fuel has better fuel to moderator heat transfer which will remove more heat from 

the fuel resulting in a lower fuel temperatures. Therefore, the peak fuel clad temperature 

change will be small and the effect on the results of the locked rotor and sheared shaft 

accidents will be negligible.  

15.7 Control Rod Misalignment Accidents 

Control rod misalignment accidents consist of two main varieties, the statically misaligned rod 

where a control rod becomes stuck at some position during rod movement or stuck fully 

withdrawn during a reactor trip and the dropped rod where a control rod drops partially or 

fully into the core. The protection criteria for this accident are that the minimum DNBR be 

greater than the acceptance criterion for the correlation used and that the system pressure 

limits not be exceeded. The use of Mark BlOT fuel will not effect the static misalignment of 

a control rod events since these events do not exhibit the transient phenomena of concern.  

The main concern for stuck rod events is that the stuck rod could result in insufficient 

negative reactivity on reactor trip to maintain the reactor shutdown. This is prevented by core 

design criteria. The effect of the new fuel on the dropped rod event will be on the rate of 

changes in neutron and thermal power during the event. The magnitude of the analysis results 
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will not be affected and the transient will terminate at the same power levels, pressures, etc..  

Therefore, the dimensional changes for the Mark B 1 OT fuel will not adversely affect the 

dropped rod event.  

15.8 Loss of Electric Load Accidents 

The protection criteria for this accident are that the minimum DNBR be greater than the 

acceptance criterion for the correlation used and that the system pressure limits not be 

exceeded. The loss of load accident is not a limiting DNBR or peak pressure transient and is 

bounded by other more limiting moderator heatup transients. This event is protected by the 

high reactor coolant temperature and high pressure trips should the temperatures and pressure 

approach these setpoints.  

15.9 Steam Generator Tube Rupture Accident 

The steam generator tube rupture accident is a radioactivity dose release analysis where the 

protection criteria is that the dose shall be within the limits specified in 1OCFR100.  

Therefore, the fuel dimensional changes will not affect the results of this transient.  

15.10 Waste Gas Tank Rupture 

This accident is a radioactive dose release analysis which does not involve a reactor coolant 

system transient and is therefore not affected by fuel dimensional changes.  

15.11 Fuel Handling Accidents 

This accident is a radioactive dose release or criticality analysis which does not involve a 

reactor coolant system transient and is therefore not affected by fuel dimensional changes.  

15.12 Rod Ejection Accident 

The protection criteria for the rod ejection accident are that the accident will not further 

damage the RCS and that the offsite dose will be within the 1OCFR100 limits. The first 

criterion is met if the reactivity excursion does not result in fuel vaporization and therefore the 

potential for an explosion in the core. This is shown by demonstrating that the peak fuel 
pellet enthalpy does not approach the threshold 280 cal/g. Similar to the rod withdrawal 

7-6



accident at power, the rod ejection accident will have lower fuel temperatures and less 

Doppler feedback during a neutron power increase since the Mark B 1 OT fuel will give better 

heat transfer from the fuel to the moderator, this will result in a slightly increased neutron 

power excursion. However, the better fuel to moderator heat transfer will reduce the peak 

fuel pellet enthalpy ensuring that the fuel pellet enthalpy will remain below the 280 cal/g 

threshold. With a slightly increased neutron power following the rod ejection the reactor trip 

will occur slightly sooner than the analysis in the Oconee FSAR. The change in thermal 

power as a result of the increase in neutron power and earlier reactor trip will be negligible.  

Therefore, the change to the number of fuel pins in DNB, from the analysis results in the 

FSAR rod ejection accident, will be negligible. In addition, it was determined that a reactivity 

addition of 1.52 % Ak/k would be required to compromise reactor vessel integrity. Since the 

maximum rod worth has not changed from that used in the FSAR analysis (0.65 % Ak/k) 

reactor vessel integrity will be maintained. Therefore, no additional damage to the RCS will 

occur since fuel vaporization will not occur. In addition, any increase in offsite dose will be 

negligible and continue to be well within the 1OCFR100 dose limits.  

15.13 Steam Line Break Accident 

The protection criterion of interest for this event is that the core will remain intact for 

effective core cooling, assuming minimum tripped rod worth with a stuck rod. During a 

steam line break event the RCS is overcooled resulting in a positive reactivity insertion. This 

reactivity addition causes the neutron power to increase until the reactor is tripped on the high 

flux level trip. A slight increase in neutron and thermal power will occur prior to reactor trip 

since less reactivity feedback occurs during fuel heatup. This will be somewhat offset by an 

earlier trip on neutron power and the decrease in positive reactivity by the greater transfer of 

heat from the fuel to the moderator. Therefore, any changes in RCS response as a result of 

the Mark B 1 OT fuel dimensional changes will be negligible and the protection criterion will 

continue to be met.  

15.14 Loss of Coolant Accidents 

In order to determine the acceptability of the performance of the ECCS in mitigating a loss of 

coolant accident (LOCA), 1OCFR5 0.46 requires that the results of the LOCA analysis meet 

the following acceptance criteria: 

* The calculated fuel element cladding temperature shall not exceed 2200 'F.  
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* The calculated total oxidation of the cladding shall nowhere exceed 0.17 times the total 

cladding thickness before oxidation.  

* The calculated amount of hydrogen generated from the cladding-water reaction shall not 

exceed 0.01 times the hypothetical amount that would be generated if all of the metal in the 

cladding cylinders were to react.  

* Calculated changes in core geometry shall be such that the core remains amenable to 

cooling.  

* After any calculated successful initial operation of the ECCS, the calculated core 

temperature shall be maintained at an acceptably low value and decay heat shall be 

removed for an extended period of time.  

The changes to the fuel dimensions for the Mark BlOT fuel will result in lower average linear 

heat rates. This, combined with the greater heat transfer from fuel to moderator, will result in 

lower average fuel and clad temperatures and ensure that the effects of the new fuel dimension 

changes will not adversely affect the FSAR LOCA analyses. The fuel temperature, cladding 

oxidation and hydrogen generation results for the Mark BLOT fuel will be conservative with 

respect to the current FSAR analysis. In addition, the core will continue to maintain a 

coolable geometry and long term core cooling capability. Therefore, the Mark B 1 OT fuel 

dimensional changes will not adversely affect the Oconee FSAR LOCA analysis. results and 

the acceptance criteria of 10CFR50.46 will continue to be met.  

From the examination of Cycle 16 core thermal properties and kinetics properties with respect to 

acceptable licensing basis values, it is concluded that this core reload will not adversely affect the 

safe operation of Oconee 3 during Cycle 16. Considering the previously accepted licensing basis 

analyses documented in the Oconee FSAR, the Cycle 16 transient evaluation demonstrates that the 
transient analyses for this cycle are identical to or conservative with respect to previously accepted 

analyses. The initial conditions of the transients in Cycle 16 are bounded by the FSAR and/or the 

fuel densification report6.  
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8. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS 

The Technical Specifications have been reviewed for Cycle 16 operation in accordance with the 

methods of References 2, 8 and 15.  

This section contains the proposed modifications to the ONS Technical Specifications. In 

general, these changes add two new fuel designs for allowable storage, increase the initial fuel 

enrichment and establish restricted loading patterns and associated burnup criteria for qualifying 

fuel in both Spent Fuel Pools at the Oconee Nuclear Station. These changes are necessary to 

accommodate planned and future fuel dimensional changes and allow storage of fuel for the 

upcoming Unit 3 Cycle 16 reload core. These changes will also increase design and operational 

flexibility, while at the same time maintaining acceptable criticality safety margin and decay heat 

removal capabilities. In addition, several administrative changes have been included in order to 

provide clarity to the Specifications and bring them more in line with STS format. A description 

of each of the changes being requested is given below.  

The accompanying FSAR changes will be incorporated at the next annual revision following 

* approval of this submittal. These changes are identified and discussed in Section VIII of 

Reference 16.  

1. The Technical Specification Table of Contents is being changed to change the title of 

Specifications 3.8 and 5.4. The new titles are consistent with the STS. These changes are 

purely administrative.  

2. The Technical Specification List of Tables and List of Figures is being changed to add 

Tables 3.8-1 through 3.8-4, and Figures 3.8-1 and 3.8-2 which are both part of the new 

Specification 3.8.16 (see number 4 below). This change is purely administrative.  

3. The title for Specification 3.8 is being changed from 'Fuel Loading and Refueling' to 'Fuel 

Movement and Storage In the Spent Fuel Pool'. By including spent fuel pool storage, the 

new title better addresses the purpose of this Specification. This change is administrative.  

4. Specification 3.8.15 (fuel enrichment) is being replaced with Specifications 3.8.15 (Spent 

Fuel Pool boron concentration), 3.8.16 (fuel storage), and 3.8.17 (actions). These changes 

are being made in order to accommodate the added Spent Fuel Pool (SFP) storage 
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restrictions and to provide increased operational flexibility. This change also provides more 

consistency with STS format.  

a. The SFP boron concentration has been relocated from Specification 5.4.3. This 

specification has also been changed to provide clarity, and to provide a specific reference 

for this limit in the Core Operating Limits Report (COLR). By specifying this limit in 

the COLR, the possibility of a dilution event is reduced since all other potential sources 

of borated water to the SFP are also specified in the COLR. This change is also more 

consistent with STS format.  

b. SFP storage limitations have been moved from Specification 3.8.15 to 3.8.16. The new 

SFP limit specification increases the initial enrichment limit to 5.00 weight% U23 5 

establishes restricted loading patterns with associated burnup criteria, and expands the 

previous limits to include two new fuel designs which will begin arriving on site next 

year. The proposed changes are necessary to allow storage of the new fuel assembly 

designs in the spent fuel pool, increase the reload design and operating flexibility while 

ensuring that acceptable criticality safety margin and decay heat removal capabilities, as 

well as fuel storage efficiency, are maintained in the spent fuel pools.  

c. Specification 3.8.17 provides the action statements associated with Specifications 3.8.15 

and 3.8.16. These actions have been added to address the SFP boron concentration 

required by Specification 3.8.15 and the loading restrictions required by Specification 

3.8.16. These actions are consistent with STS language.  

5. The Bases for Specifications 3.8.15 and 3.8.16 have been added to include the basis for the 

changes in these specifications. Additional Bases explain the acceptable use of non-fuel 

components, or empty cells, in place of designated fuel assembly locations to provide 

additional operational flexibility while maintaining acceptable criticality safety margin. The 

maximum initial fuel enrichment, 5.00 weight%, as the basis for all fuel storage requirements 

imposed by Specification 3.8.16. The additional bases provide linear interpolation as an 

acceptable method for obtaining additional data.  

6. Specification 5.3.1 is revised to accommodate calnges in the fuel assembly design.  

Specifically, the core loading in metric tons of uranium dioxide and the fuel stack height will 

be different for the new fuel assembly designs. To address these changes, Specifications 

5.3.1.2 and 5.3.1.4 are deleted and Specification 5.3.1.1 is revised to reflect the wording in 
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the STS. In addition, Specificaton 5.3.1.3 is renumbered to 5.3.1.2. These changes result in 

a proposed Design Features Specification for the Reactor Core that is consistent with the 

STS.  

7. The title for Specification 5.4 is being changed from 'New and Spent Fuel Storage Facilities' 

to 'Fuel Storage' to be consistent with STS. This change is administrative.  

8. Specification 5.4 is being changed to bring this specification more in line with the STS 

format.  

a. References to where new and spent fuel may be stored is being removed. This 

information is implied by the specification and is specified in the FSAR.  

b. The reference to fuel enrichment is being deleted from Specification 5.4.1.1. This 

information is being relocated to the Bases for Specifications 4.8.  

c. Additional extraneous information in Specification 5.4.2.1 is being deleted. This 

information is either provided in the FSAR, or is no longer applicable. This change also 

brings this specification more in line with STS format.  

d. Specification 5.4.3, which specifies the SFP boron concentration, is being deleted. This 

requirement is being relocated to Specification 3.8.15. This is a more appropriate 

location for this limit and is also consistent with STS.  

e. Specification 5.4.4, which provides the earthquake force assumed in the seismic analysis, 

is being deleted. This information is currently provided in the FSAR. This change is 

consistent with STS.  

9. Specification 6.9.1 is being changed to include the Spent Fuel Pool boron concentration in 

the list of limits included in the Core Operating Limits Report (COLR). This change is a 

necessary administrative change due to the change described in number 4.a above.  
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1 INTRODUCTION 

This submittal represents Duke Power Company's formal request for approval of a license 
amendment which establishes restricted loading patterns and associated burnup criteria for 
placement of new and irradiated fuel into the Oconee spent fuel storage pools. Analyses 
performed in support of this submittal demonstrate that the use of these configurations for 
storing fuel with initial enrichments of up to 5.00weight% U-235 will maintain sufficient 
criticality safety margins. This amendment will allow storage of two new fuel designs, 
currently not in the licensing basis, which will begin arriving at Oconee in 1995.  
Additionally, this amendment will allow for maximum utilization of the fuel storage racks 
and will provide additional flexibility in the area of reactor core reload design and analysis.  

All enrichments in this submittal are nominal values. As built variations of up to 0.05 
weight% U-235 above the nominal enrichments are acceptable. This uncertainty is 
accounted for in the analyses.  

The methodology used to analyze the fuel loading patterns and generate the various 
burnup criteria discussed above is identical to that submitted for NRC approval in the 
request for License Amendment for the McGuire Nuclear Station dated June 13, 1994.  
This methodology was specifically developed for spent fuel burnup credit applications and 
is based on the CASMO and SIMULATE computer codes. Formal approval of this 
methodology was requested in the above referenced submittal. Therefore, this License 
Amendment Request for the Oconee Nuclear Station relies on the approval of Duke 
Power Company's burnup credit methodology, and as such, references this methodology 
where appropriate.  

In addition, this submittal is similar to the Seabrook Station Unit 1 Amendment No. 6, 
which was approved by the NRC August 27, 1991. Specifically, both the Seabrook 
amendment and this amendment request use the CASMO and SIMULATE computer 
codes for fuel storage burnup credit analysis, establish three fuel types with corresponding 
loading pattern restrictions and allow high reactivity fuel which is unacceptable for storage 
in an infinite array to be stored with empty locations or with appropriately qualified low 
reactivity fuel.  
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. H BACKGROUND INFORMATION 

The Oconee Nuclear Station has two separate spent fuel storage pools; one pool is shared 
by the Unit 1 and 2 reactors, and the other pool is for Unit 3. The Oconee Nuclear 
Station became fully operational in 1974. At that time the station had a total spent fuel 
storage capacity of 552 fuel assemblies utilizing 21" center-to-center spacing between 
individual assemblies. The Oconee Nuclear Station was initially licensed with a maximum 
allowable fuel enrichment of 4 .0weight% U-235. Since each reactor core design is 
individually licensed, this limit is specifically applicable to the spent fuel storage pools.  

Since the initial operation of the Oconee Nuclear Station, both spent fuel pools have been 
reracked twice. Current storage rack configurations utilize a high density poison rack 
design in 24 free standing modules as shown in Figures 5-1 on page 5-2, and Figure 5-3 
on page 5-6. The Unit 1 and 2 pool now contains 1312 storage cells at a 10.65" center
to-center spacing. The Unit 3 pool has 825 available storage cells at a 10.60" center-to
center spacing. The four separate reracking efforts allowed for a 16 year increase in spent 
fuel storage capabilities for the station. The increased storage capacity was obtained 
without imposing any additional restrictions, i.e. bumup requirements.  

Additional spent fuel storage capacity was added to the Oconee Nuclear Station in 1990 
with the Independent Spent Fuel Storage Installation (ISFSI) in anticipation of losing full 
core discharge capability. Spent fuel is now transferred to the ISFSI prior to each 
refueling outage to maintain storage capacity reserves required for fuel handling 
operations during each refueling.  

The fuel assembly designs that have been used at Oconee have not changed in terms of 
reactivity since the last rerack effort and criticality analysis. However, recent fuel rod 
design studies have indicated a desire to incorporate two new fuel assembly designs at 
Oconee in the near future. Beginning with fuel shipments for Oconee 3 Cycle 16 in May, 
1995, a new fuel design, designated MkB10T, will be stored in the spent fuel pools at 
Oconee. Then in September 1995, another new fuel assembly design, designated MkB11, 
will arrive at the Oconee site for the Oconee 1 Cycle 17 reload core. In addition to fuel 
assembly design changes, plans are also underway to utilize future reload batches with 
enrichments in excess of the current Technical Specification limits. The upcoming fuel 
assembly design changes and the pending increase in fuel enrichments represent the basis 
for this submittal.  
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III JUSTIFICATION 

The primary reason for this License Amendment Request is to allow storage of the new 
MkB10T fuel design in the Oconee spent fuel pool for the upcoming Oconee 3 Cycle 16 
reload core. This fuel cannot be stored in the spent fuel pool under the current Technical 
Specifications. This License Amendment Request will also provide additional flexibility to 
the reload design efforts in the future, while maximizing the efficiency of fuel storage cell 
utilization in the spent fuel pools.  

As mentioned in Section II, recent studies have led to the implementation of two new fuel 
assembly designs in upcoming cycles. Duke continuously performs extensive economic 
sensitivity studies to evaluate variations in cycle length, reload batch size, reload batch 
enrichments, and most recently, fuel rod design. Duke's ongoing goal is to develop the 
most efficient core design for each operating cycle. The fuel rod design studies have 
demonstrated significant economic savings with the Mark B 11 (MkB 11) fuel design 
utilizing a thinner fuel pin. During the three cycles prior to full batch implementation of 
the MkB 11 design, a Lead Test Assembly (LTA) program will be implemented. Further 
economic studies indicate appreciable economic savings in switching to the Mark BlOT 
(MkB 10T) fuel design for this period. These new fuel assembly designs are not included 
in the current licensing basis, are more reactive than the designs currently analyzed, and 
violate the spent fuel storage design criteria under the current Technical Specifications.  
Therefore, approval of this License Amendment Request is necessary prior to receiving 
the first assemblies of these designs.  

Duke Power Company is also currently evaluating the use of axial blankets, split batches 
and reduced feed batch sizes. Results from these studies are driving enrichments above 
the current limits, requiring storage restrictions for the more reactive fuel in the spent fuel 
pool. Full core off load capability is maintained in the Unit 1 and 2 storage pool only by 
transferring assemblies to dry storage at an approximate cost of $1 million per reload 
batch. To minimize the costs associated with dry storage, it is imperative to develop 
loading patterns for restricted storage which maximize storage cell efficiency in the spent 
fuel pool. Hence, the restricted storage loading pattern was developed to eliminate the 
need for empty cells, thereby making use of all storage cells. By taking advantage of low 
reactivity "filler" fuel, otherwise empty storage cells are available for spent fuel storage.  
Additionally, the potential for reduced batch sizes will reduce the rate at which assemblies 
are discharged to the spent fuel pool. These factors will help reduce the rate at which 
assemblies need to be transferred to the dry storage facility, thereby reducing the costs 
associated with this facility.  
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IV SCHEDULE 
As mentioned in Sections II and III, the transition to the MkBlOT fuel assembly design 
will begin with the Unit 3 Cycle 16 reload. Duke Power will begin receiving these fuel 
assemblies in May 1995. Since this new fuel assembly design cannot be stored in the spent 
fuel pool under the current Technical Specifications, approval of this Licensing 
Amendment Request is needed by May 15, 1995.  

The schedule for review and approval of this License Amendment Request was discussed 
in a conference call between Duke Power Company and the NRC held on August 1 1994.  
A mid-May approval date was agreed upon at that time and was based on receiving the 
submittal package by December 1, 1994.  

4 
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V. GENERAL DESCRIPTION OF AMENDMENT REQUEST/SUBMITTAL 

V.1 Introduction 

The primary purpose of this submittal is to demonstrate sufficient analytical justification 
for modifying technical specifications and FSAR sections currently applicable to new and 
irradiated fuel storage at the Oconee Nuclear Station (ONS). Areas proposed for 
modification are the limitations and restrictions associated with storage of irradiated and 
unirradiated fuel in the two spent fuel pools serving the Oconee Nuclear Station.  

The ONS has two separate spent fuel storage pools; one shared by the Unit 1 and 2 
reactors, and another for Unit 3. The fuel storage rack designs for each pool are not 
identical, and consequently, have different enrichment limits. Both sets of spent fuel 
storage racks were designed and fabricated by Westinghouse and were installed in 1981 
(unit 1 and 2) and 1984 (unit 3). Although the results of the calculations for the two spent 
fuel pools are different, all analytical methods discussed in this document are applicable to 
either pool. Additionally, all fuel types currently planned for use or storage at ONS, were 
considered in developing the proposed requirements and limitations. Approval of this 
amendment request is therefore applicable to both spent fuel pools.  

V.2 Unit 1 and 2 Spent Fuel Storage Pool 

The basic spent fuel storage rack arrangement for the unit 1 and 2 spent fuel storage pool 
are shown in Figure 5-1 on page 5-2. A schematic of the individual storage cell 
configuration is also provided.  
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Figure 5-1 
Oconee Unit 1 and 2 Spent Fuel Pool Layout 
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The spent fuel pool is designed and used for both normal, long term storage of 
permanently discharged fuel as well as temporary storage of new or partially irradiated 
fuel stored during the core fuel off load and shuffle. The individual fuel storage cells are 
made of stainless steel, are spaced at 10.65 inches and utilize a 0.02 gm/cm 2 loading of B10 
neutron absorbing material. Fourteen free standing rack modules provide a total capacity 
of 1312 storage locations. The storage cells in the Unit 1 and 2 spent fuel pool are 
currently limited to fuel with a maximum initial enrichment of 4.3weight%.  
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Unrestricted Storage - Unit 1 and 2 Spent Fuel Pool 

To accommodate the projected as-built fuel enrichment increases discussed in Section III, 
the spent fuel storage racks have been re-analyzed, using the analytical methods discussed 
in Section VI, to allow for an increase in the maximum allowable initial enrichment of the 

stored fuel. This analysis allows for unrestricted storage (i.e. no limits on storage location 

or pattern) of new or irradiated fuel having initial enrichments up to 3.73weight% for 
MkB 11 fuel and 3.93weight% for all other Oconee fuel.  

Additional analyses were performed to develop burnup criteria for restricted storage of 
irradiated assemblies with initial enrichments in excess of the 3.73 and 3.93 weight% limits 

stated above. These criteria are summarized in Section VII. 1. Expressed as specific 
burnup vs. enrichment limits, these criteria were generated utilizing reactivity 

equivalencing (burnup credit) techniques. An overview of the specific methodology 
developed by Duke Power Company for this application is provided in Section VI.5.  
Since this submittal references the methodology submitted in the Request for License 
Amendment for the McGuire Nuclear Station dated June 13, 1994, refer to Appendix B of 
the McGuire submittal for a more detailed discussion of this methodology. Specific 

changes for application of this methodology to the Oconee Nuclear Station are detailed in 
Appendix B of this submittal.  

New or irradiated assemblies which meet the requirements for unrestricted storage are 
referred to as "unrestricted" fuel throughout this submittal. New or irradiated assemblies 
which do not meet the above requirements for unrestricted storage must be placed in a 
restricted loading pattern. Restricted storage requirements are discussed below.  
Proposed technical specifications governing the requirements for spent fuel pool storage 
are included in Section VIII. 1.  

Restricted Storage -Unit 1 and 2 Spent Fuel Pool 

In order to accommodate those assemblies, up to the proposed spent fuel pool enrichment 
limit of 5.00weight%, which do not qualify for unrestricted storage, criticality analyses were 
performed to identify a critically safe, yet simple, loading pattern restriction. While several 
configurations were considered, the loading pattern proposed was chosen for its overall 
simplicity. Figure 5-2, on page 5-4, illustrates the proposed storage restriction which 
limits storage of these unqualified assemblies to every other row in a designated area of 
the spent fuel pool. This pattern allows for ease of implementation and control, as well as 
an added level of verification which can be obtained by visual inspection of the pool. This 
pattern also allows for maximum utilization of storage space in the spent fuel pools.  
Assemblies requiring placement into this storage configuration will be referred to as 
"restricted" fuel throughout this submittal. Also shown in Figure 5-2 is the requirement 
that the rows between the restricted assemblies of this pattern contain appropriately 
qualified filler assemblies. The single criteria used in selecting the filler assembly is that 
the reactivity of the pool, including the rows of restricted assemblies of the maximum 
allowable reactivity, is such that criticality safety is maintained.  
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Figure 5-2 
Restricted Storage Loading Pattern 

Discussion of the analysis which justifies the above loading pattern and the specific 
selection criteria for the filler assemblies is included in Sections VI.5 and VII. 1, 
respectively. Expressed as specific burnup versus enrichment limits, these criteria were 
also generated using reactivity equivalencing (burnup credit) techniques as discussed in the 
previous section. Assemblies qualified for and selected as fillers will be referred to as 
"filler" fuel throughout this submittal. Empty storage cells may be used in place of 
appropriately qualified filler assemblies whenever necessary.  

To preclude a fuel misloading accident, an appropriate quantity and configuration of filler 
assemblies will be in place in an area of the spent fuel pool designated for restricted/filler 
fuel storage prior to placement of any restricted assemblies. This and other administrative 
controls are discussed further in Section IX. Proposed technical specifications governing 
this and all other requirements for restricted storage are included in Section VIII. 1.  

. A summary description of the fuel categories is provided in Table 5-1on page 5-5.  
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Table 5-1 
Fuel Category Summary 

Fuel 
Category Fuel Category Description Loading Restriction 

Unrestricted New or Irradiated fuel qualified for unrestricted storage None 
Restricted New or Irradiated fuel requiring restricted storage Alternating rows with filler 

assemblies or empty cells 
Filler Irradiated fuel qualified for use as filler assemblies Use as filler assemblies 

with restricted fuel 

To provide added flexibility for the storage of spent fuel beyond the conditions described 
above, additional criteria will be included in the technical specifications to allow for 
specific analysis, using NRC approved methodology, as an alternative method for 
determining storage requirements. Additionally, a non-fuel component, or an empty 
storage cell will be allowed in place of any designated fuel location.  

5-5



V.3 Unit 3 Spent Fuel Storage Pool 

The basic spent fuel storage rack arrangement for the unit 3 spent fuel storage pool are 
shown in Figure 5-3. A schematic of the individual storage cell configuration is also 
provided.  

Figure 5-3 
Oconee Unit 3 Spent Fuel Pool Layout 
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The spent fuel pool is designed and used for both normal, long term storage of 
permanently discharged fuel as well as temporary storage of new or partially irradiated 
fuel stored during the cote fuel off load and shuffle. The individual fuel storage cells are 
made of stainless steel, are spaced at 10.60 inches and utilize a 0.03 gm/cm 2 loading of B10 
neutron absorbing material. Ten separate free standing rack modules provide a total pool 
capacity of 825 available storage locations. The storage cells in the Unit 3 spent fuel pool 
are currently limited to fuel with a maximum initial enrichment of 4 .Oweight%.  

Unrestricted Storage - Unit 3 Spent Fuel Pool 

To accommodate the projected as-built fuel enrichment increases discussed in Section III, 
the spent fuel storage racks have been re-analyzed, using the analytical methods discussed 
in Section VI, to allow for an increase in the maximum allowable initial enrichment of the 
stored fuel. This analysis allows for unrestricted storage (i.e. no limits on storage location 
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or pattern) of new or irradiated fuel having initial enrichments up to 3.66weight% for 
MkB 11 fuel and 3.86weight% for all other Oconee fuel.  

Additional analyses were performed to develop burnup criteria for restricted storage of 
irradiated assemblies with initial enrichments in excess of the 3.66 and 3.86 weight% limits 
stated above. These criteria are summarized in Section VII. 1. Expressed as specific 
burnup vs. enrichment limits, these criteria were generated utilizing reactivity 
equivalencing (burnup credit) techniques. An overview of the specific methodology 
developed by Duke Power Company for this application is provided in Section VI.5.  
Since this submittal references the methodology submitted in the Request for License 
Amendment for the McGuire Nuclear Station dated June 13, 1994, refer to Appendix B of 
the McGuire submittal for a more detailed discussion of this methodology. Specific 
changes for application of this methodology to the Oconee Nuclear Station are detailed in 
Appendix B of this submittal.  

New or irradiated assemblies which meet the requirements for unrestricted storage are 
referred to as "unrestricted" fuel throughout this submittal. New or irradiated assemblies 
which do not meet the above requirements for unrestricted storage must be placed in a 
restricted loading pattern. Restricted storage requirements are discussed below.  
Proposed technical specifications governing the requirements for spent fuel pool storage 
are included in Section VIII. 1.  

Restricted Storage - Unit 3 Spent Fuel Pool 

In order to accommodate those assemblies, up to the proposed spent fuel pool enrichment 
limit of 5.00weight%, which do not qualify for unrestricted storage, criticality analyses were 
performed to identify a critically safe, yet simple, loading pattern restriction. While several 
configurations were considered, the loading pattern proposed was chosen for its overall 
simplicity. Figure 5-2, on page 5-4, illustrates the proposed storage restriction which 
limits storage of these unqualified assemblies to every other row in a designated area of 
the spent fuel pool. This pattern allows for ease of implementation and control, as well as 
an added level of verification which can be obtained by visual inspection of the pool. This 
pattern also allows for maximum utilization of storage space in the spent fuel pools.  
Assemblies requiring placement into this storage configuration will be referred to as 
"restricted" fuel throughout this submittal. Also shown in Figure 5-2 is the requirement 
that the rows between the restricted assemblies of this pattern contain appropriately 
qualified filler assemblies. The single criteria used in selecting the filler assembly is that 
the reactivity of the pool, including the rows of restricted assemblies of the maximum 
allowable reactivity, is such that criticality safety is maintained.  

Discussion of the analysis which justifies the above loading pattern and the specific 
selection criteria for the filler assemblies is included in Sections VI.5 and VII.1, 
respectively. Expressed as specific burnup versus enrichment limits, these criteria were 
also generated using reactivity equivalencing (burnup credit) techniques as discussed in the 
previous section. Assemblies qualified for and selected as fillers will be referred to as 
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"filler" fuel throughout this submittal. Empty storage cells may be used in place of 
appropriately qualified filler assemblies whenever necessary.  

To preclude a fuel misloading accident, an appropriate quantity and configuration of filler 
assemblies will be in place in an area of the spent fuel pool designated for restricted/filler 
fuel storage prior to placement of any restricted assemblies. This and other administrative 
controls are discussed further in Section IX. Proposed technical specifications governing 
this and all other requirements for restricted storage are included in Section V111. 1.  

A summary description of the fuel categories is provided in Table 5-1 on page 5-5.  

To provide added flexibility for the storage of spent fuel beyond the conditions described 
above, additional criteria will be included in the technical specifications to allow for 
specific analysis, using NRC approved methodology, as an alternative method for 
determining storage requirements. Additionally, a non-fuel component, or an empty 
storage cell will be allowed in place of any designated fuel location.  

V.4 Region Interface Restriction 

Once the unrestricted loading criteria and restricted loading pattern requirements are 
* established, a criticality assessment at the loading pattern interface between any 

unrestricted and restricted areas of the spent fuel pool is performed. The methodology 
used, and the results of this assessment are summarized in Sections VI.6 and VII.2 
respectively. A more detailed discussion is included as Appendix A. These results are 
then used to determine specific interface restrictions necessary to maintain criticality safety 
at the interface. The specific restrictions are summarized in Section VII.2 while the 
proposed technical specifications governing these restrictions are included in Section 
VIII.1.  

V.5 Summary 

This licensing document represents a request for amendments to the Oconee Technical 
Specifications related to fuel storage under several anticipated conditions/scenarios.  
Figure 5-4, on page 5-9, illustrates in summary form, the various storage configurations 
specified in the proposed technical specification amendments.  

All current and proposed new and spent fuel storage requirements and restrictions are 
summarized in Table 5-2, on pages 5-10 and 5-11, along with a specific reference to the 
applicable current or proposed technical specifications. Details of the requested technical 
specification changes are provided in Section VIII. 1.  
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Figure 5-4 
Proposed Allowable Storage Configurations 
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Table 5-2 

Current and Proposed 
ONS Spent Fuel Pool Fuel Storage Limits and Restrictions 

Unit 1 and 2 Spent Fuel Pool 

Fuel Current Current Load Current Proposed Proposed Load Proposed 
Category Fuel Condition Limits/Requirements Pattern Reference Limits/Requirements Pattern Reference 

Unrestricted New or Max. Init. Enr. 100% FSAR: Max. Init. Enr: 100% FSAR
Irradiated Fuel 4.3% 9.1.1 and 3.73w/o (MkB11) 9.1.2.1 

9.1.2.1 3.93w/o (Other)t 

T.S. or Qualifying Burnup* New T.S.  
3.8.15.b 3.8.16.a.1 

Restricted New or N/A N/A N/A Max. Init. Enr. 5.00% Alternating FSAR: 
Irradiated Fuel Rows with Filler 9.1.2.1 

Assemblies 
(Does Not Meet 

Unrestricted 3.8.16.a.2 
Limits) 

Filler Filler N/A N/A N/A Qualifying Burnup* Alternating New T.S.  
Assemblies Rows as Fillers 3.8.16.a.2 

t Other: 
MkB 1OTand all earlier Oconee fuel designs 

* Qualifying Burnups: 

Unrestricted- Fuel: Proposed Unrestricted Curve - See Figure 7-1 on page 7-1 or T. S. Table 3.8-1 on page 8-4 

Filler Fuel: Proposed Filler Curve - See Figure 7-1 on page 7-1 or T. S. Table 3.8-2 on page 8-5 
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Table 5-2 (con't) 

Current and Proposed 
ONS Spent Fuel Pool Fuel Storage Limits and Restrictions 

Unit 3 Spent Fuel Pool 

Fuel Fuel Condition Current Current Load Current Proposed Proposed Load Proposed 
Category Limits/Requirements Pattern Reference Limits/Requirements Pattern Reference 

Unrestricted New or Max. Init. Enr. 100% FSAR. Max. Init. Enr: 100% FSAR.  
Irradiated Fuel 4.0% 9.1.1 and 3.66w/o (MkB11) 9.1.2.2 

9.1.2.2 3.86w/o (Other)t 

T.S. or Qualifying Burnup* New T.S.  
3.8.15.a 3.8.16.b.1 

Restricted New or N/A N/A N/A Max. Init. Enr. 5.00% Alternating FSAR 
Irradiated Fuel Rows with Filler 9.1.2.2 

Assemblies 
(Does Not Meet New T.S.  

Unrestricted 
Limits)3.8.16.b.2 Limits) 

Filler Filler N/A N/A N/A Qualifying Burnup* Alternating New T.S.  
Assemblies Rows as Fillers 3.8.16.b.2 

t Other: 
MkB 1OTand all earlier Oconee fuel designs 

* Qualifying Burnups: 

Unrestricted Fuel: Proposed Unrestricted Curve - See Figure 7-2 on page 7-2 or T. S. Table 3.8-3 on page 8-6 

Filler Fuel: Proposed Filler Curve - See Figure 7-2 on page 7-2 or T. S. Table 3.8-4 on page 8-7 
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O VI METHODOLOGY OVERVIEW 

VI.1 General Purpose 

This section provides an overview of the analytical methods and associated assumptions 
used to justify the proposed amendments to the Oconee Nuclear Station Technical 
Specifications and related modifications to the FSAR. The only parameters that must be 
reviewed and analyzed relative to previously approved requirements are the reactivity 
increase due to the higher enrichments, and the thermal loading increase due to the 
anticipated higher discharge burnups. Review or modification of currently applicable 
seismic, structural, radiological, or environmental analyses is not considered necessary as a 
result of these proposed changes. The methodologies described in Appendix B are used 
for performing the necessary criticality analyses to demonstrate sufficient criticality safety 
margins.  

VI.2 Applicable Codes, Standards, and Regulations 

The following listing represents those codes, standards, and regulations which are 
considered to be applicable to criticality safety as it relates to new and irradiated fuel 
storage. These were used as general guidelines in performing the necessary analyses.  

* 10CFR Part 50, General Design Criterion #62 - "Prevention of Criticality in Fuel 
Storage and Handling" 

* NUREG - 0800, USNRC Standard Review Plan, Sections 9.1.1 & 9.1.2 

* ANSI/ANS - 57.2 - 1983, "Design Requirements for Light Water Reactor Spent 
Fuel Storage Facilities at Nuclear Power Plants" 

* ANSI/ANS - 57.3 - 1983, "Design Requirements for New LWR Fuel Storage" 

* NRC Regulatory Guide 1.13 - Dec. 1975, "Spent Fuel Storage Facility Design 
Basis" 

* NRC Letter from Brian K. Grimes to All Power Reactor Licensees, Revision 1 
1/18/79, "OT Position for Review and Acceptance of Spent Fuel Storage and 
Handling Applications" 

* ANSI/ANS-8.17-1984, "Criticality Safety Criteria for the Handling, Storage and 
Transportation of LWR Fuel Outside Reactors" 

* ANSI/ANS-8.1.1-1983, "American National Standard for Nuclear Criticality 
Safety in Operations with Fissionable Materials Outside Reactors" 
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Additionally, NRC Regulatory Guide 1.13 and ANSI/ANS - 57.2 were used as guidance 
for performing spent fuel pool decay heat removal assessments.  

VI.3 Design Bases and General Assumptions 

Consistent with previous license applications and amendments and in compliance with the 
requirements of the above regulations and guides, the criticality analyses performed to 
support the proposed FSAR and Technical Specification changes are based on the 
requirement that there is a 95% probability at a 95% confidence level that the effective 
multiplication factor (keff) of the fuel assembly array will be less than 0.95. The calculated 
keff value must also include all appropriate biases and uncertainties (mechanical, method, 
etc.).  

As an additional safety margin. to those included in the design bases above, several 
conservative assumptions related to the physical conditions, procedural controls, and 
neutron behavior are incorporated into the criticality analyses. These ensure that the 
actual degree of subcriticality provided by the resulting safety limits will always be less 
than the analyzed value. These assumptions are listed below: 

* All pool storage configurations are assumed to be flooded with pure, 
unborated water at the temperature within the design limits of the pool 
which yields the highest reactivity, 

* Each storage configuration analyzed is assumed to be a 2 dimensional 
infinite array with no axial or radial leakage, 

* Fuel assemblies are assumed to be the most reactive fuel type for the 
conditions, 

* No credit is taken for burnable poisons, control rods, or other fuel 
assembly control components.  

The above assumption concerning the 2 dimensional infinite array is consistent with other 
burnup credit analyses performed by the spent fuel storage cell vendor. The vendor 
studied the differences between a detailed 3-D model which included the effects of axial 
burnup, and an infinite 2-D model which did not. The conclusion reached was that the 
reactivity differences were relatively small and that the infinite 2-D model conservatively 
bounded the results of the 3-D model with axial burnup effects for the typical range of 
minimum bumup requirements.  
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VI.4 Computer Code / Methodology Description 

The SCALE system of computer codes was used to model the boundary conditions that 
will exist at the fuel storage region interface in the spent fuel pool. This methodology 
utilizes three dimensional Monte Carlo theory. Specifically, this analysis method used the 
CSAS25 sequence contained in Criticality Analysis Sequence No. 4 (CSAS4). CSAS4 is 
a control module contained in the SCALE-4.2 system of codes. The CSAS25 sequence 
utilizes two cross section processing codes (NITAWL and BONAMI) and a 3-D Monte 
Carlo code (KENO Va) for calculating the effective multiplication factor for the system.  
The 27 Group NDF4 cross section library was used exclusively for this analysis.  

The SCALE-4.2 System of Codes is certified for use on IBM RISC/6000 workstations.  
CSAS4 and the 27 Group NDF4 library have been further benchmarked for criticality 
analysis via comparison with critical experiments to determine the applicable biases and 
uncertainties.  

The burnup credit approach to fuel rack criticality analysis requires calculation and 
comparison of reactivity values over a range of burnup and initial enrichment conditions.  
In order to accurately model characteristics of irradiated fuel which impact reactivity, a 
criticality analysis method capable of evaluating arrays of these irradiated assemblies is 
needed. In this license submittal, the advanced nodal methodology combining CASMO
3/TABLES-3/SIMULATE-3 is used for this purpose. CASMO-3 is an integral transport 
theory code, SIMULATE-3 is a nodal diffusion theory code, and TABLES-3 is a linking 
code which reformats CASMO-3 data for use in SIMULATE-3. This methodology 
permits direct coupling of incore depletion calculations and resulting fuel isotopics with 
out-of-core storage array criticality analyses. While the CASMO-3/SIMULATE-3 
methodology has been approved for use in nuclear design analysis (DPC-NE-1004A, 
November 1992), the License Amendment Request for the McGuire Nuclear Station dated 
June 13, 1994 extends this methodology to criticality analysis for spent fuel pools. Similar 
application of this methodology to spent fuel pool analysis has been previously approved 
by the NRC (Seabrook Station Unit 1 Amendment No. 6, August 27, 1991). A detailed 
description of the benchmarking and analysis of Duke Power's application of this burnup 
credit methodology is provided in Appendix B of the McGuire License Amendment 
Request. Appendix B of this submittal details the components of the methodology specific 
to the Oconee Nuclear Station.  

VL5 Burnup Credit Methodology 

In order to justify storage of fuel up to the proposed upper enrichment limit, the concept 
of burnup credit was utilized in the spent fuel pools. As discussed in Section VI.4 above, 
the variable effects of fission product poisoning, 'fissile material production and utilization 
and other related effects are accurately modeled with the CASMO-3/TABLES
3/SIMULATE-3 methodology. Applicable biases and uncertainties are developed and 
used as inputs to the methodology.  
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The basic approach is to use reactivity equivalencing techniques to construct burnup 
versus enrichment curves which represent equivalent and acceptable reactivity conditions 

over an applicable range of burnups and initial enrichments. The first curve establishes the 

burnup requirements for unrestricted storage or 100% cell utilization. Assemblies which 
fall short of these burnup requirements will require storage restrictions. A second curve is 

then generated to reflect the minimum requirements of a restricted storage pattern for the 
more reactive fuel assemblies which do not qualify for unrestricted storage.  

To maximize the utilization of the storage locations while accommodating these higher 
enriched assemblies, the analysis also focuses on determining a loading pattern which 
mixes the storage of projected restricted assemblies with appropriately selected filler 
assemblies. Reactivity limits placed on these filler assemblies are driven by the maximum 
reactivity of the restricted assemblies that will be stored with the filler assemblies such that 
the reactivity of the combined loading pattern meets the design criteria. Once the 
reactivity requirements of these fillers is determined, the second burnup curve which 
represents this reactivity level is constructed. This curve is then used for qualification of 
the filler assemblies.  

Generation of the applicable burnup credit curves requires a two part calculation process.  
The first part is to create two types of reactivity versus burnup curves. The first type of 
curve defines the maximum reactivity for the spent fuel pool such that the appropriate 
design criteria are met including allowances for both calculational uncertainties and 
manufacturing tolerances. The second type of curve represents the reactivity versus 
burnup for a particular enrichment, and is generated for the range of enrichments. The 
intersection of the maximum design reactivity curve with the multiple enrichment curves 
provides data points for the second part of the process.  

The second part of the process generates the burnup versus initial enrichment curves by 
plotting the burnup where the maximum design reactivity equals the reactivity of a 
particular enrichment, for each enrichment. Two curves are generated which represent 
the qualification criteria for a particular storage configuration. Each burnup versus 
enrichment curve shows the minimum amount of burnup required to qualify fuel for 
storage in the applicable loading pattern as a function of the fuel's initial enrichment. As 
discussed in Section V, there are two storage configurations, normal 100% storage of 
unrestricted fuel and alternating rows of restricted fuel with filler fuel as shown in Figure 
5-2 on page 5-4. The fresh fuel has an enrichment limit of 5.00weight%. These curves and 
supporting data are provided in Section VII. 1 while additional details of the methods used 
to generate these curves are provided in Appendix B of the McGuire License Amendment 
Request, June 13, 1994.  

VL6 Region Interface Methodology 
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The KENO Va code was used to analyze the boundary condition created between the 
restricted and unrestricted storage configurations to assure that the storage configurations 
at the boundary do not cause an increase in the nominal ke for the individual regions.  
This analysis is performed to determine if there is a need for new administrative 
restrictions at the boundaries.  

Other related assumptions and more detailed discussions are contained in Appendix A.  
The results of the boundary condition analyses are summarized in Section VII.2.  

VI.7 Spent Fuel Pool Cooling Considerations 

While cooling time is the more dominant variable for spent fuel heat load calculations, 
variations in discharge burnups can also have an impact, especially in the more limiting 
cases where full core off-loads with minimal cooling times are being analyzed. An 
expected and desirable result of an increase in allowable fuel enrichments for the Oconee 
Nuclear , Station would be a corresponding increase in the discharge burnups.  
Consequently, the spent fuel pool cooling system was reviewed for its ability to maintain 
acceptable water temperatures under the expected thermal conditions associated with 
higher discharge burnups.  

An analysis of the corresponding heat loads is performed based on the higher anticipated 
discharge burnups which assumes worst case and normal operating conditions. This 
analysis shows that despite these higher heat loads, spent fuel pool water temperatures will 
remain within the 140 oF requirements, specified in NRC Regulatory Guide 1.13 and 
ANSI/ANS 57.2. The results of this analysis reflecting these more limiting conditions will 
be included in future FSAR modifications.  

VI.8 Accident Conditions 

In addition to the several abnormal conditions considered as part of the original safety 
assessment for the spent fuel storage rack, this proposed enrichment upgrade also 
considered a fuel misloading accident condition. In this case, the excess negative reactivity 
provided by the soluble boron in the spent fuel pool water is sufficient to maintain the pool 
configuration at or below an acceptable keff of 0.95. The only type of accident necessary 
of consideration is the failure to provide appropriate filler assemblies for restricted fuel 
assemblies. The analysis performed to evaluate this misloading accident is based on 
misloading an unirradiated, 5.00weight% fuel assembly into a required filler location.  
Results of this analysis are provided in Section VII.3.  
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VeI GENERAL RESULTS OF ANALYSES 

This section provides the basic results of the various analyses performed in support of the 
proposed FSAR and Technical Specification changes. Additional discussion of the 
supporting analytical techniques can be found in the appendices of the McGuire License 
Amendment Request, June 13, 1994.  

VII.1 Fuel Assembly Burnup Requirements 

The burnup credit criticality analysis results for the Oconee Unit 1 and 2 spent fuel pool 
are summarized by the three burnup versus enrichment curves shown in Figure 7-1 on 
page 7-2. Likewise, the results for the Oconee Unit 3 spent fuel pool are summarized in 
Figure 7-2. These curves define the burnup requirements for the two fuel loading 
configurations allowed in the Oconee spent fuel pools. Specific data points generated by 
the criticality analysis and used to create these burnup curves are shown in Table 7-1 on 
page 7-2 for the Unit 1 and 2 spent fuel pool, and Table 7-2 on page 7-3 for the Unit 3 
spent fuel pool.  

7-1



Figure 7-1 
Oconee Unit 1 and 2 Spent Fuel Pool Storage Curves 

30.00 

-U-- Filler Fuel - All Fuel Assembly 

25.00 Designs 

Unrestricted Fuel - MkB11 Fuel 

20.00 Assembly Design 

Unrestricted Fuel - MkB 10T and 

Earlier Fuel Assembly Designs 

15.00 

E 

M 10.00 

500 

0.00 
1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 

Initial Enrichment (w/o U-235) 

Minimum requirements for unrestricted (100%) fuel storage.  
Unrestricted Fuel Assemblies not meeting 100% storage requirements must be stored in an 

alternate row loading pattern with qualified filler assemblies or empty cells 
Filler Fuel Minimum requirements for filler assemblies 

Table 7-1 
Oconee Unit 1 and 2 Spent Fuel Pool 

Minimum Burnup Qualification Requirements (GWD/MTU) 

Enrichment (w/o) 
Unrestricted: 3.73 3.93 4.00 4.50 5.00 

MkB1OT and Earlier Fuel Assembly Designs 0.00 0.43 3.30 6.03 
MkB11 Fuel Assembly Design 0.00 1.83 4.80 7.95 

Enrichment (w/o) 

Elit2.73 3.00 3.50 4.00 4.50 5.00 
All Fuel Assembly Designs 0.00 3.25 8.22 13.13 18.10 22.69 
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Figure 7-2 
Oconee Unit 3 Spent Fuel Pool Storage Curves 
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0.00 
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Minimum requirements for unrestricted (100%) fuel storage.  

Unrestricted Fuel Assemblies not meeting 100% storage requirements must be stored in an 
alternate row loading pattern with qualified filler assemblies or empty cells 

Filler Fuel Minimum requirements for filler assemblies 

Table 7-2 
Oconee Unit 3 Spent Fuel Pool 

Minimum Burnup Qualification Requirements (GWD/MTU) 

Enrichment (w/o) 

Unrestricted: 3.66 3.86 4.00 4.50 5.00 

MkB1OT and Earlier Fuel Assembly Designs 0.00 0.91 3.73 6.60 

MkB11 Fuel Assembly Design 0.00 2.31 5.34 8.49 

Enrichment (w/o) 

2.61 3.00 3.50 4.00 4.50- 5.00 

All Fuel Assembly Designs 0.00 4.49 9.62 14.68 19.96 24.37 
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VII.2 Region Interface Restrictions 

As discussed earlier in Section V and summarized in Table 5-1 on page 5-5, fuel will be 
stored in the spent fuel pools according to two different loading configurations to 

accommodate both unrestricted and restricted fuel. The boundary conditions between 

these configurations is analyzed to determine the worst geometry configuration for 

neutronic coupling between the cells of differing enrichments. In this process it is 
determined that if the border row between regions is a row of filler assemblies, as shown 
in Figures A-1 on page A-3, the boundary between the two storage configurations will 
have no effect on the k, Hence, a row of restricted assemblies may not be directly 

adjacent to a row of unrestricted fuel. The boundary restriction is summarized below: 

Loading Configuration Interface Restriction 

Unrestricted and A Row of restricted assemblies cannot be adjacent to a row of 
Restricted w/ Filler unrestricted assemblies.  

VH.3 Fuel Misloading Accident Analysis 

A specific analysis is performed to verify that sufficient margin is provided by the soluble 
boron to maintain the pool configuration at or below kf of 0.95 following the misloading 
of a fresh 5.00weight% assembly in place of a required filler assembly. The results of this 
analysis showed that the allowed soluble boron provided sufficient criticality safety 
margin.  
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VIII PROPOSED TECHNICAL SPECIFICATION / FSAR MODIFICATIONS 

This section contains the proposed modifications to the ONS Technical Specifications 
being requested with this submittal as well as a discussion of the resulting necessary 
changes that will be made in the Oconee Nuclear Station FSAR in the first annual update 
which follows NRC's approval.  

VHI.1 Technical Specification Changes 

The following changes are those necessary to raise the maximum fuel enrichment allowed 
for use at the Oconee Nuclear Station to 5.00weight%. Specific spent fuel pool loading 
restrictions necessary to maintain acceptable criticality safety margins for all new and 
irradiated fuel with initial enrichments at or below this new value are ensured by these 
changes. Administrative controls necessary to ensure compliance with these revised 
technical specifications are discussed in Section IX.  
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Current Requirements: 

Technical Specification Reference: 3.8 Fuel Loading and Refueling 

3.8.15 a. No fuel which has an enrichment greater than 4.0 weight percent U23s 
(53 grams of U135 per axial centimeter of fuel assembly) will be stored in 
the spent fuel pool for Unit 3.  

b. No fuel which has an enrichment greater than 4.3 weight percent U235 

(57 grams of U235 per axial centimeter of fuel assembly) will be stored in 
the spent fuel pool for Units 1 and 2.  

0 
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Proposed Reguirements: 

3.8 FUEL MOVEMENT AND STORAGE IN THE SPENT FUEL POOL 

3.8.15 The spent fuel pool boron concentration shall be within the limit specified in the 
COLR.  

This specification applies when fuel is stored in the spent fuel pool.  

3.8.16 a. New or irradiated fuel may be stored in the Spent Fuel Pool shared between 
Units 1 and 2 in accordance with these limits: 

1). Unrestricted storage of fuel meeting the criteria of Table 3.8-1; or 

2). Restricted storage in accordance with Figure 3.8-1, of fuel which does 
= meet the criteria of Table 3.8-1; or 

3). Another configuration determined to be acceptable by means of an 
analysis to assure that ken is less than or equal to 0.95.  

b. New or irradiated fuel may be stored in the Spent Fuel Pool for Unit 3 in 
accordance with these limits: 

1). Unrestricted storage of fuel meeting the criteria of Table 3.8-3; or 

2). Restricted storage in accordance with Figure 3.8-2, of fuel which does 
= meet the criteria of Table 3.8-3; or 

3). Another configuration determined to be acceptable by means of an 
analysis to assure that keff is less than or equal to 0.95.  

c. This specification applies when fuel is stored in the spent fuel pool.  

3.8.17 If the limiting condition for spent fuel pool boron concentration specified in 
Specification 3.8.15 is not met, immediately suspend movement of fuel 
assemblies in the spent fuel pool and initiate action to restore the spent fuel 
pool boron concentration to within its limit.  

If the limiting conditions for fuel storage in the spent fuel pool specified in 
Specification 3.8.16 are not met, immediately initiate action to move the 
noncomplying fuel assembly to the correct location.  
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Proposed Requirements:I 

Minimum Qualifying Burnup Versus Initial Enrichment 
for Unrestricted Storage in the Unit 1 and 2 Spent Fuel Pool 

MkB1OT and Earlier MkB11 
Fuel Assembly Designs Fuel Assembly Design 

Initial Enrichment Assembly Burnup Initial Enrichment Assembly Burnup 
Weight% U-235 (GWD/MTU W ht% U-235 (GWD/MTLU 

3.93 (or less) 0 3.73 (or less) 0 
4.00 0.43 4.00 1.83 
4.50 3.30 4.50 4.80 
5.00 6.03 5.00 7.95 

10.00 
MkB1OT and Earlier 

Fuel Assembly Designs 
8.00 -

80 FACCEPTABLE 
For Unrestricted Storage 

00 

4.00 
:5 MkB11 

E 2Fuel Assembly Design 
Cn 2.00 -- UNACCEPTABLE 
CV) 

For Unrestricted Storage 

0.00 
3.50 3.75 4.00 4.25 4.50 4.75 5.00 

Initial Enrichment (Weight% U-235) 
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Proposed Requirements: 

Minimum Qualifying Burnup Versus Initial Enrichment 
for Filler Assemblies in the Unit 1 and 2 Spent Fuel Pool 

All 
Fuel Assembly Designs 

Initial Enrichment Assembly Burnup 
Weiht% U-235 (GWD/MTU 

2.72 (or less) 0 
3.00 3.25 
3.50 8.22 
4.00 13.13 
4.50 18.10 
5.00 22.69 

30.00 

ACCEPTABLE 
20.00 2.0For Use As Filler Assembly 

10.00 UNACCEPTABLE E 
For Use As Filler Assembly 

0.00 I 
2.00 2.50 3.00 3.50 4.00 4.50 5.00 

Initial Enrichment (Weight%!0 U-235) 
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Proposed Requirements: 
Table 3.8-3 

Minimum Qualifying Burnup Versus Initial Enrichment 
for Unrestricted Storage in the Unit 3 Spent Fuel Pool 

MkB1OT and Earlier MkB11 
Fuel Assembly Designs Fuel Assembly Design 

Initial Enrichment Assembly Burnup Initial Enrichment Assembly Burnup 
Weiht% U-235 (GWD/MU Weight% U-235 IWD/MIU) 

3.86 (or less) 0 3.66 (or less) 0 
4.00 0.91 4.00 2.31 
4.50 3.73 4.50 5.34 
5.00 6.60 5.00 8.49 

MkB10T and Earlier 
10.00 Fuel Assembly Designs 

8.00 
ACCEPTABLE 

- 6.0For Unrestricted Storage 6.00 

M 4.00 -- MkB11I 
Fuel Assembly Design 

E 
gn 2.00 UNACCEPTABLE 

For Unrestricted Storage 

0.00 I 

3.50 3.75 4.00 4.25 4.50 4.75' 5.00 

Initial Enrichment (Weight% U-235) 
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Proposed Requirements: 

Minimum Qualifying Burnup Versus Initial Enrichment 
for Filler Assemblies in the Unit 3 Spent Fuel Pool 

All 
Fuel Assembly Designs 

Initial Enrichment Assembly Burnup 
Weight% U-235 (GWD/MTU) 

2.61 (or less) 0 
3.00 4.49 
3.50 9.62 
4.00 14.68 
4.50 19.96 
5.00 24.37 

30.00 

ACCEPTABLE 
20.00 -For Use As Filler Assembly 

10.00 - UNACCEPTABLE 
For Use As Filler Assembly 

<C 

0.00 
2.00 2.50 3.00 3.50 4.00 4.50 5.00 

Initial Enrichment (Weight%!0 U-235) 
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Proposed Reauirements: Fiaure 3.8-1 

Required Loading Pattern for Restricted Storage 
in the Unit 1 and 2 Spent Fuel Pool 

FLEFILRFILLER FILLER FILLER 
LOAINLOCATION LOCATION LOCATION LOCATION 

RES~TCTE RESTRICTED RESTRICTED RESTRICTED RESTRICTED 
FUELFULFEFULFL 

LER FILLER FILLER FILLER FILLER 
TION LOCATION LOCATION LOCATION LOCATION 

RESTICTED RESTRICTED RESTRICTED RESTRICTED IRESTRICTED FUEL IUE EULziL UL 

Restricted Fuel: Fuel which does nQ1 meet the minimum burnup requirements of 
Table 3.8-1. (Fuel which does meet the requirements of Table 
3.8-1 may be placed in restricted fuel locations as needed) 

Filler Location: Either fuel which meets the minimum burnup requirements of 
Table 3.8-2, or an empty cell.  

Boundary Condition: Any row bounded by an Unrestricted Storage Area shall contain a row of 
filler locations (i.e. A row of Restricted fuel assemblies may not be 

adjacent to a row of Unrestricted fuel assemblies).  
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Pirobosed Figure 3.8-2 

Required Loading Pattern for Restricted Storage 
in the Unit 3 Spent Fuel Pool 

ERFILLER FILLER FILLER 
LOCATION LOCARON LOCAlON LOCATOON 

RESTRICTED RESTRICTED RESTRICTED RESTRICTED RESTRICTED FUEL FUEL FUEL FUEL FUEL 

F U E L. .FU E L.. L . F U EL.F U E L 

F IL L E R.FIL L E R.FIL L E R F IL L E R F IL L E R 
LOAINLOCATION LOCATION LOCATION LOCATION 

Restricted Fuel: Fuel which does no.t meet the minimum burnup requirements of 
Table 3.8-3. (Fuel which does meet the requirements of Table 
3.8-3 may be placed in restricted fuel locations as needed) 

Filler Location: Either fuel which meets the minimum burnup requirements of 
Table 3.8-4, or an empty cell.  

Boundary Condition: Any row bounded by an Unrestricted Storage Area shall contain a row of 
filler locations (i.e. A row of Restricted fuel assemblies may not be 
adjacent to a row of Unrestricted fuel assemblies).  
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Proposed Requirements: 

The requirements for spent fuel pool boron concentration specified in Specification 
3.8.15 ensure that a minimum boron concentration is maintained in the pool. The 
requirements for spent fuel assembly storage specified in Specification 3.8.16 ensure 
that the pool remains subcritical. The water in the spent fuel storage pool normally 
contains soluble boron, which results in large subcriticality margins under actual 
operating conditions. However, the NRC guidelines based upon the accident condition 
in which all soluble poison is assumed to have been lost, specify that the limiting ken of 
0.95 be evaluated in the absence of soluble boron. Hence the design of the spent fuel 
storage racks is based on the use of unborated water, which maintains the spent fuel 
pool in a subcritical condition during normal operation with the pool fully loaded. The 
double contingency principle discussed in ANSI N-16.1-1975 and the April 1978 NRC 
letter (Ref. 4) allows credit for soluble boron under abnormal or accident conditions, 
since only a single accident need be considered at one time. For example, the most 
severe accident scenario is associated with the accidental misloading of a fuel 
assembly. This could increase the reactivity of the spent fuel pool. To mitigate this 
postulated criticality related accident, boron is dissolved in the pool water.  

Specifications 3.8.16.a.3 and 3.8.16.b.3 allow for specific criticality analyses for 
* configurations other than those explicitly defined in Specification 3.8.16. These 

analyses would require using NRC approved methodology to ensure that ken , 0.95 
with a 95 percent probability at a 95 percent confidence level as described in Section 
9.1 of the FSAR.  

In verifying the design criteria of kef e 0.95, the criticality analysis assumed the most 
conservative conditions, i.e. fuel of the maximum permissible reactivity for a given 
configuration. Since the data presented in Specifications 3.8.16.a and 3.8.16.b 
represent the maximum reactivity requirements for acceptable storage, substitutions of 
less reactive components would also meet the ken e 0.95 criteria. Hence an empty cell, 
or a non-fuel component may be substituted for any designated fuel assembly location.  
These, or other substitutions which will decrease the reactivity of a particular storage 
cell will only decrease the overall reactivity of the spent fuel storage pool.  

If both restricted and unrestricted storage is used, an additional criterion has been 
imposed to ensure that the boundary row between these two configurations would not 
locally increase the reactivity above the required limit.  

The action statement applicable to fuel storage in the spent fuel pool requires that 
action must be taken to preclude the occurrence of an accident or to mitigate the 
consequences of an accident in progress. This is most efficiently achieved by 
immediately suspending the movement of fuel assemblies. Prior to the resumption of 
fuel movement, the requirements of Specifications 3.8.15 and 3.8.16 must be met. This 
requires restoring the soluble boron concentration and the correct fuel storage 
configuration to within the corresponding limits. This does not preclude movement of a 
fuel assembly to a safe position.  

8-10



Proposed Requirements: 

The fuel storage requirements and restrictions discussed here and applied in 
Specification 3.8.16 are based on a maximum allowable fuel enrichment of 5.00 
weight% U-235. The enrichments listed in Tables 3.8-1 through 3.8-4 are nominal 
enrichments and include uncertainties to account for the tolerance on the as built 
enrichment. Hence the as built enrichments may exceed the enrichments listed in the 
tables by up to 0.05 weight% U-235. Qualifying burnups for enrichments not listed in 
the tables may be linearly interpolated between the enrichments provided. This is 
because the reactivity of an assembly varies linearly for small ranges of enrichment.  

REFERENCES 

1. FSAR, Section 9.1.4 

2 FSAR, Section 15.1.11 

3. FSAR, Section 15.11.2.1 

4. Double contingency principle of ANSI N16.1-1975, as specified in the April 14, 1978 
NRC letter (Section 1.2) and implied in the proposed revision to Regulatory Guide 
1.13 (Section 1.4, Appendix A).  
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Current Requirements: 

Technical Specification Reference: 5.4 New and Spent Fuel Storage Facilities 

5.4 NEW AND SPENT FUEL STORAGE FACILITIES 

Specification 

5.4.1 New Fuel Storaage 

5.4.1.1 New fuel will normally be stored in the spent fuel pool serving the 
respective unit.  

In the spent fuel pool serving Units 1 and 2, the fuel assemblies are 
stored in racks in parallel rows, having a nominal center-to-center 
distance of 10.65 inches in both directions. This spacing is sufficient to 
maintain Keff 0.95 when flooded with unborated water, based on fuel 
with an enrichment of 4.3 weight percent U2 .  

In the spent fuel pool serving Unit 3, the fuel assemblies are stored in 
racks in parallel rows, having a nominal center-to-center distance of 
10.60 inches in both directions. This spacing is sufficient to maintain Ken 
,0.95 when flooded with unborated water, based on fuel with an 
enrichment of 4.0 weight percent U235.  

5.4.1.2 New fuel may also be stored in the fuel transfer canal. The fuel 
assemblies are stored in five racks in a row having a nominal center-to
center distance of 2' 1-%4". One rack is oversized to receive a failed fuel 
assembly container. The other four racks are normal size and are 
capable of receiving new fuel assemblies.  

5.4.1.3 New fuel may also be stored in shipping containers 

5.4.2 Spent Fuel Storage 

5.4.2.1 Irradiated fuel assemblies will be stored, prior to off-site shipment, in a 
stainless steel lined spent fuel pool.  

The spent fuel pool serving Units 1 and 2 is sized to accommodate a full 
core of irradiated fuel assemblies in addition to the concurrent storage of 
the largest quantity of new and spent fuel assemblies predicted by the 
fuel management program.  

Provisions are made in the Units 1, 2 spent fuel pool to accommodate up 
to 1312 fuel assemblies and in the Unit 3 spent fuel pool up to 825 fuel 
assemblies.  

5.4.2.2 Spent fuel may also be stored in storage racks in the fuel transfer canal 
when the canal is at refueling level.  
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Current Requirements: 

Technical Specification Reference: 5.4 New and Spent Fuel Storage Facilities 

5.4.2.3 Spent fuel may also be stored in Oconee Nuclear Station Independent 
Spent Fuel Storage Installation.  

5.4.3 Whenever there is fuel in the pool, the spent fuel pool is filled with water 
borated to the concentration that is used in the reactor cavity and fuel 
transfer canal during refueling operations.  

5.4.4 The spent fuel pool and fuel transfer canal racks are designed for an 
earthquake force of 0.1g ground motion.  
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ProDosed Reauirements: 

5.4 NEW AND SPENT FUEL STORAGE FACILITIES 

Specification 

5.4.1 Criticality 

The spent fuel storage racks are designed and shall be maintained with: 

1) keff - 0.95 if fully flooded with unborated water as described in Section 
9.1 of the FSAR; and 

2) A nominal 10.65" center to center distance between fuel assemblies 
placed in the spent fuel storage racks serving Units 1 and 2.  

3) A nominal 10.60" center to center distance between fuel assemblies 
placed in the spent fuel storage racks serving Unit 3.  

4) A nominal 25.75" center to center distance between fuel assemblies 
placed in the fuel transfer canal.  . 5.4.2 CAPACITY 

The spent fuel storage pool is designed and shall be maintained with a storage 
capacity limited to no more than 1312 fuel assemblies in the spent fuel storage 
racks serving Units 1 and 2 and 825 fuel assemblies in the spent fuel storage 
racks serving Unit 3. In addition, up to 4 assemblies and/or 1 failed fuel 
container may be stored in each fuel transfer canal when the canal is at 
refueling level. Spent fuel may also be stored in the Oconee Nuclear Station 
Independent Spent Fuel Storage Installation.  
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Current Requirements: 

Technical Specification Reference: 6.9 Core Operating Limits Report 

6.9 CORE OPERATING LIMITS REPORT 

Specification 

6.9.1 Core operating limits shall be established prior to each reload cycle, or prior 
to any remaining part of a reload cycle, for the following: 

(1) Axial Power Imbalance Protective Limits and Variable Low RCS 
Pressure Protective Limits for Specification 2.1.  

(2) Reactor Protective System Trip Setting Limits for the 
Flux/Flow/Imbalance and Variable Low Reactor Coolant System 
Pressure trip functions in Specification 2.3.  

(3) Power Dependent Rod Insertion Limits for Specifications 3.1.3.5, 
3.1.11, 3.5.2.1.b, 3.5.2.2.d.2.c, 3.5.2.3, and 3.5.2.5.c.  

(4) Concentrated Boric Acid Storage Tank volume and boron 
concentration for Specification 3.2.2.  

(5) Core Flood Tank boron concentration for Specification 3.3.3.  

(6) Borated Water Storage Tank boron concentration for Specification 
3.3.4.  

(7) Quadrant Power Tilt Limits for Specification 3.5.2.4.a, 3.5.2.4.b, 
3.5.2.4.d, 3.5.2.4.e, and 3.5.2.4.f.  

(8) Power Imbalance Limits for Specification 3.5.2.6.  

and shall be documented in the CORE OPERATING LIMITS REPORT.  
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Proposed Requirements: 

6.9 CORE OPERATING LIMITS REPORT 

Specification 

6.9.1 Core operating limits shall be established prior to each reload cycle, or prior 
to any reamining part of a reload cycle, for the following: 

(1) Axial Power Imbalance Protective Limits and Variable Low RCS 
Pressure Protective Limits for Specification 2.1.  

(2) Reactor Protective System Trip Setting Limits for the 
Flux/Flow/Imbalance and Variable Low Reactor Coolant System 
Pressure trip functions in Specification 2.3.  

(3) Power Dependent Rod Insertion Limits for Specifications 3.1.3.5, 
3.1.11, 3.5.2.1.b, 3.5.2.2.d.2.c, 3.5.2.3, and 3.5.2.5.c.  

(4) Concentrated Boric Acid Storage Tank volume and boron 
concentration for Specification 3.2.2.  

(5) Core Flood Tank boron concentration for Specification 3.3.3.  

(6) Borated Water Storage Tank boron concentration for Specification 
3.3.4.  

(7) Spent Fuel Pool boron concentration for Specification 3.8.15.  

(8) Quadrant Power Tilt Limits for Specification 3.5.2.4.a, 3.5.2.4.b, 
3.5.2.4.d, 3.5.2.4.e, and 3.5.2.4.f.  

(9) Power Imbalance Limits for Specification 3.5.2.6.  

and shall be documented in the CORE OPERATING LIMITS REPORT.  
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Current Requirements (Sample COLR Pages): 

1.0 CORE OPERATING LIMITS 

This Core Operating Limits Report for 03C16 has been prepared in accordance with the 
requirements of Technical Specification 6.9. The core operating limits within this report have been 
developed using NRC-approved methodology (References 1, 2, 3, and 4). The RPS protective 
limits and maximum allowable setpoints are documented in References 6 and 7, and validated in 
References 5 and 8 for 03C16. Operational limits and requirements are documented in Reference 
5. The reactor coolant system design flow used in References 5 and 8 for 03C16 is 107.5 % (of 
88,000 gpm per pump). The core operating limits have been developed with a radial local peaking 
factor (FH) of 1.714 and an axial peaking factor (F;) of 1.5.  

The following cycle-specific core operating limits are included in this report. All computations 
performed in setting these limits used the approved SIMULATE methodology.  

1) RPS protective limits (Figures 1.1 and 1.2), and RPS maximum allowable setpoints 
(Figures 1.3 and 1.4), 

2) Quadrant power tilt operational limits, 

3) Steady state operating band, 

4) Power-imbalance operational limits, 

5) Rod index operational and shutdown margin-restricted limits, and 

6) BWST, CBAST, and CFT boron requirements.  

1.1 REFERENCES 

1) DPCo, Nuclear Design Methodology Using CASMO-3 / SIMULATE-3P, DPC-NE
1004A, November 1992.  

2) DPCo, Oconee Nuclear Station, Reload Design Methodology II, DPC-NE-1002A, 
October 1985.  

3) DPCo, Oconee Nuclear Station, Reload Design Methodology, NFS-1001A, April 1984.  

4) DPC-NE-2003A, Oconee Nuclear Station Core Thermal Hydraulic Methodology Using 
VIPRE-01, July 1989.  

5) 03C16 Maneuvering Analysis, DPCo calculational file, OSC-5839, September 1994.  

6) Variable Low Pressure Safety Limit, DPCo calculational file, OSC-4048, Revision 0, 
July 1990.  

7) Power-Imbalance Safety Limits and Tech. Spec. Setpoints Using Error-Adjusted Flux
Flow Ratio of 1.094, DPCo calculational file, OSC-5604, Revision 0, November 1993.  

8) 03C16 Thermal-Hydraulic Evaluation, DPCo calculational file, OSC-5844, Revision 0, 
August 1994.  
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Current Requirements (con't) (Sample COLR Pages): 

Oconee 3 Cycle 16 

BWST, CBAST, and CFT BORON REQUIREMENTS 

0 EFPD to EOC 

1) The BWST boron concentration shall be greater than 2210 ppm and less than 3000 ppm 
(referred to by Tech Spec 3.3.4).  

2) The equivalent of at least 1100 cubic feet of 11,000 ppm boron shall be maintained in the 
CBAST (referred to by Tech Spec 3.2.2).  

3) The boron concentration in each CFT shall be greater than 1835 ppm (referred to by Tech 
Spec 3.3.3).  

4) The refueling canal boron concentration shall be greater than 2210 ppm (referred to by the 
bases to Tech Spec 3.8.4). This concentration is large enough to maintain 1% Ak/k shutdown 
margin with all control rods out of the core at temperatures down to 33 deg F, and with no 
credit for xenon worth. There is no upper limit on the refueling canal boron concentration.  
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PrOposed Requirements (Sample COLR Pages): 

1.0 CORE OPERATING LIMITS 

This Core Operating Limits Report for 03C16 has been prepared in accordance with the 
requirements of Technical Specification 6.9. The core operating limits within this report have been 
developed using NRC-approved methodology (References 1, 2, 3, and 4). The RPS protective 
limits and maximum allowable setpoints are documented in References 6 and 7, and validated in 
References 5 and 8 for 03C16. Operational limits and requirements are documented in Reference 
5. The reactor coolant system design flow used in References 5 and 8 for 03C16 is 107.5 % (of 
88,000 gpm per pump). The core operating limits have been developed with a radial local peaking 
factor (F ) of 1.714 and an axial peaking factor (F;) of 1.5.  

The following cycle-specific core operating limits are included in this report. All computations 
performed in setting these limits used the approved SIMULATE methodology.  

1) RPS protective limits (Figures 1.1 and 1.2), and RPS maximum allowable setpoints 
(Figures 1.3 and 1.4), 

2) Quadrant power tilt operational limits, 

3) Steady state operating band, 

4) Power-imbalance operational limits, 

5) Rod index operational and shutdown margin-restricted limits, and 

6) BWST, SFP, CBAST, and CFT boron requirements.  

1.1 REFERENCES 

1) DPCo, Nuclear Design Methodology Using CASMO-3 / SIMULATE-3P, DPC-NE
1004A, November 1992.  

2) DPCo, Oconee Nuclear Station, Reload Design Methodology II, DPC-NE-1002A, 
October 1985.  

3) DPCo, Oconee Nuclear Station, Reload Design Methodology, NFS-1001A, April 1984.  

4) DPC-NE-2003A, Oconee Nuclear Station Core Thermal Hydraulic Methodology Using 
VIPRE-01, July 1989.  

5) 03C16 Maneuvering Analysis, DPCo calculational file, OSC-5839, September 1994.  

6) Variable Low Pressure Safety Limit, DPCo calculational file, OSC-4048, Revision 0, 
July 1990.  

7) Power-Imbalance Safety Limits and Tech. Spec. Setpoints Using Error-Adjusted Flux
Flow Ratio of 1.094, DPCo calculational file, OSC-5604, Revision 0, November 1993.  

8) 03C16 Thermal-Hydraulic Evaluation, DPCo calculational file, OSC-5 844, Revision 0, 
August 1994.  
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Proposed Requirements (con't) (Sample COLR Pages): 

Oconee 3 Cycle 16 

BWST, SFP, CBAST, and CFT BORON REQUIREMENTS 

0 EFPD to EOC 

1) The BWST boron concentration shall be greater than 2210 ppm and less than 3000 ppm 
(referred to by Tech Spec 3.3.4).  

2) The Spent Fuel Pool boron concentration shall be greater than 2210 ppm and less than 3000 
ppm (referred to by Tech Spec 3.8.15).  

3) The equivalent of at least 1100 cubic feet of 11,000 ppm boron shall be maintained in the 
CBAST (referred to by Tech Spec 3.2.2).  

4) The boron concentration in each CFT shall be greater than 1835 ppm (referred to by Tech 
Spec 3.3.3).  

5) The refueling canal boron concentration shall be greater than 2210 ppm and less than 3000 
ppm (referred to by the bases to Tech Spec 3.8.4). This concentration is large enough to 
maintain 1% Ak/k shutdown margin with all control rods out of the core at temperatures down 
to 33 deg F, and with no credit for xenon worth.  
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VHI.2 Proposed FSAR Modifications 

Section 9.1, Fuel Storage and Handling, is the only section of the Oconee FSAR which 
will require modification as a result of the proposed technical specification changes 
detailed in this license amendment submittal. Specific language will be developed upon 
approval of this amendment request. In general however, changes will focus' on the 
following sections: 

9.1.2.1.2 Design Description (Spent Fuel Storage Oconee 1, 2) 

The descriptions of types of fuel will be changed to reflect the increase in the upper 
enrichment limit to 5.00weight%.  

9.1.2.2.2 Design Description (Spent Fuel Storage Oconee 3) 

The descriptions of types of fuel will be changed to reflect the increase in the upper 
enrichment limit to 5.00weight%.  

9.1.2.2.3.2.2 Normal Storage 

Assumption number 1 in the listing of those made in evaluating criticality safety for normal 
storage will be changed to reflect the increase in the upper enrichment limit to 
5.00weight%. The use of burnup credit for restricted assemblies which do not meet the 
criteria of Technical Specification 3.8.16.a.1 or 3.8.16.b.1 will be added.  

The calculated worst case keff values will be updated to reflect the increase in enrichment.  
The discussion of postulated accidents will be revised to include accidents which could 
increase reactivity.  

9.1.2.2.3.2.4 Criticality Analysis 

This section of the Oconee FSAR discusses the calculational methodology employed to 
ensure criticality safety for fuel storage. This section will be modified to reference the new 
methodology used to support the proposed license changes.  

9.1.2.2.3.2.5 Rack Modification 

This section, which summarizes the results of the criticality analyses, will be updated to 
reflect the results as described in Section VII. 1.  
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9.1.3.1.1 Units 1 and 2 Spent Fuel Pool Cooling System 

Listed in this section is an assumed inventory of the spent fuel pool, with irradiation and 
cooling times. Since higher discharge burnups are eventually expected as a result of an 
increase in the allowable enrichment, as discussed in Section VI.7, the irradiation times of 
the assumed spent fuel pool inventory will be updated to reflect these higher discharge 
burnups.  

9.1.3.1.2 Unit 3 Spent Fuel Pool Cooling System 

Listed in this section is an assumed inventory of the spent fuel pool, with irradiation and 
cooling times. Since higher discharge burnups are eventually expected as a result of an 
increase in the allowable enrichment, as discussed in Section VI.7, the irradiation times of 
the assumed spent fuel pool inventory will be updated to reflect these higher discharge 
burnups.  

9.1.3.3.1 Normal Operation - Spent Fuel Cooling System 

While the spent fuel cooling system will not be modified as a result of this submittal, the 
normal and abnormal heat load assumptions will change as a result of the higher 
anticipated discharge burnups. The results of an analysis based on these higher heat loads 
will be reflected in this section.  
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IX ADMINISTRATIVE CONTROLS 

Although there are no storage restrictions currently in place at Oconee, there are 
administrative controls concerning the placement of new and irradiated assemblies in the 
spent fuel pool. These controls include individual assembly record keeping and review to 
accurately track and verify various fuel characteristics, as well as specific fuel handling a 
procedures. For the most part, the current controls will be retained under the proposed 
technical specification revision. Additional administrative controls will be added to 
include the necessary restrictions required to accommodate the higher fuel enrichments 
and the new fuel loading pattern.  

IX.1 Current Loading Restrictions 

Currently there are no loading restrictions in the spent fuel storage pools at Oconee. All 
fuel is qualified for 100% storage.  

IX.2 Proposed Loading Restrictions 

The proposed technical specification revision will create three fuel categories for each 
spent fuel pool which are listed below with their respective loading restrictions: 

Fuel Category Loading Pattern Restriction 
Unrestricted None 
Restricted Alternate Rows of Restricted Fuel 

and Filler Fuel 
Filler Filler Fuel for Restricted Region 

The unrestricted fuel will have two sets of corresponding burnup curves, one for each 
spent fuel pool, as discussed in Section VII.1 which represents the maximum reactivity 
level allowed by that category. Each set of burnup curves will contain two curves for two 
different fuel design types. The restricted fuel is simply limited to new or irradiated fuel 
with initial enrichments at or below 5.00weliu%.  

The restricted fuel, which will require the most restrictive loading pattern, is intended to 
accommodate any new or discharged assemblies which do not qualify for unrestricted 
storage. The primary use for this category will be temporary storage of new (fresh) fuel 
assemblies which do not meet the requirements for unrestricted storage. It is anticipated 
that all irradiated fuel will qualify for unrestricted storage as defined in proposed Technical 
Specification. 3.8.16.  
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Filler fuel is required to be stored with restricted fuel as described in Section V. The filler 
fuel is selected such that the reactivity of the restricted/filler fuel configuration meets the 
design criteria. As is the case for the unrestricted fuel, qualification of fuel for placement 
into the filler fuel category is governed by a separate set of burnup curves for each pool, 
which are detailed in Section VII.2.  

IX.4 Pre-Staging of Restricted Storage Areas 

The added flexibility provided by this proposed license amendment, while allowing for 
maximum storage efficiency, does add some degree of complexity with the necessary 
burnup and enrichment requirements, and through the allowance of two loading 
configurations. However, the fuel storage restrictions were carefully developed to 
minimize the impact on the fuel handlers at the site. In particular, the restricted fuel 
loading pattern was specifically requested by the station personnel. Since it is anticipated 
that only fresh fuel will require restricted storage, the use of alternate rows of restricted 
(fresh) and filler (irradiated) fuel can be easily confirmed. The fresh fuel is clean and 
shiny, thereby creating a highly visible contrast with fuel which has been irradiated. Also, 
since fresh fuel will be received before the core is unloaded, all irradiated fuel which would 
not qualify for filler assemblies (i.e. fuel with relatively low burnups) will be in the reactor, 
and not the spent fuel pool. Consequently, all fuel in the spent fuel pool are acceptable 
filler assemblies. Finally, it should be noted that once restricted storage is necessary, a 
minimum of one cycle of irradiation is all that is needed to qualify fuel for unrestricted 
storage.  

Procedural controls to ensure correct placement of new and irradiated fuel will be 
carefully developed and implemented through ongoing interactions between the General 
Office, where the criticality analyses were performed, and the station, which must adhere 
to the new requirements. Additionally, specific pre-staging of the filler assemblies 
required for the restricted storage configuration will occur as needed to further protect 
against fuel misplacement. Specific pre-staging plans for the restricted configuration are 
as follows: 

Restricted fuel assemblies which are required to be placed in an alternate row 
loading pattern will only be moved into the spent fuel pools after the 
appropriate number of filler locations needed for this pattern have been qualified 
and put in place. This clearly identifies the rack locations that can safely be 
used for storing the restricted assemblies, thus precluding fuel assembly 
misloading.  

Additional misloading protection is provided by the fact that the restricted storage region 
will be temporary. Since all irradiated fuel is expected to qualify for unrestricted storage, 
restricted storage will only be necessary for fresh fuel. Only in the unlikely event of an 
unplanned shutdown during the cycle, and requiring the core to be unloaded, would 
partially irradiated fuel not qualify for unrestricted storage. Since fresh fuel is typically 
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received within 60 days of a refueling outage, the time that restricted storage is needed is 

limited to approximately two months. Consequently, the ongoing need for fuel movement 

into, out of, or within the restricted storage areas is minimized.  

When fuel movement in or out of the restricted region does occur, or if the entire region 
must be relocated to another area of the pool, quality verified procedures will be used to 

direct the actual fuel movements. Such QA-1 procedures, combined with operator 

awareness and careful visual verification, eliminates the need for interlocking devices or 

special fuel labeling that would prevent inadvertent movement of a filler assembly.  

IX.5 Pre-Staging of Interface Restrictions 

As summarized in Section VII.2 and discussed in in Appendix A, the fuel loading pattern 

required for restricted fuel has specific restrictions related to the interface that can exist 

with unrestricted fuel. This interface restriction will be accommodated through 

appropriate orientation of the pre-placed filler assemblies required for that pattern.  

Proper identification and placement of fuel assemblies with respect to these categories will 

occur through administrative review of SNM accountability records, qualification against 

applicable burnup versus enrichment curves, and finally through administratively 
controlled procedures which will govern actual fuel placement. The accountability system 

to be used for fuel characterization and the existing procedural controls for movement of 

fuel in and out of the core will all be retained. The procedural controls for movement of 

fuel in the spent fuel pool will be updated to reflect the new storage requirements 
regarding restricted and unrestricted fuel. Burnup versus initial enrichment curves which 

determine fuel category are detailed in the proposed technical specifications found in 

Section VIII.  
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APPENDIX A REGION INTERFACE RESTRICTIONS METHODOLOGY 

This appendix provides supplemental information on the methodology used to establish 
the necessary interface restrictions between fuel storage regions as discussed in Sections 
VII and IX of this submittal. This methodology is described in detail, as it applies to the 
McGuire spent fuel pools, in Appendix A of the request for License Amendment for the 
McGuire Nuclear Station dated June 13, 1994. Although this description is specific to the 
interfaces in the McGuire spent fuel pool, the methodology is equally applicable to the 
interfaces of any spent fuel storage region.  

The following sections discuss the region interface evaluation for the Oconee spent fuel 
pools.  

A.1 Boundary Evaluation 

The above referenced methodology was applied to the single storage region interface in 
the Oconee spent fuel pools, namely the boundary between the restricted and unrestricted 
storage areas. The restricted storage area allows for storage of higher enrichment fresh 
fuel exceeding the requirements for unrestricted storage, arranged in alternating rows as . shown in Figure 5-2 on page 5-4. All fuel was assumed to be of the Babcock and Wilcox 
Mark B 11 (MkB 11) design, since this was the most reactive fuel for the conditions 
analyzed. For this analysis, the restricted fuel was conservatively modeled as 5.00weight% 
fresh fuel, and the filler fuel was modeled as 2 .73weight% fresh fuel in the unit 1 and 2 spent 
fuel pool, and 2 .6 1weight% in the unit 3 pool.  

Three types of boundary conditions can exist for an isolated region of restricted and filler 
fuel surrounded by unrestricted fuel, depending on the outer rows of the restricted region 
adjacent to the unrestricted region. They are as follows.  

1. Filler fuel in both outer rows 
(Figure A-1 on page A-3) 

2. Restricted fuel in both outer rows 
(Figure A-2 on page A-3) 

3. One outer row with Filler fuel and one 
outer row with restricted fuel 
(Figure A-3 on page A-3) 
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Figure A-1 Figure A-2 
Filler Fuel in both outer rows Restricted Fuel in both outer rows 

Figure A-3 
3. One outer row with Filler Fuel and one outer row with Restricted Fuel 

Unrestricted Restricted Filler 
Fuel Fuel Fuel 
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The restricted storage configuratioh was modeled directly adjacent to the unrestricted 
storage configuration using rows of restricted fuel, filler fuel, and both restricted and filler 
fuel bordering the unrestricted region as shown in Figures A-1 through A-3 on page A-3.  
Criticality analysis modeling these conditions indicated a need to administratively require 
the boundaries of the restricted storage region to contain two outer rows of filler fuel as 
shown in Figure A-1. The other two sides of the restricted storage region will contain 
alternating filler and restricted fuel, as shown on the left and right side of Figure A-1.  
Additional analysis of the boundary conditions showed that a row of restricted fuel could 
be placed adjacent to the spent fuel pool wall. Based on these requirements, a row of 
restricted fuel in the alternating row loading pattern must not be directly adjacent to a row 
of unrestricted fuel.  

A.2 Conclusions 

A summary of the resulting interface restriction for the Oconee spent fuel storage pools is 
provided in Table A- 1 below.  

Table A-1 

Summary of 
Region Interface Loading Restrictions 

Restricted and Row of Restricted fuel must not be adjacent to 
Unrestricted a row of unrestricted fuel.  
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APPENDIX B METHODOLOGY FOR BURNUP CREDIT ANALYSIS 

B.1 Background 

The burnup credit analysis methodology employed for this submittal is generic and 
applicable to all three Duke Power nuclear facilities. This methodology is described in 
detail in Appendix B of the request for License Amendment for the McGuire Nuclear 
Station dated June 13, 1994.  

Although the above referenced methodology is generic, the biases and uncertainties are 
dependent on the specific storage rack characteristics, and must be determined for each 
rack. Therefore, the biases and uncertainties developed specifically for the Oconee storage 
racks are presented in the following sections.  

B.2 Biases And Uncertainties 

Listed below is a summary of the biases and uncertainties developed for the McGuire 
spent fuel storage racks.  

Methodology Bias 
Boraflex Width Shrinkage Bias 
Boraflex Self-Shielding Bias 
Boraflex Axial Shrinkage Uncertainty 
95/95 Methodology Uncertainty 
Mechanical Uncertainty 
Exposure Reactivity Uncertainty 
Burnable Poison Reactivity Uncertainty 

Each of these biases and uncertainties are discussed in the following sections as they apply 
to the Oconee storage racks.  

B.2.1 Methodology Bias and 95/95 Methodology Uncertainty 

While the methodology bias and uncertainty are independent of the storage rack analyzed, 
they are dependent on the modeling assumptions used to perform the calculations, in 
particular, cross section libraries. For the Oconee storage rack calculations, the CASMO 
cross section library was changed from 40 groups to 70 groups. As a part of this change, 
the benchmark experiments were reevaluated to determine an appropriate bias and 
uncertainty. The new methodology bias and uncertainty are summarized in Table B-1 on 
page B-4. The methodology bias and uncertainty did not change significantly from the 
McGuire bias and uncertainty.  
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B.2.2 Boraflex Width Shrinkage Bias and Boraflex Axial Shrinkage Uncertainty 

The determination of the reactivity impact of Boraflex shrinkage on the McGuire storage 
racks was described in the referenced submittal. A similar evaluation was performed for 
Oconee based on explicit testing of the Oconee spent fuel storage racks. These results are 
shown in Table B-1 on page B-4.  

B.2.3 Self Shielding Bias 

An appropriate self shielding bias was determined for each of the Oconee spent fuel pool 
storage racks similar to the self shielding biases determined for McGuire as described in 
Appendix B of the referenced submittal. The self shielding biases are shown in Table B-1 
on page B-4.  

B.2.4 Mechanical Uncertainty 

A mechanical uncertainty was determined for the Oconee storage racks similar to that 
determined for McGuire and described in Appendix B of the referenced submittal. The 
mechanical uncertainty for Oconee was based on manufacturing tolerances applicable to 
the Oconee storage racks and fuel designs. The mechanical uncertainty is shown in Table . B-1 on page B-4.  

B.2.5 Exposure Reactivity Uncertainty 

The exposure reactivity uncertainty developed in Appendix B of the referenced submittal, 
was developed using data from all three nuclear stations, and thus is applicable to Oconee.  
The exposure reactivity uncertainty is shown in Table B-1 on page B-4.  

B.2.6 Burnable Poison Reactivity Uncertainty 

The burnable poison reactivity uncertainty is dependent on the fuel design. This 
uncertainty was developed for the Oconee fuel designs similar to that determined for the 
McGuire and Catawba fuel designs in Appendix B of the referenced submittal.. The 
burnable poison reactivity uncertainty is shown in Table B-1 on page B-4.  

The biases and uncertainties applicable to the Oconee spent fuel storage racks are 
summarized in Table B-1 on page B-4.  
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Table B-i 

Biases and Uncertainties for the Oconee Spent Fuel Storage Racks 

Unit 1 and 2 Unit 3 
Spent Fuel Pool Spent Fuel Pool 

Bias or Uncertainty I Ak Ak 
A k' Methodology Bias -0.00142 -0.00142 

Ak Boraflex Width Shrinkage Bias 0.00256 0.00226 

A k Self-Shielding Bias 0.00148 0.00137 

A kou 95/95 Methodology Uncertainty 0.01199 0.01199 

Ak Boraflex Axial Shrinkage Uncertainty 0 0 

A k Mechanical Uncertainty 0.01380 0.01329 

Ak Exposure Reactivity Uncertainty 0.00448 0.00448 

A kg Burnable Absorber Reactivity Uncertainty 0.008 0.008 

The first six values above are combined to yield a total new fuel bias/uncertainty as 
follows.  

Unit 1 and 2 New Fuel Bias and Uncertainty: 
A keff = Akcb+ Akb Akss 2 +Absa2 +jme2 

Aken =-0.00142+0.00256+0.00148+ 0.011992+0.01380 

A ke = 0.02090 

Unit 3 New Fuel Bias and Uncertainty: 
Akeff = Akcb+bs Akc+ A 2 + Akbsa +Akme 

Akeff =-0.00142+0.00226+0.00137+ 0.011992+0.013292 

A ke = 0.02011 

As detailed in the McGuire submittal, the last two uncertainties in Table B-1 are related to 
burned fuel. These uncertainties are applied as a function of burnup. Since the burnable 
absorber reactivity uncertainty is applied as a function of burnup until reaching a maximum 
value, two equations are needed to define the reactivity uncertainty versus burnup. These 
two equations are included in the maximum reactivity curves in the following section.  

B.3 Maximum Reactivity Curve 

The final equations for the maximum reactivity curve for the Oconee spent fuel storage 
racks are summarized below.  

kmax = 0.95 - Akcb -Akbe Aks - JAkmu2 +Akbsa2 + Akme2 - Akexp AkrBP 
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Oconee Unit 1 and 2 Spent Fuel Pool Maximum Reactivity Curve 

[For Burnup 20] 

.0.95-0.02090-0. 00448 x Burnup 0.008 x Bunup 
50 20 

[For Burnup > 20] 

0.00448 x Burnup 
k = 0.95-0.02090-- --0.008 

50 

Oconee Unit 3 Sient Fuel Pool Maximum Reactivitv Curve 

[For Burnup 20] 

=0.00448xBurup 0.008xBunup 
50 20 

[For Burnup > 20] 

0.00448 x Burnup 
k. =0.95 -0.02011-- -- 0.008 

m"50 
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ATTACHMENT 6 

No Significant Hazards Consideration Evaluation 

10 CFR 50.91 requires that the following be provided addressing whether the proposed 
amendment involves a significant hazards consideration as defined in 10 CFR 50.92.  
Standards for the determination that a significant hazards consideration is not involved 
are that the proposed amendment would not: 1) Involve a significant increase in the 
probability or consequences of an accident previously evaluated; 2) Create the possibility 
of a new or different kind of accident from one previously evaluated; or, 3) Involve a 
significant reduction in a margin of safety.  

Standard 1. The proposed amendments will not involve a significant increase in the 
probability or consequences of an accident previously evaluated.  

Each accident analysis addressed in the Oconee Final Safety Analysis Report (FSAR) has 
been examined with respect to changes in Cycle 15 parameters to determine the effect of 
the Cycle 16 reload and to ensure that the acceptance criteria of the FSAR safety analyses 
remain satisfied. The transient evaluation of Cycle 16 is considered to be bounded by 
previously accepted analyses. Section 7 of the Reload Report addresses "Accident and 
Transient Analysis" for this core reload.  

There is no increase in the probability or consequences of an accident due to the spent 
fuel storage restrictions proposed in this amendment request. It has been shown that the, 
calculated, worst case keff for this area is < 0.95 under all conditions. There is no increase 
in the probability of a fuel drop accident in the SFP since the mass of the new assemblies 
is not significantly different from the mass of the old assemblies. The likelihood of other 
accidents, previously evaluated and described in the FSAR, is also not affected by the 
proposed changes. In fact, it could be postulated that since the increase in fuel 
enrichment will allow for extended fuel cycle lengths, there will be a decrease in fuel 
movement and the probability of an accident may actually be reduced. There is also no 
increase in the consequences of a fuel rod drop accident in the SFP since the fission 
product inventory of individual fuel assemblies will not change significantly as a result 
of increasing the initial enrichment. In addition, no change to safety related systems is 
being made. Therefore, the consequences of a fuel rupture accident remain unchanged.  
In addition, it has been shown that keff is < 0.95 under all conditions. Therefore, the 
consequences of a criticality accident in the SFP remain unchanged as well. The above 
analysis ensures that the proposed reload amendment request will not involve a 
significant increase in the probability or consequences of an accident previously 
evaluated.  

2. The proposed changes do not create the possibility of a new or different kind of 
accident from any accident previously evaluated.



The analyses performed in support of this reload are in accordance with the NRC 
approved methods delineated in Specification 6.9.2. The predicted operating 
characteristics of Oconee 3 Cycle 16 are similar to previously licensed designs. The 
Mark B 1 OT and Mark B 11 fuel assembly designs remain mechanically compatible with 
all fuel handling equipment. Therefore, no new or different kind of fuel handling 
accident is created by the proposed amendment request.  

Section 15.11 of the Oconee FSAR states that the refueling boron concentration is 
maintained such that a criticality accident during refueling is not considered credible.  
The proposed amendment request continues to assure that a criticality accident in the SFP 
or during refueling is not credible. The double contingency principle discussed in ANSI 
N-16.1-1975 and the April 1978 NRC letter allows credit for soluble boron under other 
abnormal or accident conditions, since only a single accident need be considered at one 
time. Thus, by requiring a minimum boron concentration in the SFP, a criticality 
accident caused by violating the SFP storage restrictions is not considered credible.  
Therefore, the proposed amendment request does not create the possibility of a new or 
different kind of accident from any accident previously evaluated.  

3. The proposed changes do not involve a significant reduction in the margin of safety.  

The Oconee 3 Cycle 16 design was performed using the NRC approved methods given in 
Specification 6.9.2. The safety limits for Oconee 3 Cycle 16 are unchanged from 
previous cycles. The limits and margins summarized in the Oconee 3 Cycle 16 Reload 
Report are well within the allowable limits and requirements, and reflect no reductions to 
any margins of safety.  

The proposed change does not involve a significant reduction in the margin of safety 
related to SFP criticality. In all cases, a keff < 0.95 is maintained. Criticality analyses 
have been performed which show that the SFP will remain sufficiently subcritical during 
any fuel misplacement accident. In summary the proposed changes do not involve a 
significant reduction in the margin of safety.  
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Environmental Impact Analysis 

Pursuant to 1 OCFR5 1.22 (b), an evaluation of the proposed amendments has been 

performed to determine whether or not it meets the criteria for categorical exclusion set 

forth in 1 OCFR51.22 (c) 9 of the regulations. The proposed amendment does involve 

changes in the use of facility components located within the restricted area as defined in 

1OCFR20, and changes some surveillance requirements. However, the proposed 
amendment does not involve: 

1) A significant hazards consideration.  

This conclusion is supported by the previous No Significant Hazards Consideration 

Evaluation.  

2) A significant change in the types or significant increase in the amounts of any effluents 

that may be released offsite.  

An increase in the fuel enrichment limit or storage configuration would not change the 

types of effluents created since the use of that material is not being changed. The 

amounts of effluents to be released offsite also, would not be changed. This is because 

the inventory of fission products contributing to offsite dose would not be increased 

significantly with an increase in fuel enrichment or burnup, and the mechanisms used to 

control offsite releases are not being changed.  

3) A significant increase in the individual or cumulative occupational radiation exposure.  

Increases in individual or cumulative occupational exposure would not be expected with 

this change since no safety systems, or related procedural controls associated with the 

handling or storage of fuel are being changed. These safety controls ensure that sufficient 

water level is maintained in the pool to provide adequate radiation shielding and that kff 

is less than or equal to 0.95 under all storage conditions.  
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