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DuKE POWER COMPANY 
P.O. BOX 33189 

CHARLOTTE, N.C. 28242 
HAL B. TUCKER TELEPHONE 

VICE PRESIDENT (704) 373-4531 

NUCLEAR PRODUCTION March 8, 1985 

Mr. Harold R. Denton, Director 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Attention: Mr. John F. Stolz, Chief 
Operating Reactors Branch No. 4 

Subject: Oconee Nuclear Station 
Docket Nos. 50-269, -270, -287 

Dear Sir: 

By a letter dated March 4, 1985, the NRC formally transmitted a list of 

questions, comprising a request for additional information, concerning Duke 

Power's reload submittal for Oconee 2, Cycle 8. As indicated in the March 4th 

letter, the questions had been discussed previously in conference calls on 

February 21 and 27, 1985 between Duke Power, the Staff, and the NRC 

consultant.  

Please find attached Duke Power's responses to the questions. Oconee 2, 

Cycle 8 is currently scheduled for initial criticality on April 18, 1985.  

Duke Power will inform the NRC of changes to this restart schedule through 

the Project Manager.  

Very truly yours, 

Hal B. Tucker 

RFH:slb 

Attachment 

cc: Dr. J. Nelson Grace, Regional Administrator 

U. S. Nuclear Regulatory Commission 
Region II 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

Ms. Helen Nicolaras 
Office of Nuclear Reactor Regulation 

U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Mr. J. C. Bryant 
NRC Resident Inspector 
Oconee Nuclear Station 

9~~ 2 50319'C 0087 
PDR ADOPDiR



DUKE POWER COMPANY 
OCONEE NUCLEAR STATION 

Response to Request for Additional Information 
on the Oconee 2, Cycle 8 Reload Submittal 

Request: 1. The safety evaluation of the Mark BZ fuel assembly design 
required that a licensee referencing the Mark BZ design must 
submit: 

a) A plant specific analysis of combined seismic and LOCA 
loads according to Appendix A to SRP 4.2 and 

b) An analysis of the reduction of the maximum allowable 
peaking and F for transitional mixed cores having both 
Mark B and Mar BZ fuel assemblies.  

Since Oconee-2 Cycle 8 is a transitional Mark B/Mark BZ 
core, please provide the required analysis.  

Response: a) On October 22, 1984, Duke Power submitted additional 
information on the assymetric LOCA loading qualification 
of Mark BZ fuel assemblies; this submittal supplemented 
our October 7, 1984 submittal of BAW-1781P, which was made 
in order to facilitate Staff approval of Mark BZ 
assemblies prior to their use in Oconee 1, Cycle 9. The 
October 22nd letter noted that the information had been 
formulated by B&W and was generically applicable to all 
177 FA lowered-loop plants utilizing transition or full 
Mark BZ cores. We direct the Staff's attention to the 
fact that Oconee 2, Cycle 8, and all subsequent core 
reloads at each of the Oconee units, have therefore been 
adequately addressed with respect to this concern.  

b) The flux/flow trip setpoint is the most sensitive DNB 
operating limit. A conservative Mark B/Mark BZ transition 
core pump coastdown analysis was performed to justify a 
1.07 flux/flow setpoint for Oconee 2, Cycle 8. This 
analysis was based on the reference design radial times 
local peaking factor, F = 1.714. The minimum DNBR 
determined in the transA ion core flux/flow setpoint 
analysis is greater than the BWC CHF correlation limit of 
1.18. Thus, no reduction in FAH is required to meet the 
DNB design basis.  

Request: 2. What were the results from the visual examination of the nine 
Oconee-1 Mark BZ demonstration assemblies? 

Response: A poolside Post Irradiation Exam (PIE) was performed during the 
Oconee 1, end-of-cycle 8 refueling outage, in October 1984, on 
nine demonstration fuel assemblies with MK-BZ-type, zircaloy, 
intermediate spacer grids; five Gadolinia/Optimized Lead Test 
Assemblies (Gd/OLTAs) and four MK-BZ Demonstration Assemblies.  
The GD/OLTAs and BZ Demos have completed their first and second



cycles of operation, respectively. One phase of this PIE 
program was a 100% visual examination of all nine assemblies.  
All four faces on each assembly were scanned with an underwater 
TV camera or periscope. No grid damage or rod defects were 
observed. All of the grids were intact with no torn strips or 
broken welds. Though evidence of fuel handling contact was 
observed, the BZ grid lead-in, along the edge and corners of the 
grid, prevented any grid damage from occurring.  

Request: 3. Have there been any additional holddown spring failures at the 
Oconee units since the Oconee-2 Batch-7 failures? 

Response: A. Oconee 1 

There have been five spring failures in Oconee 1 since 
those reported in 1982 for Oconee 2 batch 7. Four were 
observed during the Oconee 1 EOC-7 outage, of which three 
were twice burned assemblies (batch 8), and one was a once 
burned (batch 9) Mark BZ lead test assembly. The fifth 
failure was observed during the Oconee 1 EOC 8 outage and 
was a twice burned (batch 9) assembly.  

B. Oconee 2 

No failures have been observed since batch 7.  

C. Oconee 3 

Two failures have been observed in twice burned batch 7 
fuel during EOC-6.  

Request: 4. How does the new control rod assembly design differ from the 
present Oconee-2 Cycle 7 design? Has this design been approved 
and is there any operating experience with this design? 

Response: The plant life control rod design is described in the Oconee 
FSAR, Section 4.5.2.2 (the verbal description on page 4.5-16 
and the referenced Table 4.5-3 are included on the next two 
pages of this attachment).  

The plant life control rod was designed by Babcock and Wilcox 
at the request of Duke. Subsequently, Duke obtained copies of 
all B&W plant life control rod calculational packages, and Duke 
performed its own 50.59 review of the design. Duke determined 
that an unreviewed safety question is not involved; thus NRC 
approval is not required. Eight plant life CRAs are currently 
operating in Oconee 3, Cycle 8, per Duke's 50.59 review.  

Request: 5. What was the revision to the creep collapse analysis of the 
beta-quenched fuel rods in the advanced cladding pathfinder 
assemblies? 

Response: Licensing analyses for Oconee 2, Cycle 7 included a conservative 
factor of 2X on the creep rate of the beta-quenched material.



spider by means of a nut threaded to the upper shank of each rod. After 

assembly, all nuts are lock welded. The control rod drive is coupled to the 

CRA by a bayonet type connection. Full length guidance for the CRA is 

provided by the control rod guide tube of the upper plenum assembly and by the 
fuel assembly guide tubes. The CRAs and guide tubes are designed with 

adequate flexibility and clearances to permit freedom of motion within the 
fuel assembly guide tubes throughout the stroke.  

Oconee 3, Cycle 8 introduced a new long life control rod assembly design. The 
extended life control rod assembly (CRA) is nearly identical to B&W's standard 
design. The present designed spider/coupling arrangement is retained as are 
all other envelope dimensions. Reference to Table 4.5-3, demonstrates the 
differences between the standard and the plant-life CRA design. The major 
differences are found in the slight reduction in the absorber OD and the use 
of Inconel 625 clad (as compared to the standard SS 304 material). Inconel 
625 CRA cladding was selected because of its added creep and corrosion 
resistance. In addition, the rodlets are prepressurized with helium, and the 
cladding is slightly thicker to retard creepdown and ovalization.  

Each control rod has a section of neutron absorber material. The absorber 
material is an alloy of silver-indium-cadmium. End pieces are welded to the 
tubing to form a water-tight and pressure-tight container for the absorber 
material.  

Both the inconel and the stainless steel tubing provides the structural strength 
of the control rods and prevents corrosion of the absorber material. A tube 
spacer similar to that in the fuel assembly is used to prevent absorber motion 
within the cladding during shipping and handling, and to permit differential 
expansion in service.  

These control rods are designed to withstand all operating loads including 
those resulting from hydraulic force, thermal gradients, and reactor trip 
deceleration. The ability of the control rod clad to resist collapse has been 
established in a test program on cold-worked stainless steel tubing. Because 
the Ag-In-Cd alloy poison does not yield a gaseous product under irradiation, 
internal pressure and swelling of the absorber material does not cause 
excessive stressing or stretching of the clad.  

4.5-16 1983 Update



Table 4.5-3 

Control Rod Assembly Data 

Item Data 

Number of CRA 61 

A. Standard CRA Design 

Number of Control Rods per Assembly 16 

Outside Diameter of Control Rod, in. 0.440 

Cladding Thickness, in. 0.021 

Cladding Material Type 304 SS, Cold-Worked 

End Plug Material Type 304 SS, Annealed 

Spider Material SS Grade CF3M 

Poison Material 80% Ag, 15% In, 5% Cd 

Female Coupling Material Type 304 SS, Annealed 

Length of Poison Section, in. 134 

Stroke of Control Rod, in. 139 

B. Plant-Life CRA Design 

Number of Control Rods per Assembly 16 

Outside Diameter of Control Rod, in. 0.441 

Cladding Thickness, in. 0.023 

Cladding Material Inconel 625 

End Plug Material Inconel 625 

Spider Material SS Grade CF3M 

Poison Material 80% Ag, 15% In, 5% Cd 

Female Coupling Material Type 304 SS, Annealed 

Length of Poison Section, in. 139 

Stroke of Control Rod, in. 139 

NoT: 
(1) The plant-life CRA is prepressurized with Helium.  

1983 Update



This factor was used as a conservatism until creep testing 
results were available. Subsequently, during Cycle 7, B&W 
performed thermal creep tests on the beta-quenched material.  
Oconee 2, Cycle 8 licensing analyses were reperformed to include 
the actual creep response of the beta-quenched cladding. A 
collapse time of 36,000 EFPH was obtained for the actual power 
histories, clad thickness, and ovality.  

Request: 6. In previous reload analyses (e.g., Oconee-3 Cycle 8) the TACO2 
fuel melt limit analysis employed conservative lower tolerance 
limit values for the initial pellet diameter and density. This 
conservatism has been deleted from the thermal design section of 
the Oconee-2 Cycle 8 report. Has this conservatism been removed 
from the thermal design analysis? 

Response: No. The conservatisms have been implicitly maintained, though 
not explicitly on initial pellet diameter and density. A larger 
than nominal radial gap and a conservative set of densification 
kinetics are employed, which include the effects of an LTL 
pellet OD, UTL clad ID, LTL pellet density, and maximum indivi
dual pellet incore densification. All statistics are performed 
at the 95/95 level.  

The only change in the analysis was one of simplification, in 
which the nominal pellet diameter and nominal initial pellet 
density are used as input to TACO2. However, all previous 
conservatisms are maintained implicitly by including the pellet 
OD/clad ID variations in the gap selection and by representing 
the LTL pellet density within the pellet densification kinetics 
(Ap and burnup of peak densification).  

This simplification was performed as part of a generic linear 
heat rate to melt analysis which considered a large combination 
of radial gaps and densification kinetics. Thus future 
as-builts and resinter tests can be quickly reviewed against 
this generic analysis, expediting the process.  

Request: 7. Is the \,5% margin between the 30,000 EFPH estimated residence 
time and the 31,400 EFPH cladding collapse time (provided in 
Table 4-1) sufficient to account for uncertainties in the 
estimated fuel residence time? 

Response: Yes. Cycle 8 has a window of ± 240 hours. A very conservative 
generic creep collapse analysis was performed for Oconee 2, Cycle 
8, including variations in clad thickness, ovality, and pellet 
densification. Thus Oconee 2, Cycle 8 is enveloped by one of the 
conservative generic cases.  

Request: 8. Was a cladding stress and strain analysis performed for the 
gray APSRs? 

Response: Yes. Babcock and Wilcox has performed all structural and 
thermal analyses. These analyses include, but are not limited 
to, cladding stress and strain analyses.



Request: 9. Is the Batch-10 Mark BZ reduced prepressurization above the 
minimum specified HZP prepressure used in the cladding stress 
calculations? 

Response: Duke believes that the intended question is as follows: 

Is the Batch 10 Mark BZ minimum specified (reduced) 
prepressurization above the minimum prepressure used in 
the stress analysis? 

Yes. There is 65 psi conservatism in the Duke stress analysis, 
below the minimum specified prepressure.  

Request: 10. What are the changes in maximum FQ and FXY for a core operating 
with gray APSRs relative to one operating with black APSRs? 

Response: The gray APSR's do not yield significantly different power 
distributions than black APSR's at nominal, steady-state opera
ting conditions. The benefit of gray APSR's is realized during 
operating maneuvers where APSR's and/or full length control rods 
are moved. The reduced neutron absorption of gray APSR's 
limits the severity of flux perturbations during such maneuvers 
and hence limits the possible power peaking.  

An example of the effect of gray APSR's during maneuvers is 
illustrated below. A postulated maneuver is performed at 
end-of-cycle with the reactor at hot full power and the control 
rods at nominal operating positions. During the maneuver the 
APSR's are pushed to the bottom of the core thereby uncovering 
fuel which has been shielded during the entire cycle. The 
calculated maximum local peak power (F Q) for similar cores with 
black and gray APSR's is given below.  

APSR F Below The F After The 
Type Maneuver Maneuver 

Black 1.482 2.214 
Gray 1.441 1.717 

Request: 11. Figures 3.5.2-2, 3.5.2-5 and 3.5.2-8 of the proposed technical 
specification revision indicate that the rod position limits 
(RPLs) for cycle 8 operation of Oconee 2 apply for the entire 
cycle of operation, rather than the three different exposure 
windows used in earlier cycles. Explain how these RPLs were 
determined? 

Response: The operational control rod position limits for 02C8 were 
developed according to the methods of section 7.4.1 of 
DPC-NFS-1001A. The shutdown margin rod position limits were 
developed according to section 7.4.2 of DPC-NFS-1001A. The rod 
position limits were examined for various cycle burnup windows 
from beginning to end-of-cycle. The most conservative limits 
were then applied to the entire cycle to simplify the Tech.  
Specs. by reducing the number of figures. This type of con-



servative simplification has been overly restrictive for past 
cycles with black APSR's but increased operating flexibility 
available with gray APSR's allows it to be made.  

Request: 12. Three sets of LOCA linear heat rate limits are given in Tables 
7-2 and 7-3 of the submittal. The limits apply during the 
periods 0-25 EFPD, 25-65 EFPD, and 65 EFPD to the end of the 
cycle. The values given in the tables are identical to those 
given in Table 7-2 of the Oconee-1 Cycle 9 reload submittal, 
however, the exposure windows are considerably different; i.e., 
0-30+10/-0 EFPD, 30+10/-0 - 250±10 EFPD and 250±10 EFPD to the 
end of the cycle. In view of the considerable similarities 
between the Oconee 2 Cycle 8 and Oconee 1 Cycle 9 reloads, 
please explain the differences in these limits? 

Response: Duke and B&W use the same LOCA LHR limits as reported in the 
02C8 reload report. The difference in the reported burnup 
ranges is due to the various burnup windows used by B&W for 
setting Tech. Spec. and operational limits.  

Since LOCA limited power imbalance limits are more restrictive 
earlier in the cycle, B&W has chosen to report the limiting set 
of LOCA limits for a cycle burnup range of interest. For 
example, the 30-250 EFPD range was chosen arbitrarily and is 
limited by power distributions attainable at 30 EFPD. Since 
the limiting assemblies at 30 EFPD have burnups corresponding 
to the 100-2600 MWD/MTU LOCA limit window, B&W has reported 
that set of limits for the 30-250 EFPD cycle burnup range.  

Duke has chosen to actually report the burnup ranges applicable 
for each set of LOCA limits. The Duke analysis ensures that 
the correct set of LOCA limits (based on burnup) is used for 
the limiting assemblies.  

Request: 13. The key parameters used for accident analyses presented in the 
FSAR are compared to predicted values for Cycle 8 in Table 7.1.  
While virtually all of the items considered in the "Key Safety 
Parameter Checklist" (Table 8-1 of NFS-1001, Rev. 4) are 
addressed in Table 7.1 and other tables in the submittal, the 
Minimum Tripped Rod Worth (MTRW) available in the case of a 
steamline break is not given. What is the value of the MTRW and 
how does it compare to the value used in the reference analysis, 
and to the values presented in the calculation of the Shutdown 
Margin in Table 5.2? 

Response: The value of total available worth minus the maximum inserted 
rod worth is the value corresponding to MTRW in NFS-1001 for the 
steamline break transient. From Table 5.2 of the Oconee Unit 2, 
Cycle 8 Reload Report, the MTRW at BOC is 5.83% AK/K and at EOC 
the value is 5.97% AK/K.  

The MTRW was chosen such that the power deficit from HFP to HZP 
corresponding to the assumed reactivity coefficients added to 
the rod worth resulted in a shutdown margin of 1.0% AK/K. Thus



the MTRW is of importance only in regard to the determination 
that the transient results were acceptable when a shutdown 
margin of 1.0% AK/K was assumed. For this reason, shutdown 
margin, and not MTRW, is checked as the key parameter for the 
steamline break transient.  

Request: 14. The sign of the calculated temperature rate of change, Ac/AT, 
included in the Justification for the Change in the MTC TEST 
described in Attachment 2 of reference 1, is incorrect. Please 
change the tabulated values of da/AT and the sign of the 
coefficient of da/AT in the equation for u(532). What error is 
introduced by assuming that Ac/AT is determined only by the 
temperature rate of change of the moderator density? 

Response: The sign of Act/AT is negative since the temperature coefficient 
decreases as the moderator temperature increases. This 
correction is included in the February 20, 1985 revision to 
Attachment 2. However, the temperature correction is incorrectly 
added to the measured value of Ap1 2/AT12 instead of being 
subtracted. The corrected equation is: 

Trll 1 - (TI + T2) - 532 (Act) 

(532) AT12  2 AT 

The calculated values of Ac T/AT include the temperature effect 
on cross sections as well as the moderator density effect. A 
revised "Justification for Change in MTC Test" is attached 
which includes these clarifications.



JUSTIFICATION FOR CHANGE IN MTC TEST 

The equation used to calculate the overall temperature coefficient at 
532 0 F will be: 

Toverall = 1 2  (T1 + T2 ) - 5321 . OT 
(532) AT12  2 AT 

where: CT -overall temperature coefficient at 532 0F overall (includes moderator temperature coefficient 
and isothermal doppler coefficient).  

4 1 2  -measured overall temperature coefficient 
AT1 2  between plateau 1 and plateau 2.  

Tl + T2 2 ) -average reactor coolant temperature for 2 the test.  

and (AT) -predicted temperature rate of change of 
L T the overall temperature coefficient.  

The predicted temperature rate of change of the overall temperature 
coefficient will be supplied in the Physics Test Manual each cycle 
by Duke Power. The change in temperature coefficient has been 
determined to vary linearly with temperature over ranges of 
moderator temperatures up to 200F. The similar values of Ac'T/AT 
as determined for 100F ranges justifies this. The calculated 
values of AcT/AT include moderator density effects and the effect 
of moderator temperature on cross sections. Duke Power has supplied 
the following data for Oconee 2 Cycle 8 in support of this change: 

MODERATOR TEMPERATURE TEMPERATURE COEFFICIENT 

522 0F 1.250 x 10-5 AK/K/oF 

532 0P 0.157 x 10-5 AK/K/oF 

542 0F -0.964 x 10-5 AK/K/oF 

The temperature coefficients at a given temperature are calcuIated 
fromK-eff at +/- 100F from that temperature. The temperature rate 
of change of the temperature coefficient is calculated from these 
data in a similar manner: 

MODERATOR TEMPERATURE (ActT/AT) 

527"F -1.09 x 10-6 (AK/K/oF)/oF 

537 0F -1.12 x 10-6 (AK/K/oF)/oF 

These data can be considered typical.


