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PRELIMINARY REPORT OF SAFETY CONCERNS
TEcH NO LOG IES 'F RAMATOME

TO: Manager, Owners GroupIConsult FTG Owners Group Services I Log No.  
Services, FTG Cfor assistance in completing this form 1 

(cc: Quality Assurance) f i 

FROM: File No. (Contract No.) 

John A. Klingenfus OT4.4 
ORGANIZATION: 

Analysis Services Page 1 of 4

Attach and identify, by page number, any supporting information/documents.

When, how and on which plant was the safety concern identified? To your knowledge is customer aware? Yes No 

During the development of the DB 3 When & How J Link via telephone - 1/5/99 

LBLOCA RELAP5 input model it was G. Swindlehurst via telephone - 1/5/99 

2 realized that the plant-specific M. Byram via J. Link - 115/99 

RCP homologous curves had not been To your knowledge is NRC aware? F-1 Yes Z No 

used in all previous LBLOCA EM 4 When & How 

analyses. (See attached writeup) 

Other affected Utilities/Plants (name and location) 

Oconee Units 1, 2, & 3, TMI-1, ANO-1 
5

Description of safety concern-identify affected component(s), system(s), service(s) or activity/supplier, and impact on safety of plant operations.  

The RCP modeling question led to the discovery that all previous EM analyses may not have used the 
appropriate RCP type in the LBLOCA analyses. Preliminary sensitivity studies preformed with either a 
Westinghouse or BJ pump produced slightly higher PCTs than the same analysis with a Bingham pump.  
Further preliminary studies have indicated that the lowered-loop plants will produce significantly higher 
PCTs when the minimum two-phase pump degradation model is used. This RCP degradation model 
impact on PCT behavior is contrary to the BAW-10192PA 205-FA RL RELAP5/MOD2 analyses. It is also 
contrary to the 177-FA LL CRAFT2 sensitivity studies in BAW-10103. The attached writeup provides 
additional details of the discovery of the concern and the preliminary analyses results.

Cause of the deficiency, deviation or failure, if known.  

Engineering evaluations used to extend the RELAP5 RCP degradation studies from the 205-FA RL 
analyses to the 177 FA LL plants was not supported by actual analysis. Use of CRAFT2 EM sensitivity 

7 studies to provide additional confirmation for the engineering judgements was also not appropriate.

Suggested corrective action 

Perform a plant-type specific RCP two-phase degradation sensitivity study. Perform a pump type model 
sensitivity study when two or more pump types are included in a bounding LBLOCA EM analysis.  
Reanalysis of existing LOCA LHR limits is necessary if the most limiting pump type or degradation was not 
used.

Responsible Unit Analysis Services Unit

1
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177-FA LL Plant RCP Type and Degradation Effects on LBLOCA 

A reactor coolant pump (RCP) modeling issue discovered during the 

development of the RELAP5-based EM model for Davis-Besse led to a review of 

the BAW-10192P-A RCP modeling requirements. That review determined that 

the LOCA analyses for some of the B&W 177 FA LL plants may not have been 

performed in accordance with Section 4.3.4.5 of Volume 1 of BAW-10192P-A.  

This section states that the plant-specific pump performance tables (namely the 

pump rated parameters and pump homologous curves) are used as input for the 

LOCA analyses. FTI has not performed all LBLOCA analyses in accordance with 

this provision.  

Potentially deficient analyses are: (1) Oconee Unit 1 Mark-B9 and Mark-BIO(OL) 

LOCA LHR limits, (2) TMI Mark-B9 15 % tube plugging LOCA LHR limits, and (3) 

TMI and ANO Mark-B9 20 % tube plugging LOCA LHR limits. The LOCA 

analyses that were performed for the Duke Power Oconee Units 1, 2, and 3 used 

inputs for the Bingham pumps operating in Oconee Units 2 and 3. Oconee Unit 1 

has Westinghouse pumps. FTI did not perform a sensitivity study to confirm that 

the Bingham pump results were bounding and valid for Oconee Unit 1. The TMI 

and ANO analyses also used the Bingham pump performance curves, even 

though TMI-1 has Westinghouse pumps and ANO has Bryon Jackson (BJ) 

pumps.  

The Bingham pump performance curves have the most negative head ratios on 

the HVN curve, which is where the broken and two unbroken loop pumps remain 

for most of the transient (i.e. less head if it is positive and more resistance where 

the head is negative). This HVN relationship coupled with the EM pump 

degradation sensitivity study (which showed the maximum degradation was 

worst) would suggest that the Bingham pump should produce the highest PCTs.  

FTI performed a 177 LL pump sensitivity study for the Oconee Mark-B10 

analyses to confirm this engineering judgment and to show that the analyses that 

2



were performed with the Bingham pumps were bounding for a plant analyzed 

with a Westinghouse or BJ pump.  

The Oconee Mark-B10 6.021-ft LOCA LHR limit case was reanalyzed with the 

Westinghouse pump parameters inserted into the blowdown deck. This 

preliminary case showed that the switch from the Bingham to Westinghouse 

pump homologous curves resulted in an end-of-blowdown fuel temperature 

increase which could increase the PCT by roughly 60 F. Investigation into the 

changes in results led to the suspicion that a reduction in the pump two-phase 

degradation multiplier could also result in a PCT increase.  

Several additional blowdown cases were run with different two-phase head 

difference curves and void fraction multipliers. The results indicated that a switch 

from the semiscale ANC fit used in all 177-FA LL analyses to the less resistive 

two-phase difference curves given in RELAP5 for the semiscale pump would 

produce an estimated PCT increase of roughly 70 F. Switching from the M1 

degradation curve to the M3 curve again increased the EOB fuel temperatures 

and could result in a PCT increase of 30 F. The total increase from the head 

difference and void multiplier change for the Bingham pump is estimated at 100 

F. This increase, when added to the existing Oconee 6-ft PCT of 1978 F, would 

push the temperature up to 2078 F (possibly higher due to the exponential metal

water increase with temperature). This implied that the Oconee 1 Westinghouse 

pump PCT could increase by an additional 60 F or more to roughly 2140 F or 

higher from metal-water energy.  

This estimated increase forces reanalysis of the Mark-B10 fuel that was originally 

performed in August 1998. LOCA studies performed since that time have 

included modeling refinements to the core baffle, bypass, and lower plenum 

regions that could provide a slight PCT improvement. When these refinements 

are included with the bounding RCP model, the Oconee 1 PCT is expected be 

less than 2200 F, which supports the current LOCA limits and core maneuvering 
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analyses. The overall PCT increase must be determined by formal LOCA 

reanalysis.  

The TMI 15 % SG tube plugging analyses must be evaluated with the proper 

homologous pump curve, RELAP5 two-phase head difference, and M3 void 

fraction multiplier. The PCT increase should be similar to the 160 F identified for 

Oconee 1. The TMI analyses also have input model conservatisms that can be 

used to offset this PCT increase. The bypass/baffle model, lower plenum model, 

and adjustment of the pressurizer level from minimum to nominal will somewhat 

offset the RCP modeling PCT increases for these analyses. The resulting PCTs 

should also be less than 2200 F, but formal LOCA analyses are needed to 

quantify the overall PCT increase.  

The pump modeling changes also affect the BWOG 20 % SG tube plugging 

analyses for TMI and ANO. These analyses have already incorporated the 

bypass/baffle model revision and the nominal pressurizer level. The LHR limits 

are accordingly 0.3 to 0.6 kW/ft higher than the 15% SG tube plugging analyses 

for TMI. These analyses will likely require a LHR limit decrease to bring PCTs 

back within a licensable range. These analyses are not currently supporting 

operating limits.  

The CR-3 Mark-B9 analyses that are currently in progress will include the worst

case degradation differences and the M3 multiplier curve. A RCP sensitivity 

study will be performed for Davis-Besse to ensure that the most limiting pump 

degradation model is used for those analyses.
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Summary: 

A reactor coolant pump (RCP).modeling deficiency discovered during the development of the 
RELAP5-based EM model for Davis-Besse led to a review of the BAW-10192P-A RCP modeling 
requirements. That review determined that the LOCA analyses for some of the B&W 177-FA LL 
plants were not performed in accordance with Section 4.3.4.5 of Volume 1 of BAW-10192P-A.  
This section states that the plant-specific pump performance tables (namely the pump rated 

--imeters and pump homologous curves) are used as input for the LOCA analyses. FTI had 
performed all LBLOCA analyses in accordance with this provision. Corrected RCP studies 

resulted in unexpected PCT increases and suggested that the two-phase degradation model 
may not have been bounding.  

Further investigation revealed that even higher PCTs could be obtained when the minimum two
phase degradation model is used, despite the fact that maximum degradation had been 
specified for EM analyses. On January 6, 1999, FTI identified this problem in a preliminary 
safety concern reported as PSC 1-99.  

FTI has identified all of the LBLOCA cases affected by the pump performance and pump 
degradation issue, and the cases that seriously challenged 10 CFR 50.46 limits have been 
reanalyzed. The analyzed cases were used to develop PCT deltas (or LHR adjustments) that 
were applied to the non-limiting core elevations or times in life. This document summarizes the 
results of RCP pump degradation sensitivity studies, RCP pump reanalyses and associated PCT 
deltas or LHR adjustments for all affected plants. All PCTs, inclusive of all penalties, were less 
than 2150 F when corrected and reanalyzed or reevaluated. The limiting two-phase pump 
degradation for the 177-FA LL and 177-FA RL plants was determined to be the RELAP5 two
phase head difference curves combined with the M3 two-phase void-dependent multiplier. Table 
4-1 summarizes the plant-specific reactor coolant pump types and limiting two-phase 
degradation for all B&W plants. An adequate margin of safety is maintained for the affected 
""A analyses and the resolution of PSC 1-99 is therefore not reportable under 1OCFR21.  

i [

Page 1 of .. )



Framatome Technoloaies. Inc_ 51-5006132-00

Record of Revision 

Rev. No. Change Sect/Para 

00

Description/Change Authorization 

Initial release, December 1999.

2
E



Table of Contents 

List of Tables .................................................... 3 

List of References ............................................... ... 4 

1. PSC 1-99 R esolution ........................................................................................... 5 

2. Pump Degradation Sensitivity Studies ................................................................ 6 

3. Plant-Specific PCT C hanges .............................................................................. 13 

3.1 Duke Power Company (Oconee-1, 2 and 3) .................................................... 14 
3.1.1 M ark-B 10-O L ........................................................................................... 14 
3.1.2 Mark-B9 ................................................ 15 
3.1.3 M ark-B 11 LTA ......................................................................................... 15 
3.1.4 M ark-B 11(M 5) ........................................................................................ 15 

3.2 General Public Utilities Nuclear (TM I-1) .......................................................... 16 
3 .2 .1 M a rk-8 9 ........................................................................................ 17 
3.2.2 M odified M ark-B 9 ..................................................................................... 18 
3.2.3 M ark-B 9-G ad ........................................................................................... 19 
3.2.4 M ark- 8/ 8V ........................................................................................... 19 

3.3 Entergy (ANO-1) ....................................... ...... 21 
4 . S um m ary .. .. ...... ... ... .. , . .;........;. ..... .. .. .... ..... ,...,.......,...:............28 

4. um ary....... ....................................... ...... 2 

Attachment: Preliminary Report of Safety Concerns, Log Number 1-99 .................. 29 

List of Tables

Table 2-1: 
Table 3-1: 
Table 3-2: 
Table 3-3: 
Table 3-4: 

Table 3-5: 
Table 3-6: 
Table 4-1:

RCP Type and Head Degradation Sensitivity Studies .............................. 6 
Summary of Fuel-Type & Plant-Specific B&W LOCA Reanalyses ....... 13 
Summary of Mark-B1O-OL LHR Limits for Oconee 20% SGTP .............. 23 
Summary of Mark-B9 LHR Limits for Oconee 20% SGTP ..................... 24 
Summary of Mark-B9 and Modified Mark-B9 LHR Limits for 
BW OG (TM I-1) 20% SGTP ..................................................................... 25 
Summary of Mark-B9-GAD LHR Limits for TMI-1 20% SGTP ................. 26 
Summary of Mark-B9 LHR Limits for BWOG (ANO-1) 20% SGTP ...... 27 
Limiting Plant-Specific RCP and Head Degradation Configurations ..... 28

3

"R1-RNNR 1 •9_nn



Framatome Technologies, Inc. 51-5006132-00 

List of References 

I1. FTJ Topical Report, "BWNT LOCA - BWNT Loss-of-Coolant'Accident Evaluation!--
.Model for Once.-Through. -Steam. Generator Plants",. BAW-10192P-A, Rev. 0, 
6/98.  

2. Letter, J. J. Kelly to USNRC, " IOFR5O.46 Thirty Day Report on Significant 
POT Change in ECCS Analyses", February 4, 1999, OG-1 740.  

3. Letter, J. J. Cudlin to USNRC, " 100FR5O.46 Thirty Day Report on Significant 
POT Change in ECOS Analyses", May 25, 1999, FTI-99-1727.  

4. FTI Document 32-5002653-00, "Davis-Besse 1 RC Pump Study".  
5. FTI Document 32-1266332-01, "BWOG 20% TP LBLOCA".  
6. FTJ Document 32-1266332-02, "BWOG 20% TP LBLOCA".  
7. FTI Document 32-1232670-04, "Oconee Mk-B1 I SBLOCA Spectrum".' 
8. FTI Document 32-1266190-01, "Duke Mk-BIO-OL LBLOCA LHR Limits".  
9. FTi Topical Report, "RELAP5/MOD2-B&W - An Advanced Computer Program 

for Light Water. Reactor LOCA and Non-LOCA Transient Analysis", BAWý
10164P-A Rev. 03, 7/96.  

10. FTI Topical Report, "CRAFT2 -Fortran Program for Digital Simulation of a 
Multinode Reactor Plant during Loss of Coolant", BAW-1 0094A, Rev. 3, 6/86.  

11. FTi Document 32-1219198-00, "EM LBLOCA BASE & SEN STUDIES I".  
12. FTI Document 32-1266332-03, "BWOG 20% TP LBLOCA".  
13. FTI Document 32-1266324-00, "20%.TP LOCA Base Model".  
-14. FTI- Document-32,124448T-w02 TIIJPAEBO R/M" 
15. FTI Document 32-1258157-00, "TMI-1 UPRATE LBLOCA FOR MODIFIED 

MARK-B39 FUEL".  
16. FTI Document 32-5003746-00, "TMVI-1 20% SGTP MOD MK-B39 & 2 WT% GAD".  
17. FTI Document 32-5003746-01, "TMI-1 20% SGTP MOD MK-B9 & 2 WT% GAD".  
18. FTI Document 32-5003746-02, "TMI-1 20% SGTP MOD MK-B9 & 2 WT% GAD".  
19. FTI Document 32-1258153-00, "TMI-1 UPRATE LBLOCA MARK-B39-GAD".  
20. FCF Document 86-1267229-00, "Pre and Post LOCA EDFs".  
21. FTI Document 51-1266143-01, "TMI-1 Cycle 12 Mk-B8/B4Z LHR Limits".  
22. FTI Document 32-1266190-00, "Duke Mk-BIO-OL LBLOCA LHR Limits".  
23. FTI Document 32-1266205-00, "Duke Mk-B39 R5/M2 LHR Limits".  
24. FTI Document 32-1266205-01, "Duke Mk-B39 R5/M2 LHR Limits".  
25. FTI Document 32-1234840-00, "Mk-B1 1 LTA LOCA Limits".  
26. FTI Document 32-5004379-00, "Duke Mk-B1 1 LBLOCA".  
27. FTI Document 32-1244481-00, "TMI-1 UPRATE LBLOCA R51M2".  
28. FTI Document 32-5001731-00, "BWNT LOCA EM Limitations and Restrictions".  
29. FTI Document 32-1219198-00, "EM LBLOCA Base & Sensitivity Studies I"ý.  
30. FTI Topical Report, "ECOS Analysis of B&W's 177-FA Lowered-Loop NSS", 

BAW-10103A, Rev. 03, 7/77.  
31. FTI Topical Report, "BEACH - Best Estimate Analysis Core Heat Transfer; A 

Computer Program for Reflood Heat Transfer During LOCA", BAW-10166P-A, 
Rev. 4, 2/96.  

32. FTI Document 51-5002736-0 1, "ONS-2 CYI 8 LOCA Check Document".

4



Framatome Technologies, Inc. 51-5006132-00 

1. PSC 1-99 Resolution 

A reactor coolant pump (RCP) modeling issue discovered during the development of 
the RELAP5/MOD2-B&W-based EM input deck for Davis-Besse led to a review of the 
BAW-10192P-A (Reference 1) RCP modeling requirements. That review determined 
that the LOCA analyses for some of the B&W 177-FA LL plants may not have been 
performed in accordance with Section 4.3.4.5 of Volume 1 of BAW-10192P-A. This 
section states that the plant-specific pump performance tables (namely the pump rated 
parameters and pump homologous curves) are used as input for the LOCA analyses.  
FTI had not performed all LBLOCA analyses in accordance with this provision, 
therefore sensitivity studies were immediately initiated to determine the effect on the 
LBLOCA results.  

The 205-FA Raised-Loop (RL) RCP degradation sensitivity study (Reference 29) and 
CRAFT2 sensitivity studies (Reference 30) concluded that maximum pump degradation 
was limiting in terms of predicted PCT for LBLOCA analyses. The LOCA analyses that 
were performed for the Oconee Units 1, 2 and 3 plants (177-FA LL) used input for the 
Bingham pumps operating in Oconee Units 2 and 3. Oconee Unit 1 has Westinghouse 
pumps. The difference in the homologous, relationships on the HVN curve (the 
dominant curve for CLPD breaks) was recognized as similar to a change in pump 
degradation. That is, the Westinghouse pump provided less resistance (appearing to 
be less degraded) than the Bingham pump. Since the Bingham pump performance 
curves have the most negative head ratios on the HVN curve, the Bingham pump was 
expected to produce the highest PCTs. Confirmatory analyses contradicted this 
conclusion when the Westinghouse pump with minimum pump degradation produced 
the limiting PCT. Since FTI was using the maximum RCP two-phase degradation 
model, it was realized that a higher PCT could be obtained when the minimum 
degradation model is used. On January 6, 1999, FTI identified this problem in a 
preliminary safety concern reported as PSC 1-99 (Attachment).  

FTI has identified all of the LBLOCA cases affected by the pump type and two-phase 
degradation issues, and the cases that presented the most serious challenges to the 10 
CFR 50.46 limits have been reanalyzed. These cases were used to develop PCT 
deltas (or LHR adjustments) that were applied to the non-limiting core elevations or 
times in life. This document summarizes the results of reactor coolant pump 
degradation sensitivity studies, reactor coolant pump reanalyses and associated PCT 
deltas or LHR adjustments for all affected plants. Finally, it is concluded that an 
adequate margin of safety is maintained for the affected units, and therefore PSC 1-99 
does not constitute a significant safety hazard and is not reportable under 10CFR21.  
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2. Pump Degradation Sensitivity Studies 

Reactor coolant pump sensitivity studies considered the plant-specific pump rated 
parameters and pump homologous curves to determine the limiting plant configurations 
and RCP head difference and two-phase degradation multiplier. Determination of the 
limiting pump-type is necessary for those generic analyses that consider plants with 
different RCP types. Table 2-1 summarizes the RCP type and head degradation 
sensitivity studies performed for different fuel-types for both the 177-FA LL and 177-FA 
RL plant types. For each study, the PCT difference is reported based on a 
representative base analysis performed in that study.  

Table 2-1: RCP Type and Head Degradation Sensitivity Studies 

Plant RCP Type RCP Head RCP Two- Fuel- Break APCT Ref 
Difference Phase Type Size 

Degradation 
Multiplier 

177 FA-LL Bingham ANC M1 B1OOL LB Z 8 

177 FA-LL Westinghouse ANC M1 B1OOL LB Z+30 8 

177 FA-LL Bingham R5 M1 BlOOL LB Z+70 8 

177 FA-LL Bingham R5 M3-modified BWOOL LB Z+100 8 

177 FA-LL Westinghouse R5 M3-modified BIOOL LB Z+1180 8 

177 FA-LL Westinghouse R5 Ml B9 LB Y 5 

177 FA-LL Byron-Jackson R5 M3-modified B9 LB Y-15 5 
177 FA-LL Byron-Jackson R5 M1 B9 LB Y-60 5 
177 FA-LL Westinghouse R5 M3-modified B9 LB Y+42 5 

177 FA-LL Bingham ANC M1 B1i SB X 7 

177 FA-LL Bingham R5 M3-modified B11 SB X-23 7 

177 FA-LL Westinghouse R5 M3-modified B11 SB X-6 7 

177 FA-RL Byron-Jackson R5 M3-modified B10K LB W+>67 4 
177-FA RL Byron-Jackson R5 M1 B1OK LB W 4
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Based on the results of the sensitivity studies, the plant-specific parameters and fits to 
the two-phase pump degradation were found to play a vital role in the evolution of the 
blowdown transient. The basic characteristics of the pump performance (Section 
2.1.5.2 of Reference 9) are characterized by- a transformation of the four quadrant data 
(speed and flow versus head or torque) into a single head or torque curve having eight 
basic octants. The octants are formed from similarity relationships and defined based 
on the ratios between the rated and predicted speed (co), head (H), torque (T) and flow 
(Q). These ratios are expressed in the following form, 

h H T Q =-,h=--, T=- _=-Q 

WR HR TR QR 

RELAP5/MOD2-B&W also allows the option of accounting for two-phase degradation 
effects on pump performance. A set of homologous, two-phase curves for head and 
torque degradation are supplied in the form of difference curves. Thus, the fully
degraded two-phase head or torque may be expressed as a function of the standard 
single phase pump model. A multiplier as a function of void fraction is used to consider 
the ranges of void fraction to be applied to the head calculation. For two-phase 
conditions, the pump head and torque are calculated based on the single-phase (plant
specific) homologous data (H,0), the two-phase head difference (H10 - H2,) and the void 
dependent two-phase multiplier (M(a)).  

H =H10 - M(a)(H1, - H20 ) 

"r =r1 - M(a)(T-1. - -211) 

A comparison of the single-phase homologous head data in octants 1 and 2 for the 
Bingham (B) (Reference 8), Westinghouse (W) (Reference 8) and Byron-Jackson (BJ) 
(Reference 5) pump types is shown in Figure 2-1. For the blowdown transient, the 
broken loop pump remains mainly in octant two (HVN). The main area of operation is 
shown in Figure 2-1 as the circled area. In this region, the axes are defined based on 
the flow ratio, v; therefore differences in the rated pump flow between the pump types 
will also have an effect on the final predicted pump head. For this region of negative 
pump head, the pump resistance is increased most significantly (most negative) for the 
Bingham pump type.  

The two-phase degradation is determined by the head difference and the multiplier.  
Two representative two-phase head difference curves based on the Semiscale pump 
data are compared in Figure 2-2. The CRAFT2 Aerojet Nuclear Corporation fit (ANC) 
(Appendix E of Reference 10) data has been used in all the previous 177-FA LL 
analyses. Another representation of the Semiscale two-phase head degradation is 
presented in the RELAP5/MOD2-B&W Topical Report (R5) (Table 2.1.5-1 of Reference 
9). In octant 2 (HVN), the R5 two-phase difference is less resistive than the ANC 
representation. A comparison of the multipliers (Reference 11) on the two-phase head
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difference curve is shown in Figure 2-3. The M3-modified multiplier effectively 
decreases the degradation of the pump performance in comparison to the M1 multiplier.  

After identifying the PSC, FTI immediately began reanalysis efforts on the BOL Oconee 
Mark-B1I0-OL analyses (Reference 8). At first, sensitivity studies were performed to 
quantify the worst pump two-phase degradation model. The two-phase head difference 
curves from the CRAFT2 Aerojet Nuclear Corporation fit to the Semiscale pump (ANC) 
used in all 177-FA LL analyses to date, were replaced with the two-phase difference 
curves given in the RELAP5/MOD2-B&W Topical Report (Reference 9). This switch 
produced an approximate PCT increase of 70 F for the core midplane peak. Next, the 
void-dependent multiplier on the head difference curves was switched from the M1 
maximum degradation -curve to the M3-modified minimum degradation curve. This 
degradation change increased the PCT by an additional 30 F. The total increase from 
the head difference and void multiplier change for the Bingham pump is estimated at 
100 F. This increase, when added to the existing Oconee 6-ft PCT of 1978 F, would 
push the temperature up to 2078 F (possibly higher due to the exponential metal-water 
increase with temperature). Oconee Units 2 and 3 have Bingham pumps, but Oconee 
Unit 1 has Westinghouse pumps. The PCT increase for Oconee 1 must consider an 
additional 80 F due to the pump type. This implied that the Oconee I PCT could 
increase to approximately 2160 F or higher when the metal-water reaction energy 
addition is considered.  

The results of the sensitivity studies (summarized in Table 2-1) for the 177 FA-LL and 
177 FA-RL LBLOCA analyses determined that the calculated changes in the PCT are 
related to the core flow behavior during blowdown as influenced by the resistance of the 
pumps. Lower pump resistance has both a positive and negative effect on core 
cooling, depending on the core flow direction. During the initial positive core flow period 
(until -10 sec), lower pump resistance allows for higher positive core flows that can 
remove more energy from the core during this time period. However, the lower pump 
resistance also allows for a higher pump side break flow that slightly alters the upper 
plenum liquid distribution. Therefore, lower pump resistance reduces the liquid 
inventory in the reactor vessel upper plenum region at the time of core flow reversal.  
With less liquid available to flow through the core, the boiling and flashing is reduced.  
This liquid deficit decreases the quality in the region of the core that has two-phase 
conditions, plus it reduces the steam velocities that are critical for core heat transfer in 
the lower portion of the core. This effect also makes the PCT change elevation
dependent, with the largest effect seen at the 4-ft elevation (References 5 and 8).  
Therefore, the least resistive pump degradation, modeled by the R5 two-phase head 
difference and the M3-modified two-phase difference multiplier, will provide limiting 
results.  

The LHR analyses at EOL are limited by the TACO3 pin-pressure limit of 800 psia 
above system pressure (3000 psia), and provide PCT values that are significantly 
reduced from those at BOL or MOL. A LHR penalty is therefore unnecessary to 
account for the flow differences related to the pump type and degradation. The EOL

8

51-5006132-00



i nc ..51-5006132-

PCT increase will be significantly smaller than that at BOL or MOL because the PCT 
range remains below the metal-water reaction threshold of 1800 F. Therefore, the EOL 
condition is non-limiting in response to the reactor coolant pump type and two-phase 
degradation issue -. For completeness, the BOL PCT increase may be conservatively 
applied to the previously analyzed EOL PCT to demonstrate that the PCT remains 
below the metal-water reaction threshold of 1800 F.  

For generic LOCA analyses that consider more than one plant type, it is necessary to 
determine the limiting pump-type. The sensitivity studies performed in References 5 
and 8 confirmed that the Westinghouse pump-type provides the most limiting blowdown 
results as compared to both the Bingham and Byron-Jackson pump-types. Figure 2-1 
shows that the Byron-Jackson pump-type provides the least resistance in octant 2 
(HVN, circled region), and therefore one would expect that the Byron-Jackson pump 
would provide limiting results. However, the pump is operating in octant I (HAN) at the 
initiation of the transient, where the Westinghouse pump-type exhibits a more degraded 
positive flow performance. Additionally, the rated flow for the Westinghouse pump-type 
is about 4 percent lower than the Byron-Jackson pump-type (88500 gpm versus 92400 
gpm for BJ), which results in a lower predicted pump flow (Q) for the same value of v 
(=Q/QR). Therefore, the Westinghouse pump-type exhibits significantly less cooling 
during the positive core flow period such that the cladding temperatures remain above 
that of the Byron-Jackson pump-type for the entire blowdown transient.  

The effect of the pumip-ty pe for the SBLOCA transien6t was investigated- in Reference 7.  
Comparisons of the most resistive to least resistive two-phase pump degradation 
(ANC/M1 versus RELAP5/MOD2/M3) and Bingham versus Westinghouse pump-type 
were performed. The comparisons showed that the liquid inventories and system 
depressurization during the SBLOCA transients were nearly identical for all cases.  
Differences in the predicted PCTs were related to the magnitude of a predicted flow 
oscillation occurring well after the time that the pump flow reaches zero. Therefore, it 
was concluded that the selection of the two-phase degradation and pump-type does not 
influence the progression of the SBLOCA transient. Nonetheless, for new analyses, it 
is recommended that the SBLOCA pump-type and two-phase degradation model be 
kept consistent with that used in the LBLOCA analyses, but this is not a requirement for 
the correct prediction of the SBLOCA transient. In addition to the choice of the pump
type rated conditions and two-phase degradation, a generic analysis should 
conservatively model the highest pump spill-over elevation, even if it is not consistent 
with the pump-type modeled.  

9
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Figure 2-1: Comparison of Single-Phase Homologous Head Curves, Octants I (HAN), 2 (HVN) (B, W, BJ) 
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Figure 2-2: ANC and R5 Default Two-Phase Head Difference Curves, Octants I and 2 
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Figure 2-3: Pump Head Degradation Multipliers 
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3. Plant-Specific PCT Changes 

There are three sets of BWNT Evaluation Model (Reference 1) LOCA linear heat rate 
(LHR) limits supporting current plant operation. Oconee units 1, 2, & 3 have Mark-B10
OL (also referred to as Mark-B10F) and Mark-B9 fuel LHR limits, and TMI-1 has Mark
B9 fuel LHR limits. The TMI Mark-B9 LHR limits have two significant PCT 
conservatisms included in the LOCA application analyses, and that is a low initial 
pressurizer liquid inventory and a conservative baffle/bypass model. As a result, the 
TMI reported PCTs for 15 percent steam generator tube plugging are approximately 
100 F higher than would be produced with a nominal pressurizer inventory and more 
realistic baffle/bypass flow resistances. The Oconee Mark-B10-OL analyses do not 
have this conservatism, therefore, they will be most limiting in terms of PCT increase 
related to the RCP changes. FTI has also completed BWOG 20 percent tube plugging 
analyses (performed for TMI-1 and ANO-1) for future reference in core reload or FSAR 
applications that have non-conservative PCTs because of the RCP modeling. In 
addition to the resolution of PSC 1-99 on the pump-type and two-phase degradation, 
the BWOG 20 percent tube plugging analyses were subsequently reanalyzed because 
of incorrect modeling of the grid type for the Mark-B9 fuel assemblies. Table 3-1 
summarizes the reanalyzed and/or adjusted B&W LOCA analyses by plant and fuel
type. Analyses have recently been completed for CR-3 Mark-B9, DB-1 Mark-B10K and 
DB-1 Mark-B9A fuel types with the correct RCP type and degradation. Reanalysis for 
Oconee 1, 2 and 3, TMI-1 and ANO-1 in response to PSC 1-99 are discussed in the 
following sections.  

Table 3-1: Summary of Fuel-Type & Plant-Specific B&W LOCA Reanalyses 

Plant Fuel Type PSC Grid Resolution 
Mark- 1-99 Type 

Oconee 1, 2, 3 B10-OL X Reanalysis & APCT 
B9 X Reanalysis & APCT 

B11 LTA X Bounded 
B11 (M5) Correct 

TMI I B9 X X Reanalysis & APCT, ALHR 
Mod B9 & AX X Bounded 

Gad B9 X Reanalysis & APCT 
B8 & B8V Reevaluated & ALHR 

ANO 1 B9 X X Reanalysis & APCT 
CR3 B9 Correct 

Gad B9 Correct 
DB 1 Mark-B1OK (M5) Correct 

B9A Correct 
B8A CRAFT2 Limits
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3.1 Duke Power Company (Oconee-1, 2 and 3) 

Framatome Technologies, Incorporated (FTI) has determined that the Oconee large 
break loss-of-coolant accident (LBLOCA) analyses have nonconservative peak cladding 
temperature (PCT) predictions due to nonconservative RCP degradation modeling.  
The emergency core cooling system (ECCS) analyses were performed with the BWNT 
LOCA Evaluation Model (Reference 1). The revised analyses resulted in significant 
PCT increases (>50F), that were reported within 30 days of discovery to the NRC and 
Duke Power Company in compliance with 10 CFR 50.46 Section (a)(3) (Reference 2).  

All PCTs, inclusive of all penalties, were less than or equal to 2150 F when corrected 
and reanalyzed or reevaluated. An adequate margin of safety is maintained for the 
Oconee Units and the resolution of PSC 1-99 is therefore not reportable under 
10CFR21. The change in results for each of the fuel types utilized for Oconee are 
summarized below.  

3.1.1 Mark-B10-OL 

The BOL Mark-BIO-OL fuel was reanalyzed (Reference 8) with the limiting reactor 
coolant pump-type and limiting two-phase degradation model as discussed in the 
sensitivity studies in Section 1. A slight conservatism was found from the rounding-up 
of the TACO3 best-estimate fuel temperature uncertainty. The fuel temperature was 
increased by 12.0 percent, which is higher than 11.51 percent required. When this 
conservatism removal was included in the reanalysis of Oconee 1 with the worst pump 
type (Westinghouse) and pump degradation (RELAP5IMOD2-B&W semiscale head 
difference with the M3-modified multiplier), the maximum PCT was calculated to be 
2150 F. This overall temperature increase of 186 F was calculated for the BOL 4.264-ft 
axial peak for the Mark-B10-OL fuel. The 2.506-ft PCT was 2135 F (up by 135 F), and 
the 6.021-ft PCT was 2104 F (up by 126 F). The 9.536-ft PCT increased by 55 F to 
2079 F. The 7.779-ft BOL case was not reanalyzed because the PCT increase was 
extrapolated from the 6.021- and 9.536-ft cases. A PCT increase of 91 F was 
determined by linear interpolation between these two cases. The PCTs for the MOL 
and EOL LBLOCA analyses were conservatively increased by the amount determined 
for the BOL analyses, since the lower PCTs at MOL and EOL would generate lower 
PCT increases in response to the pump type and degradation model corrections. The 
maximum hydrogen generation remained below 0.30 percent and the maximum local 
oxidation was 3.64 percent. Table 3-2 summarizes the LHR limits and PCTs that are 
applicable for the Oconee I Mark-B10-OL LBLOCA analyses. The PCTs for Oconee 
units 2 & 3 are less than Oconee unit 1 by roughly 80 F because those two units have 
Bingham pumps, although these PCT reduction have not been applied to the PCT of 
record for these two units.

14
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3.1.2 Mark-B9 

Because the maximum PCT increase was calculated at the 4.264-ft elevation for the Mark-B10-OL LBLOCA analysis, the 4.264-ft Mark-B9 analysis from Reference 23 was reevaluated (Reference 24) with the limiting pump-type and two-phase degradation for the Oconee plants. This PCT increase was determined to be 70 F in the ruptured node and 82 F in the unruptured node, which was also conservatively applied to the remainder of the elevations and at EOL. The maximum PCT for all cases was 2062 F at the 2.506-ft elevation. The maximum hydrogen generation remained below 0.20 percent and the maximum local oxidation was 3.02 percent. Table 3-3 summarizes the LHR limits and PCTs that are applicable for the Oconee 1 Mark-B9 LBLOCA analyses.  The PCTs for Oconee Units 2 and 3 are less than Oconee unit 1 by up to 80 F because those two units have Bingham pumps, although these PCT reduction have not been 
applied to the PCT of record for these two units.  

3.1.3 Mark-B11 LTA 

The BOL and MOL LHRs calculated for the Mark-B 11 (Zr-4) lead test assembly (LTA) had originally been calculated based on the flap flow diverter grid design, whereas the LTA design was subsequently modified to a standard mixing vane design with a significantly lower form loss coefficient, .It was determined in Reference 25 that the original calculations remained conservative for application to the final mixing vane type.  In addition to the grid form-loss conservatism, the LHRs were futher reduced by 5 percent to ensure that the LTA was not placed in a limiting position in the core. The EOL calculated LHR of 11.0 kW/ft was also conservatively reduced to 9.2 kW/ft (Reference 32) to account for the effects of decreased thermal conductivity after 40 GWd/mtU and for higher EOL energy deposition factors.  

As summarized in the previous sections, PCT penalties were adequate to consider the effect of the RCP type and degradation. The conservatisms described above for the Mark-B11 LTA are adequate to absorb the effects of a PCT increase based on the reactor coolant pump-type and two-phase degradation. Therefore, the Mark-B1 1 LTA LHRs reported in Reference 25 still maintain conservative LHRs and assure that the assemblies are not placed in a limiting position in the core.  

3.1.4 Mark-B 11 (M5) 

New analyses have recently been completed for the Mark-B11 fuel-type with M5 cladding (Reference 26). These new analyses have modeled the limiting reactor coolant pump-type (Westinghouse) and two-phase degradation (R5 difference curve and M3-modified multiplier) for the combined Oconee 1, 2 and 3 analyses.  
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3.2 General Public Utilities Nuclear (TMI-1) 

Framatome Technologies, Incorporated (FTI) determined that the TMI-1 15 percent-......  
steam generator tube plugging (SGTP) large break loss-of-coolant accident (LBLOCA) 
analyses had nonconservative peak cladding temperature (PCT) predictions due to the 
pump type and two-phase degradation input models used. The B&W Owners Group 20 
percent SGTP analyses, which was under review by the NRC for TMI-1 via submittal 
Technical Specification Change Request (TSCR)-279 from GPUN, also contained the 
same deficiencies. Both of these emergency core cooling system (ECCS) analyses 
were performed with the BWNT LOCA Evaluation Model (Reference 1). The PCTs 
were underpredicted in both analyses because of nonconservative RCP type and 
degradation. These analyses were also found to have incorrect grid type modeling for 
the Mark-B9 fuel assembly. The cumulative effect on the PCT resulted in a significant 
PCT increase (>50F), which was reported within 30 days of discovery to the NRC and 
GPUN in compliance with 10 CFR 50.46 Section (a)(3) (References 2 and 3). .  

Since both analyses support TMI-1 and the 20 percent SGTP analysis had additional 
tube plugging conservatism, the 20 percent SGTP analyses were selected as the 
appropriate set of linear heat rate (LHR) limits to be reanalyzed. Additionally, the 15 
percent SGTP TMI-1 analyses had two significant model conservatisms that could be 
used to offset the PCT increase. The core bypass/baffle model improvements and 
adjustment of the pressurizer level from minimum to nominal should reduce thePOTby 
approximately 100 F, as determined by sensitivity studies presented in Reference 13.  
Therefore, the PCTs from the 20 percent tube plugging analyses (Reference 12) that 
include the corrected RCP modeling, RCP degradation modeling, and grid type 
modeling were conservative estimates of the PCT because of the increased tube 
plugging. A tube plugging study performed in Reference 13 determined that higher 
tube plugging increased the 2.506-ft PCT approximately 0.4 F per percent TP in the 
intact loop and 2.0 F per percent SGTP in the broken loop. A reduction of 5 percent 
tube plugging in each loop would result in a PCT decrease of -12 F at the 2.506-ft 
elevation. Therefore, consideration of the pressurizer level conservatism and the lower 
steam generator tube plugging amounts, the PCTs reported for the BWOG 20 percent 
steam generator tube plugging bound the 15 percent tube plugging analyses 
(Reference 14).  

All PCTs, inclusive of all penalties and credits, were less than or equal to 2104 F when 
corrected and reanalyzed. The BWOG 20 percent SGTP LHR limits and PCT reported 
are bounding for the 15 percent SGTP limits used to currently license TMI-1 plant 
operation. An adequate margin of safety is maintained for TMI-1 and the resolution of 
PSC 1-99 is therefore not reportable under 10CFR21.  

Please note that the grid input error had no effect on any small break LOCA analyses or 
any CRAFT2-based EM (Reference 10) LBLOCA cases, because these analyses do 

16

F ........ .......... ,-. , v In .... J I -;J UU0 I 0/-vU



Framatome Technoloaies. Inc.

not use the grid droplet breakup models. The change in results for each of the fuel 
types utilized at TMI-1 are summarized below.  

3.2.1 Mark-B9 

FTI reanalyzed all 20% SGTP LBLOCA analyses (Reference 5) to correct the reactor 
coolant pump type and two-phase degradation model inputs described in FTI 
preliminary safety concern (PSC) 1-99 (see Section 1). A sensitivity study was 
performed (Reference 5) that determined that the most limiting pump degradation for 
the TMI-1 Westinghouse pump-type was the RELAP5/MOD2-B&W two-phase 
difference curves with the M3-modified two-phase degradation multipliers. The effect 
on the analyses is most significant at the 4.264- and 6.021-ft elevations, where LHR 
reductions of 0.3 and 0.5 kW/ft were imposed on the base 20 percent SGTP analyses 
to maintain the PCT within the desired 1950 F to 2050 F range. The maximum PCT for 
the analyses revised for PSC 1-99 was 2046 F at the 2.506-ft elevation.  

All BOL cases for the 20 percent SGTP were reanalyzed further to examine the effect 
of incorrect grid blockage factors (i.e. a mixing-vane grid input was used instead of the 
non-mixing vane grid fuel assembly input) (Reference 6). This modeling error affects 
the hot pin heat removal during the reflood phase, which is calculated by the BEACH 
code (Reference 31). When corrected, the grid blockage is reduced, which affects the 
grid droplet break up and the resultant LBLOCA PCT. The effect on the analyses is 
most significant in the upper half of the core and diminishes in consequence in the 
lower core regions. The maximum PCT increase due to the grid error was +165 F for 
the 9.536-ft BOL analysis at 16.8 kW/ft. The BOL PCT increases decrease with core 
elevation to + 149, +76, +24, and +13 F for the 7.779-, 6.021-, 4.264-, and 2.506-ft 
elevations, respectively. The 20 percent SGTP middle-of-life (MOL) or end-of-life (EOL) 
cases were not recalculated, because significant PCT margin was available in those 
analyses. The PCTs for the MOL and EOL LBLOCA analyses were conservatively 
increased by the amount determined for the BOL analyses, since the lower PCTs at 
MOL and EOL would generate lower PCT increases in response to the corrected grid.  

Another EOL analysis was performed in Reference 16 to provide limits for operation at 
2568 MWt, instead of the uprated power level of 2772 MWt. The lower power history 
was considered, because TMI-1 has not yet uprated the licensed power level and a 
higher EOL LHR at increased burnup may be obtained by using a lower power history.  
This base analysis considered the corrected reactor coolant pump and two-phase 
degradation, however it was subsequently reconsidered in Reference 17 for the 
corrected grid modeling. The EOL LHR for 2568 MWt and 62,000 MWd/mtU was 
determined to be 12.8 kW/ft with a PCT of 1658 F at the 2.506-ft elevation and less 
than 1800F for all other elevations.
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All revised analyses remained well within the 10 CFR 50.46 criteria of 2200 F with the highest overall PCT calculated to be 2104 F for the 17.3 kW/ft 7.779-ft BOL analysis.  
The 7.779-ft elevation was reanalyzed at 16.8 kW/ft for BOL (equal to LHR for TMI-1 15 percent SGTP analyses at that elevation) and predicted a PCT of 1964 F. Based on the reanalysis for PSC 1-99 and the grid modeling correction, the whole-core hydrogen 
generation remained below 0.4 percent, and the maximum local oxidation remained below 5.5 percent. The reported EOL LHRs were revised in Reference 12 to clarify the treatment of the EDF during comparison of the LOCA limits to the core maneuvering analyses. Table 3-4 summarizes the LHR limits and PCTs that are applicable for the BWOG 20 percent SGTP analyses and are conservative for the TMI-1 15 percent 
SGTP analyses.  

3.2.2 Modified Mark-B9 

Similarly to the Mark-B9 analyses described above, the Modified Mark-B9, TMI-1 20 percent SGTP analyses were chosen for reanalysis to bound the effects of PSC 1-99 
and the corrected grid modeling on the corresponding 15 percent SGTP analyses presented in Reference 15. The original Modified Mark-B9 analyses for 20 percent 
SGTP considered the corrected reactor coolant pump-type and two-phase degradation (Reference 16). Analyses at the 2.506-ft elevation for BOL and MOL at 2772 MWt and EOL at 2568 MWt were performed. The corrected grid modeling was subsequently 
addressed in Reference 17. The effect from the corrected grid modeling was determined to be consistent for all fuel-types, therefore the change in PCT between the Mark-B9 and Modified Mark-B9 was maintained. For BOL, the consequences for the Modified Mark-B9 analyses are bounded by the Mark-B9 results, while for MOL, a PCT penalty of 5 F is applied over the corrected Mark-B9 results reported in Reference 12.  The BOL and MOL Modified Mark-B9 results also include the 0.5 kW/ft reduction in the 
7.779-ft elevation LHR that was applied to the Mark-B9 results in response to the corrected grid model. At EOL, a lower power history (2568 MWt) was considered and a LHR of 12.8 kW/ft at 62,000 MWd/mtU resulted in a 3F penalty over Mark-B9 at the 2.506-ft elevation. Maintaining the PCT at 1800 F for other elevations at EOL remains appropriate because of the small difference between Modified Mark-B9 and Mark-B9.  
The 15 percent SGTP analyses from Reference 15 evaluated the EOL LHRs at the uprated power level of 2772 MWt and 60,000 MWd/mtU, therefore these results are no longer applicable without further consideration of PSC 1-99. Table 3-4 summarizes the LHR limits and PCTs that are applicable for the Modified Mark-B9 BWOG 20 percent SGTP analyses and are conservative for the Modified Mark-B9 TMI-1 15 percent SGTP 
analyses.

18



Framatome Technologies, Inc. 51-5006132-00 

3.2.3 Mark-B9-Gad 

Similar to the Mark-B9 analyses described above, the Mark-B9-Gad, TMI-1 20 percent SGTP analyses were chosen for reanalysis to bound the effects of PSC 1-99 and the corrected grid modeling on the corresponding 15 percent SGTP analyses presented in Reference 19. The original Mark-B9-Gad analyses for 20 percent SGTP considered the corrected reactor coolant pump-type and two-phase degradation (Reference 16).  Analyses at the 2.506-ft elevation for BOL and MOL at 2772 MWt and EOL at 2568 MWt were performed. The corrected grid modeling was subsequently addressed in Reference 17. The effect from the corrected grid modeling was determined to be consistent for all fuel-types, therefore the PCT increase of 13 F determined for the Mark-B9 fuel rod in response to the corrected grid was maintained and the Mark-B9Gad PCTs remain bounded by the Mark-B9 PCTs.  

Reference 18 identified that in addition to considering the Gad/U0 2 power ratio of 0.95, a corrected transient energy deposition factor (EDF) for BOL and MOL must be considered for the Gad LHRs. The corrected EDF is applied because gadolinia pins may be surrounded by fuel pins with significantly higher powers such that the gamma energy entering the pin can be larger than the energy produced by the pin. Using the equation presented in Reference 20, the transient EDF for Gad pins should be 1.013, which is slightly higher than the transient EDF of 1.0 used for analysis of U0 2 pins. The BOL and MOL LHRs were reduced to account for the increased transient EDF for the Gad pins. Therefore, the BOL and MOL Gad-to-U0 2 power ratio was decreased to 0.937. The EDF applied to the Gad pins at EOL was determined to be appropriate as compared to the U0 2 pin, and an adjustment to the 0.95 Gad-to-U0 2 power ratio was 
not necessary.  

Table 3-5 summarizes the LHR limits that are applicable for the Mark-B9-Gad BWOG 20 percent SGTP analyses and are conservative for the Mark-B9-Gad TMI-1 15 percent SGTP analyses. For a 2.0 weight percent concentration of gadolinia (Gad), PCTs corresponding to the above LHRs are bounded by corresponding PCTs for the Mark-B9 
LHRs summarized in Table 3-4.  

3.2.4 Mark-B8/B8V 

The Mark-B8 and Mark-B8V LHRs were reevaluated in Reference 21 for consideration of more conservative EDFs than those specified in the current RELAP5/MOD2-B&W based EM (Reference 1) or CRAFT2 based EM (Reference 10), on which the LHRs for the Mark-B8/B8V were originally calculated. The analyses were based on a power level of 2772 MWt, and up to 10 percent SGTP has been considered.
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The original CRAFT2 analyses used an EDF of 0.973 for the steady-state initialization 
and blowdown with an EDF of 0.96 during the reflood portion of the transient. New 
methods and predictions for the EDFs appropriate for use in LOCA analyses at various 
times in life have recently been evaluated by FCF (Reference 20). These calculations 
do not totally support the 0.973 value for high burnup, low power fuel or fuel that may be 
surrounded by higher power fuel. As a result, the LOCA evaluations may use different 
EDFs, depending on the time in life and fuel pin type. For the LOCA transient, an EDF of 
between 0.98 and 0.988 is more appropriate, therefore LHR and PCT adjustments were imposed to bound the consideration of the higher EDFs. An adjustment of -0.4 kW/ft was 
determined for the 2.506-ft elevation, -0.5 kW/ft for the 4.264-, 6.021- and 7.779-ft 
elevations and a combined -0.2 kW/ft and +20 F on the PCT was determined at the 
9.536-ft elevation. Considering the combination with other LHR penalties and credits 
previously applied, the final adjustments from the CRAFT2 analyses was +30 F at the 2-ft 
elevation, -0.4 kW/ft applied at the 4-ft elevation, -0.8 kW/ft at the 8-ft elevation (-0.6 kW/ft imposed only to maintain symmetric limits with the 4-ft elevation), and +20 F with 
-0.5 kW/ft at the 10-ft elevation.  

In consideration of the reactor coolant pump type and two-phase degradation, the LHR 
penalties applied to account for the differences in the CRAFT2 to RELAP5/MOD2-B&W 
methodology were reviewed to determine whether the pump issue was adequately 
covered. The CRAFT2 methodology (Reference 10) models a generic pump type for all 
plant types, therefore the PSC 1-99 issue does not apply to the CRAFT2 limits. Section 8 
of Reference 27 compares the TMI-1 Mark-B9 LHRs for 15 percent SGTP analyses 
calculated based on the RELAP5/MOD2-B&W EM (Reference 1) to the TMI-1 Mark-B9 
LHRs calculated based on the CRAFT2-based EM. The original CRAFT2 LHR limits 
were found to be more limiting at all but the 10-ft elevation, where a LHR limit penalty is required in comparison to the RELAP5/MOD2-B&W results (a LHR penalty was 
subsequently applied to the 8-ft case to maintain symmetric LHR values at the 2-ft and 8
ft elevations). Because the LHR limits for the TMI-1 15 percent SGTP analyses have 
remained appropriate for TMI-1 in response to PSC 1-99, the comparison between the 
CRAFT2 and RELAP5/MOD2-B&W results remains the same as determined in 
Reference 27.  

Therefore, a LHR adjustment is not necessary to account for consideration of PSC 1-99 
for the Mark-B8 or Mark-B8V fuel-types.  

Please note that the grid input error has no effect on these CRAFT2-based LHRs 
because these CRAFT2 methodology (Reference 10) does not use the grid droplet 
breakup models.
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3.3 Entergy (ANO-1) 

Framatome Technologies, Incorporated (FTI) determined that the B&W Owners Group 
20 percent SGTP LBLOCA analyses had nonconservative peak cladding temperature 
(PCT) predictions due to the pump-type and two-phase degradation input models used.  
This emergency core cooling system (ECCS) analysis was performed with the BWNT 
LOCA Evaluation Model (Reference 1). The PCTs were underpredicted because of 
nonconservative RCP type and degradation, and these analyses were subsequently 
found to have incorrect grid type modeling for the Mark-B9 fuel assembly. The 
cumulative effect on the PCT resulted in a significant increase (>50F), which was 
reported within 30 days of discovery to the NRC and Entergy in compliance with 10 
CFR 50.46 Section (a)(3).  

All PCTs, inclusive of all penalties and credits, were less than or equal to 2104 F when 
corrected and reanalyzed. An adequate margin of safety is maintained for ANO-1 and 
the resolution of PSC 1-99 is therefore not reportable under 10CFR21.  

Please note that the grid input error had no effect on any small break LOCA analyses or 
any CRAFT2-based EM (Reference 10) LBLOCA cases because these analyses do not 
use the grid droplet breakup models. The change in results for the Mark-B9 fuel type 
utilized at ANO-1 is summarized below.  

FTI reanalyzed all 20 percent SGTP LBLOCA analyses (Reference 5) to correct the 
reactor coolant pump type and two-phase degradation model inputs described in FTI 
preliminary safety concern (PSC) 1-99 (see Section 1). A sensitivity study was 
performed that determined that the most limiting pump degradation for the combined 
ANO-1 and TMI-1 analyses was the Westinghouse pump-type and the RELAP5/MOD2
B&W two-phase difference curves with the M3-modified two-phase degradation 
multipliers. The effect on the analyses is most significant at the 4.264- and 6.021-ft 
elevations, where LHR reductions of 0.3 and 0.5 kW/ft were imposed on the base 20 
percent SGTP analyses to maintain the PCT within the desired 1950 F to 2050 F range.  
The maximum PCT for the analyses revised for PSC 1-99 was 2046.1 F at the 2.506-ft 
elevation.  

All BOL cases for the 20 percent SGTP were reanalyzed further to examine the effect 
of incorrect grid blockage factors (i.e. a mixing vane grid input was used instead of the 
non-mixing vane grid fuel assembly input) (Reference 6). This modeling error affects 
the hot pin heat removal during the reflood phase, which is calculated by the BEACH 
code (Reference 31). When corrected, the grid blockage is reduced, which affects the 
grid droplet break up and the resultant LBLOCA PCT. The effect on the analyses is 
most significant in the upper half of the core and diminishes in consequence in the 
lower core regions. The maximum PCT increase due to the grid error was +165 F for 
the 9.536-ft BOL analysis at 16.8 kW/ft. The BOL PCT increases decrease with core
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elevation to + 149, +76, +24, and +13 F for the 7.779-, 6.021-, 4.264-, and 2.506-ft elevations, respectively. The 20 percent SGTP middle-of-life (MOL) or end-of-life (EOL) cases were not recalculated because significant PCT margin was available in those analyses. The PCTs for the MOL and .EOL LBLOCA -analyses -were conservatively increased by the amount determined for the BOL analyses, since the lower PCTs at MOL and EOL would generate lower PCT increases in response to the corrected grid.  

All revised analyses remained well within the 10 CFR 50.46 criteria of 2200 F with the highest overall PCT calculated to be 2104 F for the 17.3 kW/ft 7.779-ft BOL analysis.  The 7.779-ft elevation was reanalyzed at 16.8 kW/ft and predicted a PCT of 1964 F.  Based on the reanalysis for PSC 1-99 and the grid modeling correction, the whole-core hydrogen generation remained below 0.4 percent, and the maximum local oxidation remained below 5.5 percent. The reported EOL LHRs were revised in Reference 12 to clarify the treatment of the EDF during comparison of the LOCA limits to the core maneuvering analyses. Table 3-6 summarizes the LHR limits and PCTs that are applicable for the BWOG 20 percent SGTP analyses (specifically the Mark-B9 limits for 
the ANO-1 unit).  
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Table 3-2: Summary of Mark-B10-OL LHR Limits for Oconee 20% SGTP

LOCA LHR Limit, kW/ft 
(PCT, F) 

BOL, 2568 MWt

LOCA LHR Limit, kW/ft 
(PCT, F) 

MOL, 2568 MWt 
('30.000 MWd/mtUW

LOCA LHR Limit, kW/ft 
(PCT, F) 

EOL, 2568 MWt

0.000 16.2 16.2 11.6 
(<2135) (<2017) (<1700) 

2.506 17.0 17.0 11.6 
(2135) (<2017)7 (<1700)7 

4.264 17.3 17.3 11.6 (2150) (<2075)7 (<1700) 
6.021 17.3 17.3 11.6 
7.779 (2104) (<1884)7 (<1700) 

S7.779 17.3 17.3 11.6 
(2082)6 (<1927)7 (<1700) 

9.536 17.0 17.0 11.6 
(2079) (<1929)7 (<1700) 

12.000 16.2 16.2 11.6 
(<2079) (<1929) (<1700)

1.) The LHR limits presented above represent the power generated by 
usable energy caused by the fission process).

the pin (i.e. all sources of

2.) Analyses at BOL and MOL used a steady-state energy deposition factor (EDF) of 0.973 for initial 
core energy deposition and a transient EDF of 1.0. Analyses at EOL used a steady-state EDF of 
1.0 and a transient EDF of 1.1.  

3.) Linear interpolation for LHR limits is allowed between 30000 MWd/mtU and 62000 MWd/mtU.  

4.) The LHR limits below 2.506 feet are reduced linearly to 0.95*LHR 2... at 0.0 feet. The LHR limits 
above 9.536 feet are reduced linearly to 0.95*LHR 9.5. at 12.0 feet while on the PCT-limited portion 
of the LHR versus MWd curve. The EOL LHRs are maintained constant at 11.6 kWIft for all 
elevations, because these points are not limited based on the calculated PCT.  

5.) LHRs are valid for fuel enrichments between 3.0 and 5.0 weight percent (wt%) and pin 
prepressure of 245 psia. Time-in-life LHRs are also valid for a pin prepressure of 370 psia with a 
fuel enrichment of 4.0 wt%.  

6.) This PCT was not explicitly calculated. It was estimated by adding the average of the BOL 6- and 
10-ft PSC 1-99 PCT increases to the PCT (Reference 8).  

7.) The MOL and EOL PCTs were not explicitly calculated. The PCTs from Reference 22 were 
conservatively increased by the calculated BOL PCT penalty for the corrected reactor coolant 
pump type and two-phase degradation as described in Reference 8.
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Table 3-3: Summary of Mark-B9 LHR Limits for Oconee 20% SGTP 
Elevation LOCA LHR Limit, kW/ft LOCA LHR Limit, kW/ft LOCA LHR Limit, kW/ft (ft) (PCT, F) (PCT, F) (PCT, F) MOL, 2568 MWt MOL, 2568 MWt EOL, 2568 MWt (28,000 MWd/mtU) (45,000 MWd/mtU) (62,000 MWd/mtU) 0.000 15.8 15.8 13.0 (<2062) (<2062) (<1750) 2.506 16.6 16.6 13.0 (<2062) 6 (2062)6 (1750)6 4.264 17.0 17.0 13.0 (<2059) 6 (2059) (<1800) 6.021 17.0 17.0 13.0 (<1974) 6 (1974)6 (<1800) 7.779 17.0 17.0 13.0 

(<2014)6 (2014)6 (<1800) 9.536 16.6 16.6 13.0 (<1994)6 (1994)6 (<1800) 12.000 15.8 15.8 13.0 (<1994) (<1994) (<1800) 

Notes: 
1.) The LHR limits presented above represent the power generated by the pin (i.e. all sources of usable energy caused by the fission process).  
2.) Analyses at MOL used a steady-state energy deposition factor (EDF) of 0.973 for initial core energy deposition and a transient EDF of 1.0. Analyses at EOL used a steady-state EDF of 1.0 and a transient EDF of 1.1.  

3.) Linear interpolation for LHR limits is allowed between 45000 MWd/mtU and 62000 MWd/mtU.  
4.) The LHR limits below 2.506 feet are reduced linearly to 0.95*LHR 2.5• at 0.0 feet. The LHR limits above 9.536 feet are reduced linearly to 0.95*LHR 9.5, at 12.0 feet while on the PCT-limited portion of the LHR versus MWd curve. The EOL LHRs are maintained constant at 13.0 kW/ft for all elevations, because these points are not limited based on the calculated PCT.  
5.) LHRs are valid for fuel enrichments up to 4.0 weight percent (wt%) and pin prepressure of 355 psia.  

6.) These POTs were not explicitly calculated. It was estimated (Reference 24) by adding the bounding 4-ft PSC 1-99 PCT increases to the PCTs for all other elevations calculated in Reference 23.  
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Table 3-4: Summary of Mark-B9 and Modified Mark-B9 LHR Limits for BWOG (TMI-1) 
20% SGTP

-levation 
(ft) 

0.000 

2.506 

4.264

6.021 

7.779 

9.536

12.000

LOCA LHR Limit, LOCA LHR Limit, LOCA LHR Limit, LOCA LHR Limit, kW/ft (PCT, F) kW/ft (PCT, F) kW/ft (PCT, F) kW/ft (PCT, F) BOL, 2772 MWt MOL, 2772 MWt EOL, 2772 MWt EOL, 2568 MWt 
(40,000 MWd/mtU) (60,000 MWd/mtU) (62,000 MWd/mtU) Mark-B9 & Mark-B9 Mod- Mark-B9 ONLY Mark-B9 ModMod-Mark- 89 Mark-B9 Mark- B9 

15.9 15.9 15.9 11.6 12.8 12.8 (<2059) (<1855) (<1860)7 (<1535) (<1800) (<1800)7 
16.8 16.8 16.8 11.6 12.8 12.8 (2059) (1855)6 (1860)7 (1535)6 (1658)6 (1661)7 
16.8 16.8 16.8 11.6 12.8 12.8 (2030) (1883)6 (1888)7 (<1700) (<1800) (<1800)7 
17.0 17.0 17.0 11.6 12.8 12.8 (2036) (1864)6 (1869)7. (<1700) (<1800) (<1800)7 
16.8 16.8 16.8 11.6 12.8 12.8 (1964) (1864)6 (1869)7 (<1700) (<1800) (<1800)7 
16.8 16.8 16.8 11.6 12.8 12.8 (2083) (1935)6 (1940)7 (<1700) (<1800) (<1800)7 
15.9 15.9 15.9 11.6 12.8 12.8 (<2083) (<1935) (<1940)7 (<1700) (<1800) (<1800)7

Notes:

1.) The LHR limits presented above represent the power generated by the pin (i.e. all sources of 
usable energy caused by the fission process).  

2.) Analyses at BOL and MOL used a steady-state energy deposition factor (EDF) of 0.973 for initial core energy deposition and a transient EDF of 1.0. Analyses at EOL used a steady-state EDF of 
1.0 and a transient EDF of 1.1.  

3.) Linear interpolation for LHR limits is allowed between 40000 MWd/mtU and 60000 or 62000 
MWd/mtU.  

4.) The LHR limits below 2.506 feet are reduced linearly to 0.95*LHR 2.5o, at 0.0 feet. The LHR limits above 9.536 feet are reduced linearly to 0.95*LHR.s.. at 12.0 feet while on the PCT-limited portion of the LHR versus MWd curve. The EOL LHRs are maintained constant at 11.6 kW/ft (at 2772 MWt) or 12.8 kW/ft (at 2568 MWt) for all elevations, because these points are not limited based on 
the calculated PCT.  

5.) LHRs are valid for fuel enrichments of 5.1 weight percent (maximum) and pin prepressure of 355 
psia.  

6.) The MOL and EOL PCTs were not explicitly calculated. The PCTs from Reference 5 were conservatively increased by the calculated BOL PCT penalty for the corrected hot channel reflood 
grid data as described in References 6 and 12.  

7.) For the Modified Mark-B9, a 5 F PCT penalty is applied at MOL while a 3 F PCT penalty is applied at EOL over the Mark-B9 results. Because of the small PCT difference, maintaining the EOL PCT less than 1800 F for the Modified Mark-B9 remains appropriate.
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Elevation LOCA LHR Limit, kW/ft 

(ft) BOL, 2772 MWt 

0.000 14.9

2.506 

4.264 

6.021 

7.779 

9.536 

12.000

1.1,1

LOCA LHR Limit, kW/ft 
MOL, 2772 MWt 

(40,000 MWd/mtU)
14.9

r- 'T

I .. e -,i.IU. I

15.9 

15.7

I U. I

�4AAI '*t...

15.7

I
15.9

11 i, .1

-1 . t

15.7

14.9

for TMI-1 20% SGTP

LOCA LHR Limit, kW/ft 
EOL, 2568 MWt 

(62,000 MWd/mtU)
12.1

12.1

12.1

12.1

12.1

12.1

12.1

Notes:

1.) For a 2.0 weight percent (wtl%) concentration of gadolinia (Gad), the PCTs corresponding to the 
above LHRs are bounded by corresponding PCTs for the Mark-B9 LHRs summarized in Table 
3-4.  

2.) The LHR limits presented above represent the power generated by the pin (i.e. all sources of 
usable energy caused by the fission process).  

3.) Analyses at BOL and MOL used a steady-state energy deposition factor (EDF) of 0.973 for initial 
core energy deposition and a transient EDF of 1.013. Analyses at EOL used a steady-state EDF 
of 1.0 and a transient EDF of 1.1.  

4.) Linear interpolation for LHR limits is allowed between 40,000 MWd/mtU and 62,000 MWd/mtU.  

5.) The LHR limits below 2.506 feet are reduced linearly to 0.95*LHR 2.so at 0.0 feet. The LHR limits 
above 9.536 feet are reduced linearly to 0.95*LHR9., at 12.0 feet while on the PCT-limited portion 
of the LHR versus MWd curve. The EOL LHRs are maintained constant at 12.1 kW/ft for all 
elevations, because these points are not limited based on the calculated PCT.  

6.) LHRs are valid for 2 wt/% gadolinia enrichments and a pin prepressure of 355 psia.  

7.) The BOL and MOL LHR limits for Gadolinia fuel were calculated by considering a Gadolinia to 
U0 2 power ratio of 0.937 to increased transient EDF of 1.013 for Gadolinia fuel (Reference 18).  
The EOL EDF of the original analyses was found to be appropriate and the Gadolinia to U0 2 power ratio remains at 0.95. The LHR limit at 62,000 MWd/mtU was set by a maximum pin 
pressure of 3000 psia.
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Table 3-6: Summary of Mark-B9 LHR Limits for BWOG (ANO-1) 20% SGTP

Notes:

1.) The LHR limits presented above represent the power generated by the pin (i.e. all sources of usable energy caused by the fission process).  
2.) Analyses- at BOL and MOL used a-steady-state energy deposition factor'(EDF) of 0.973 for in itial core energy deposition and a transient EDF of 1.0. Analyses at EOL used a steady-state EDF of 1.0 and a transient EDF of 1.1.  

3.) Linear interpolation for LHR limits is allowed between 40000 MWdimtU and 60000 MWd/mtU.  
4.) The LHR limits below 2.506 feet are reduced linearly to 0.95*LHR 2.- 6 at 0.0 feet. The LHR limits above 9.536 feet are reduced linearly to 0.95*LHR,.SS at 12.0 feet while on the PCT-limited portion of the LHR versus MWd curve. The EOL LHRs are maintained constant at 11.6 kW/ft for all elevations, because these points are not limited based on the calculated PCT.  
5.) LHRs are valid for fuel enrichments of 5.1 weight percent (maximum) and pin prepressure of 355 

psia.  

6.) The MOL and EOL PCTs were not explicitly calculated. The PCTs from Reference 5 were conservatively increased by the calculated BOL PCT penalty for the corrected hot channel reflood grid data as described in References 6 and 12.
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4. Summary 

FTI has identified all of the LBLOCA cases affectedby the. descrepancies in the -pump-"type and degradation, and the most challenging cases have been reanalyzed. These cases were used to develop PCT deltas (or LHR adjustments) that were applied to the non-limiting core elevations or times in life. All PCTs, inclusive of all penalties and credits, were less than 2150 F when corrected and reanalyzed. An adequate margin of safety is maintained for the affected LOCA analyses and the resolution of.PSC 1-99 is 
therefore not reportable under 10CFR21.  

A summary of the limiting two-phase degradation models and plant-specific pump-types.  is listed in Table 4-1. For generic (or combined plant) analyses, a "level" is specified in Table 4-1 to illustrate which pump-types would provide more limiting results. Of the pump-types in operation at the plants considered in a generic analysis, the pump-type with the more significant "level" should be modeled. for LBLOCA analyses to provide-limiting results. For example, the pump type and degradation rated Level 1 should be used for a generic analysis of all 177-FA LL plants. It is important to note that although some plants utilize the same pump-type, the motor may be from different manufacturers. Therefore, the rated pump parameters such as moment of inertia and pump torque versus pump speed should be verified specific to the plant with the limiting pump configuration. A summary of the limiting pump-type and two-phase degradation will be provided in -a- revision to the LOCA -EM L-imitations -a-nid Restri6tioins d6&hci-{*m-n-e.........  
(Reference 28).  

Table 4-1: Limiting Plant-Specific RCP and Head Degradation Configurations 
Plant Pump Type RCP Head RCP 2 Phase Level 

Difference Degradation Oconee 1 Westinghouse R5 M3-modified 1 Oconee 2,3 Bingham R5 M3-modified 3 TMI 1 Westinghouse R5 M3-modified 1 ANO 1 Byron-Jackson R5 M3-modified 2 CR 3 Byron-Jackson R5 M3-modified 2 DB I Bryon-Jackson R5 M3-modified NA
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Attachment 

Preliminary Report of Safety Concerns 
Log Number 1-99
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PRELIMINARY REPORT OF SAFETY CONCERNS

0: Manager, Owners Group Consult 
Services, FTG 

(cc: Quality Assurance) 

FROM: 

John A. Klingenfus 
ORGANIZATION: 

Analysis Services

FTG Owners Group Servies] 
tance in completing this formI

Attach and identify h�, � n,,,,,ho,� �. � ,.c.*----------- --.... �,, -, � ....... '.., osj �u�puiuiiy EIlIu[m�1IonIoooumenw.

Log No.  

1-99
1-99
File No. (Contract No.) ý'o '-ý

T4.�

Page I of 4

S........ a - e-:-,, 1, , a,,, , =y ,uppoit ngl .- urmatIOniaO~cument~s.  
When, how and on which plant was the safety concern identified? To your knowledge is customer aware? 0 Yes E] No During the development of the DB 3 When & How J Link via telephone - 1/5/99 LBLOCA RELAP5 input model it was G. Swindlehurst via telephone - 1/5/99 

2 realized that the plant-specific M. Byram via J. Link - 1/5/99 
RCP homologous curves had not been To your knowledge is NRC aware? D Yes 0 No used in all previous LBLOCA EM 4 When & How analyses. (See attached writeup) 

Other affected Utilities/Plants (name and location) 
Oconee Units 1, 2, & 3, TMI-1, ANO-1 

5 

Description of safetv Pe-m•'f•nn ~ , rn. s'- ---d--'fi- - . . .F IIW=lWL,,,)'3m.), e..c.s)o.ac.v.y/uplie, nd.mpcton.aftyo..lat.pertins
S. . ... . -. ... ... . .. ... . . . . . u . ,m p ,ne n k S ), S y s e m (s ), s e rv ic e (s ) o r a c ti ity /s u p p lie r, a n d im p a c t o n s a fe ty o f p la n t o p e ra tio n s .  The RCP modeling question led to the discovery that all previous EM analyses may not have used the appropriate RCP type in the LBLOCA analyses. Preliminary sensitivity studies preformed with either a Westinghouse or BJ pump produced slightly higher PCTs than the same analysis with a Bingham pump.  Further preliminary studies have indicated that the lowered-loop plants will produce significantly higher PCTs when the minimum two-phase pump degradation model is used. This RCP degradation model impact on PCT behavior is contrary to the BAW-10192PA 205-FA RL RELAP5/MOD2 analyses. It is also contrary to the 177-FA LL CRAFT2 sensitivity studies in BAW-10103. The attached writeup provides additional details of the discovery of the concern and the preliminary analyses results.  

Cause of the deficiency, deviation or failure, if known.  
Engineering evaluations used to extend the RELAP5 RCP degradation studies from the 205-FA RL analyses to the 177 FA LL plants was not supported by actual analysis. Use of CRAFT2 EM sensitivity studies to provide additional confirmation for the engineering judgements was also not appropriate.

Suggested corrective action 
Perform a plant-type specific RCP two-phase degradation sensitivity study. Perform a pump type model sensitivity study when two or more pump types are included in a bounding LBLOCA EM analysis.  Reanalysis of existing LOCA LHR limits is necessary if the most limiting pump type or degradation was not 8 used.  

Responsible Unit Analysis Services Unit 
)riginator (Signature) ,1 .. / Date Manager (Sig Date ,' /- -. 1Mnge Sg •.//••
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177-FA LL Plant RCP Type and Deqradation Effects on LBLOCA 

A reactor coolant pump (RCP) modeling issue discovered during the 
development of the RELAP5-based EM model for Davis-Besse led to a review of 
the BAW-10192P-A RCP modeling requirements. That review determined that 
the LOCA analyses for some of the B&W 177 FA LL plants may not have been 
performed in accordance with Section 4.3.4.5 of Volume 1 of BAW-1 01 92P-A.  
This section states that the plant-specific pump performance tables (namely the 
pump rated parameters and pump homologous curves) are used as input for the 
LOCA analyses. FTI has not performed all LBLOCA analyses in accordance with 
this provision.  

Potentially deficient analyses are: (1) Oconee Unit 1 Mark-B9 and Mark-B10(OL) 
LOCA LHR limits, (2) TMI Mark-B9 15 % tube plugging LOCA LHR limits, and (3) 
TMI and ANO Mark-B9 20 % tube plugging LOCA LHR limits. The LOCA 
analyses that were performed for the Duke Power Oconee Units 1, 2, and 3 used 
inputs for the Bingham pumps operating in Oconee Units 2 and 3. Oconee Unit 1 
has Westinghouse pumps. FTI did not perform a sensitivity study to confirm that 
the Bingham pump results were bounding and valid for Oconee Unit 1. The TMI 
and ANO analyses also used the Bingham pump performance curves, even 
though TMI-1 has Westinghouse pumps and ANO has Bryon Jackson (BJ) 
pumps.  

The Bingham pump performance curves have the most negative head ratios on 
the HVN curve, which is where the broken and two unbroken loop pumps remain 
for most of the transient (i.e. less head if it is positive and more resistance where 
the head is negative). This HVN relationship coupled with the EM pump 
degradation sensitivity study (which showed the maximum degradation was 
worst) would suggest that the Bingham pump should produce the highest PCTs.  
FTI performed a 177 LL pump sensitivity study for the Oconee Mark-B 10 
analyses to confirm this engineering judgment and to show that the analyses that 
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were performed with the Bingham pumps were bounding for a plant analyzed 
with a Westinghouse or BJ pump.  

The Oconee Mark-B10 6.021-ft LOCA LHR limit case was reanalyzed with the 
Westinghouse pump parameters inserted into the blowdown deck. This 
preliminary case showed that the switch from the Bingham to Westinghouse 
pump homologous curves resulted in an end-of-blowdown fuel temperature 
increase which could increase the POT by roughly 60 F. Investigation into the 
changes in results led to the suspicion that a reduction in the pump two-phase 
degradation multiplier could also result in a PCT increase.  

Several additional blowdown cases were run with different two-phase head 
difference curves and void fraction multipliers. The results indicated that a switch 
from the semiscale ANC fit used in all 177-FA LL analyses to the less resistive 
two-phase difference curves given in RELAP5 for the semiscale pump would 
produce an estimated PCT increase of roughly 70 F. Switching from the M1 
degradation curve to the M3 curve again increased the EOB fuel temperatures 
and could result in a PCT increase of 30 F. The total increase from the head 
difference and void multiplier change for the Bingham pump is estimated at 100 
F. This increase, when added to the existing Oconee 6-ft PCT of 1978 F, would 
push the temperature up to 2078 F (possibly higher due to the exponential metal
water increase with temperature). This implied that the Oconee I Westinghouse 
pump PCT could increase by an additional 60 F or more to roughly 2140 F or 
higher from metal-water energy.  

This estimated increase forces reanalysis of the Mark-B10 fuel that was originally 
performed in August 1998. LOCA studies performed since that time have 
included modeling refinements to the core baffle, bypass, and lower plenum 
regions that could provide a slight PCT improvement. When these refinements 
are included with the bounding RCP model, the Oconee 1 PCT is expected be 
less than 2200 F, which supports the current LOCA limits and core maneuvering
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analyses. The overall PCT increase must be determined by formal LOCA 
reanalysis.  

The TMI 15% S G tube plugging analyses must be evaluated with the proper 
homologous pump curve, RELAP5 two-phase head difference, and M3 void 
fraction multiplier. The PCT increase should be similar to the 160 F identified for 
Oconee 1. The TMI analyses also have input model conservatisms that can be 
used to offset this PCT increase. The bypass/baffle model, lower plenum model, 
and adjustment of the pressurizer level from minimum to nominal will somewhat 
offset the RCP modeling PCT increases for these analyses. The resulting PCTs 
should also be less than 2200 F, but formal LOCA analyses are needed to 
quantify the overall PCT increase.  

The pump modeling changes also affect the BWOG 20 % SG tube plugging 
analyses for TMI and ANO. These analyses have already incorporated the 
bypass/baffle model revision and the nominal pressurizer level. The LHR limits 
are accordingly 0.3 to 0.6 kW/ft higher than the 15% SG tube plugging analyses 
for TMI. These analyses will likely require a LHR limit decrease to bring PCTs 
back within a licensable range. These analyses are not currently supporting 
operating limits.  

The CR-3 Mark-B9 analyses that are currently in progress will include the worst
case degradation differences and the M3 multiplier curve. A RCP sensitivity 
study will be performed for Davis-Besse to ensure that the most limiting pump 
degradation model is used for those analyses.
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