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PUTERBH IR FEE TAF4CH ¢

EEREH
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AR - FEERTE R O HETT A8 - Wt HITEEAERERE - TR R TS
i S A

ERER
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# 1 AREVA AFIFRHtZ M SR

KS2CY23 MUR &3 (Kuosheng Unit 2 Cycle 23 Reload Licensing Analysis for MUR Power Uprate Program)

32-9187369-000

Kuosheng KS1R23 (KSH1-24) Exposure-Dependent Heatup Analysis

32-9190397-000

Kuosheng Unit 2 Cycle 23 Turbine Trip Without Bypass Analysis

32-9190398-000

Kuosheng Unit 2 Cycle 23 Feedwater Controller Failure Without Bypass

32-9190399-000

Kuosheng Unit 2 Cycle 23 ASME Overpressurization Analyses

32-9190400-000

Kuosheng Unit 2 Cycle 23 LOCA Limiting Power History

32-9190402-000

Kuosheng Unit 2 Cycle 23 MCPRf Analysis

32-9190406-000

Kuosheng Unit 2 Cycle 23 MCPR Safety Limit Analysis

32-9190408-000

Kuosheng Unit 2 Cycle 23 Thermal Limits

32-9191157-000

Kuosheng Unit 2 Cycle 23 Fuel Cycle Design for Measurement Uncertainty Recapture (MUR) Power Uprate
Program

32-9192550-000

Kuosheng Unit 2 Cycle 23 Disposition of Events




KS2CY23 MOC SPU =& (Kuosheng Unit 2 Cycle 23 Reload Licensing Analysis for Stretch Power Uprate (SPU) Program)

32-9191070-000

Kuosheng Unit 2 Cycle 22 Core Follow and Projection

32-9197028-001

Kuosheng Unit 2 Cycle 23 SPU Disposition of Events

32-9197029-000

Kuosheng Unit 2 Cycle 23 SPU Heat Balance Analysis

32-9197030-001

Kuosheng Unit 2 Cycle 23 SPU Pellet to Cladding Gap Heat Transfer Coefficient

32-9197031-001

Kuosheng Unit 2 Cycle 23 SPU Transient Inputs

32-9197032-000

Kuosheng Unit 2 Cycle 23 SPU Turbine Trip Without Bypass Analysis

32-9197033-000

Kuosheng Unit 2 Cycle 23 SPU Load Rejection Without Bypass Analysis

32-9197034-000

Kuosheng Unit 2 Cycle 23 SPU Feed Water Controller Failure Without Bypass

32-9197035-000

Kuosheng Unit 2 Cycle 23 SPU ASME Overpressurization

32-9197036-000

Kuosheng Unit 2 Cycle 23 SPU LOCA Power History Analysis

32-9197037-000

Kuosheng Unit 2 Cycle 23 SPU MCPRf Analysis

32-9197038-000

Kuosheng Unit 2 Cycle 23 SPU MCPR Safety Limit Analysis

32-9197039-000

Kuosheng Unit 2 Cycle 23 SPU Thermal Limits

32-9197190-000

Kuosheng Unit 2 Cycle 23 Stretch Power Uprate (SPU) Thermal Hydraulic Data for Mechanical Design

FS1-0009995 Rev 1

Kuosheng Unit 2 Cycle 23 Fuel Cycle Design for Stretch Power Uprate (SPU) Program

FS1-0010187 Rev 1

Kuosheng Multicycle Step-Through to Support SPU Generic Licensing Analyses

FS1-0010617 Rev 1

Kuosheng Cycle Independent Loss of Feedwater Heating Analysis for SPU

FS1-0010619 Rev 1

Kuosheng Unit 2 Cycle 23 Control Rod Drop Accident Analysis for SPU

FS1-0010620 Rev 1

Kuosheng Unit 2 Cycle 23 Stability Analysis for SPU

FS1-0010741 Rev 1

Kuosheng Unit 2 Cycle 23 Cycle Independent Control Rod Withdrawal Error Analysis for SPU

FS1-0010921 Rev 1

Kuosheng Cycle Independent Mislocation Analysis for SPU




S EIES

FS1-0010975 Rev 1

Kuosheng Cycle Independent Flow Runup and LHGRFACT Analysis for SPU

FS1-0011337 Rev 1

Kuosheng Cycle Independent Misorientation Analysis for SPU

FS1-0011636 Rev 1

Kuosheng Unit 2 Cycle 23 Neutronics Disposition of Events for SPU




KS1CY24 +%&Z (Kuosheng Unit 1 Cycle 24 Reload Licensing Analysis for Stretch Power Uprate (SPU) Program)

FS1-0011967 Rev 1

Kuosheng Unit 1 Cycle 23 Core Follow and Projection

FS1-0012042 Rev 1

Kuosheng Unit 1 Cycle 24 Fuel Cycle Design

FS1-0012161 Rev 1

Kuosheng Unit 1 Cycle 24 Stability Analysis

FS1-0012227 Rev 1

Kuosheng Unit 1 Cycle 24 Control Rod Drop Accident Analysis

FS1-0012316 Rev 1

Kuosheng Unit 1 Cycle 24 Disposition of Events




R 2 1TA1 13 R 0

1. Please provide necessary office space and office equipments for TPC’s auditors to
conduct the audit work.

Answer:

IR OERE B ~ TUE B R MRS & TR 24817 -

X

2. For review of the KS2C23 MOC SPU reload licensing analysis and KS1C24 reload
core design, please provide the relative calculation notebooks and the electronic
1/0O files.

Answer:

HEFEHE 24 K KS2C23 MOC SPU Yy calculation notebooks ~ 5 A KS1C24 #y calculation

notebooks K tHEEEEF 1/0 £& -

3. Please introduce the team members for KS core design and related analyses work

and provide their personal training record and work experiences.

Answer:

SR AR U5 B AHRR training /qualification SCi%% -

4. Please clarify the follow-up modification and verification of the ACE correlation
after revising the K-factor, the current review status and comments of NRC, and

the response from AREVA NP Inc.

Answer:
RAMEST K-factor 7575845 " ANP-10249PA Revision Supplement 1P Revision 0 ;> £

2011 4F 12 335 USNRC » USNRC AR FEHALE 2013 45 9 H DLFTerfE(dt SER ¥fg » &~

10



BESIRAEMEE - t2FEZHE RN - AREVA AF 786 © —H USNRC
ZrT % o Blgie Rl e aE AT -

TEHEZHUS USNRC A% BT 2 Fif - AREVA A5 & FHEFSHE AR AL o] RS e
(operability assessment) » DURECR H Fi A FIRY ACE correlation S & i 27 2 it s 28 -
a2 B8 2 R A0 ¢ ANP-10249PA Revision Supplement 1P Revision 0 was sent to
the USNRC for review and approval in December 2011. At the time of submittal, the
USNRC indicated they wanted to have a Draft SER to AREVA by September 2013. To date,
AREVA has not received any official notification from the USNRC as to where in the review
process they are. AREVA has not received any questions on ANP-10249PA Revision
Supplement 1P Revision 0. Once the USNRC approved ANP-10249PA Revision Supplement
1P Revision 0, AREVA will provide the document to Taipower. Because the Supplement has
yet to be approved, AREVA will continue to provide an operability assessment for each cycle

licensed with the ACE critical power correlation.

5. Please describe the evolution of the version of CASMO-4 and CAZAM, and the
major differences or influences (such as hot and cold Keff) between the different
versions. Is CASMO-4 used by AREVA a general version published by SSP? Does
the version of CASMO-4 used by AREVA contain some special options or

functions?

Answer:

HhF7r i TAZRT T Dang Patchana it 8/21(=) NF3/R » Bl CASMO-4 f2={{¢ &
i (topical report) 225 Fft I Z ARCASHY EE A - J2HT Studsvik A E]Ffie itz 1.14 jiUs
#EZ 2.05 hfig o BEARIE SEIRCEE R RAH E AR - MIRE KSR - H AREVA AE]{)
HET TR B - WSS IR T B s B R S P s TRy S EhanE 2 A -

11



tE4h > Dang Patchana 713 7< » AREVA A& A 22 CASMO-4 $2=(35) £y Studsvik 2\ 5] fft
FEftZ —fhiiA » HITAm iR EERR TR A AT sy - A aEisEe s 2 AJT 3\
AIREE A RTRCL - 1MiE Se R S R R (E (rod. worth)FTi&pl ~ sZ B AITE. 1.0% LA
T(HEH L " EMF-2158(P) Revision 0, Siemens Power Corporation Methodology for
Boiling Water Reactors: Evaluation and Validation of CASMO-4/MICROBURN-B2 At 7025
Ay control rod worth deviation £ 3.0%) - 4&# 574 ' 51-9046529-004, BWR-N USE Code
Version List; 2% » A]H1 CASMO-4 #23(rh 1.14 il 2.05 fit % ~ B K-eff frig
A2 = FIILE L mk BAA -

a2 B8 2 JE 40T @ The primary change in CASMO-4 between the topical report
and current practice is the change from V1.14 from Studsvik to 2.05 from Studsvik. Even
though this change is fairly basic, AREVA has assessed the impact and determined that it is

within the changes allowed by the topical report.

6. Please provide the latest calculation notebook or benchmarking report for
Chinshan and Kuosheng cold critical calculations, and clarify the formulation of
the cold target K-eff for Chinshan and Kuosheng, especially the conservatism of

the MOC cold target K-eff.

Answer:

o3 LAERTEE Dang Patchana it 8/21(=) MFFoR » #%— ~ ZMHVAEEE S E T
HE A By a8 ¥ 5 (benchmarking  report) & #7 50 #5125 i 1Y "CASMO-4/MICROBURN-B2
Benchmarking Reports” 2 [N » WL 2006 FEFRHEAR G AN E] » & ZAENARF S
B R ST R TR AR B e i s - DU R R - AHRE S R ANP-2530(P)
Revision 0, CASMO-4/MICROBURN-B2 Benchmarking Report for Kuosheng Unit 1 and

2J°
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£ 2006 FF - AREVA AEIIZ— » A Eie st B - 2 DA B AR
AT PN EFEHAEY 2 B iE e v E (shutdown margin test)&f SR Ry i - 74Tk
F1 e 25 (bounding) Y 5 =X » BT HE— 1 AT DU 25 K8 70 /2 Wi (= i B v R Et 45 SR AY R IR
(B BE— TIRERIR SRy /2 H AR K-eff (cold target K-eff) - %)t 2006 4= 2 &1 4
W 0N E e RIS TRORINE B2 i A A e v IS 45 2R 2 R HYFEOR <T (non-conservative) 7=
S [E SRR S 2 ke B AR K-eff o slEsi - A FNIE Bl IR S e v MIStaE
RZEHIRIEOR AT A E] A AT RE B¢ (BOC) ~ #EHH - (MOC) 2= #EHHHY
RNEHEE K-eff -

&E LRl - AREVA X B & e 2 38 BREY FEURIMEL S 2 R A P ER RIS B - B IR —
FEIARFEORF 2R R (A 2 mK) S R 8 TR OR T 22 B ] [ (e SR Ry
R L RMEIE N B K-eff o HAT > 2 Wi 2% (E A BOC &R K-eff (cold
critical K-eff) KA EEATIHR/]N MOC S IEEEFE K-eff » dfic bounding AYfE:e: > Bl (& A
—i/NEEE BN AE B Keff » ptiEsi - Ik H &R /Y MOC %1
57 K-eff - 2 BOC /&t K-eff S EIE RS fe/)s MOC A& fEEE ST K-eff BYREET -
RIS TTETE MOC S lE HE K-eff o fh4h » HitwldGacat Pa By 2 IR HRER e {h
F &7 short window FLAE 7 NETT - “NIBME LA Bt nominal window A 1T B I
> s a7 S UMERIE T Ry ot H AR K-eff JIAARDIRSFE » # AREVA

O EIEEIRAERTER Y 20 HARE K-eff 5T 5 =0 A RS RTFIE -

Wi Z B 78 2 JFSCESE40 T ¢« The Chinshan and Kuosheng CASMO-4/MICROBURN-B2
Benchmarking Reports were provided to Taipower in 2006. The reported cold targets were
selected to bound majority of all the recent cycles shutdown margin tests results up to the
time of the benchmarking. For subsequent cycles after 2006, the cold target k-effectives for
both plants were periodically updated to account for the non-conservative differences

between the predictions and the shutdown margin tests results.

13



The cold target, either at the beginning-of-cycle (BOC) only or the middle-of-cycle (MOC)
only, or both at BOC and MOC, will be updated whenever there are data (non-conservative
differences between the predictions and the shutdown margin tests results) to support such

changes.

7. To audit the safety analyses of KS1C24 SPU slow transients including RWE,
SBLC, RFRO, LFWH, please provide the related calculation notebooks or
procedures, and describe changes or differences of the analysis methods due to

SPU.

Answer:

-3 TAZETFE Dang Patchana o » H1jt KS1C24 thrf-iffrat B B m hiUA
KRB AR PREEIER - #H ATERETE AR T R EAVOIRERA - St R igEsh
HEEA (SPUYRYAHRH 73 75 5K » AREVA A FE]58R T 1% - Rd ER M AH Y 26 T IR a3
&0 DUEURy Niele s R A I A (generic: analysis)a SRy T FMERFASELEE - IRMERy
SR TR A K-factor 51T VAEET & "PIBEDI=REET .2 AT HI 5l &5 (operability
assessment)HyAERE o F s i EE THEREE A BT A - RE ST e JE S 1 P M oo s -
SCHLEIGIERE > 5 KS2C23 MOC SPU Ky - R& /A& SR n] FEATY KS1C24 SPU -

&r R - AR R PR AE R e G B T PR DR EE T H(SPU) - (EINBEE DI B I
HVRENIMEE A K - #EH S AP i VUSRS R Re 2 2 oy i 7R em SRR - (&
R CSUAERE o M ARE P - BITRTBRTARRE T - AHBR(EZA AT T FS1-0010741 Rev 1,
Kuosheng Unit 2 Cycle 23 Cycle Independent Control Rod Withdrawal Error Analysis for
SPU |~ " EMF- 2000(P) Guideline 4.3 Revision 6, Guidelines for BWR Neutronics Analysis
Evaluation of the Standby Liquid Control System ;- " FS1-0010975 Rev 1, Kuosheng Cycle

Independent Flow Runup and LHGRFACf Analysis for SPU ; & " FS1-0010617 Rev 1,

14



Kuosheng Cycle Independent Loss of Feedwater Heating Analysis for SPU | -

aZ B8 7 R 40T ¢ Hard copies of preliminary KS1C24 neutronic notebooks have
been provided. Final versions are not ready because the notebooks are in the process of being
QA reviewed. Since all neutronics transient analyses for SPU were analyzed generically or

through cycle-independent, KS2C23 SPU neutronic transient results apply to KS1C24 SPU.

8. About ACE/ATRIUM-10 Critical Power Correlation:
(1) When did AREVA start to use Revision 1 instead of Revision 0 for Chinshan
and Kuosheng? Please specify which version was used in each cycle/unit

recently for Chinshan and Kuosheng, respectively.

Answer:
AREVA /\E]{F 2006 4 5 H 2 H" ANP-10249P Revision 0 #5743 USNRC £ 2007
£ 8 H 20 H£ZF(] USNRC (& ] (approval) » 7EiE{EIE {5 » AREVA A\ &2 KATHY
BhsE rat B P RBIRE GBS - EAFNY HIRNERE - NERE
RFEEHTTY ATRIUM-10 ALY SPCB ERSFRDEA (12 - AILAE 2007 4= 8 H % 2008 4 7
A AREVA AFEIEIMEIEZ - - it 2008 47 5 31 HiZft USNRC ZaT#H&
£ k5 T ANP-10249P Revision 0 Supplement 1 Revision 0 - ififf 2009 4 9 A 23 HIEE%
af - 5545 » ROCAEC 1A 2009 4 10 H 30 H#% =] " ANP-10249PA Revision 0 | DLk " ANP-
10249PA Revision 0 Supplement 1 Revision 0 | »

" ANP-10249PA Revision 1 |FR{EETHYANZR5HR$E " ANP-10249PA Revision 0 Supplement
1 Revision 0 | -
ACE BR(GIUHY AT IE I 70 A AZ— i — St HA 25 - —SRH%IEHA 26 St g —5kt%
EA 22 ~ “SRERERA 22 BER - FrA T AR E(EH] T ANP-10249PA Revision 1 - fi¢

FfER " ANP-10249PA Revision 0 | °



ez 0|78 2 R CHESEAN T - Revision 0 of ANP-10249P was submitted to the USNRC on
May 2, 2006. The USNRC approved ANP-10249P Revision 0 on August 20, 2007 at which
time the document was issued as ANP-10249PA Revision 0. In August 2007, AREVA
discovered a problem with the evaluation of the KATHY critical power test results for the
part-length fuel rods. Taipower was originally notified (KAM:07:084/FAB07-2394 [August
20, 2007] with follow-up KAM:07:107/FABQ07-2502 [October 8, 2007]) about this problem
in relation to the SPCB critical power correlation as this was the correlation being used to
license the Kuosheng and Chinshan units at the time. However, this same problem affected
the ACE/ATRIUM-10 critical power correlation. Between August 2007 and July 2008,
AREVA worked to revise both the SPCB and ACE topical reports. On July 31, 2008 AREVA
submitted ANP-10249P Revision 0 Supplement 1 Revision 0 to the USNRC for review and
approval for addressing the KATHY error. Shortly after submitting the Supplement to the
USNRC, both ANP-10249PA Revision 0 and ANP-10249P Revision 0 Supplement 1
Revision O were submitted to Taipower for forwarding to the ROCAEC for review and
approval (KAM:08:104/FAB08-2470 [August 29, 2008]). The USNRC approved the
Supplement on September 23, 2009 at which point ANP-10249PA Revision 1 was issued.
One month later on October 30, 2009 the ROCAEC approved both ANP-10249PA Revision
0 and ANP-10249PA Revision 0 Supplement 1 Revision 0. ANP-10249PA Revision 1 is
identical to what the ROCAEC approved.

AREVA has not used ACE/ATRIUM-10 Revision 0 to perform any licensing analyses in
either the US or Taiwan. ACE/ATRIUM-10 is only being used for licensing analyses in
Taiwan for Kuosheng and Chinshan. ACE was introduced for Kuosheng beginning in Unit 1
Cycle 22 and Unit 2 Cycle 22 and for Chinshan in Unit 2 Cycle 25 and Unit 1 Cycle 26. All

cycles for Kuosheng and Chinshan licensed with the ACE critical power correlation utilize
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Revision 1.

(2) Why the Revision 1(P)(A) is earlier than Revision 1(P)? Does the Revision 1
approve by N.R.C.? If the Answer is “Yes”, and why there is no QA in Revision
1(P)(A)?

Answer:

" ANP-10249P Revision 1 | #745 J5#R# " ANP-10249PA Revision 0 Supplement 1 Revision
0 AEMIEET - AREVA N E[2517 " ANP-10249PA Revision 1 | #Y HHA &5 2009 4 12 A »
Fr A2 48 1  (inside) Y40 $% H i & December 2009 » ZRTfifE#E USNRC 2 &Y " ANP-
10249PA Revision 0 Supplement 1 Revision 0 ;> £ 2009 49 H 23 HI&ES% 1] » NI

" ANP-10249PA Revision 1 | #2317 £ ”(cover) H }f £ September 2009 -

R By KATHY HysRZ=[E|I ¥ SPCB H1 ACE [l{%UiE RG22, - T USNRC {£¥f SPCB
RFUEET R Wi (E R - IS E 50kt SPCB #& " EMF-2209(P)(A) Revision 3
[September 2009] | > FirLL ACE #45 " ANP-10249PA Revision 1 | ;274 QA Zif5y o

ez 0|78 2 R S HEEEA T - ANP-10249P Revision 1 was issued as a result of USNRC
approval of ANP-10249PA Revision 0 Supplement 1 Revision 0. ANP-10249PA Revision 1
was issued by AREVA in December 2009. Therefore, the date on the inside of the document
reflects December 2009. However, based upon discussions with the USNRC, the effective
date of ANP-10249PA Revision 1 is the date of the USNRC approval of the topical report
which is September 23, 2009. Therefore, the date on the exterior cover of ANP-10249PA
Revision 1 is September 20009.

As discussed here and in Response 9.1, Revision 1 of ANP-10249PA is approved by the
USNRC and the ROCAEC.

Because the KATHY error affected both the SPCB and ACE critical power correlations, the
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USNRC did ask two questions about this error and the subsequent correction. However, the
questions were asked specifically on the SPCB correlation and not on the ACE correlation
even though the questions were applicable to both SPCB and ACE. Because the questions
were only asked specifically for the SPCB correlation, the questions and responses to those
questions were only published in the SPCB document (EMF-2209(P)(A) Revision 3
[September 2009]) not the ACE document. The two questions asked had to deal with the
power adjustment necessary for the part-length rods not about the form or impact on the

correlation itself.

9. For the ACE/ATRIUM-10 Critical Power Correlation Report, please specify the
difference between Revision 0 and Revision 1.

(1) The additive constant is based on the difference between experiments and the

ACE prediction. In Revision 1, both experiments and the ACE prediction are

the same as Revision 0. What is the reason for changing the additive constants?

Answer:

ACE #z5 ~ revision 0 #l1 revision 1 {2 A 9 Y [EIEIRE] - EEEFRENE
[ § 2 #S (inner copper conductor, ICC)FRTEEERVEGE AW TR S » EEFTAIIIIZSY
1 CEFEEEARE ) SASMIRE » Bt BRI DA [ B F R (AR R 2R
& BT

a. WRRIRIIZHEEA £ 0.000754

b. PARFREHFEIIE A2

. WRREREE IR  IR/IMEYE REEST R L

K-factor Sz [m L2 2 » (72 58 Li& Bk additive constants tRIIERAEE - (RIIERE

B s E additive constants o
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a2 B8 2 JE 40T @ The power in the PLR inner copper conductor (ICC) was not
being accounted for. As the result, the power distributions, both axial and radial, and the total
power generated in the bundle required modification to properly account for the thermal
power generated in the ICC in the part length rods. Properly accounting for the power in the
ICC changes the power in the PLRs and, due to normalization effects, impacts the radial pin
peaking factors of all the rods.

Fractional bundle power change ~ 0.000754

Axial power change - negligible

Radial power change - small but present

The main impact is on the K-factor due to the small changes in the radial peaking. This
results in small changes to the computed K-factors. These small changes then propagated

into small differences in the re-computed Additive Constants.

(2) As shown in Fig. 7-1 and Fig. 7-2, the additive constant of Rod 1 has increased

by 0.0007, but why the K-factor is still constant for test data STS-17.1?

Answer:

—f&ifiE > ICC Fiipk R (PLR) > RPF LTt » {HAN#HES 2 FH#(FLR)Z RPF R# -
ELH1" LS K-factor” (overall K-factor) & 5 K-factor” (theoretical K-factor)fj[l_I- additive
constant » DLiS{EZEH#ER » rod 1 2 additive constant F5-0.0095 _|F}%1]-0.0088 » “RNifF
theoretical K-factor t7[X & RPF f£ rod 1 ~ 2 ~ 11 & MERZE SN » 225k rod 1 2 overall
K-factor #{E 1L revision 0 ik % revision 1 B9 5% -

a2 B8 2 JE 40T ¢ In general, the RPF of the PLRs went up (due to ICC power)
and the RPF of the full length rods went down (due to normalization). Tables 3.4 shows the

computed limiting K-factor for each test series based on the updated pin power distribution
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and the new additive constant. The overall K-factor is the sum of the Theoretical K-factor
and the additive constant. In this case, the additive constant went up (-0.0095 to -0.0088) but
this was offset by a decrease in the theoretical K-factor due to the RPF for rods 1, 2 and 11

going down (1.220 to 1.218, see figures 3.1 and 3.2 of ANP-10249, Rev 0, Supplement 1).

(3) In Fig. 7-2, the most significant change in K-factor is for STS-17.11, it has
increased by 0.0055, but why the analysis results(as shown in Fig. 7-3) didn’t
change anything?

Answer:

1E£ T ANP-10249 Revision 1 | #4503 K5 Table 6.4 7 =+ E455 > revision 1 {E85
T ANP-10249, Rev 0, Supplement 1 | #45 SRy s#Hr &0 47 ©

e B8 7 R RS0 T © Table 6.4 in ANP-10249-001 was not updated. This document

only contains the update material present in ANP-10249, Rev 0, Supplement 1.

10. Here are the questions about ACELIB.geom and ACELIB.corr:
(1) For TPC, we received the file which is annotated Revision 0 October 2, 2005,
could AREVA provide all the versions of the ACELIB.corr and ACELIB.geom?
Answer:
AREVA AE]faE - FEFEE 2 &I REEE] - %5 ACELIB.geom #1 ACELIB.corr fEZE 4%

EalRr et a®EAH -

(2) Does the ACE correlation code need to be modified while the version of

ACELIB changed?

Answer:
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TRIZ o0 TAZAIEE Dang Patchana 7 » BUftfATAl - (%4 approved K-factor 2
ACE code i AfZhk#® - FrA VS L% & EFE ACELIB.geom #{1 ACELIB.corr f£2& - [fij
H At gE > modified K-factor 1 ACE code » {Fifi% USNRC & 1% » @ FRLY

code iEEEFE/NTE] °

(3) Will POWERPLEX-3 update the ACE correlation while the version of ACE
changed?

Answer:
FRIZZ 2 TAERT & Sean Mellinger =7~ » & ACELIB.geom #1 ACELIB.corr #7 &

BF > RHERTHY A BT - SEERHE AR HY POWERPLEX-3 ] ©

11. Please introduce the methodology of MCPR Safety Limit.
(1) For the Reload Report of KS2C23, ANP-3169, it has mentioned that SLMCPR
has decreased by 0.03, please clarify the difference of ACE between KS1C23
and KS2C23?

Answer:

SLMCPR 7 KS1C23 Hi1 KS2C23 st &7 AN s H) - (i FH[EFRHY ACE iftA » E—A
[E RN AR EEA [E S SO I DRI 0 AR A T - fF KS1C23 fya] FPESTli#z
H(OA)F > £ modified K-factor (nodal K-factor) /5=t & & 155 SLMCPR=1.13 #y4%
&£ At reload #H:2 SLMCPR fy 1.13 -

&2 AREVA 4 E]543T > i) nodal K-factor I - 23\ (code) & 37 3772 H 4 £ K-factor
RAE - HEREEEZ AR SR 42 BT (boiling transition) (Y157 » i SLMCPR #2K - [Nfi1E
KS2C23 Iy » HIEIEEE -

KS2C23 F nodal K-factor {1 approved K-factor -2 SLMCPR #[/2 1.10 » At LASF reload #y

21



HrhEfEkrY SLMCPR £ 1.10 -

e B8 7 R 40T ¢ The safety limit calculations between KSH1-23 and KSH2-23
are identical. They use the same version of the ACE correlation and all of the same computer
codes. The only difference lies in the core loading and how this impacts exposure
distributions and power distributions. The safety limit calculations performed for the Reload
report for KSH1-23 and KSH2-23 both support the use of the same safety limit of 1.10.
However, during the operability assessment for the K-factor error in KSH1-23 indicated
when using the nodal K-factors (rod-by-rod method), the safety limit increased to 1.13.
Therefore, the reported safety limit for KSH1-23 was raised to 1.13 to address this issue.
However, when the safety limit code used for the operability assessment in KSH1-23 was
finally reviewed and released an error was found in the code. This error essentially boils
down to the wrong K-factor being used for the MCPR limiting assembly. Instead of using the
K-factor array corresponding to the MCPR limiting assembly, the K-factor array used for the
MCPR limiting assembly was actually for an assembly with a radial peaking factor of 0.8.
The use of this K-factor resulted in a much larger pushed power being calculated to put the
limiting assembly on the safety limit; therefore, the number of rods in boiling transition
increased significantly. This implementation problem was fixed between KSH1-23 and
KSH2-23. Therefore, the safety limit in the operability assessment for KSH2-23 resulted in a
lower operability safety limit being calculated and thus eliminated the need to artificially

increase the reported safety limit in the Reload Report.

(2) Please introduce how to calculate the uncertainty of local power caused by
channel bow. There is a statement in a reload report that the Zr-4 have not

experienced any unusual channel bow. Is there any evidence for this
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statement? And what is the unusual channel bow?

Answer:

AREVA A E]{E SLMCPR F&F > By T FREEARHE 2 i (channel bow) ¥ &5 DR 152 £

TFTERA 2 7720

H1 CASMO-4 f2HF2 ik 2x2 HYPARHERL > 288 water gap K/ NAREEEBRERHE & Hh 52 2

TTAEIL R HAAY > — R E bow HYRZEE - — Ryl bow HYsZ & 5T REERIIELENA

TR AR RHERY R - A8 TG TR R EE i S TR E
SBOW = f(LPF, LPF,, X,, X,, 0,,0,)= f (ALPF, LPF,, FMULT)

Hr
LPF = Unbowed local peaking factor
LPF, = Bowed local peaking factor
ALPF = Change in local peaking due to bow
X1 =  Mean bow for channel of interest at exposure of interest
X =  Mean bow for surrounding channels at surrounding exposure
01 =  Standard deviation of data for channel of interest
02 =  Standard deviation of data for surrounding channels
FMULT =  Composite statistical scaling factor

W22 0|78 7 R ST @ There are two different local peaking factors used in the safety
limit calculation: the nominal unbowed local peaking factor and the bowed local peaking
factor. The nominal unbowed local peaking factor is calculated by CASMO4 and is
generated during the generation of the cross-section libraries used in the MICROBURN-B2
design-basis step-through. The bowed local peaking factor is also calculated by CASMO4;
however, the water gaps between fuel assemblies in the four bundle cell are increased or
decreased (depending on whether bow-out or bow-in channel bow is being considered).
Based upon the unbowed and bowed local peaking factors and the channel bow statistics, the
local peaking factor uncertainty due to channel bow is calculated as:

SBOW = f(LPF, LPF,, X,, X,,0,,0,)= f(ALPF, LPF,, FMULT)
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where

LPF =  Unbowed local peaking factor

LPF, =  Bowed local peaking factor

ALPF = Change in local peaking due to bow

X1 =  Mean bow for channel of interest at exposure of interest

X =  Mean bow for surrounding channels at surrounding exposure
01 =  Standard deviation of data for channel of interest

02 =  Standard deviation of data for surrounding channels

FMULT =  Composite statistical scaling factor

(3) For KS2C23, why the modified K-factor makes SLMCPR decreasing? (1.10 to
1.07, recorded at N0.32-9197038-000, Table 6.17)

Answer:

H A7 USNRC &35 %8 modified K-factor (nodal K-factor) > 75 A5 - (N ILER S EE: AREVA
N EMEREEIAV G TR K-factor 5 2(ETREFE SLMCPR > [#ji: nodal K-factor HY
B GOk o] ARG A (OA) AR > A3 reload ey SLMCPR B
G AU R T RIS SRAF R E R -

a2 B8 2 JE 40T @ The notebook is question is the safety limit notebook for the
stretch power uprate. For this calculation notebook, the goal was to support the same safety
limit results as for the measurement uncertainty recapture licensing for KSH2-23. As can
been seen from the information presented in the referenced Table 6.17, the lowest
supportable safety limit for the SPU is 1.07 with the reported value being 1.10. For the
operability assessment the safety limit reported is 1.07 which is the same as the lowest
supportable safety limit. Therefore, the use of the nodal K-factors does not result in a real
reduction in the safety limit. It is just a difference between what is reported in the reload

report and what can be supported for the operability assessment.
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12. The response from AREVA to AEC (August, 2006) has mentioned that “The
corresponding rod exposure for the PLFR at the same rod pressure level is 67.2
MWd/kgU” and ”"The PLFR does not exceed the pressure limit up to 71.1
MWd/kgU rod average exposure”. Which one is the rod exposure limit for the

PLFR, 67.2 MWd/kgU or 71.1 MWd/kgU? Why?

Answer:

-4 A7 TA2ERT £ %& Dang Patchana F7< » 67.2 &% 71.1 MWd/kgU IFEERAE(PLFR)AY
VAREIRME - EW(EEIES Ry RODEX2A FEXAVETHELER - EFREBEEFFENEEE
(FLFR) Z S R WREHzE A BRI » HLFTfE 2 WARE &y 67.2 MWd/kgU » — B SRR N BRGH
gk AR N BEPR(E R > RUFTHIIE Z AR 71.1 MWd/kgU - = RARHIIAFEIR (7 58.7
MWd/kgU - [l EAER B ANAFER <2 RERAFEIR(EAR 0 - tptiEasi - R BT Ry
PAFEIR(E 58.7 MWd/kgU K EL4ET ATHY LHGR [RME - RIFTA VAR & & 15 & BT
=t H1(thermal-mechanical design criteria) {223k -

FaZZ B8 2 R AT ¢ The 67.2 and 71.1 MWd/kgU exposures are not exposure limits
for the PLFR. The two numbers are calculation results from RODEX2A. The 67.2
MWad/kgU value is the exposure at which the PLFR has the same maximum rod internal
pressure as for the full length rod. The 71.1 MWd/kgU value is the rod exposure at which
the PLFR starts to exceed the rod internal pressure limit. The exposure limit for the full
length rod is 58.7 MWd/kgU. The maximum exposure of the PLFR is controlled by the rod
exposure limit on the full length rod. The thermal-mechanical design criteria for all rods are
satisfied by observance of the 58.7 MWd/kgU full length rod exposure limit along with the

approved LHGR limits.
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13. Could you provide these reports:
(1) 51-9067232-026, “BWR-S Code Version List,” May 2013
(2) 51-9046529-004,”BWR-N Use Code Version List,” August 2013
(3) FS1-0006911, Revision 4.0, FSQA-01-MICROBURN-B2-USEP12-0,SRD-1
(4) 2A4 MICROBURN-B2-USEP09-0-0, Software Release Authorization, June
2010

Answer:

ot LAERTEE Dang Patchana %o - Ef (I H () R QHVE T - A8 IHHE(3)
K ()& BRI - Bk i i TR e R flo_b 2 BRI - SriAfR s -
a2 e 7 R CHEEE40 T ¢ Electronics copies of Items (1) and (2) have been provided for
review. Items (3) and (4) have not been provided because they are not technically related to

Kuosheng SPU.
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R 3 FLAUA B A B ] 7

1.  Please explain why the dryout location of ACE correlation are always at the same
height?

Answer:

HR LR > 20 TRZETEE Sean Mellinger 55 %] ACE BR{AZAYEE A Michael
Bunker & fs P M RE

TRIBECES - &M AS I spacer 1% » EIREE ZRATIEN - BRI dryout HER G T4 4
TEFAGR A spacer Z Jij » T LLEETT B B » /KF thermocouple Z2E1E spacer 2 Fij—/]NE% -
DIBZORSE B A B AR S » ZRAE dryout S82E - By T ZAIE BantE{Tich% - ACE Bfl
%URFEE 4R dryout HYEES(node)i R AH%T) thermocouple HYfir & » Rt E &S T &F
| » ACE Bf&=UAn ey dryout fir BEFIEERELE thermocouple iy —FE

2. In SLMCPR calculation, how to determine the core flow?

Answer:

R EERTR - AREVA A E]ZE4: 73 M TE2HT Stone Luo SEAZI T

1£ SLMCPR 515HEF - F55iE 48 push power 175 =R E 73R REEL > M LR 2RIER
# power/flow map(n]£:% reload licensing analysis #;+5 Figure 1.1) » 20f% I Lo
EEFHEIRIEINT B 79.48%~105% (2% KS2C23 MOC SPU > RLA #ith) » Kt
SLMCPR E5HF » 3l 58 H e {E07T 2. (79.48%) Fl e i it & (105%) {1155 > HUg &

WRSFIVET RS

3. In SLMCPR calculation, please explain the iteration process of push power?

Answer:
AR By it 4E - —E 2 &5 0 [EIEEE Stone Luo TFZEAMERAA ¢
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{E5T5 SLMCPR I » 75 {EEt—{& assumed SLMCPR » 3= 0I5 > 73 All{ER
Rl OO E AR = O ERVIREE T B EL R L 1Y AR MCPR(E O H i/ Ny CPR
{H) 7 4 THZ] assumed SLMCPR > % MCPR X J7* assumed SLMCPR RIZf =22 » & MCPR

7Y assumed SLMCPR K > [ iREEEEA] £y reload #+5 H Table 3.1 A% - 40 NAT& ©

Table 3.1 Safety Limit Nominal Input

Parameters

Parameter Value
Reference pressure, psia 1,040
Core power, MWt 4 308
Core flow, Mibm/hr 8873
Core inlet enthalpy, Btu/lbm M7
Feedwater temperature, °F 420
Feedwater flow rate, Mlbm/hr 18.51
Ratio of predicted to actual rods in BT 1.639

4.  According to Chinshan calculation notebook, MCPRp and LHGRFACp are
separated by two calculation notebooks. Why the Kuosheng combined these

instead of two books?

Answer:
FEE5HT TAZET 48 Sean Mellinger 251 » MCPRp 1 LHGRFACp & #5/&E > thermal
limits » #08% i A— 742 5 Thermal Limits”{yETE E sk #00t MCPRp A1 LHGRFACP -

R — Wt P REEE B -

5. Inoperability assessment, which modified K-factor method AREVA used?

Answer:
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H AT modified K-factor it E T2 > —FHEMREERIAEN#E K-factor &HAk
Eat FEEREEHERY CPR - BRCERHVETE 20 0 S — Ry © AR - i dhm
T TRy K-factor 8t REESTRELNRIRRY CPR - 52072\ il i st B IS 2
PLORSFHIGEIR o H AT MRS HeE (OA)FER T CPR Iy - 388 Fl 55— Tl i AR 55
2k 474 modified K-factor Fi1 approved K-factor 7 7% 52 o

6. Please introduce the calculation method of independent review for KS2C23
MOC SPU core design.
Answer:

th 53T TAZAT 45 Dang Patchana 55 » {518 MB2 F2043 17 KS2C23 7 MOC (8.000

GWA/MTU)$F 7 £ 3001 MW, Z P Tlgsta t B4 » ATl T ERRim I CAEs A -

C.F. Project Save a restart file
| o !
BOC 8.000 GWD/MTU EOC
| >
MUR (2943 MWH) SPU (3001 MWt)
® Equilibrium Xe ® Loading pattern the same (no shuffle)
® Equilibrium Sm ® Control rod pattern change

i

KB RBUEE ZE MOC A G272 3001 MW, » #{F MOC 2 FilfyE3s5 » 2 BOC fis
LiEREET S (core follow) K —(ERAFEES A LUR et AERIEf R Ao Bt R E
WAFE(E Ry 8.000 GWA/MTU iz - Mt ARG Ry — (B FHEEAGTE (restart file) - DALHE
1T SPU 2t oSS T SRR s HU O WTIGHR RS -

PEFTIR Z1%(SPU) » OLMCPR /% ~ 20 FIFE K-eff B EHETRAT(MUR)ME > =
(EFRESRITITEEEATZ 8%ZK : [NFARHii/E(loading pattern);¢ 7/ 528 - HU%

M= ER e (SDM); A BV (E  BUETIRIETHE > INELER ZHEYINEEEE
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K-eff (K > B T EE K-eff fEa 2 8UE 518 K-eff - i3T5 JH 8 2R F ST & 2008
H1E K-eff

7. About the check list of Taipower, what is the criterion of the radial RMS error for
CASMO-4/MICROBURN-B2 code system?

Answer:

& E /N EHY check list & > radial RMS error 2+ 3k B> CASMO-3/MICROBURN-B
code system BrzfEME - iETEMERE R FLEE A TE S Y CASMO-4/MICROBURN-B2
code system - HZHAILIEE R -

AP TARAT E4 Dang Patchana {2 A1 » fRIZEEHE " EMF-2158(P)(A)
Rev 0, Siemens Power Corporation Methodology for Boiling Water Reactors: Evaluation
and Validation of CASMO-4/MICROBURN-B2 ; - CASMO-4/MICROBURN-B2 code
system FY radial bundle power uncertainty #7<71ZAEE £ 2.9% (C-Lattice)sl & 4.10%

(D-Lattice) -

8.  The difference between MB and POWERPLEX in margin to APLHGR Limit is
5.4% for KS1C23, is it reasonable?

Answer:

7T TARRT 8 Dang Patchana 5271k » KS1C23 1] MAPRAT iz KiE 5.4%EFH 1Y
R AR (5%) - Hots LR IR Al 2 & E P - DB ot g 3R AE KS2C21 -
AN - R RS T » iz MAPRAT GRi&iE#E 14.4% » A BB A EERTY
8% > 7 MAPRAT f5 AG 8 A i AN A Er 7 28 g A A (T e B2 - AR R atce R ey
tHIHAES MAPRAT fi K EAZ IR I0E KM A=

W23 0|78 2 R SCHEEE T @ The difference between MB and POWERPLEX in margin to

APLHGR Limit (5.4%) is larger than commonly encountered in Taipower plants (typically

30



less than 5%). However, the differences are only slightly higher than those previously
encountered recently for KS plants*. In addition, the minimum margin to the APLHGR limit
during the effected exposure ranges was more than 14.4%. Therefore, the relative large
differences had no impact on plant operations. For these reasons, the deviation between MB
and POWERPLEX is considered insignificant.

*KS2C21 encountered under-prediction in margin to LHGR and APLHGR limits up to 5.6%

and 5.3%, respectively. (see 47-9173629-000)
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* 4 BEeRESEH
Suggestions

1. We suggest AREVA should provide detailed Training /Qualification records.
(Attachment A of EMF-2034(P) Revision 5 and EMF-2044(P) Revision 4)

Response: AREVA can easily supply the more detailed training records for any
individuals requested by TPC auditors. As a first summary, AREVA has been providing
a single summary sheet for both neutronics and safety analysis to assist in reviewing
analyst/reviewer training qualifications. However, AREVA does have the full, more
detailed training records available to provide TPC auditors on a specific engineer basis.
As a note, not all engineers will have documentation in their training records which
follows the format of Attachment A of the referenced documents. These are relatively
new forms. Training qualifications that were met prior to these forms being introduced
will be documented in a variety of different formats. However, all training

qualifications are documented and can be provided when requested.

2. We found some calculation notebooks followed the FSOP-07 Revision 3 procedure, but
other notebooks still followed the Work Practice EMF-1928(P) P104, 119 Revision 16
(Engineering Work Practices Calculation Packages). We think this is a significant
change. So we recommend AREVA should inform Taipower’s auditors of such

significant changes prior to the audit.

Response: As discussed in the audit exit meeting, AREVA will make an effort to inform
TPC auditors at the entrance meeting of an audit of any major changes to AREVA
quality procedures used by neutronics and safety analysis. This is likely to be an
on-going issue and will require some patience on the part of both TPC and AREVA to

reach a state where both parties are in agreement.

3. For future audit, Taipower strongly recommends AREVA provide a check list for ease

of audit due to Taipower’s limitation on auditing time. Please see example below:
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Neutronics and Safety Documents Supporting Unit _ Cycle _  Licensing
Notebook Description Analyst QA Reviewer | Guideline
Kuosheng Unit 2
Cycle 23 Fuel Garrett Grove | Paul Smith BWR-N
FS1-0009995, | Cycle Design for 21and 2.2
Rev 1 Stretch Power
Uprate (SPU)
Program
Kuosheng
Multicycle Garrett Grove | Paul Smith BWR-N
FS1-0010187, | Step-Through to 2.2
Rev 1 Support SPU
Generic Licensing
Analyses
Kuosheng Unit 2
FS1-0010619, | Cycle 23 Control Adrian Paul Smith BWR-N
Rev 1 Rod Drop Accident | Constantinescu 2.2
Analysis for SPU
FS1-0010620 Kuosheng Unit 2 _ _ )
" | Cycle 23 Stability | Paul Smith Adrian BWR-N
Rev 1 Analysis for SPU Constantinescu 2.2
Kuosheng Unit 2
Cycle 23 Garrett Grove | Paul Smith BWR-N
FS1-0011636, . 2.2
Rev 1 I.\leutr.o.mcs
Disposition of
Events for SPU

Response: The above example is already available for safety analysis calculations in

the master task plan written to address relevant information for each of the tasks

performed by safety analysis for each reload. A copy of the Kuosheng Unit 2 Cycle 23

SPU task plan was provided to the auditors in support of this audit.

The title of notebook 32-9197039-000 is Kuosheng Unit 2 Cycle 23 SPU Thermal
Limits, but this notebook only establish the MCPR,, limits and LHGRFAC; multipliers.
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As we checked the notebooks for Chinshan NPP, we found there are two notebooks to
establish MCPR,, limits and LHGRFAC; multipliers individually. And we think the
separate notebook titles will be consistent with their contents. So we suggest AREVA to

separate the notebook of Thermal Limits into two notebooks in the future cycles.

Response: AREVA agrees for future cycles to include in the title of the thermal limits
notebooks either MCPRp or LHGRFACp in order to make it more clear what is
contained in the specific thermal limits notebooks. AREVA will continue to combine
the MCPRp and LHGRFACp documentation in a single notebooks for Kuosheng and
keep them separate for Chinshan because of the differences in the amount of

documentation and calculations necessary between the two plants.

The peak assembly exposure and peak rod exposure are the criteria in Work Plan, and
Taipower’s auditor has to check these calculations results. We will appreciate if
AREVA can include the explicit value and the ratios of the two parameters (similar to
Table 2.1 of KS2C23 Fuel Cycle Design notebook) so that the auditors can review

these parameters from Table 2.1 directly.
Response: The explicit values can be added to the table.
The pages 21 and 23 of notebook FS1-0009995 R1-DS (Kuosheng Unit 2 Cycle 23

Fuel Cycle Design for Stretch Power Uprate Program) references Appendix H, but we

could not find Appendix H in this document. We think it’s a typo. Please modify it.
Response: The notebook will be modified.

The row 3 in the page 9-2 of notebook 32-9197190-000 (Kuosheng Unit 2 Cycle23
Stretch Power Uprate Thermal Hydraulic Data for Mechanical Design) addresses the

LTP loss coefficients are the same for KS2F18 and KS1R12, but we think the batch
name of KS1R12 should be modified to KS1R21. Please modify it.

Response: AREVA will not perform a revision to the listed notebook. The
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typographical error listed only occurs in a QA comment written by the reviewer and
does not have any impact on taking data from this notebook and using it in other
places. This typographical error does not present an error likely situation because the
summary section of the notebook is fully correct and accurate and this is where
downstream notebooks would reference any information. Additionally, going through
the whole process to revise this notebook does not increase the quality of the notebook

and does not add value.

8. After the tour of the fuel manufacturing facility, we suggest AREVA place a
softer material around the inside of the guide hole at bundle blow down and bundle
inspection area. The reason is that, without the inside protection, the guide hole could
cause bundle spacer damage that had occurred twice at Kuosheng NPP. In addition, it
would be better if AREVA could have videoed this process for records so that events

similar to Kuosheng damaged spacer can be reviewed.

Requests

1. The Zr-4 channel is not the final solution against channel distortion in the industry.
Even though AREVA has EFID criteria for Zr-2 channel only, Taipower suggests that
for core with all Zr-4 channels AREVA should continue to provide EFID map (suspect
cells, e.g., high exposure peripheral control cell) that the stations could follow to

perform CRD settling time test.

Response: To support operations, we can provide EFID map until EFID is no longer

maintained.

2. For the purpose of consistency during Taipower’s independent review/calculation,
please provide the same version of ACE correlation, including the source code (if

applicable), ACELIB.corr and ACELIB.geom that AREVA uses during the core design.

Response: AREVA agrees to include the ACELIB.corr and ACELIB.geom files among
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the data provided each cycle for Taipower independent verification calculations. The
first cycle where this data will be provided is for Kuosheng Unit 1 Cycle 24. These two

files will be provided each cycle for both the Kuosheng and Chinshan units.
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