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Question 1: BYPASS BOILING METHODOLOGY

:PleaSe: document the methodology to propagate errors induced by the presence of bypass
boifing in the oscillation power range monitor (PRM) chanhel calibration. In addition, provide
the following information:.

1. What is the expected value of bypass voids at the :C- and D,- level detectors for operating
limit therm~al power (OL.TP), Extended Power Urates (EPU), 'ah'd MaximumExtended
Load Line':-imit Analysis (MELLLA) domain (e.g6. MELLLA ),fin a representative reactOr?

2. What is the expected calibration error induced byithe presence of these bypass %voids?
3. Fora representatie• reactor,provide a iable With the value of allloc•l powerrange .

monoito (LPRM) readings at a represent6tive time. In addition, provide the LPRM-to-
OPRM channel assignfnents for this reactor...

4. Using:the above LPRM values, geerate the, response of each OPRM channel to an
assumed codre-wide 0.5 Hz oscillation. Uethe following assumptions: (1) each LPRM
oscillates *with an amoplitude proportio'nal totheir steady-state reading, (2) even though
the oscillation is core- wide, assume a cons~ervative. value for the out-of-phase-mode
phase lag -for the D-levetl detector, (e.g. 60 degrees).

5. Repeat step 4 assuming that-bypass ;boiling is presentby applying the calibration error

calculated in step 2.

6. Generate the P-A/Alfor the simulaied: OPRMsignals in steps 4 and 5. Provide a tabl&edf
the expected errors for each OPRM channel., -To select a conservative value of the
expected OPRM calibration error, assume tha t all of the OPRM channels that are
allowed to be out ofservice by a representative te•h•nicalisp-eci1cation requiriment are
the OPRM channels with lower•errror.

:BWR core'Operation at high power ani natural circulation may not result in sufficientcore
.pressure drop to support:upward bypass flow against the weightfof a column of liquid water o f

the active:core height. BOiing in the bypass6is thus expected to .balance 'the pressure drop,
. .... .. . .. . . . .. . ~~.. .. . .. . . . . . . . . . . . - . . . . . . , . , . . . . . . . .

Where direct bypass flow heating is proviled by, gamma radiation and neutron slowing down.

Si-gificant voiding in the bypass flow may occur at the upper elevation of the bypass channel
whier the ievel-D detectors are located, and to a lesser extent at level-C detectors. The LPRM
detector-signals are proportional to the theral neutron flux, and thus the bypass voiding arouind

a detector causes :a local :decreaselin the thermal neutron flux and will result in a reduction of

A E. .... .n..-. EVA N P: I nc. . " " "- - .... : : .: i :
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-thesignal-to-power ratio,.i.e. the sensitivity of the detector is reduced resulting in a calibration

error. The methodology, to account for this calibration error is based on the following

calculations:

-a) Bypass -flow and void :fa6ction distributin under natural circulatin conditions using the. core
simulatorMIC:ROBURN-B2.iA[

b)The detector calibration error is determined as function of the by pass void fraction by

per-forming -calculations, at several exposure. points using the lattice code CASM04.
U(b) aboV th librtin errr is deter.ined at levels C and 0

detectors giVen the calculated bypass Void'distribution...

..........

ýd) Th'e calibration error effect is integ'rated into the Enhanced Option Ill methodology: according
to the way the' detectr sigl a tilized. Specifically,

. .Fo the. ."..se.of os illa-ti md etpoint comp risn 'An OPR.. .. .ignal is .

made up of multiple LPRMV deOtector signals where acbh; L-PRM ~signal1 may be at a:.n~y
level .(AB C, or D). The co signal is norma ized and f itered b eore it is used.

fo cmarso ith the' rlative .amplitude setpoint, Sp. It has been found tha the

effect.of the calibration error.on: the OPRM signal is negligible due to the,

normalization procesis, as will be demnonstrated, in the remainder of this response.

.* Forthe ouroose otoscillatiordi detection:. The peid-based detection algorithm
(PBDAý) utilizes OPRM signals to analyze their pidciy no apiueanis.

........... y •o am:iud...a d -

therfor unafeced y calibration errors.

* ,orth ~r~oe f owr level determination: An average. power range monio
Ms:::ignalo i:scomposed:1 Vd of. ev l io r

ý(,ýRIV).spalis dof eveal PR~~takan t dffeent levti~t. her

::AREVA NP Inc,
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are multiple APRM channels Where their signals represent the average reactor

fission power. For theEnhanced Opt!on Ill solution,the single channel instability

excllusion region is determned on. the power/flow map based on measured flowand

power, where the power informbalion is obtainedfrom the APRM response.

Therefore, the calibration error :of the upper elevation detectors will affect the APRM

readings depending on the number and location of tbeseie upper level detectors and

the 6relatiVe power level at each of thesedetectors. The methodology is based on,,

demonstration that the bypass voiding calibration error effect on APRM readings is.
signhificantly less than the conservative reduction of theexclusion region boundary

power by 5% of rated. An example de.mInstration is provided as partof fthis

response.

Expected Bypass Void Factions

The expected void fraction-in.the bypass fo. r MELLLA operation atfboth.the Orginal Licedned..
SThermal Power (OLTP) and EPU is the same sincethe corresponding core power:of the

MELLLA operating line at natural circulatio is unchanged. Hi•g•er atural recirculationpowers,

are obtained'at nat~lur al circulation for MELLLA+. For both MELLLA and MELLLA•, no voiding

was calculated at levels A and B. The maximum and average bypass void fraction at levels C

and D are given below for different exposures points for the cases of Iunning backalong the,

MELLLA and MELLLA4- lines.
I

AREVA NP Inc.*
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The calculations show that the magnitude of bypas~s Voiding is actually[ ]

.compared with MELLLA. The main reason for this observNtion is the higher power and bottom

power peaking for•MELLLA+, which leads to higher average cor v oid fr action for th s a me ::flow

... 'rate, and this results in increased core pressure drop. The icreased core pressure drop for,

M:::ELLLA+ d-eults.in increasing:bypaýssflow. [

Expected LPRM Calibration Errors due toBypass Boiling

The calibration. error relative'to the signal is proportional to the void fraction in the bypass

channel at the elevation-where the. detector0iS1lcated. Other effects such as exposure of the
Sbundles surrounding trhedetectorwere found to be srmal:l. The correspondinqg detector

sensitivitiesit th6e above bypass voiding ,ae given beI'w.

..0. .. -o n -r v n e ..w. . .

S. . .. . . . . .. . .. . . . ... ... .. ... , .. .

LPRM Readings and OPRM Cel.l Assignments

AREVA NP. Ind.
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ThelLPRM readingsprior to oscillation inception, assuming no Change in their sensitivity due to

bypass boiling, are given in the t6able beelo.w:

LPRM Level A Level B

t 16-57 26.37
24-57 64..03:
32-57 69.89

08.49 37.78
16-49: 96.5
24-49.. 76.16
32-49 . .61.47
40-49 92
48-49 87.81
*08-41 97.29
16-41..: 79.99
24-41 :83.05
32-41 97.05
40-41 731
48-41 9'4.'03
56-41 45.32
08-33 100.35
16-33 .92;09
24-33 84.96
32-33 7429.2
40-33 96.89
.48-33 ý84.1-3
56-33: 75.56
:08-25. :.97,51
16-25 "80.06
24-25 102.72

32-25 99.78
40-25 7 1.167
48-25 94.74'
56-25. 69.53

* 08-17 78.68
16-17• 91. 52

:28.32
53.:17

57.57
:40.17i

39.3.
77.71.
62.74
53.95
*72.65
70.76
74.141

.67•8i

175.28

74.3
41.9 .

:77.89
--.75.62

70:98

6-6. 16q
77.54
70.12

.60.62
73.85

66.78
80.13

*8 748.4
6257
74,89

• :56:18

74.9

Level C .'.Level D

29.09 24.65 " -:
-.44.1 3.: 32.08 .

47.34 34.32
38.17 30:'47:
36.5 279

.65.45, 4:2.14
56.2 :4-8.9:

.:.50.54 .::49.23
64:02 .45 11
56.86 35.73
62.82: 39.62

;.5.9..89 41.65
60.35 ,46.85.
64.6 50.11
55.99 41.35

:66.86 44.63
40.381 30.93
.68.99 :44.41

i68.3:: : 48.75
:57.77 41,37.

65.5 . 46.61
67.35 47. 76
52.02 "34.95
64.73 41.-92

"59.86:ý 41.821

.65.75 47.55
65.45 .48.01
54.33 40.17:68:87 46.72

48.15 i32.1589-
54.83 :36.41,
'66.8 45.4.1

AREVA NP Inc.
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LPRM

24-17
32-17

40-17

48-17

56-17

16-09

24-09
32-09

40-09

48-09

Level A

75.77
71.94
91.4
97.39
26.78
77.8

89.89
93.78
93.19
37.2

Level B

62.92

61.07

72.36

77.76

29.05

63.62

68.81
70.8

71.79
38.68

Level C
56.31

54.63

65.36

66.32

30.16

53.44

58.4
60.1

59.09

35.97

Level D

51.1

52.01

48.06

42.03

24.94

36.28

41.34
43.51

39.26

27.95

The LPRM-to-OPRM assignments are given below:

AREVA NP Inc.
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Table 1.1 LPRM Detector to OPRM Cell Assignments forChannel I

Cell ID# LPR.M #1 ýLPRM #2 LPRM #3 LPRM #4
1 16-57B. 7Q-5 24-49C :1 649B
2 245032-570: 32-49D 24-49Q,
3 32-57D 46-.57A: 40-49A 32-49D
4 -0849A 164816-41,D 08-41CG.

S51648....24-490C 2441TA- 16-410D
624932-49 D24i1B 24-41 A

7 :'-i.D40-49A.4'3410 3-41,1B
8...49A ....48-49B 48-41,0 40-41 C.

9 0841C 16-4 10 D16-330 08-33C
10 116-410D 24-41A: 24-33A 16-330
11 24-41IA 32 418 32-33B243A
12 32-1B40-410C 40-133.Q 32-33B

1340-410 48-41 48-33D0 40-33C
14 48-4Dý 56-4A 56-33 48-330,

15 08-33C 16-330D. . .16. 25B 08-*25A:.
16 16-330jr,::'ý 24-3A24-250 16-25B+*:.

..17 .24-33A .3-333B 32-25D 2425

18 ,32-33B 40-33C 40-25A 32-25D
19 40..3307 -33 33 48-25B 40-25A
20 46833D0 5:6633A 56-25C 48-25B.
21 08-25A A16..25B- . 16-17B . 08-17A
22 16-25B 2-250. 24.ml7C0 16-17B.
23 24-25G0 32.25D 32-170 ... 24 -170C
24 '32-25D+ 425 40-'17A: 32-17D
25 40?5 4-25'8 48-17R 40-17A
26 ..... 48-25B :56:250 56-1 70 48-17B
:27 :16- 24- 1 7Q0 24-09A .... 16-09D,

28 4-7G, 3170 3209.24.§A:
29 3217D40-7A 4--09032-09B.

30 . .40-h 4817,8-9 40-090

AREVA NP Incý
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Table 1-2 LPRM Detector to OPRM Cell Assignments for Channel 2

Cell ID# LPRMI#1 LPRM.#2: LRM# LPRM #4

2 .... 7 . 32-5'7Aý .29 24-49D
332-57A .,40*570_ 40-49B 3249

4 049164016-41A 08-41A
5 164900 24-49D : 24-41C 16-41A
6.6. 24-,40b. 32-49B 32-410C 24-41 C
73249 40-49B ::: 40-41.A. 32-41 C

8: 40-49B . 484090: 48-41 A.*. 4041A.
9 08-41A .1.641A .. .16-33B: 08-33D

10 16-411A 24-4.1 24-3313 16-33B
11 .24-41tC 3 1CQ 32-3 13D 24-33B
12 -24C40-41'0-3 32-3.30
13 -4,0 A.: 48:41A . 4-33B .. 40-33"
14 .40-41A .56 141C 56;-33B 48-33B
15 04 08-330 16-3138 16-25C 08-25C
16 163824-,33B 24-25A 16-25C
1 24-33 .: 32-733D 32-25A 24725A
18 ... 32-330 0 0ý-33D 40-25C 32-25A
19, )233D -4-3313 48-25C . 40-25C.
20 4.8-.. 35- 56-25A 48-25C
21 108-25 . :.625C : 1.6-17D : . 08-17B

22 2416-25 ,225A 24-17D 16-17D
23 24-25A : :32-25A .32-17B. 24-17D

:24. 32425A 425 . 4017..32-17.B
2540-r2150 48..-... 48-1 70,... 40-17B

ý26 '4-5 62A56-17D 48-17D
27:: 167D 24-170 24-0:9c 16-09A
28 .24-17D 32-1 78 32-090. . .24-.09C .

29 732-17B. 0-17B 40-09A .3209C
.. ... L30 71.40-11703, :F :. 7D .:.- : 48-09A . 4009A'..

AREVA .NP Inc.
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Table 1-3 LPRM Detector to OPRM Cell Assignments for• Channel 3

Cell ID# LPRM #1. LPRM#2 LPRM #3 LPRM #4
1 6-570 24-57B. 24-49A 1 6-49A

2 2-5B 32-57B 3-49C.. . 24-49A
ý3 32-SiB.4-7 40-49,Q.. 32-49C,

408-49C 16-49A, 16 -41 B 08-4 1B
5 16-4bA :?4,49A- 24-410D.1.,1 16-4B

6 .: 243 .-32-490 32-410D::. 24-410)::.:.
7 32-49C .. 40-4.99 40-41 B' ... 32-410.

.. 8. . 449 849A 48-41 B 40-41 B
9 084.18 1 6-418 16-33C 08-33A

101:6-4.18. 24-410 24-33C . 16-33C
1124-410D 32-41 0 32-33A .24-33.

12.32-410D 40-41 B ... 40-33A. 32-33A
13 40-41 B 48.-41 B.. 48-33C 40-33A

14 .48-41 B . 56-410D 56-33C 48-330..
15 8-.33A 16-ý33C 16-25D o8.-250
'16 1 -3 430242B 16-20
17 24-33C . .32-733A....32-25B 24-25B
.18 .. 32-33A 40-33A 40-250 32-;25B
19ý 40-33A : 48-33C 48-25D 40--250D.

20 48-33C...0... .56-.330 56-25B -4 8-250D
21 08-250. 16-25D 16-17A 08-170

22 16-250:,: 24-258 24-1 7A 1:6-1 7A
2324225B .... 32-25B 32-170 24-1T7A

24 A22B 40-25D 40-1 70 32-17C
:25 40-25D' .48-25D 48-17A 40-17C

-26:48-25 I ..56-25B -5617A ..-17A

::27 1-7241A24-090.ý 1 6:-09B8,.
"28 24-I7A. 32-170 32-09D 24-09D

.290.. . .... . 32-170 40-170 40-09B " 32-09D
30.40-170.48717A . 48-09B ... B

AREVA:NP ,,.,.
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Table 1.4 LPRM Detector to OPRM C6el Assignments for -Channel 4

Cell D#. LPRM #1...LPM#iPRM.O#13 LPRM #4

1" 16~.57AI . 24-57D ,:.": :24 49B 16-49C
2 -24-57D 32-57G 24-498
3 32.-5.C 40-57B 40-49D..". 3249B:

4 .08-.49D 16-49C 16-41 C 08-41D.:'
5 1649C . 24-49B. 24...2-41B 16-41C

.......... ,, . .. ........... .... ... . .......... : ..... . .. ..

6. ~ 44B3-9 32-4 IA,:*- 24-41BI.

7.': 32-49A 40-490 40-410 32-4Ak.:.-
8049 48-49C 48-41 C 40-41b:-0

9 08-410D 16--41 C 16-33A 08-33B
10-1 '2-41C 24-4 lB24-3. 16-33A:,:..:.... . •....... •. . .. ........ . .... .. ... .. ... .. : ... . . ...

1'i24-41 3-41 3234-33D
12 ~ 327,41A :'40-41D: 4MMB....32-33C

13 40-4103:: .4841 C : 348-33AL.:: 40-338
14 48-41t 56641B 66-330 48-33A
15 :'08-33B ..33A .. .. . 16-25A 08-25B

16 1 .- 33A 24I33D24-.:: ý. 25D 1 .- 25A
1724-33D 32-33C. 32-25,C . 2-25

1 8 .32-330 40-33B 40-25B 32-25C
19.- .. .. 40-23B 48-33A 48-25A .:::::::::40-25- ..

20. 48733A 56-330 :56-250D* 48-25A
.21 :08-25B , 6-25A 161008-170.,L

22 625 2425024-17B 16-17C,

23 24250 2-'250 2-7 24-17B:
24 32-'25C 4Q2B . 40-1 70 32-17A
2'5.40:25.2 146-25A 48-17C 40-170.
= 2 ."825A ' :'56-25D . . 56-7B 48-17,0

27 16-17, .24-1 7B ý24-09B 16-0-9IC
28 .24-78 32-.17A 32-09A 2.::4•-09B
29. .3217A 40-17D 40-090 32-09A:

30 470.17 48-17. 48-090 40-090

:AREVA N.PInc.
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Assessment of Impact of Bypass Boiling on oPRM Signals

:The requested signal is COnstructed for each detector .using

:LPRMMt LPRM(0) - (I ~i4- 0.1sin(2,r f. t -9

Where

LPRM(t) Time dependent LPRM signal..... . . . -. d e n, .. : .. . .

LPRM(0) ilitia, vaIlue of the LPRM signal.

: LPRM sensitivit•4;factor due tobypass boiling corresponding to the detector level. -

'LPRM axial phase shift relative to level A. This will be s:et to 20 degrees for the B:

level 40 degrees for the ,C level, and 60 degrees for the:D level:LPRMI.s" " " -'.' - "::..; ':.•".", " " ' "' ' ", :.'.-': '':'::,."2 '•: " " • " "' ":" • " • . . . .: "' '" : ."..." .'...' ..e s . .o r

f Os cilation freqouen.;cy, set equal .to 05.52Hz.

The gener~ated OPRM signals with and without the effect of by pass§boiing arefcalcuIited and
compared for two sets of detector sensitivity reductions. In the fiirst set, the levels C and 0

detector sensitivitiesare reduced to 95% and 90% respectively, whichbounds the case. specific

examples determined above,. in the second set,athe levels C and D detector sensitivities are

redulced to90% and 80% r.espiectively; The second set is provided to demonstrate the':extreme

insensitivity of the bypass boiling ontheOPRM relative signals.

AREVA NP.Inc.:
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'The percentage change in:0PRM sensitivities for the first set (C level sensitivity = 95%, 0D level
sensti~vity =:90%) is given in theatabe below forll!the OPRMs arrange~din four tip channels:

.esf~ ve .h the tal .blb fo c e, s

- - ,z. . . . . . . .. . . . . . . .. .

..tk N . . . ...
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The percentage changein OPRM sensitivities or the second set:(C leveSel tsenitivity- 90%% D

level sen iti.ity = 80%)is givern in the table belovw for all the OPRMs arranged in fou• trip

channiels:
ii:::i~ ~~~~~~~~~~~~~~ ...! ....::::::: ..: : : : ;:: /:• :: / ::~ :

AREVA NP tnc.
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The corresponding statistics for the change in sensitivity is:shown graphically in Fig ures 1-i and-:

1-2 for the first and second set:respectively. It is clear that: there,:is a trend to[ n not

[ ], sensitivity of most OPRM signals due.to the improved signal coherence when the

: Contribution of the upperilevbel etectors with [ .. The few QPRMs where

the sensitivity.-is slightly[

The OPRM detector. sensitivities as function of the dscillation -magnitude are displayediin
.... Figures 1-3 and 1-4 for'the two calculation sets- respectively. These figures shoW that there isa

majb'rity of OPRMs with large absolute signal yalue (lower noise•-•t-ignal ratio) where the

sensitivity iseither[ ] by the bypass voiding. In this way, it is

concluded that. the.O.PRM relative signal for the purpose of comparison wit h mltd

setpoin[] possibility of some detectors being out-of-

service..

Firs .. P I Io .o . . :s l .• ,... ..

F .: :: i rs::..;i~ ~t: Principe I•interpretationiof:the:Results
The effect of bypass boiling on the relative OPRM signal, for which numerical results are

presented above, can belinterpreted analytically. [

.AREVA NP Inc.
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Effect of Bypass Boiling on APRM.Calibration

An example of the effect of bypass boiling on the APRM signals is presented here. Actual

APRM detector assignments into four channels have been used. A wwort casb:iresults scenaro:.

was also assessed that assumed that theire maximum:i allowable number of LPRM detectors.to be

out-of-service are entirelyA and B level detectors which are not affected by bypass voiding.

Even in this case, the largest effect on APRM sensitivity is [ ] as shown in the table beloW.:

AREVA NP Inc.
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Thi.s corresponds to [ ]rof ated power Which is well within the 5% or..rted •o nervative

bias imposed by the Enhanced Option .. i solutin on the computed channel exclusion region..

:AREVA NP Inc.
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Figure .1-1 HIstogram of the Relative Change in the OPRM signals
for I0% D level and 5% C level LPRM Signal Reduction
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Figure 1-.2 Histogram 'of the Relative Change in the OPRM signals
for 200/yDD level and i00/"% .iC level LPRM Signal Reduction:
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• . ... . . .. - . . .- . ..... . ....

Figure 1-3 Relative Change intthie OPRM signals Versus Absolute Oscillation
Magnitude fof10% D level and 5% C level LPRM SignaI Reduction
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:Fiigure 1•4 Relative Cha ge in the OPRM signals Versus Absolute Oscillation
Magnkit*de for 20% D level and 10%,C level LPRM Signal Reduction
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Question 2: ADDITIONAL JUSTIFICATION FOR THE 5 PERCENT :HOT
CHANNEL OSCILLATION MAGNITUDE (HCOM) PENALTY

Please provide an expansion of Section 1. 2 of TR ANP-F.10262(P) with a summary.of the
ap~proved HCOM methodology (NEDo -324P65A) Provide a clear definition of what HCOM is,

including the effect that higher decay ratios could have on the delta-critical power ratio (CPR)
because of the delay on reactor shutdown afte& scram• initiation.:

Figure 3-6 of TR ANP-10262(P) shows that a biasing factor of. .3 in the HC.OM decay ratio
(DR) probability distribution results in an amplitude setpoint. change from 1. 10 to 1.095
i.e.,i.0.5 percent). Please describe hoW this result translates to a 5 percent HCOM penalty.

Note: thePBDA agorithm, will trip the reacibr when the DR becomes greater than 1. 0. Under
:MELLLA + conditions, a two-pump trip foillowed by the associated subcooling transient will result
in a final DR significantly larger than under OL TP conditions,' bu the .PBDA will scram the.
:reactor at an earlier tim .e (i.e., when the DR is approximately 1.0). With' this argument in mind,
please justify why a? biasing factor of 1.3 conservatively represents the DR, values that could be9
expected under MELLLA+ conditions at the time of scram (not the final DR).

Response 2:

HCOM is an acronym for-"Hot.Chanel.Oscillation Magnitude" whe 10the hot channel is not

necessarily the bundle with the highe:st power but more appropiately the one ith the largest:
Spwer swing so that its transient CPIR is the limitihg response of the core:. The os cillation

magnitude refers to the relative bundle power, .and is.defined..as the peak bundle power (P)

minus the preceding minimum bundle power (M)for a given. oscilation cycledivided byCthe

average. power (A) over that oscillation pieriod. Thus., HCOM (P-M)/A.

The HCOM methodology refers to the analysis .0of the relatiionship' beween: the hot channel:

oscillation magnitude (HCOM) and the trip amplitude setpoint Sp. The amplitude setpoint, SE, is

defined as the peak-to-average ratio of the OPRM signal at which a trip command is issued by

the trip channel containing this OPRM. The HCOM analysis results in a few tabulated data

pairs (normally 3 pairs) of HCOM versus Sý, Although not necessariy linear:by definition, the

relationship between Sp and.HCOM Obtained from actual analysis is almost exactly linear.
Thus, : "

h u S ; . . . - .. . .

S.. =1+ x:HCOM (2.1)
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Where 4ý is constant. Notice that the fractionalpart ofI s (not Sp itself) is proportional to HCOM

because of their respective definitions. The HOOM anal•y•is is effectively reduced to the

methodology for determining the constant plroportionality: parame ter, -

Inthe idealized case Where thedetector response is measuring the power ofa single bundle

and the scram occurs immediately upon reaching the amplitude setpoint, the proportionality

parameter 4 = 0.5 .is obtained.d However, the real system includes a plurality of OPRM

detectors where each is made up of several LPRM detectors at-different elevations, and each

LPRM detector is mainly driVen by the nearest four bundles instead of a single- bundle., This

reduces the proportionality parameter to: 0.3 (exact value is plan t-specific).

It is clear from Equation 1(2.1) that modification of the analysis assumptions in order to account -

for different stabiiityconditions would alter the value of the parametere4. A reduction of 4 by

5%/ results in a reductionrof the-fractional part of.the setpoint,. 1 I, by the same 5%:in order to

protect the same HCOM. Equivalently, anexisting analysis With the associated value of 4
unchanged can be used, with a penalty of 5% applied to the HCOM value itself, witthe same -

effect on the: a:mplit Ude setpoint reduction.

The actual ..osci.lation s!u ppression due to the'reactor scram lags thet•ripsignal issued upon
reachingthe amplitude setpoint, Thus, the telationship betWeeni HCOM and Sp depends on the

particular organization of the LPRM ýdetector assignments to.OPRM celis, and is also0affected.
by .ythepossibili~tyofdetectois out-of-serice. The Detect'& Suppress methodology as desc ribe

in the topical repofrt(NEDO-32465A) req6uires a plant-specific&statistical methodology for

calculating a tabulated relationship between HCOM and Sp. This plant-specific HOOM

methodology is desCribed briefly below.;

The HCOM statistical methodology applies'a Monte Carlotechnique to sample m"anyqaesto

obtain the conservative 95% pirbability :with .95% confiderice VIlue of the hot channeI oscillation
magnitude HCOM at the time ofoscillation suppression efor a gien amplitude setpoint ;$.. To

characterize an oscillation for each case, the oscillation decay ratio (or moreappropriately

growth ratio) an'd the oscillatio6 period are.sampled from probability distributions shown in
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Figu•res (4.4) and (4.5) of NEDO-32465-A, and the first oscillation peak that exceeds the

amplitude settpoint is positioned randomly such that the setpoint is anywhe.re between that peak
and the preeding' one. In the worst case, a signal peak is Very slightly below the setpoint and

the overshoot peak of the subsequent cycle Would have the highest possibleN vale of

I + (Sp - 1).x GR where GR is the. growth ratio for this particular instability. The suppression time

delay is smallerthana full oscillation period,which makes the': limiting oscillation peak the' one
occurrin.g in the oppsite side of the core a.half period later, with an amplitude a factor of

'Ii.greater. Thus the amplitude of a sighnal at the time of oscillatiOn suppression, S is

obtained in the range9

.+(Si•.-I)x GR0 .< :S < (S_-l)xGR .. (2.2)

The hot channel oscillation :maagnitude, HI COM,,is highe.r thian the O.PRM signal magn' itude, S,

because the latter is a combination of detector responses at several neighboring bundles.

However, the maximum signal amplitude and.the HCOM.are similarly affected by the growth

ratio. This explains the•need to applyaf:penaalty to the setpoint (or equivalently the HCOM) when

an existing HCOM ahalysis is used for conditions associated with anticipated higher growth

. ratios.compared with the conditi.ons associated with the original analysis..

Following.a two-pump-trilp, the reactor is brought to0natural circulatiOn and power is reduced.

The core rI emains sstable unhtil tthe feedIwater' heaters respond tothe decreased steamr flow ad
the inlet subcooling gradually increas whic combined with the resulting power increaýe bring

-the core gradually to less stable conditions. The rate of the destabiliization depends on the

.balance of plant (feedwater heaters) not on the operating domaih itself. However, operating

under extended flow windows (MELLLA+) makes it possible for the final decay ratio to be

higher. However, the detection system operates on OPRM signals in theirange when coherent

signals start (Decay Ratio 1) to higher growth ratios when the signall amplitude. exceeds the:

setpoint. The growth ratio at the time-of detection, not the maximum growth ratio, influences the.:
relationship between HCOM :and the amplitude setpoint asIdiscussed.above. It Should be noted

that, :the Enhanced Option III solution single channel instability exclusion Imits the maximum.
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growth: ratio of the signals processed by the detection system. For an exclusion region

boundary that crosses the natural circulation line at or below the MELLLA line, no increase in
growth ratio is expected anid the HCOM Versus Sp relationship is not affected bY MELLLA+

operation, where the higher growth. ratis: are anticipated after the operating point crosses into

the exclusion region and a sicram is initiated.

To ;put the proposed 5% HOM penalty in perspective, it is used to alloW the use of existing

HCOM analysis, while also allowing-the possibility to: place the exclusion region boundary at or

aboVe the MELLLA natural circulation corner. A conservative accounting of the increase in

growth ratio is made by biasing the growth ratio prbability distribution such that the rmost. lik•ly

.gr•w•*ratio in excess of unity is increased ýby a factor of 1.13; in this way for.the original

pr;obability distribUtion with a most likely0growth rati. of 1i.07the biased distribution wuld be
Speaked at a growth rati of 1.09. Thus biased, the pfrobbility of a hly unstableb osillation

with a growth ratio of 1.2.is increased by a factor >2 which signifies the high level of
conservatism applied due t the probability distribution biasiihg.

in conclusion, the proposed 5% pen alty on existing HCOM versus Sp relaitionship for application

-to. EQ-Ill is justified as a ver' cnservative approach• allowing Ithe ýsingle channel instability
.. exclusion region boundary to piross the natural circulation ine at or above theVMELLLA line. F6r

applications where the single channel instabili, e.x..Uion region b ,udary crosses the naturl
circulation line at a lower poWer leveldue to the appicationoflayersofconservatisms in its

determination, the 5% HCOM penaity is no longer required.
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Question 3: VALIDATION OF THE STEADY-STATE DRYOUT
CORRELATIONS

During the A CRS committee presentation, additional data was provided related to the oscillatory
flow drY~ot measurmehts. Please document this data and provide additional details about the

oscillator dryout benchmarks shown in Section 3.2.3 of BAW-l0255(P) .including:

. :A description of the test conditions fbr each case, -
:2. A quantitative companson between Predictions of the steady-state dryOUt

correlations :and the test data for unstable oscillation conditions,
3. A statistical evaluation of the erroras,, and
4.: An explanation of the temperature drop pioto d0yout.

RespOnSe 3:

Description of Test Conditions
. ... ..- . .• .- . . ." . . .
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Statistical evaluation of the, errors:

A statistical evaluation of errors is possible f, the steady state dry•ut testing .Where ypicaiiy

hundreds or thousands of data points areavailable. [

"~ ~ "a s arei: 2.!..., a
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Excplanation of the temperature droP iriorto drVout:
. .. . . . . . .. . . . . - . . . . . .., . . . . .

The Mo-pha6e flow regirne at the plane where dryout is.detectedis tlhe annularflow regime-

where-a liquid film surrounds the heated rodS and the core steam flow carries liquid droplets.

The vapor-liquid interface between the film and the core steam is at the saturati on dition,

while the film-rod interface is ssuperheated where its temperature .is higher than the saturation
tempernatUretby [ .. Thetemperature

gradient ac0ss 6the film drives the heat flux transferring the heat generated i trdho

the liquid film where it is used to provide the energy for evaporating the liqu-id ait theliquid-vapor'.

interface. For a small heated rod control segment at a given elevation, the mass balance of the

liquid filrmis governed by liquid film flow entering and lea vingthe control segment, the

deposition of liquid drops from the 'core flow. anrd the entrainment of liquid from the film to join

the core flow., and the liquid mass loss duee to evaporation at'the iquid-steam interface.
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I

]

Additional Discussion

The threshold for declaring dryout defined in BAW-10255 was discussed during the ACRS

review. IThissection. provides additional background to the issue,

I[ " ": : .. - : . . . .. :: . , ..... . .... :... .... ~ :~

].
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FIguq'e 3-1 Example of a turbine flow meterý measurement :versus pressure drop for
grw•ing oscillations-: ,

.]. , , . .. . . .
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F

Fig ure 3-2 [
I
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Figure 3-3 [
I
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Figure 3-4
]
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Question,4: JUSTIFICATION FOR THE 10 PERCENTIDIVOM
PENALTY FOR MELLLA+

.Based on the RAMONA5-FA benchmarks against Karlstein Thermal Hydraulic (KATHY) loop
and reactor data and benchmarks of other.RAMONA versions, provide a justification why a
10 percent Delta CPR. over Initial CPR Versus Oscillation Magnitude (DIVOM curve), penalty
bounds any possible RAMONA5-FA uncertainties that May be uncovered, by a thomugh riew
of the code. Provide an estimate of the channel decay tio error that would be required to
make6. the 10 ercent DIVOM penalty non-conservative.,

The 10 percent DIVOMpenalty willlikely be applied to the PBDA setpoint calculation; however,
it has an equivalent value in terms of an operating limit minimum critical power ratio(gOLMCPR).
penalty. 6 Assum!e that the PBDA setpoint remains unchanged (for example at 1.1 10), :and
calculate.what wouldbe the required increase in.OLMCPR to prevent. CPR violation during a
limiting oscillation that scrams at the constant setpoint, if the DIVOM slope is 10 percent higher.
This isth ey.aln. CPR penalty" of the 10.percent DIVOM penalty.,

Response 4:....... ~ .. . ..... .,..... ..

Integral benchmarkin of RA'MONA5-FA with reactor dat6a .is dependent on all of the code's:-

models. Benchmarking against KATHY data involves the hydraulics subset of the code's,

models. Good performance of the code on both sets of benchmarks provides assurance that

the good agreement bet ween code results and reactor data is not a hartifactof:comp.ensating

errors between the different code modules'.

It must be notecd that a DIVOM calculation is essentiallyan .penTloop process while a decay.

ratio calculationis a closed-loop proCess . This Point can be, clarified by briefly describing a
densitY wave Sdsillation starting from an Initial perturbation goingthrough the different models

and their effect on DIVOM and decay ratio calculations and applicable experimental data.

An inlet flow rate sinusoidal perturbation travels up the boiling channel. In the nýonboiling

bottom pat :of the chainel, the. magnitude of the flow perturbation is approximately' unchanged..

As the flow perturbation travels further upthe channel, a. significant attenuation in the flow rate
perturbation occurs and reaches a minimum Value at anh elevation past the mid-channel height.

.Past this point,: the magnitude of the flow perturbation increases with height Until the 'end of the

heated lenigth,but its magritude normally remaihs below its valude at the chann-e l inlet. A

corresponding steam• quality perturbation profile is generated:, where zero quality perturbation

:occurs in the non-boiling bottom section, followed by a large increase of the quality perturbation

AREVA NP 1%. .
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in the subcooied b6iling reg!on, and for higher elevations the magnitude of the quality

pertu rbation coninues todecay all the way to the end of the heated length. This density wave

profile expressed in flow and quality perturbation magnitudes along the heated length depends

on the oscillation frequency. NOmericaI calculations of the flow and qiality profiles depend bon
solving 'the continuity equations, provided an inlet perturbation is given in terms of magnitude

and frequency. This portion of the density wave is purely kinematic and the fidelity of its

modeling in RAMONAS-FA [1

The meas ured oscillatig inlet flow has been used as an input to the code and the resulting

calculated quality is used to compute .CPR using a •well established correlation. The excellent

agreement of the calculated CPR response when it approaches unity coinciding with the

measured rod temperature spike indicating dryout lead to the conclusion that RAMONA5-FA

num merics do not distort the density wave profilel..

.dFrhermore the quality and flow rate profiles result in a corresponding d•ensity.(or equivalently"

void fraction)profile which can be calculated .using a: void-ruality correlation. The integrated

density for the entire heated length resultsiin a .corresponding pressure drop response which.

drives the oscillation dynamics. The net eff' of the different pressure drop components. may.

lead:to anramplified or damped response and determines the frequency of the ieast stable:. !

mode. It-is important to recall that the oscillation frequency affects the perturbation profile, and

in this way the dynamic aspects of the oscillation as represented by the numerical solution of
th mo enu ... .d',. ... ti nl.td~ h . -.d. ,

the momentum equation indirectly influence the f (iityof the perturbation profile calculation

where an underestimated frequency results in overestimated, quality response and -vice versa...

In this respect, [ .. , . .. .. . . . . . . ." : : .. : .. .." ..... ... .. .... : : : " i . . . . ..

shown in Figure 5-2 of BAW-10255 provides assurance that the momentum equation numerical

representation in RAMONA5-FA producess the correct frequencies needed for propercalculation

of the perturbation profiles. The good agreement obtained for the same tests with regard to

hydrauli4decay ratio:s (Figure 5-1 Of BAWA10255) is an additional assurance that the Void

fraction response responsible for the driving density head perturbation is also correct.

Given that exact experimantajlverification of the RAMONA5-FA qualit perturbation profile is-not

possible, it must be added that the effect of afn underestimated quality'perturbation will:

underestimatelthe CPR response While also underestimatingthe'void response which ih turn
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underestimating the reactivity and power responses, and vice versa. With both CPR and power

responses affected in the same direction, the DIVOM slope remains neady inVariant.

The .Void fraction- p!ays two 6main roles in density wave oscillation in a BWR,:first through its
corresponding densit-:head driving the density wave, and se ond thb'ugh the resulting

y i... e en i w ,an ".s .. :". . .. co.n.. .. .. o g_ g

reeactivity feedback. With the void fraction respronsepres-umed to be corectbased on the

KATHY tests, the neutron kinetics and pin heat conduction models in RAMONA5-FA are

validated by the good agreement with reactor decay ratio and frequency measurements.

Given the unique testing experience behind RAMONA5-FA qualification, and the fact that it'has
been thoroughly reviewed per ARE VA qualitY assurance requirements, no DIVOM biases are

expected. HoWever, it is conceivable that another hypothetical code not s thoroughlyqualified

may harbor biases.

It is not possible to relate a potential bias in DIVOM slope with a corresponding bias in channel

decay ratio without a deeper look at the- underlying fundamental cause(s). Generally, as has

been demonstrated in FigUre 3-2 of ANP-10262, the channel decay ratio variation [

] while producing a (small) DIVOMslope change in opposite directioins as

shown in' Table 6,- of BAW-10255 .......

As an engineering judgment, it can be concluded that any DDIVOM bias is much smaller than a

corresponding deiay ratio bias that• may result from a'code.deficiency. The DIVOM variables

(relative CPR and power responses) are affected differently but generally in the same direction

by alte.red system responses, which minimizes the impact on the DIVOM slope, while the

corresponding decay ratio shift can be large. Given the generic decay ratio uncertainty of neary

[ . commonly associated with code results, the corresponding DIVOM uncertainty should

be much•hless than 10%. In support of this conclusion, attention is brought to the fact that the

originally appr.oved generic DiVOM'slope was found in good agreement with othercalculations. . .... ,....... . ...

including RAMONA5-FA and other..1 codes Which are not under review such as RAMONA3. This

conclusion applies to extended flow Window operation such as MELLLA+ as'thecore operating
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points used for DIVOM calculation in the context of Enhanced Option Ill: resemble current

operating conditions at natural circulation.

Equivalent OLMCPR Penalty

An example is presented here for a case with amplitude setpoint S,= l l, for which'the Monte

Carlo hot channel oscillation magnitude' is assumed to be HCOM =(1'- M)A =0.35.- The

slope of the DIVOM curve is assumed to be equal to the original generic value ofS = 0.45. The
safetyirmit Is asumed to beSLAUCPR =1.09.

et . m..

For a react operating at rated conditions at the operating iimit, OLMCPR R, prior to pump trip,

:the initial (pre-oscillation), iMCPR, at natural circulation is larger than the operatinog imit by a

factor, R >1. Thus, IMCPR = R x OLMCPR.-
For an 6scillation to be successfullypp suppssed without violation of the safety limit, the

operating limitmust be equal or larger tha he.value obtained from the following equation.

SLMCPR = R x OLMCPR x (IC x JIOM

:Neglecting theCPRi.f mprovement factor bysetting R -lI, and substituting the numerical values

of the other parameter as stated above, the operating limit is, calculated as

" OL PCPR 1PR 1.09 .2938.
.(1.- 0.45 0.3

When a 10% pealaty is applied to the DIVOM siope, the penalty Slope becomes 1

S 0.45× .1: - 0.495 which is used to calculate the operating limit with penaltY as'

.... . , . . .. .- 1 : ý -. . ::S L M C P R ý I 9 . . . .. . . . " :OLMCPR = S: M..R .:09. .. 3184

.RxI - S xHCOM) 1, (1O 0495x0.35)

Th differehce in the OLMCPR: is thus0.025 which is a significant penalty.
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