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Statement of Disclaimer

This document was prepared by the Nuclear Fuel Services Department and is being
made available to others upon the express understanding that neither Commonweaith
Edison Company nor any oi its officers, directors, agents, or employees makes any
warranty or representation or assumes any obligation, responsibility or liability with
respect to the contents of this document or its accuracy or completeness pertaining to
any usage other than the originally stated purpose.
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Proprietary State. :nt

This document contains proprietary information of Westinghouse Elactric Corporation
and is fumished in confidence solely for the purpose or purposes stated. No other use,
direct or indirect, of the document or the information it contains is authorized. The
recipient shall not publish or otherwise disclose this document or information therein to
others without prior written consent of the Commonwealth Edison Company, and shall
return the document at the request of the Commonwealth Edison Company.
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Question on VANTAGE 5H DNBR Penaity

On June 27, 1994, Westinghouse informed the NRC that design corrective measures to
resolve flow induced vibration problems for 17x17 VANTAGE 5H fuel with intermediate
flow mixing grids resulted in reduced DNBR margin. Do you intend that your
methodology be applicable for this design? If so, please address how the appropriate
penalty is to be determined and the magnitude of the penalty to be imposed.

Response:

The Byron and Braidwood plants do not use 17x17 VANTAGE 5H fuel, nor does
ComEd plan to use this fuel type. Thereiore, the penalty associated with these design
corrective measures does not apply to ComEd.
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Question 1

(Page 4) A range of validity for the DNB correlation is given on this page. Please
explain how your methodology assures that the correlation will not be used outside of

the acceptable range.
Response

ComEd's procedures that govermn generation and review of controlled work require
verification that any assumptions, applicable correlation limits, etc. are applied correctly.
This includes verification that the parameters used by correlations are within the ranges
of applicability for the correlations.




NFSR-0090 RA| Response #1

Question 2

(Page 19) Please provide copies of the sections of Reference 1 (“Factors for One-
Sided Tolerance Limits and for Variables Sampling Plans,” SCR 607, D. B. Owen)
which describe the basis for your statistical approach.

Response

Provided as Appendix A is Section 1.1 “One-sided tolerance limits for a normal distri-
bution” and Table 2.4, Values of k for f=n-1 and y=.95 from Reference 1. Section 1.1
provides a brief description of Owen’'s method used to caiculate the VIPRE/WRB-2
thermal limit. Table 2.4 was used to determine K, based on a 95/95 confidence level
and the caiculated degrees of freedom. Pages 9 and 10 of Reference 2, provide
equations for calculating the mean, standard deviation, degrees of freedom, and
tharmal limit. The following provides more details on the VIPRE/WRB-2 thermal limit
calculation:

TL=

VIZ
RS
3
|
QX
w

where,

.- 6.

¥ -2

J = The total number or Test Series (11)
N; = The number of tests in Test Series |

From Table 2 on Page 11 of Reference 2

(M 1
- =-—=109791+ ...... =
\PL‘ 11[09 91+ +09974|= 10040

S = ySW? + SA?

Variance within a group
Variance between groups

2
where S
e

o
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The NRC recommended formulas for SA” and SW’ are (Reference 3 and
Westinghouse's Follow up Response to additional information Request #1 of

Reference 4),

_SSA

2 B
" FA

_SswW

2
SW W

where
ssa-3[4) () T

sow-$3[(#), (%), - 209

= =

S, = Standard Deviation of Test |
FA =J-1
FW = N-J
N = Total number of tests (684)

From Table 2 on Page 11 of our Topical Repcrt (Reference 4)

SSA = (09791~ 10040) +............ +09974 - 10040)° = 000425 and,
SSW = (51-1)00713%+.............. +(73-1)00812° = 439
Therefore
2 _ 000425 _
SA® = 111 0000425 and,
439
W? = ——— = 00065
SW'=ea-11) ’

S = v0.000425 + 0.00653 = 00834
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The Degrees of Freedom (F) is defined as:

(SW? +8A?)’
[
FW ~ FA

F = 594

From Table 2.4' of Reference 1
Ko = 1.753
Therefore the WRB-2 Thermal Limit is

- .
10040 - 1753(00834)

= 11658

. Thermal Limit of 1.17 is used

! Note this table is aiso included in Appendix A of this document.
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Question 3

(Page 3) It is stated that the standard Tong F-factor is applied to account for non-
uniform axial power profiles. Please give the exact form of this equation used defining
each of the terms. Also, explain how each input parameter is obtained for both analysis
of test data and in the application of your methodology for licensing analysis.

Response

The exact form of the Tong F-factor equation is (Reference 5);

- c o “Clly -2)
o =T ¥ e

where F. is used in the relation:

. Qemay
q =
cMtNU Fc

and C is empirically determined as

C 0159_'_1.91!!1:‘_ in"
- (G/1°0)0.ln ('n )

Variable Definitions

X = Quality at critical heat flux location

lew = Axial location of critical heat flux (in)
q'(z) = Heat flux at axial location z (BTU/hr-#%)

Quugy = Equivalent uniform critical heat flux (BTU/hr-it%)
Queny = NoN uniform critical heat flux (BTU/hr-t%)
G = Mass Velocity (Ib/hr-t)
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ComEd's implementation of the standard Tong F-factor equation for the WRB-2
correlation is identical to its implementation in the W-3 critical heat flux correlation
function already written into VIPRE (Reference 6). Below is the standard Tong F-factor
equations as used in VIPRE.

Foe = ¢ [Mq'(2)e ™ "dz
- (- ) I
where F .. is used in the relation
. Qowe o
Qenry L e e
axal
and
c 015X
| = 010 ——terin
(G / 106)\4‘76
X = axial distance from the inlet (inches) at node |
Xb = axial distance from inlet to first boiling node (determined using the

Jen-Lottes correlation
q'(z) = heat flux at axial location z

= local heat flux at node |

local quality at node |
local mass flux at node |

i

E=
|

x
W

The only difference between the VIPRE implementation of the Tong F-factor and the
onginal Tong paper is the integration limits. In a subsequent publication (Reference 7)
Tong clarified the definition of the Iy or Iy term as “the location of DNB measured from
the inception of local boiling.”

it is our understanding that the Technical Reviewer is planning to use a spiead sheet to
check the accuracy of ComEd's calculations. In order to help expedite the reviewer's
check of our calculations, we have provided the VIPRE calculated Tong F-factors for all
the Test Cases with non-uniform axial heat flux distributions in Appendix B. Please
note that Test Bundles A-6, A-7, A-10, A-11, and A-12 have uniform axial heat flux
distributions, therefore, the Tong F-factor is 1.0 for these cases
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Question 4

(Page 15) The figure on this page appears to show a consistent trend of the predicted
CHF being conservative at low values of the local mass flux and non-conservative at
high values of the mass flux. Please describe any analysis you have performed to
quantify biases in the correlation. If no such analyses have been performed, justify that
the apparent bias is acceptable by providing an upper bound on the bias.

Response

As addressed in the response to Question 5, ComEd also recognizes that there is a
residual trend in the scatter plots. However, by comparing to Westinghouse's original
submittal to the NRC (Reference 4), it is concluded that this residual trend is not a
result of the implementation of the WRB-2 correlation in VIPRE. Any bias in the
correlation will be bounded statistically by the 1.17 thermal limi; where the intent is that
a calculated value of DNBR or 1.17 corresponds to 95% probability at a 95%
confidence level of not experiencing DNB. Since DNBR is actually defined as the
Predicted CHF/Measured CHF, the DNBR limit can be represented in terms of the
Measured CHF/Predicted CHF vaiue as 1/1.17 or 0.855. The expected percentage of
data points with a Measured CHF/Predicted CHF below 0.855 would therefore be
approximately 5%. The 11 test series for the WRB-2 correlation contain a total of 684
data point. We would therefore expect fewer than 35 data points would have Measured
CHF/Predicted CHF values less than 0.855. The actual data indicated 27 data points
were below 0.855, which is less than the correlation infers, and is therefore
conservative.




NFSR-0090 RAI Response #1

Question 5

Please provide the best linear fit of the data shown on page 15 as a linear function of
mass flux. To determine whether there are other potential biases, please it the data as
a linear function of pressure and as a linear function of quality.

Response

Figure 1: Measured-to-Predicted Critical Heat Flux vs. Local Mass Flux, Figure 2:
Measured-to-Predicted Critical Heat Flux vs. Local Quality, and Figure 3: Measured-to-
Predicted Critical Heat Flux vs. Pressure, which follow, include the equation of the best
linear fit as requested. Also note the Measured CHF/Predicted CHF value of 0.855
corresponding to the thermal limit of 1.17 is indicated with a dotted line on these
figures.
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Flgun 1: Measured-to-Predicted Critical Heat Flux vs. Local Mass Flux
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ot y = 0.0708x + 0.9953

0os
L1 0.08 000 cos 0% 018 020 028 03 038

Figure 2: Measured-to-Predicted Critical Heat Fiux vs. Local Quality

y = -3E-05x + 1.0559
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ﬂguro 3: Measur~d-to-Predicted Critical Heat Flux vs. Pressure
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Question 6

Many of the parameters in the WRB-2 CHF correlation invoive geometrical features of
the Westinghouse test apparatus (e.g. hydraulic diameter, heated diameter, distance
from the most recent upstream mixing vane). No mention is given in the report as to
the values used for these parameters. Please provide the values used for each test
section and channel type.

Response

The following information is required as input to the WRB-2 correlation

Pressure, P

Local Mass Flux, Giec

Local Quality, Xioc

Hydraulic Diameter, Dy,

Heated Diameter, D,

Heated Length, Inlet to CHF Location, L.,

Grid Spacing, e

Distance from the Last Vaned Grid to CHF Location, d,

DNDD A DN -

The first three items, pressure, local mass flux, and loca! quality can be found in
Appendix C in the CHF Summary output listings from VIPRE. Table 1, Test Bundle
Geometrical Data References, is a list of figures containing geometrical data for each
test bundle. The figures referenced in this table contain the grid locations, grid spacing
and the geometrical data required 1o calculate hydraulic and heated diameters. It
should be noted that the test section numbering used in Reference 8 refers to the test
numbering for the WRB-1 calculations. Cross references are included for clarity. Nine
of the eleven WRB-2 test bundles were also used in calculating the WRB-1 thermal
limit. ComEd used the Westinghouse logic to maximize the value of d,, the distance
from the last vaned grid to CHF location. An excelient description of Westinghouse's
logic for determining d, can be found in the response to question 12 of Westinghouse's
Response to additional information Request #1 in Reference 4.

1
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WRB-2 | WRB-1
Test Test Test Bundle Test Bundle

Number | Number Cross Section Axial Grid Location
A-2 N/A__| Figure A-6, Reference 4 | Figure A-8, Reference 4
A-3 N/A | Figure A-6, Reference 4 | Figure A-8, Reference 4
A4 A-20 | Figure 7, Reference 8 Figure 17, Reference 8
A-5 A-21__| Figure 8, Reference 8 Figure 17, Reference 8
A-6 A-3 | Figure 1, Reference 8 Figure 10, Reference 8
A-7 A-1__| Figure 1, Reference 8 | Figure 10, Reference 8
A-8 A-5 | Figure 1, Reference 8§ Figure 13, Reference 8
A-8 A-18 | Figure 6, Reference 8 Figure 13, Reference 8
A-10 A4 | Figure 2, Reference 8 | Figure 12, Reference 8
A-11 A-19 | Figure 2, Reference 8 Figure 12, Reference 8
A-12 A-2__ | Figure 2, Reference 8 Figure 11, Reference 8

Table 1: Test Bundie Geometrical Data References

12
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Question 7

The report does not address the nodaiization utilized in the VIPRE simulation. Please
provide information regarding the mesh spacing. The nodalization is important for
determination of geometrical parameters for input to the WRB-2 correlation, in
particular, the resolution that can be achieved for such parameters as heated length,
LH, and distance from the most recent mixing vane grid, dg.?

Response

The axial noding used was 50 uniform nodes (3.36 in.) for the 14 foot tests (A-2 to A-5,
A-7 to A-8, A-12) and 48 uniform nodes (2 in.) for the 8 foot tests (A-6, A-10, A-11). All
of the models noding began at the bottom of the heated length. Westinghouse
(Reference 4) used these same axial noding schemes in their THINC/WRB-2
calculations.

13
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Question 8

Tables A-1 through A-12 of the report provide only the predicted local heat flux and
quality. Other parameters from the code simulations, such as local mass flux and
heated length to the CHF position are necessary to make a prediction using the WRB-2
correlation. Please provide all applicable data that were used as input to the
correlation.

Resporise

Please note that there is no Table A-1 in Reference 2. The data included as Appendix
A in our topical is listed by Westinghouse Test Section Number (Reference 4).

Appendix C contains the output listings of the VIPRE CHF summary files for tests A-2
through A-12. These output listings contain the following information:

1) Case ID Number

2) Operating Conditions
e System Pressure (psia)
¢ Inlet Enthalpy (BTU/by)
« Inlet Mass Flux (Miby/hr-ft)
¢ Avorage Heat Rate (BTU/sec-ft)

3) MDNBR
4) Critical Location
» Hot Channel Index (see Figure 4 on page 15)

e Hot Rod Index (see Figure 4 on page 15)
e Axial Level (in)

5) Hot Channel Conditions

e Mass Flux (Miby/hr-ft?)

e Equilibrium Quality

o Heat Flux (MBTU/hr-ft%)
6) Predicted Critical Heat Flux (MBTU/hr-ft%)
7) Correlation Flag (WRB-2 in all Cases)

8) Time (sec) (0.00 in all cases)

14
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Question 9

Please provide the radial layout of the VIPRE model of the test section tube bundie.
For the data of Tables A-1 to A-12 identify which bundle subchannel is predicted to
have the CHF and confirm that the local quality and mass flux values are for that
channel? Do these “predicted” subchannels and rods match the experimental test
data?

Response

Figure 4 shows the radial nodalization of the VIPRE model used for the eleven (11)
Westinghouse tests (A-2 through A-12). Again, please note that Reference 2 does not
include a Table A-1.

Designations: -Rods- -Channels- -Gaps-
1 2 3 4 5 6
2 \ \

Flguro 4: VIPRE Radial Nodalization

Appendix C contains the VIPRE CHF Summary output file listings for each test series.
These output listings include the location of CHF for each test along with fluid
conditions at that location. ComEd does not have access to the measured subchannel
and rod locations where CHF was observed. This information was not included in
Reference 4. However, the VIPRE/WRB-2 predicted location of the subchannels and
rods where CHF occurred were consistent with expectations. For the thimble channel
tests, A-5, A-9, and A-11, the hot rod was always one of the 8 high powered rods (7, 8,
9, 12, 14, 17, 18, or 19) and the hot channe! was one of the four channels associated
with that rod. For the remaining cases, representative of a typical channei, the hot
channel was always one of the four center channels (15, 16, 21, or 22) and the hot rod
was one of the four rods associated with this channel.

15
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Question 10

(Page 13) For the purposes of establishing the accuracy of the correlation, please
show the least square linear fit to the measured versus predicted data.

Response

The dashed line on Figure 5: Measured-to-Predicted Critical Heat Flux Data, indicates
that ComEd's VIPRE/WRB-2 95/95 thermal limit of 1.17. Also shown on the Figure is
the equation for the linear fit as indicated on the piot.

12 +
' /"]

e

02+

y = 1.0226x - 0.0092

0 01 02 03 04 0s oe 07 o8 oe 1 1.1 12
Predictss CHF

Figure 5: Measured-to-Predicted Critical Heat Flux Data

16
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Appendix A - Owen’s Method Reference
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FACTORS FOR ONE-SIDED TOLERANCE LIMITS
AND FOR VARIABLES SAMPLING PLANS

i, INTRODUCTION.

1.1 One-sided tolerance limits for 3 normal distribuion.
For s normal random variable X with known mean 4 and known standard deviation o, it is

possible (0 say that exactly a proportion P of the normal population is below u + K’c, where K. is read
from a table of the inverse normal probability distribution (e.g., see Reference | 52], p. !2). For ex~
ample, one can say that exactly §5% of the population is below u + 1. 644850, The quantity u + K.c is an

upper tolerance Limit.

In most cases, however, 4 and ¢ are unknown and it (8 necessary 1o estimate both of them
‘rom » sample. TlLen & tolerance limit of the form X + ks may be used where X is an estimate of 4 and
s is an estimate of @, Since ¥ and & will be random veriables, however, the tolerance Limit statement
can only be mude with & given probability attached.

The problem then reduces to finding k such that the probability is 7 that at least & proportion
P of the population is Selow T+ ka. Tabies of factors for one-sided tolernnce limits for & normal distri~
ution have been given in References (28], [37], [50], and [ 52] for the case where & sample LIVE CRPENE N

(s taken and the sample mean,

and the sample standard deviat! wu,

.o \/;é-rtu‘ -0,

i=1
are computed.

A value of k is given in the tables of Section 2 such that "st least a proporiion P of the normal
population is less than X + ke with probability equal to v." The value X+ ks s called an unper tolerance
Umit. For a lower tolerance limit ¥ « ke is used and the statement is "at least & proportion P of the
population is grester than ¥ - ks with confidence 7." If & two-sided limit (s desired the reader is referred

to Rel rences (12], (35], [52], and (76].

If the normal distribution has mean u and standard devistion o and cither of these are known,
there are entries in the tables of Sections 3 and 4 which will give the required tolerance limit. When the
mesn is known, k may be resd from the tables of Section 4 with n *®, [ . e., the tables of Sections 4.1.15,

|9
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4.2.15, and 4.3, 15, Simlarly, il the standard deviation s known, k may be ©+ .d from the tables of
Section 4 with { » w, L.e., a# the last entry (or each ‘able. The tables of Sectivns 3.4, J.2an 1,3 may

hvuwlul:tnolorcorlfl-lorn.

It is conveniemt to define the torm degrees of freedom for X «» that value of n which vecurs
in the statement X has mean 4 .1 standard deviation ¢/VR. Similarly, the degrees of [rredom for s s
that vulue of [ which occurs i 1he sutement (s 3,.2 has a chi-sguaie disrisution with { degrees of

(reedom.

In addition to giving more extensive tables of k than {29], [37], and {80], this report rxtends
the tables «f k to tive cases where the degrees of [reedom for & are not necessarily one less than the

degrees of freedom (or X. The degrees of freedom for & will be designated by f, and the degrees of

{reedom for & will be Jesignated by n. Valucs for n = 1, 2, J and 4 only are given in (57] for this case

where [ ® 0= |, The present report can also be considered an extension of the work in References {35)
and (78] whuch cover the (v~ sided tolerance Umit problem with X based on n degrees of [reedom and
The extension given

based on [ degrees of [reedom, where again [ s not necessarily equal to n = '.
here, of course, is (rom the two~gided case (0 the one-sided case.

The values of k given in Sections 2, 3.1, 3.2, 3.3, and 4 correspond 1o percentage points
vided by ihe square root of n) of the noncentral t-distribution. Specifically,

Pr{mtskaln K’ﬁ} -y

where the noncentral t has [ degrees of {reedom and K' 1o such that Pr{l standardized normai

* P.
variable £ o(' }

1.2 .h__v_u__-oamd\hleh type tables for computing k.

A discussion of the tables of Section 5 follows. Among other things these tables may be used
whenever there is a combination of values of [, n, and P for which there is not an entry in the tables of
Sections 2, 3 or 4 and for which interpolation in Sections 2, J or 4 would not be satisfactory. Nu'e also
that the values of ¥ which are available in Section § include (1 - v) for each 7 listed since
h{mm lsﬂ.{‘} s Pr{mmnl ‘5".]-‘} and both positive and negative values of t and

§ appear in the tables.

Section § follows a procedure used by Johnson and Welch (12] and contains values of v such that f




.4 Valuss of k for fo ne | and yo . 98

PriT, SHVE (K VE|ey

«I5C00 .00000 .95C00 .57500
Tha703 20.580 26.200 31.2%7
S.008 6.155% TebS6 g.%80
2.418 s, 162 S.lun 6.01%
2.150 J.007 8,203 909
1.89% 1.008 J.108 529
1.732 2.755% 3.399 d.9170
labl8 2.582 .87 .03
1.532 2.856 J.on d.502
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NFSR-0080 RAI Response #1

Appendix B - Tong F-Factor Values for Non-Uniform Test
Cases




NFSR-0090 RAI Response #1

Test Section A-2

CHF | CHF
Case | Axial | Predicted | Tong Case | Axial | Predicted | Tong
ID | Location CHF F-Factor ID | Location CHF F-Factor |,
902 | [ 12104 27 1T -4 72009 ] \b,¢)
2 1.1984 28 | 1.2119
3 1.2038 29 | 1.2147
4 1.1851 30 1.1967
5 1.1895 31 1.2112
5 1.1563 32 1.2194
7 1.1915 33 1.1794
B 1.2159 34 | 1.1915
9 1.2052 35 | 1.1988
10 1.2184 36 | 1.1853
11 | 1.2091 37 1.1939
12 | 1.1775 38 1.1990
13 1.1770 39 | | 1,2185
14 1.2070 40 | 1.2024
15 | 1.2190 41 1.2017
16 1.2023 42 1.2061
17 1.2026 4% 1.1825
18 1.1757 44 1.1765 |
19 1.1924 45 1.1604
20 1.1869 46 1.2108
21 1.1530 47 1.2160
22 1.1455 48 1.2140
23 1.1631 449 1.1971
24 1.1775 50 | 1.2089
25 1.2154 51 1L | 12141
26 | L _J | 12062




NFSR-0090 RAI Response #1

Test Section A-3
CHF
Case | Axial | Predicted | Tong
ID | Location CHF F-Factor
903 | [ T 1.2147
2 1.2101
3 1.2168
A 1.2188
5 1.2023
8 1.2066
7 1,1934
8 1.1772
9 1.2166
10 1.2119
1 1.1986
12 1.2039
13 1.1909
14 1.4004
15 1.1768
16 1.2037
17 1.2112
18 1.1849
19 1.2219
20 1.2117
21 1.2274
22 11771
23 1.1971
24 1l 12130
25 1.2095
26 1.2133
27 1.2068
28 1.3369
29 1.3481
30 1.1415
31 L 1.2139

+(b,¢)
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NFSR-0090 RAI Response #1

Test Section A-4
CHF
Case | Axial | Predicted | Tong

ID | Location CHF F-Factor

502 1 1+ 1.0921
2 1.0878
3 1.0935
4 1.0861
B 1.0847
6 1.0836
7 1.0955
8 1.0881
9 1.3447
10 1.0976
13 1 1.0971
12 | 1.0994
13 | 1.0992
14 | 1.0987
15 1.0994
16 1.3453
17 1.2815
18 1.3063
19 1.0737
20 1.2820
21 1.0747
22 1.2794
23 1.3934
24 J_1.3611
25 1.1005
26 1.0860
27 1.0893
28 1.2606
29 1.0609
30 1.0686
31 1.0749
2 L | 10782

CHF

Case | Axial | Predicted | Tong
ID | Location CHF F-Factor
33 14 1.0616
34 1.3044
35 1.3810
36 1.3400
37 1.0965
38 1,0959
39 1.4094
40 1.3553
1 1.0949
42 1.3719
43 1.2866
44 1.0767
45 1.3265
46 1.3125
47 1.0857
48 1.0865
49 1.3477
50 1.3116
51 1.0929
52 1.0960
53 1.1010
54 1.1009
55 1.0942
56 1.3485
57 1.3810
58 1.3369
59 1.3680
60 1.0996
61 1.0955
62 1.0999
63 L 3 | 10952

+(b,0)




NFSR-0090 RA| Response #1

Test Section A-5

CHF
Case | Axial | Predicted | Tong
ID | Location CHF __ | F-Factor
503 1.3094 | *(b,c)
2 1.0839
3 1.0910
4 1.3184
- 1.0954
B 1.0896
7 1.3334
) 1.3183
9 1.0943
10 1.0832
11 1.3676
12 1.0868
13 1.0931
14 1.0936
15 1.1001
16 1.0943
17
18
19
20
21
22
23
24
25
26
27
28
29
30

j
+

1.0941
1.0834
1.0854
1.0980
1.0967
1.3214
1.0918
1.0923
1.3534
1.3464
1.3448
1.0982

1.0988
1.0992
31 1.3261
32 1.2795
a3 1.0834
34 1.0758
35 1.0678
36 1.0796
37 1.3184
8 11 1.0949

31



NFSR-0090 RA|I Response #1

Test Section A-8
CHF CHF |

Case Axial Predicted Tong Case Axial Predicted Tong
ID | Location CHF F-Factor ID | Location CHF F-Factor
164 G- + 12524 38 I+ 1.3359
2 1.2370 39 1.3074
3 1.2340 40 12922 |
4 1.2160 41 1.2962 |
5 1.2262 42 1.2727
5 1.2158 43 1.2472
7 1.2714 44 1.2569
8 1.2547 45 1.3391
9 1.2441 46 1.3158
10 1.2602 47 1.2948
11 1.3479 48 1.2859
12 1.2634 49 1.2907
13 1.2583 50 1.2837
14 1.2674 51 1.2421
15 1.2737 52 1.2881
16 1.2741 53 1.2724
17 1.2907 54 1.1859
18 1.3072 55 1.1981
19 1.3001 56 1.2329
20 1.2962 57 1.2542
21 1.3414 58 1.1787
22 1.3317 59 1.1821
23 1.3350 60 1.2769
24 1.3217 61 1.2576
25 1.3438 62 1.3686
26 1.3284 63 1.2596
27 1.3272 64 1.3038
28 1.3287 65 1.2250 |
29 1.3395 66 1.2902
30 1.3649 67 1.2829
31 1.3551 68 1.2595
32 1.3470 69 1.2446
33 1.3701 70 1.2022 |
34 1.3440 71 1.2706
35 1.3246 72 1.2350
36 1.3180 73 1.2819
37 74 1L 1 12763

+(o,0)




NFSR-0090 RA| Response #1

Test Section A-8
CHF CHF

Case | Axial | Predicted | Tong Case | Axial | Predicted | Tong
1D | Location CHF F-Factor ID | Location CHF F-Factor
162 " 1.2434 36 | ] TH1.2941
2 1.2142 37 1.2658 |
3 1.2033 38 1.3167
a4 1.2329 39 1.2923
5 1.2550 40 1.3033
6 1.2516 41 1.2892
7 1.2541 42 1.2881
Bl 1.2596 43 1.2802
9 1.2303 44 1.0834
10 1.2707 45 1.3131

11 1.2781 46 1.2406
12 1.3505 47 1.2388
13 1.3197 48 1.2953
14 1.2945 49 1.0805
15 1.3298 50 1.2480 |
16 1.3294 51 1.3484
17 1.3266 52 1.3010
18 1.3246 53 1.3032 |
19 1.3254 54 1.2947
20 1.3658 55 1.2180
21 1.3490 56 _1]_1.2908
22 1.3265 57 1.2802
23 1.3580 58 1.3272 |
24 1.3457 59 1.2805
25 1.3207 60 1.2232
26 1.3200 61 1.2043
27 1.3433 62 1.2004
28 1.3328 63 1.2064
29 1.2980 64 1.2012
30 1.2834 65 1.2832
31 1.3247 66 1.3604
32 1.3107 67 1.2991
33 1.2613 68 1.2584
34 1.2706 69 1.2268
35 1.2685 7 11 1.2798

*lbe)



NFSH-0090 RAI Respcnse #1

Appendix C - CHF Summary Output Fiie Listings
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NFSR-0090 RAI Response # 1

Test Section A-2
Sesstssssss OPERATING CONDITIONS ***ssssanes ‘CIII'I‘ICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **
* SYSTEM INLET INLET AVERAGE » AXIAL*MASS FLUX HEAT FLUX* CRITICAL *
*PRESSURE ENTHALPY MASS FLUX HEAT RATE *® - HOT HOT LEVEL®* (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX *CORR®* TIME .

CASE* (PSIA) IB‘I'U/LM) (MLBM/HR-FT2) ‘Gru/SEC-FT) *MDNBR*CHANNEL ROD (IN.)* FT2) QUALITY FT2) *{(MBTU/HR-FT2)*FLAG* {(SEC} *

BoPu® 8 .88 _0_® B B B B 8. S 0.0 5. 0 _ G P & B _ B _ P _B_O P _B_® - A B _ S S B S G s . B N _ S _ B _a_e_B_2 BB B . B P B S A . G0 _ 0 .0 0.0

so2 | Tt 06 22 19 [ T wes2 0. 00c (b0
2 0.931 22 19 WRB2  0.000
3 1.018 22 19 WRB2  0.000
4 0.912 22 19 WRB2  0.000
5 0.962 22 19 WRB2  0.000
‘ 0.919 22 19 WRB2  0.000
7 0.963 22 19 WRB2  0.000
8 1.010 22 19 WRB2  0.000
9 0.970 22 19 WEB2  0.000
10 1.012 22 19 WRB2  0.000
11 1.017 22 19 WHB2  ©.000
12 1.022 22 19 WRE2  0.000
13 0.995 22 19 WRB2  0.000
14 1.132 22 19 WRB2  ©.000
15 1.176 22 19 WRB2 0000
16 1.067 22 19 WRB2  0.000
17 1.150 22 19 WRB2  0.000
18 1.045 22 19 WEB2 0 000
19 1 084 22 19 WRB2 0 000
20 109 22 19 WHB2 0 000
21 0.980 22 19 WRB2  ©0.000
22 0.950 22 19 WRB2 0. 000
23 0.981 22 19 WRB2  0.000
24 0.933 22 19 WRB2  0.000
25 1.137 22 19 WRB2  0.000
26 1.015 22 19 WRB2  0.000
27 1.006 22 19 WRE2  0.000
28 0.987 22 19 WRB2  0.000
29 1.04% 22 19 WRB2  0.000
30 1.03¢ 22 19 WRB2  0.002
31 0.944 22 19 WRE2  0.000
32 0.%508 22 19 WRB2  0.000
33 0.995 22 19 WREB2  0.000
34 1.016 22 19 WRB2  0.000
35 1.091 22 19 WRE2  0.000
16 0.968 22 19 WRBZ  0.000
37 1.026 22 19 WRB2 0. 000
38 1.080 22 19 WRB2 0 000
39 0.944 22 19 WRB2 0 .000
40 0.931 22 19 WRB2  0.000
41 1.166 22 13 WRB2  0.000
42 1.139 22 19 WRB2  0.000
'S 1.181 22 19 WRB2  0.000
4 1.1 22 19 WRB2  0.000
e — b -

&



a5
45
L
438
43
50
S1

HOOO™O-

115
978
188
9%0
966

.99%0
.004

22
22
22
22
22
22
22

19
19
19
19
135
19
13

+  wmB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2

.



est Section A-3

$essssiaiis OPERATING CONDITIONS **esessacas *CRITICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **

* SYSTEM  INLET INLET AVERAGE  * AXIAL*MASS FLUX HEAT FLUX* CRITICAL *

*PRESSURE ENTHALPY MASS FLUX HEAT RATE * * HOT  HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/MR-* HEAT FLUX *CORR* TIME *
CASE: (PSIA) (BTU/LEM) (MLBM/KE-FT2) (BTU/SEC-FT) *MDNBR*CHANNEL RCD (IN. )*  FT2)  QUALITY FT2) *(MBTU/HR-FT2)*FLAG* {SEC) *
.- " _» - - . » - s Do B Bt Y Y e Y Y e RBIB V. B8 SN pes RO SRS NES e Y .- _h _» .‘.,._.-._.,._.-..._.-._.-._._.-._.~.-._.-._...,

so3 [~ I+ 109 16 TR S 1+ wes2 0. 000 4-(%

2 1.076 16 14 WRB2 0.000

3 G.898 16 14 WR32  2.000

4 0.982 16 14 WRB2 0.000

S 1.012 16 14 WRB2 0.000

6 0.993 16 14 WRB2 0.000

? 1.024 16 14 WRB2 0.000

8 D 955 16 14 WRB2 ©.000

9 0.950 16 14 WRB2 0.000

10 1.027 16 14 WRB2 0.000

11 1.012 16 14 WRB2  0.000

12 0.997 16 14 WRB2  0.000

13 0.997 16 14 WRB2 0 000

14 €.967 16 14 WRB2 0.000

15 0.946 16 14 WRB2 ©0.000

16 0.941 16 14 WRB2  J.000

17 0.973 16 14 WRB2 0000

18 0.919 16 14 WRB2 0.000

19 0.918 16 14 WRB2 0 000

20 1.02¢ 16 14 WRB2 0.000
21 0.942 16 14 WRB2 0 000
22 0.854 16 14 WRB2 0000
23 0 890 16 14 WRB2 0.000
24 1.088 16 14 WRB2 0.000
25 0.984 16 14 WRB2 0000
26 0.974 16 4 WRB2 0.000
27 1.060 16 14 WRB2 0.000
28 0.972 16 14 WRB2 0.000
29 1.013 16 14 WRB2 0.000
30 0.881 16 14 WRB2 0000
31 1.062 16 TR R WRB2  0.000
2 ol L _J




est Section A-4

tetsssssscs OPERATING CONDITIONS **s+esssses *CRITICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **

* SYSTEM  INLET INLET AVERAGE  * AXIAL*MASS FLUX HEAT FLUX* CRITICAL *

*PRESSURE ENTHALPY MASS [LUX  HEAT RATE * * HOT  MOT LEVEL®(MLBM/HR- EQUIL. (MBTU/HR-* MHEAT FLUX *CORR* TIME *
CASE] IPSTA) (BTU/LBM) (MLBM/HR FT2) (BTU/SEC-FT) “MDNBR'CHANNEL ROD (IN.)*  FT2) QUALITY  FT2) *(MSTU/HR-FT2) *FLAG® (SEC) *
.- _ " _ = - - _ . Do, Bl Gl D, . 8.8 s Ra®D . B0 B, B .06 e W@ B O -_ 8 _» _» - W LS .-._.,._._,._.__._._._._._._. “_ " _ 2 »

soz [ ¥ 1185 22 19 IF 1t wre2 o0.000 *+(b,e

2 1.085 22 19 WRB2  G.000

3 1.140 22 18 wWeB2  0.000

3 1.050 22 19 WRB2  0.000

; 1.145 22 19 WRB2  0.000

3 1.067 22 19 WRB2  0.000

7 1.103 22 19 WRB2 0000

8 1.039 22 19 WRB2 0. 000

5 1.182 22 19 WRB2  0.000

10 1.200 22 19 WRBZ 0000

11 1.160 22 19 WRE2  0.000

12 1.102 22 19 WRB2  0.000

13 1.202 22 19 WRB2  0.000

14 1.082 22 19 WRB2  0.000
15 1.155 22 19 WRB2  0.000
16 1.15¢ 22 19 WRB2 0000
17 0.962 22 19 WRE2  0.000
18 0.980 22 19 WRB2  0.000
19 0.997 22 19 WRB2 0000
20 0.975 22 19 WRE2 0. 000
21 0.981 22 19 WRB2  0.000
22 0.973 22 19 WRB2  0.000
23 0.869 22 19 WRB2  0.000
24 0.912 22 19 WRB2  0.000
25 0.989 22 19 WRB2  0.000
26 1.020 22 19 WRE2  0.000
27 0.991 22 19 WRB2  G.000
28 7.982 22 19 WRB2 0. 000
29 1.016 22 19 WRB2  0.000
10 0.917 22 19 WRB2  0.000
1 1.019 22 19 WRB2  0.000
12 0.973 22 19 WRB2  0.000
13 1.055 22 1% WRB2 0000
14 0.901 22 19 WRB2  0.000
15 ©.807 22 19 WRB2  0.000
15 0.904 22 19 WRB2  0.000
17 0977 22 19 WRB2 0000
18 1.051 22 19 WRB2 0000
19 0.878 22 19 WRB2 0009
40 0.834 22 19 WRB2 0000
4 0889 22 19 WRB2  0.000
a2 0.831 22 19 WRB2  0.000
43 0.925 22 19 WREZ 0000
| 0.962 22 19 | WRB2 0000
onall —




45
46
47
48
49
S0
51
52
53
54
S5
56
57
58
59
60
61
62
63

bt 0 b 0D bt ) ) b et et ekt e D e e OO

878
948

.040
.037
.960
.033

060
036

027
.050
. 086
.998
.868
.062
.953
.132
.988
.122
.998

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

19
13
19
19
19
1%
15
19
19
13
19
19
19
19
i9
1%
19
i9
i9

WRB2
WRB2
¥RB2
WRB2
WRB2

WRB2
WREB2
WRB2
WRB2
WRB2
WRB2
WREB2
WRB2
WRB2
WRB2
WRB2

WRB2

000 +(bt)

0
0.
0.
0
0
0.
0
0
o
4]
0
0
1]
0
0
0
0.
0
0

-000
-00o0

.000
.000
.000
.000
.000
.000
.000C
.000
.000
.000

.000
-000




est Section A-5

sesssssisss OPERATING CONDITIONS *4sssssscss *CRITICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **

* SYSTEM  INLET INLET AVERAGE  * AXIAL*MASS FLUX HEAT FLUX* CRITICAL *

*PRESSURE ENTHALPY MASS FLUX HEAT RATE * * HOT  HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX °*CORR* TIME *
CASE* (PSIA) (BTU,/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *MDNBR*CHANNEL ROD (IN.}* PT2) QUALITY  FT2) *(MBTU/HR-FT2)°*FLAG® (SEC) *
- . BB B b 0,0, 030 . 0000 0. 0. 0,.0.. 8098 B LR 9. 0.0, 0,09. 0.0 . 88 . .., BB BB B S . . .0 - l_‘_._.-.-.-.-._.-.-._._._._.-.-._._

s03 [ . 1074 28 19 T Tt wee2  0.000 Hbe)

2 1.059 28 19 WRB2  0.000

3 0.937 22 19 WRB2 0 000

q 0.972 28 19 WRB2  0.000

5 1.025 22 19 WRB2 0.000

6 0.976 22 19 WRB2 0.000

7 0.896 28 19 WRB2  0.000

8 0 986 28 19 |. WRB2 G000

9 1.049 22 13 WRB2  0.000

10 1.136 22 19 WRB2 0. 000
11 1.039 28 19 WRB2  0.000
12 1.011 28 19 WRB2 0.000
13 1.054 28 19 WRB2  0.000
14 1.070 22 19 WRB2  0.000
15 1.055 28 19 WRB2 0000
16 1.020 22 19 WRB2  0.000
17 1.070 22 19 WRBZ 0000
18 1.013 28 19 WRB2  0.000
19 0.998 22 19 WRB2  0.000
20 1.066 28 i9 WRB2  0.000
21 1.051 22 19 WRB2  0.000
22 1.014 28 19 WRB2  0.000
23 0.952 28 19 WRB2 0.000
24 0.981 22 19 WRB2  0.000
2% 0.911 28 19 WEB2 0000
26 1.023 28 19 WRB2  0.000
27 1.087 28 19 WRB2 0.000
28 1.029 28 19 WRB2  0.000
29 0.987 22 19 WRB2  0.000
30 1.112 22 19 WRB2 0 000
1 0.861 23 19 WRB2  0.000
32 0.949 23 19 WRB2 0.000
13 1.031 28 19 WRB2  0.000
14 0.93¢4 28 19 WRB2 G.000
5 0.96€ 22 19 WRB2  0.000
6 1.025 22 19 WRB2 0000
17 1.003 28 19 WRB2  0.000
w | P 1.085 22 19 3 WRB2 0.000
- .




fest Section A-6
L Opm‘rlm Cm‘les L
* SYSTEM  INLET INLET AVERAGE  * AXIAL*MASS FLUX
*PRESSURE ENTHALPY MASS FLUX  HEAT RATE * * HOT  HOT LEVEL®* (MLBM/HR-
CASE* (PSIA) , {BTU/LEM) (MLBM/HR-FT2) (BTU/SEC- FT) “MDNBR*CHANNEL ROD (IN.)*
DB . [T - VBB B S, ._._I_._._. - _ P oW 0. 950008, . _ " _» a8 LD . 0.9
160 [ “1¥1.026 22 19 "
2 1.009 22 19
3 0.998 22 19
4 0.967 22 19
S 1.008 22 19
3 0.933 22 19
7 0.923 22 19
8 0.%27 22 19
3 1.07¢ 22 19
10 0.964 22 19
11 0.959 22 19
12 0.880 22 19
13 1.046 22 19
14 0.881 22 19
15 0.882 22 19
16 0.866 22 19
17 0.860 22 19
18 0.923 22 19
19 0.902 22 19
20 0.916 22 19
21 0.919 22 19
22 0.875 22 19
23 0.868 22 13
24 0.930 22 19
25 0.855 22 19
26 0.854 22 19
27 0.870 22 19
28 0.895 22 19
29 0.932 22 19
30 0.976 22 19
31 0.944 22 19
32 0.348 22 19
13 0.975 22 19
34 1.92¢ 22 19
15 0.984 22 19
16 0.993 22 19
17 1.016 22 19
38 1.173 22 19
39 1.082 22 19
40 1.136 22 19
41 1.060 22 19
42 1.077 22 19
43 0.957 22 19
44 L. 0.985 22 19
] e

NFSR-0090 RAI Response #1

'CRITICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **

FT2)

QUALITY

LI ==

EQUIL

HEAT FLUX* CRITICAL
(MBTU/HR-* HEAT FLUX
FT2)

*CORR*

* (MBTU/HR-FT2) *FLAG*

e e _m_ .
—

WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WREB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WREB2
WRE2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRBZ
WRB2
WRB2
WRB2
WREB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRE2

TIME *
(SEC) *

- - - - - -E-E-E-E-E-R-E-N-N-N-E-R-N-R-N-R- - NN -N-N-N-N-N-N-N-N- N NN NI N

= P P W

.000
.000
.000
.000
.000
.000
.g00
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.ooe
.000
.000
.0o0e
.000

000

.000
.000
.000
. 000
.000
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.0090
.000
.000
.G00
.000

+(b,c

M1
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NFSR-0090 RAI Response #1

est Section A-7
$ssssssssss GPERATING CONDITIONS **csscecace *CRITICAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **
* SYSTEM  INLET INLET AVERAGE  * . AXTAL*MASS FLUX HEAT FLUX* CRITICAL *
*PRESSURE ENTHALPY MASS FLUX HEAT RATE °* * HOT HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX *CORR*
CASE* (PSIA) (BTU/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *“MDNBR*CHANNEL ROD (IN.)* FT2)  OUALITY FT2) * (MBTU/HR-FT2) *FLAG*
.- " _» 2P 9 ._'_._._‘_._._._._.-._."_._._‘,._._'_.~._._._._',._._.-.,‘_. . _f_ 8 _» - _ " _» .- s ._._._._.‘._',._._.-._.,.,.
161 [ "V‘f‘x 083 22 19 [ 1t wee2
2 1.164 22 19 WRB2
3 1.032 22 19 WRB2
3 0.970 22 19 WRB2
5 1.020 22 19 WRB2
6 0.945 22 19 WRB2
7 0.874 22 19 WRB2
8 1.051 22 19 WRB2
9 1.076 22 19 WRB2
10 1.144 22 19 WRE2
11 1.076 22 19 WRB2
12 1.121 22 19 WRB2
13 1.003 22 19 WRB2
14 1.049 22 19 WRB2
15 1.039 22 19 WRB2
16 1.059 22 19 WRB2
17 0.992 22 19 WRB2
18 0.995 22 19 WRB2
19 0.966 22 19 WHE2
20 6.911 22 19 WRB2
21 0.943 22 19 WRB2
22 0.981 22 19 WRB2
23 0.989 22 19 WRB2
24 0.983 22 i9 WRB2
25 0.916 22 19 WREZ
26 0.984 22 19 WHB2
27 1.157 22 19 WRB2
28 1.068 22 19 WRB2
29 1.063 22 19 WRB2
30 1.050 22 19 WRB2
31 1.018 22 19 WRB2
32 1.003 22 19 WRB2
33 0.998 22 19 WRB2
34 1.015 22 19 WRB2
15 0.987 22 19 WRB2
36 0.938 22 19 WRB2
17 0.919 22 19 WRE2
18 0.96% 22 19 WRE2
13 0.909 22 19 WRB2
40 0.933 22 19 WRB2
4 0.922 22 19 WRB2
a2 0.890 22 19 WRB2
43 1.000 22 19 WRB2
4 0.846 22 19 _L WRB2
- wun .

—

TIME *
(SEC) *

- -0 E-R-R-E-R-N-N-E-E-R-E-R-R-l=g- Rl -R-N- NN gl NN RN RN N NN~ -

, +
e *lbe

000

.000
.oor
.000
.0C0
.gan
.000
.000
.000
.000
.000
.000
.00¢
.000
.0e0
.000
.000
.000
.000

.000
.000

000

.000
.000
.000

.000

.000

.000
.000
.000
.000
.oce
.000
.000
.600
. 000
.000

000

.000
.060
.000
.00




45
46
47
(L]
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

OO0 O OOHNOOOOMENMMMEMONO~OO

957

.966
.039
.988

061

.9717
011
.000
.018
.009
.054
.07
.972
S L
.968
-999
.043
.970
.877
.008
.006
575
.903
.944
.968
.026
.949

22
22

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

22

19
19
19
19
19
19
19
19
19
19
19
1%
19
19
19
19
19
i9
19
1%
19
19
19
19
19
19
19

QOOGOQOQOOOOQOQODOOQOOOPPPQ




NFSR-0090 RAI Response #1

fest Section A-8

“srsissssess OPERATING CONDITIONS *+*sssessss *CRITICAL LOCATION** HOT CHANNEL CONDITIONS **** PREDICTED **

* SYSTEM  INLET INLET AVERAGE  * AXIAL*MASS FLUX HEAT FLUX* CRITICAL *

*PRESSURE ENTHALPY MASS FLUX HEAT RATE * * HOT  HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX °*CORR* TIME *
CASE® (PSTA) (BTU/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *MONBR*CHANNEL ROD (IN.)*  FT2) QUALITY  FT2) *(MBTU/HR-FT2)*FLAG* {SEC) *
BRLB AR AR R R m_ B _m_m_R_R_m_m_m_m_m_N_»_w_ S PR B R SRR B AL e B b B B D B BB O DAL B B R B LB B R aPe PGl

168 [ Frioew 22 [ Pt I+ wee2  0.000 +(b,c

2 : 1672 22 19 WRB2  0.000

3 1.034 22 19 WRB2 0000

s 1.076 22 19 WRE2  0.000

5 0.956 22 19 WRB2  0.000

6 0.974 22 19 WRB2  0.000

7 1.105 22 19 WRB2  0.000

P 1.073 22 19 WRB2 0000

9 1.096 22 19 WRB2  0.000

10 0.989 22 19 WRB2  0.000

11 0.880 22 19 WRB2  0.000

12 1.207 22 19 WRB2 0000

13 1.181 22 19 WRB2  0.000

14 1.083 22 19 WRB2  0.00C

15 1.118 22 19 WRB2 0000

16 1.085 22 19 WRB2  0.000

17 1.226 22 19 WRB2  0.000

18 1.136 22 19 WRB2  0.000

19 1.157 22 19 WRB2  0.000
20 1.200 22 19 WRB2  0.000
21 1.055 22 19 WRB2  0.000
22 1.601 22 19 WRE2  0.000
23 1.001 22 19 WRB2  0.000
24 1.108 22 19 WRB2  0.000
25 1.011 22 19 WRB2  0.000
26 1.070 22 19 WRB2 0000
27 1.087 22 19 WRB2  ©.000
28 1.054 22 19 WRB2 0 000
29 1.102 22 19 WRB2  0.000
30 0.912 22 19 WRB2  0.000
1 0.95¢ 22 19 WRB2  0.000
12 1.003 22 19 WRB2  0.000
13 0.945 22 19 WRB2 0000
34 0.953 22 19 WRE2  0.000
15 0.987 22 19 WRB2  0.000
16 1.020 22 19 WRB2  0.000
17 1.098 22 19 WRB> 0000
38 0.985 22 19 WRB2  0.000
19 0.962 22 19 WRB2  0.000
40 1.012 22 19 WRB2  0.000
a1 1.043 22 19 WRB2 0000
' 1186 22 19 wKB2  0.000
Q2 1.183 22 19 WRB2  0.000
44 1160 22 19 | WRB2  0.000
b Pt g




NFSR-009C RAI Response #1

45
45
47
48
49
50
51
52
53
54
SS
56
57
58
59
69
61
62
63
€4
65
66
67
68
69
70
71
72

74

OO0 OHOOHMOOOMMMNODO-OODO~DO~D QD

968

.921
.974
.016
.995
. 915
.093
.906

861
963

.504
.020
. 945
.938
.030
.014
.03%0
-952
.963
- 932
.037
.887
.957
.060
.930
.966
.936
.088
.936
.934

22
22
22
22
22
22
22
22
22
22
22

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

WRB2
WRB2
WREB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WHB2

WRB2
WRB2
WRB2
WRB2Z
WEB2
WRB2
WRB2
WREB2
WRB2
WRB2
WRB2
WRB2
WRR2
WRBZ
WRB2

WRB2
i WRB2

000 +(b,

.000
.000
.00
.000
-000
.000
.goo0
.000
.000
. 000
.000
.000
.090
.000
.000
.600
.000
.000
.aoe
.000
.00
.000
.00¢e
.000
.000
.000
.000
.000




lfest Section A-9

fesssssssis OPERATING CONDITIONS ****esescces 'CﬂITlCAL LOCATION®** HOT CHANNEL CONDITIONS **** PREDICTED **
* SYSTEM INLET INLET AVERAGE . AXIAL*MASS FLUX HEAT FLUX* CRITICAL *
*PRESSURE ENTHALPY MASS FLUX HEAT RATE * *  HOT HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX *CORR* TIME -~

CASE* (PSIA) (B‘!‘U/LB!" (MLBM/HR-FT2) (BTU/SEC-FT) *MDNBR*CHANNEL ROD (IN.)* FT2) QUALITY FT2) *(MBTU/HR-FT2)*FLAG* (SEC) *

.- " _» - LS - St _ s a0 N _ 0 _B_ b _0_0o_o_o_o_ TS PN R TER WD PR B IR e e > el o8 SalaH_ 6 .,._.-._.,._.-.-.-._._._._._._.,'_._.A._._.,.
— —

162 0.996 28 19| "1+ wrB2 0 000 +(b.‘
2 0.959 22 19 WRB2 0.000
3 0.986 22 19 WRB2 0.000
i 1.008 22 19 WRB2 0.000
5 1.168 28 19 WRB2 0.000
6 1.03¢4 22 19 WRB2 0.000
7 0.992 22 19 WRB2 0.000
8 1.091 22 19 WRB2 0.000
9 1.143 28 19 WRB2 0.000
10 1.15¢ 28 19 WRB2 0.0090
11 1.102 22 19 WRB2 0.000
12 0.9c0 28 19 WRB2 0.000
13 1.007 28 19 WRB2 0.000
14 1.178 28 19 WRB2 0.000
15 0.986 28 19 WRB2 0.000
16 1.022 28 19 WRB2 0.000
17 0.957 28 1% WRB2 0.000
18 0.958 22 19 WRB2 0.000
19 1.056 28 19 WRB2 0. 000

20 0.881 28 19 WRB2 0.000

21 0.962 28 19 WRB2 0.000

22 1.073 28 19 WRE2 0.000

23 0.875 28 19 WRB2 0.000

24 0.996 28 19 WRBE2 0.000

25 1.112 28 19 WRB2 0.000

26 1.115 28 19 WRB2 0.000

27 1.006 28 19 WRB2 0.000

28 1.001 28 19 WRB2 0.000

29 1.011 28 19 WRBZ ©.000

30 1.073 28 19 WRB2 0 200

31 1.009 28 19 WRB2 0.000

32 1.082 28 19 WRB2 ©0.000

33 1.214 22 19 WRB2 0.000

34 0.970 22 19 WRB2 0.000

315 1.179 22 19 WRB2 0. 000

36 1.109 28 19 WRBZ 0 000

17 1.166 28 19 WRB2  0.000

18 0.973 28 19 WREB2 0000

19 1.006 22 19 WRB2 0.000

40 1.131 28 19 WRB2 0.000

4 1.070 28 19 WRB2 0.000

42 i.164 22 19 WRB2 0.000

4 1.029 22 19 WRB2 0 .000

4 | 4 1254 22 19§ 3 WRB2 0.000




45
45
47
48
43
50
51
52
S3
54
55
56
57
S8
59
50
61
62
63
64
65
66
67
68
69
70

OHDOOODAODr OOOOOOOMMMIMDODMMO

917

.148
.118
.547
-112
. 145
.030
.103
.986
.938
.054
.B63
.970
.961
.970
.996
.0S3
.914
.995
-905
.008
.93¢
.927
.920
.004
.%00

28
28
22

22
22
23
23
23
23
23
23
23
23
23
23
23
23
22
22
23
23
23
23
22
28

19
19
18
19
19
19
19
15
19
19
19
19
19
1%
19
1s
19
19
19
19
15
19
19
19
19
19

°°OOGOOOQOOOOOOOOOQQOQBOPP




NFSR-0090 RAI Response #1

Test Section A-10

AR A A s OPmTlm ml?st L Y
* SYSTEM INLET INLET AVERAGE e
*PRESSURE ENTHALPY MASS FLUX HEAT RATE *

CASE*

157

o

HMOOODOOOOOOOHODHOMMOOHMOMOOODOO D M i O M b ) v i i e

*CRITICAL LOC
-

.928
.033
.07s
.0513
.087
.055
- 992
.038
.057
.958
.992
.922
.0586
.016
.026
-947
.943
.980
.960
.901
-931
.973
.038
. 963
.075
.917
.870
.200
.145
.963
.046
.870
.206
.976
.987
.970
.958
-910
-996
-938
.524
.888
.958
.049

AXIAL*MASE FLUX HEAT FLUX* CRITICAL

HOT HOT LEVEL® (MLBM/HR- EQUIL. (MBTU/HR-* HEAT FLUX
(PSIA) (BTU/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *MDNBR*CHANNEL ROD (IN.)* FT2) QUALITY FT2) *(MBTU/HR-FT2)*FLAG*

._'_',._'_._._.,._._.-.-._.,._._._.-._.-._._._.-._._.-.-.-.

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

18
19
13
19
138
19
13
19
19
i9
i9
13
i9
19
i9
19
19
19
19
18
13
13
l'

13
49
19
19
19
13
i9
i9
19
19
i3
19
19
19
i9
19
19
19
i3
13
18

r— -

ATION®** HOT CHANNEL CONDITIONS **** PREDICTED **

*CORR*

+ wRB2
WRB2
WRB2
WRE2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRE2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRE2
WRB2
WRB2
WRB2
WRB2
WRB2
WRE2
WRB2
WRB2
WRB2
WRE2
WRE2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRE2
WRR2
WRE2
WRB2
WEB2
WHE?2
WRB2
WRB2

TIME -
(SEC) *

-.-._.-._._.-._..._Q,Q_._.-'-.-._._._.-._._.-Q_.,.-.-._.-.-._._

CEOPPOPO00O0000N0000000000000000R000000000000

958

.000
.000
.000
.000
.00¢
.00¢
.000
.000
.000
.000
.800
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.0oe
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.600
.000
.600
.000
.000
.00
.000
.000
.000




45

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
5
76
77
78

COoO0O0O o000 00OOLO OO OO HOOONOOD M

-051
.839
.969
.378
.015
.947
.970
.M
.000
.021
.988
.930
.073
.970
911
.921
.985
-153
.963
.933
.877
.855
.841
.991
.913
.963
.882
.907
.033
.921
.871
.874
.876
.877

19
19
139
19
19
19
19
19
19
19
19
13
19
i9
19
i3
19
19
19
19
19
ie
18
19
19
19
18
19
i9
19
19
19
19
19

OCO0000000OOOOOOOOCCoLOODOoDOoODODONOD

-

000 b, «
.000

.000
.000
.000
.000
.000
.00
.00
-000
.000
.000
.000
.g000
.00
.000
.000
.000
.000
.¢09
.000
.000
.0oe
.000
. 000
.000
.000
.0co
.000
.000
.000
.000




.

NFSR-0090 RAI Response #1

fest Section A-11
Sesssssasss OPERATING CONDITIONS ****ecsnces *CRITICAL LOCATION®*** HOT CHANNE! CONDITIONS **** PREDICTED **
* SYSTEM INLET INLET AVERAGE » - AXIAL*MASS FLUX HEAT FLUX* CRITICAL *
*PRESSURE ENTHALPY MASS FLUX HEAT RATE * * HOT HOT LEVEL®* (MLBM/HR - EQUIL. (MBTU/HR-* HEAT FLUX *CORR* TIME *

CASE*® (PSIA) (BTU/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *MDNBR *CHANNEL ROD (IN.)* FT2) QUALITY FT2) *(MBTU/HR-FT2)*FLAG* (SEC) *

| . ) Ba®, e 8 _._._._._._.-._._.-._.-.,.-._.-‘-._._._._‘_.-.-._._.-.-._._._._C-._.,_._._'_._._.-._.-‘_._.-.---._.-._.-._._.-.-.-.

158 T “JYo.s1s 28 19 [ I¥ wee2  0.000 +(p¢
2 0.998 22 19 WRBZ  0.000
3 0.98¢ 22 19 WRB2  0.000
H 0.941 22 19 WRB2  0.000
5 0.9268 28 19 WRB2  0.000
6 0.963 22 19 WRB2  0.000
7 0.9%0 22 19 WRB2  0.000
s 0.989 22 19 WRB2  0.000
9 1.2¢8 28 19 WRB2  0.000

10 1.165 28 19 WRB2  0.000
11 1.057 22 19 WRB2  0.000
12 1.082 22 19 WRE2  0.000
i3 1.123 28 19 WRB2  0.000
14 1.080 28 19 WRB2  0.000
15 0.946 28 19 WRB2  0.000
16 1.082 28 19 WRB2  0.000
17 0.940 22 19 WRB2  0.000
18 0.9%90 22 19 WRB2  0.000
19 0.854 22 -3 WRB2 0000
20 0.927 22 19 WRB2  0.000
21 0.968 22 19 WRB2  0.000
22 0.977 22 19 WRB2  0.000
23 0.959 28 19 WRB2  0.000
24 0.993 28 19 WRB2  0.000
25 1.160 28 19 WRB2  0.000
26 1.071 28 19 WRB2  0.000
27 0.861 22 19 WRB2  0.000
28 0.897 22 19 WRB2  ©.000
29 0.873 28 19 WRB2  0.000
30 0.953 23 19 WRB2  0.000
31 0.971 28 19 |- WRB2  0.000
32 1.173 28 19 WRE2  0.000
33 1.043 28 19 WRB2  0.000
34 1.077 28 19 WRB2  0.000
35 1.043 23 19 WRB2  0.000
16 0.95¢ 22 1y WRB2  0.000
37 1.072 22 19 WRB2  0.000
38 1.057 28 19 WRE2  0.000
39 1.057 28 19 WRB2  0.000
40 1.077 28 19 WRB2  0.000
41 1.110 28 19 WRB2  0.000
42 1.126 28 19 WRB2  0.000
4 0.926 28 19 WRB2  0.000
4 | J os01r 23 19 | ] wmB2 0.000

51



a5
45
4
48
43
S0
S51
52
53
54
SS
56
57
58
59
60
61
62
63
€4
65
66
§7
68

HOOOOmHOoOoOOOoODOoOOoO=OOoOO00ODOO

.924
-955
.968
-961
-969
.989
.990
.097
.901
.824
.887
.802
.842
.893
.918
.909
.040
-121
.028
.B73
.939
.881
.828
.027

22
22
22
28
23
28
22
22
28
22
22
28
28
22
28
22
28
28
28
22
28
28
22

22

19
19
19
19
19
19
i9
19
19
19
19
i9
19
19
<9
19
19
19
19
19
19
19
19
13

.000
.000
.000
.000
.000
.000
.00
.000
.000




NFSR-009C RAI Response #1

[est Section A-12

L OPERATING cwaTlms L

* SYSTEM
*PRESSURE ENTHALPY

CASE*

156

(PSIA) (BTU/LBM) (MLBM/HR-FT2) (BTU/SEC-FT) *MDNBR*CHANNEL ROD (IN.}*
-

ey PR . .-._.,._.-.-.-._.-._._._-_._._.-‘-._._.-‘_.,.

=

INLET

1

INLET AVERAGE
MASS FLUX HEAT RATE

-y

+

M HOHM OO OO O NN OO OO O R OO M HNOO MO M MMMNOOO OO MO O

“CRITICAL LOCATION®*** HOT CHANNEL CONDITIONS **+* PREDICTED **
-

.876
.898
.034

-974

.072
.986
.912
-903
.959
.071
.063
.062
.001
.949
.046

-130
-973
.997
.083
.184
.942
.915
.840
.980
.992
.928
.911
-930
.016
.022
-036
.238
-907
.940
.914
.961
.916
.075
.969
-X7?
-133
A2
.0190
.028

AXIAL*MASS FLUX

HEAT FLOUX* CRITICAL *

HOT HOT LEVEL® (MLBM/HR- EQUIL (MBTU/HR-* HEAT FLUX °*CORR* TIME *
(SEC) *

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

19
19
19
13
19
1%
19
19
19
19
15
19
19
19
i
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
is
19
i9
19
19
19

o

FT2) QUALITY FT2) *(MBTU/HR-FT2)*FLAG*

1t wrs2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2
WRB2

OO0 OO0OO0O0OOOOLO0NCOOCoLLLOOLDLROCOOOOLO0

000 +(b,¢
000
000
.000
.000
.000
000
000
_000
000
-000
000
000
.000
.000
000
_600
_000
000
-000
000
.000
000
.000
.000
000
600
_000
000
000
.000
_000
000
.000
-000
000
000
000
.000
.000
000
000
000
000




mmmn’-_

45
46
47
48
49
50
51
52
53
54
55
56
57
S8
59
60
61
62
63
64
65
66
67
68
69
70
71
72

74

L=l ol ol = - - - B e o - e e e S - R = R = R

.080
.984
.019

977
-095
.046
.008
.960
.00%

012
.060
.067
.070
-509
-907
.240
.093
.942
.910
.938
.969
.c10
.978
.081
.046
.001
.111
-931
-140

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

22
22
22
22
22
22
22
22
22
22
22

19
19
19
1%
19
19
19
19
is
19
13
19
19
is
18
15
15
19
19
19
i9
19
19
19
19
19
19
19
19

COO0DO0OOOOROCOODNOOOOODOODOODOO

.000 +(b,‘-)

-000
.000
-co0
. 000
.C00
-000
.000
.000
.000
.000
-000
.000
.000
.000
.00C
.000
.000C
.000
.000
.06G0
-000

.000
.000
.000
.000




