AMENDMENT 1 TO RESAR-SP/90 PDA MODULE 5, "REACTOR SYSTEM"

841130
190290 0601
B2 Apock 03099%ng
K
WAPWR-RS
2185e:1d

AMENDMENT 1
NOVEMBER, 1984



AMENDMENT 1 TO RESAR-SP/90 PDA MODULE 5, *REACTOR SYSTEM"

INSTRUCTION SHEET

Insert all pages behind QUESTIONS/ANSWERS tab.

WAPWR-RS i AMENDMENT 1
2'85e:1d NOVEMBER, 1984



490.1 The WAPWR fuel design has a new feature for those rods containing

4.2 integral fuel burnable absorber. Will the absorbing material melt
during any operational transients before the fuel meliing limit is
.exceeded?

RESPONSE:

The melting temperature of [ ], the absorbing material, exceeds +a,c
that of uoz. namely [ ] versus a maximum of 2800°C for +a,b,c
uoz. In addition the absorbing material 1s a [

] so that its temperature will always
be below the temperature of the coolest portion of the fuel. Hence,
there are no transients, operational or accidental, where the
temperature of the absorbing material approaches the melting point.

+a,c

499.2 What is the 1imit and method used for creep collapse analysis for

4.2 WAPWR fuel rods? Since this is a new design, please provide pertinent
information on the fuel densification 1imit and the initial fuel
pressure of the fuel rods to assure no creep collap;e occurs.

RESPONSE:

Even though the WAPWR is a new design, the current fuel rod analysis
methodology described in WCAPs 8218, 8720 and 8377 continues to be
applicable. With the exception of thicker clad, the WAPWR fue! rod 1is
similar to that of 17x17 OFA or Vantage 5. Therefore, the
densification and collapse modeling for WAPWR fuel remains the same as

that given 1in these WCAPs. The clad flattening time for WAPWR is
245,000 EFPH for initial backfil) pressure of [ ] psia or greater. +a,c

490.3 Provide analyses of combined seismic-and-LOCA loads on WAPWR fuel
4.2 assemblies to demonstrate the conformance to Appendix A of SRP 4.2.

RESPONSE:
The WAPWR fuel assembly seismic capability has been analyzed for
proposed high seismic sites covering a wide spectrum of foundation
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characteristics in Japan. This seismic analysis was based on the S2 '
earthquake which 1s ecuivalent to the Safe-Shutdown-Earthquake. The
seismic response spectra used are conservative compared to site
seismic characteristics for all U.S. nuclear plants.

The results of the seismic analysis show that the WAPWR fuel assembly
structural integrity 1s maintained. Since the fuel assembly
components are deformed elastically, a coolable geometry and control
rod insertion capability are assured. ‘

As for time fuel assembly response to LOCA loads, asymmetric blowdown
loads resulting from large double-ended breaks in the main Toop piping
are not considered as part of the design bases for HAPWR. Analyses of
the potential for pipe fracture from ductile rupture and unstable flaw
extension, materials tests to define tensile and toughness properties,
and predictions of leak rates from postulated flaws will be prepared
and subtitled as part of the RESAR-SP/90 FDA document. These analyses
will be in accordance with the technical bases presented in the USNRC
General Letter B84-04, *Safety Evaluation W Topical Reports Dealing
with Elimination of Postulated Pipe Breaks in PWR Primary Main Loops,"
dated Feb. 1, 1984, As a result, the induced core plate motions will
be small and the effect on the overall fuel assembly will be
negligible. For a discussion of the pipe breaks considered as part of
the WAPWR design bases, see Section 3.6 of RESAR-SP/90 PDA Module 7,
*Structural/Equipment Design®.

490.4 Describe plans for on-line fuel system monitoring and postirradiation
4.2 surveillance.

RESPONSE :

Methods and instrumentation for on-1ine fuel monitoring (e.g., coolant
activity monitoring, etc.) are discussed in RESAR-SP/90 PDA Module 13,
"Auxiliary Systems®.
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. A routine fue) inspection program will bpe implemented on the
frradiated and discharged 1initial YAPWR fye) during plant refueling
outages. The program wil) involve visual examinations on a
. Tepresentative sample of assemblies from the first WAPWR fueled core
‘ at each refueling until this fye) s discharged. visua) observations
will include, but not be Timited to, crud buildup, rod bouian' grid
strap conditions and inspections for potential missing components.
Additional fuye) inspections woul¢ be performed depending on the
‘ results of operational monitoring, including coolant activity, and the
visual fuel inspections.
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491.1
4.3

491.2
4.3

Past agreements with Westinghouse, going back as far as Robinson and
Indian Point 2 reviews, relating to X-Y plane xenon stability, have
been that specific tests wou’. be performed to demonstrate stability
for reactor classes with significant, relevant new characteristics
such as core diameter or power density. This is the primary bases on
which assurances of stability have been accepted. Please indicate if
such tests will be carried out for WAPWR.

RESPONSE:

On the first pilant built and ready for testing (i.e., prototypes
first-of-a-kind) Westinghouse will propose tests to determine the
stability of the plant with respect to axial and radial xenon
transients. These proposed tests will be documented in RESAR-SP/90
POA Module 14, "Initial Test Program®.

Discuss the effects . low radial leakage core-reflector design on
excore detection, particularly the SRM and axial distribution
measurements with the four segment power monitors Also, we have not
as yet seen an uncertainty analysis topical report for the four
segment excore system. Is this report to be submitted? Will it
address Tow Teakage configuration?

RESPONSE :

Assuming adequate signal strength, the ability to measure axial power
distribution 1s expected to be as good or better than the current
detector design, regardless of the type of the core-reflector design
employed. With regard to the SRM, it is concluded that the count rate
remains the same order of magnitude as that of current PWRs. Should
the count rate prove to be lower than expectea, this can be remedied
by instaliing another available detector of higher sensitivity.

With regard to uncertainty analyses, this subject was addressed in
WCAP-10665(P)/10666(NP) sent to the NRC 14n September 1984. The
topical report does not address a low leakage configuration.
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491.3  There have recently been some problems with current Westinghouse ‘
15.4.1 reactors about Technical Specifications and the contro) rod withdrawal
at zero power event in modes 3, 4, or 5 because of differences between
Technical Specification allowed equipment cperability and the analysis
which assumes two pumps 1in operation. How will this problem be .
handled in WAPWR?

RESPONSE :

The current Westinghouse position on ¢his question, explained in E. P.

Rahe, Jr's letter to Mr. D. Eisenhur., "Number of Operating Reactor '
Coolant Pumps 1in Mode 3,* NS-EPR-2335, July 9, 1984, applies to
KAPWR. If this position 1s changed 1in the future, the revised
position will also be applied to WAPWR .
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492.1  You state on page 4.4-8 of WAPWR-RS "It was concluded from preliminar,
4.4 evaluation of the cata that the CHF characteristics of WAPWR fuel
assembly design are not significantly different from those of the

current 17x17 design, and can be described by the WRB-2 CHF
correlation.*

Provide the data from your CHF tests which model the WAPWR fue)

assembly and give your analytic Justification for the use of the 1.17
design criterion.

RESPONSE :

The WAPWR fuel assemblies use eight type "R" grids with mixing vanes
of the same design as the W 17x17 mixing vane. DNB testing of the
WAPWR typical and thimble cell geometries has been performed to
characterize the ONB performance of a WAPWR fuel assembly.
Evaluations of the data have been performed using the WRB-2 CHF
correlation, Reference 1, which was developed to predict the ONB
performance of W fuel designs which employ grids with the 17x17 type
of mixing vane design. The results of these evaluations indicate that
the WRB-2 correlation predicts the data well. Use of a 1.165 design
Timit ONBR with the WRB-2 correlation 1is Justified for the WAPWR fuel
assembly.

A description of the WAPWR DNB test program and the data evaluations
follows.

WAPWR DNB TEST PROGRAM

Test Geometries

The WAPWR DNB test program was conducted at the Columbia Infversity
Heat Transfer Laboratory. Two 6x6 rod ..ndles were tested -- one with
all rods heated (typical cell) and one with the center four rods

WAPWR-RS 492-1 AMENDMENT 1
2185e:1d NOVEMBER, 1984



replaced by an unheated thimble tube (thimble cell). Both rod bundles ‘
were full length and both used a cosine axial power distribution.
Figures 1 and 2 show the typical and thimble cell bundle cross
sections. The axial locations of the grids and the thermocouples used

to detect DNB are shown 1in Figure 3, and Figure 4 shows the axial .
power profile.

The WAPWR DNB test bundles were tested over a wide range of fluid
conditions: ‘

Inlet pressure: 1500 - 2450 psia
Inlet mass velocity: 1.0 - 3.6 x 106 lbn/hr-ftz
Inlet temperature: 400 - 620°F

Test Procedure

The general procedures followed 1in conducting the WAPWR DONB test
program were the same as those described in Reference 2.

DATA EVALUATIONS

The local fluid conditions for each test run were calculated using the
THINC subchannel code. The measured critica)l heat flux for each data
point was compared to the critical heat flux predicted by the WRB-2
CHF courrelation. Tables 1 and 2 show the local conditions at the
point of minimum DNBR for each run in the WAPWR typical and thimble
cell data sets. Also shown for each run 1is the measured-to-predicted
critical heat flux ratio at that location, as calculated by the WRB-2
correlation.

The average measured-to-predicted critical heat flux ratios for the
WAPWR typical and thimble cell data sets are 0.9870 and 0.9899.
respectively. It 1s apparent that the WRB-2 CHF correlation
accurately predicts the DNB performance of the WAPWR fuel design.
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CRITERION FOR DESIGN

The WAPWR DNB data sets have been incorporated into the database of
the WRB-2 correlation. Table 3 shows the results of applying the
WRB-2 CHF correlation to each of the data sets in the revised database.

For the design of Westinghouse reactor cores, the chosen criterion is
that CHF will not occur at a 95 percent probability with a 95 percent
confidence level. 1In order to meet this criterion, a Timiting value
of DNBR 1s determined by the method of Owen, Reference 3. Owen has
prepaied tables which give values of kp such that at least a

proportion P of the population 1s greater than (%)Avs -

kps with confidence v where (g)Avs and s are the sample mean and
standard deviation, respectively. When this method was carried out
using all 887 data points, the results indicated that a reactor core
designed using the WRB-2 correlation could operate with a minimum DNBR
of 1.165 and satisfy the design criterion.
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(inch)

i
3

o.m
o.m

0.406
0.406
0.360
0.360
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0.374
0.374

Ln
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4
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4
4
4
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WRB-2 CHF CORRELATION - STATISTICAL RESWLTS

{inch)

12.5
12.5

SR NRNESR

TABLE 3

Heat Flux

Profile

Cosine
Cosine

Cos ine
Cosine
Cosine
Cosine
Uniform
Uniform
Cos ine
Cosine
Uniform
Uniform
Uniform

Configuration

TYP-5x$5
TYP-5x5
TYP-6x6
THM-6x6
TYP-5x5
THM-5x5
TYP-5x5
TYP-5x5
TYP-5x5
THM-5x5
TYP-5x5
THM-5x5
TYP-5x5

All Data

492-12
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WAPWR-RS

Dimensions in Inches

Rod Relative Power

FIGURE 1:

WAPWR TYPICAL CELL BUNDLE CROSS SECTION

AMENDMENT 1
NOVEMBER, 1984
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FIGURT 2:

Timble Tube 0.D.: 1.024 Inches

Rod Relative Power

WAPWR THIMBLE CELL BUNDLE CROSS SECTION

AMENDMENT 1
NOVEMBER, 1984
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FIGURE 3: AXIAL LOCATION OF GRIDS AND THERMCOUPLES
IN WAPWR DNB TEST BUNDLES
AMENDMENT 1
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Q" oc/Q"ayg LOCAL-TO-AVERAGE HEAT FLUX RATIO

Z, Axial Distance From Beginning of Heated Length (Inches)

FIGURE 4 APWR DNB HEATER ROD AXIAL HEAT FLUX DISTRIBUTION
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492.2
4.4

Provide the documentation required by NUREG-0737 Item II.F.2. The
response should be given item-by-item showing how your design complies

with each requirement. Clearly state where your design deviates from

WAPWR-RS
2185e:1d

the requirements and why such deviation is acceptable.

RESPONSE :
Inadequate core cooling instrumentation is considered to be part of
the reactor coolant system. Therefore, see RESAR-SP/90 PDA Module 4,

“Reactor Coolant System"; Subsection 4.4.6.5 for a description of this
instrumentation.

492-13 AMENDMENT 1
NOVEMBER, 1984



