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This report describes and provides results from a RLBLOCA analysis for the Harris Nuclear
Plant Unrt 1 (HNP) The pIant |s a Westmghouse 3 Ioop desrqn wnth a, rated thermal power. of
2900 MWt and dry atmosphenc contarnment The Ioops contarn three RCPs three U-tube
steam generators and a pressurlzer In the ECCS, there are two LHSI pumps WhICh are cross:
connected to all three cold Iegs two HHSI pumps (Charglng/Safety InJectlon pumps) whrch are
Cross- connected to all three cold legs and one accumulator connected to each cold Ieg. The

-~ - L

design includes an installed spare.swing CSIP:that is”normally out:of 'service. .. .

The analysrs supports operat|on for Cycle 16 and beyond wuth AREVA NPs 17X17 HTP fuel
deS|gn using standard UO, fuel wrth 2% 4%, 6% and 8% Gd203 and Zr-4 ctaddmg, unless
changes in the Technical Specifications, Core Operatlng L|m|ts Report, core deS|gn fuel design,
plant hardware, or plant operation:. invalidate the results .presented herein. “The analysis was
performed in compliance with. the NRC-approved RLBLOCA EM (Reference 1) with exceptions
noted :below. Analysis results confirm the 10CFR50.46 (b) acceptance criteria presented.in
Section 3.0 are. met and serve as. the basis' for operation of the Harris‘Nuclear ‘Plant with
AREVA NP fuel. ' ’

The non- parametrlc statlstlcal methods mherent in the AREVA NP RLBLOCA methodology_
provide for the consideration of a full spectrum of break sizes, break conflguratlon (guillotine or
split break),- axial shapes, and.plant operational parameters. -A conservative single-failure
assumption is applied in which the loss of one train of the-pumped ECCS .injection is simulated:
Regardless of the single-failure assumption,. all’ containment -pressure-reducing systems are
assumed fully functional. - The effects :of Gadolinia-bearing :fuel rods. and.peak fuel-rod
exposures are considered.
The following are deviations from the approved RLBLOCA EM. (Reference 1) that were
requested and approved by the NRC on other implementation of the RLBLOCA EM on other.

dockets. Further discussion of the origin of these deviations is contained in Section 4.0.

The assumed reactor core power for the HNP reallstlc Iarge break Ioss-of-coolant acmdent |s
2958 MW1. The value represents the plant rated thermal power of 2900 MWt with a maximum

power measurement uncertamty of 2 0 percent (58 MW1) added to the rated thermal power. The

AREVA NP'Inc.
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power was not sampled in the analysis. This is not expected to have an. effect on the PCT

BV NS R N A L L i L0

The RLBLOCA analysrs was performed wnth a versnon of S RELAP5 that requrres both the vord
fractron to be Iess than 0 95 and the clad temperature to be less than 900‘F before the rod |s

allowed to quench Thls may result |n ‘a sllght mcrease in PCT results when compared to an

B O Y L A

anaIyS|s not subJect to these constramts

PR R o [T
VRN 1 o U & SR . KL DI

The RLBLOCA analysis was :perforfmedeith‘ a-version of S-RELAPS5 that limits the. contribution
of the Forslund Rohsenow model to no more than 15 percent of the total heat transfer at and
above a v0|d fractlon of 0. 9 ThIS may result m a sllght mcrease |n PCT results when compared

to prevnous analyses for S|mllar plants

The split versus double-ended break type is no:longer related to break area.. in concurrenCe with
Regulatory Guide~1.157, both:the split. and the double-ended break will range-in area between
the. minimum break area (Asn) and.an’area of twice ‘the size::of the broken pipe. The
determination -of break cenfiguration, split versus double-ended; will be made after the break
area is selected based on a uniform probability for each occurrence. A, was calculated to be
27 percent of the DEGB area (see Section 4 6 for further dlscussmn) This |s not expected to

have an effect on PCT results

In concurrence with theNRC’s interpretation of GDC 35, a set of 59 cases was run with a LOOP
assumption and a second set with a No-LOOP assumption. The.set of 59 cases that predicted
the highest PCT is reported in Section 2 and Section. 3, herein. The results from both case sets

are shown in‘Figure 3-22.. The effect on PCT results is expected to be minor. " -

During recent RLBLOCA EM modeling studies, it was noted that cold legl condensation‘
efficiency may be under-predicted.” Water entering the DC post-accumulator injection remained
sufficiently subcooled to absorb DC wall heat release without significant boiling. - However, tests
(Reference 7) indicate that the steam and water entering the DC from the cold leg, subsequent
to the end of accumulator injection, reach near saturation resultrng from the condensatlonv
eff|C|ency ranging between 80 to 100 percent To assure that cold leg condensation would not
be under-predlcted a RLBLOCA EM update was made Notmg that saturated f|UId enterlng the
DC is the most conservative modeling scheme, steam and llqu1d multlpllers were developed so

as to approximately saturate the cold leg fluid before it enters the DC. The multipliers were

AREVA NP Inc.
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developed through scoping studies using a number of plant configurations—"Westinghouse-‘_,‘
designed 3- and -4-loop plants and CE desrgned plants The results of the scoprng study
|nd|cated that multlplrers of 10 and 150 for I|qU|d and steam respectrvely were approprlate to.

produce saturated f|UId entenng the DC Th|s RLBLOCA EM departure was. recently dlscussed

|||||

seconds after the vapor v0|d fractlon m the bottom of the accumulator becomes greater than 90'
percent. Thus the accumulators have lnjected all therr water rnto the cold Iegs and the nrtrogen‘
cover gas has entered the system and been mostly discharged through the break before the
condensation efficiency -is :increased by the: factors-of 10 and .150,. for siquid :and vapor
respectively::Providing  saturated fluid.conditions at the~DC entrance conservatively reduces
both the DC driving head and the core flooding.rate. Recall that test.results indicate that fluid
conditions entering the DC range from saturatedito slightly subcooled. He_nce‘,;it is conservative

to force an approximation of saturated conditions for fluid entering the DC., = » - -

AREVA Inc has acknowledged an lssue concernlng fuel thermal conduct|V|ty degradatlon as a
function of burnup as raised by the NRC. In order to manage this lssue AREVA Inc.
modifying the way RODEX3A temperatures are compensated in the RLBLOCA Revrsmn
O/Transition package methodology. In the current process,.the-RLBLOCA computes PCTs at
many different times during .an-operating cycle: For each- 'specific “time in cycle, the fuel
conditions are computed using RODEX3A prior to- starting ‘the: S-RELAPS portion of the
analysis. A steady state:condition for the. given time in.cycle using S-RELAPS is established. A
base fuel centerline temperature is established in this process. Then two-transformation
adjustment to the base fuel centerline temperature is computed. . The first transformation is a
linear adjustment for-an exposure of 10 MWd/MTU or hlgher In the new process a polynomial
transformation is used in the first transformatlon lnstead of a Imear transformatlon The rest of
the RLBLOCA process for initializing the S-RELAPS5 fuel rod temperature should not be aitered
and the rest of LOCA transient should also contmue_rn the orrg;nal fashion. This approach has
been requested ‘by ﬁth.e NRC. I | .

AREVA NP Inc.
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The I|m|t|ng PCT analysrs is based 6n 'the parameter specn‘lcatron grven in" Table 2-1"for the
I|m|t|ng case The t|m|t|ng PCT is' 1930°F for an UOz rod |n a case W|th LOOP condmons:
Gadollma bearrng rods of 2 4 6 and 8 w/o Gd203 were also analyzed but were not I|m|t|ngﬁ
ThIS RLBLOCA result is based on a case set of 59 mdwrdual transrent cases for LOOP and 59
mdrvrdual tran5|ent cases for” No LOOP' condltlons The Eore is composed only of AREVA NP
17x17 thermal hydraullcally compatlble fue[ desrgns hence there is 1o mixed core
consrderatron S ST L e UL e adan Ly o T

The analyzed core power.is 2958 MW1 with:a steam generator:tube plugging level of:3-percent
in.all steam generators, a-total'peaking factor (Fq) up to a:value:of 2.52 (including',uncertainties;
but:‘no-axial dependency); and :a:nuclear. enthalpy rise factor (Fu4) up. to'.a value of. 1.73
(including uncertainty). * This ‘analysis ‘also addresses typical operational ranges: or.technical
specification limits (whichever ‘is- applicable) with regard to pressurizer pressure and level;
accumulator pressure temperature (based on contamment temperature) and level; core
average temperature core flow contamment pressure and temperature and RWST

[

temperature o

The AREVA ‘RLBLOCA methodology explicitly analyzes ‘only” fresh .fuel - assemblies (see
Reference 1, Appendix B). ::Previous analyses have shown that.once- and twice-burnt fuel will
not be limiting up to ‘peak rod average exposureés. 6f.62,000- MWd/MTU. The analysis
demonstrates that the 10 CFR 50.46(b) criteria'listed in Section 3.0 are satisfied.’

~.. Table 2-1 Summary of Major Parameters for Limiting Transient

Core Average Burnup(EFFsH') . 11267

Analyzed Core Power (MW1) | 2958 “
Total Peakrng (FQ) T 2.47

Radial Peak (Fan), Tech Spec.. - | 1.66"

Axial Offset -0.2028

Break Type Guillotine

Break Size (ft*/side) 1.5097

Offsite Power Availability Not available

Decay Heat Multiplier 0.9896

AREVA NP Inc.
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3:00 ANalySis v v et oy T Lo e e

The purpose of the analysns is to verify typlcal technical specmcatlon peaklng factor limifs and
the adequacy of the ECCS by demonstratmg that the foirowmg 10CFR 50° 46(b) criteria are met

EEORRTA

€)) The caIcuIated maX|mum fuel element claddlng temperature shall not exceed 2200"F

Co g DTS st
Q@ V‘The calculated total OX|dat|on of the claddlng shall nowhere exceed O 17 t|mes the total
: = claddmg thlckness before oxndatron :

Lo e . . Lo N . P y

3) The calculated total amount of hydrogen generated from the chemlcal reactlon of the

- " cladding with water or steam shall not ‘éxceed 0.01 times ‘the hypothetical’amouint that

. would- be:generated .if all of the metal.in -the cladding -cylinders surrounding the fuel
excludmg the claddlng surroundlng the plenum volume were to react

'
o

4 --The calculated changes in core geometry shall be such that the core remains amenable
to cooling.

&) Long-term coollng is established and maintained after the LOCA.

The analy5|s d|d not evaluate core coolablllty due to selsmlc events ‘nor d|d |t conS|der the
1OCFR 50. 46(b) Iong-term coollng cnterlon The analysrs purpose does not change the
LBLOCA Ilcensmg basns therefore prlor coolable geometry (LOCA seismic Ioads) and Iong-term
coohng Ilcensrng bases remaln unaffected and valld Thus compllance wuth Cnterla ( ) and (5)

is assured

L

Section 3.1 of this report describes the postulated LBLOCA event. - Section 3.2 describes the’
models used in the analysis. Section 3.3 describes the 3-loop PWR plant:and summarizes the
system parameters used inthe anaIyS|s Compllance to the RLBLOCA EM SER is addressed in
Sectlon 3. 4 Sectlon 3 5 summarlzes the results of the RLBLOCA analyS|s o

J

3.1 .- Description of the LBLOCA Event "=

A LBLOCA is mrtrated by a postulated rupture of the RCS prlmary p|p|ng Based on
determmlstlc studles the worst break Iocat|on is in the cold leg piping between the reactor
coolant pump and the reactor vessel for the RCS Ioop containing the pressurlzer " The break
initiates a_rap|d depressunzatlon of the RCS. A reactor tnp signal is initiated when the low
pressurizer pressure trip setpoint is reached; however, reactor trip |s conservatively neglected in

the analysis. The reactor is shut down by coolant voiding in the core.

The plant is assumed to be operating normally at full power prior to the accident: “The cold leg

break is assumed to open instantaneously.  For this break, a rapid depressunzation occurs,

AREVA NP Inc.
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along with a core flow stagnation and reversal. This causes the fuel rods to experience DNB..
Subsequently, the. Ilmltlng fuel rods, are cooled by.f fllm convectlon to steam The coolant v0|d|ng
creates a strong negatrve reactrvrty effect and core. crltlcallty ends.. As heat transfer from the

fuel rods is reduced the claddmg temperature increases.

-..—\ - ~"-,v'. iy ~t,<,.-‘ .

Coolant in alI reglons of the RCS beglns to flash At the break'plane the‘ Iojssof subcoollng in
the cooIant results in substantually reduced break flow Th|s reduces the depressunzatlon rate;
and leads to a perlod of posrtlve core flow or reduced downflow as the RCPs in the mtact Ioops
contlnue to supply water to the RV (rn No LOOP condmons) Claddlng temperatures may be
reduced and someé' portrons of the core may rewet durlng thls perlod The posmve core flow or
reduced downflow perlod ends as two phase condltlons occur in the RCPs reducmg therr

the broken cold leg.

Mltlgatlon of the LBLOCA beglns when the SIAS is |ssued This srgnal |s |n|t|ated by elther high
contalnment pressure or. low pressunzer pressure Regulatlons requ1re that a worst
srngle-fallure be conS|dered Thls S|ngle-fa|lure has been determlned to be the Ioss of one
ECCS pumped |nJect|on traln The AREVA RLBLOCA methodology conservatlvely assumes an
on-time start and normal Ilneups of the contalnment spray to conservatlvely reduce contamment
pressure and increase break flow. -Hence, the anaIyS|s assumes that one HHSI pump, one
LHSI, pump, and all containment spray pumps are -operating. Seven fan coolers are assumed

operating from time zero of the transient... - -

When the RCS pressure falls below the accumulator pressure fIU|d from the accumulators is
injected into the cold legs ln the earIy dellvery of accumulator water hlgh pressure and h|gh
break flow will drive some of this fluid to bypass the core:” During this bypass period, core heat
transfer remains poor and fuel rod claddlng temperatures increase. As RCS and contarnment
pressures equmbrate ECCS water beglns to f|II the lower pIenum and eventually the Iower

portlons of the core thus core heat transfer lmproves and cIaddlng temperatures decrease

Eventually, the relatively Iarge volume of accumulator’ water is exhausted and core""recovery‘
continues relying solely on pumped ECCS .injection. As the accumulators empty, the nitrogen
gas used to pressurize the accumulators exits through the break. This gas release may result in
a short perlod of lmproved core heat transfer as the nitrogen gas displaces water in the

downcomer After the nltrogen gas has been expelled, the ECCS temporanly may not be able to

AREVA NP Inc.
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sustain full core,.coo'ling'-because of-the core decay heat: and the’higher. steam-temperatures
created by quenching in the lower portions of the core. . Peak fuel rod ‘claddingttemperatures;
may increase for a short perlod until more energy is removed from the core by the HHSI and
LHSI while' the decay heat contlnues to’ fall Steam generated from fuel rod rewet Wwill entrain
l|qu1d and pass through the core vessel upper plenum the hot Iegs the steam generators and
fhie reactor coolant pumps before it i vented out the break The resrstance of ‘this flow path to
the ‘steam flow i$"balaniced” by the drlvmg force of water f||l|ng the downcomer “Thig reS|stance'
may act” to retard the progressnon of ‘the ‘core reflood and postpone core-wnde coolmg

Eventually (W|th|n a'few minutés of the ac0|dent) the ‘core reflood wnII progress suff|C|ently to'
ensure core-wide cooling. Full core quench oécurs W|th|n a few minutes after coré-wide coollng

Long-term cooling is then sustalned with LHSI pumped injection system. . . .

R R S O
l

3 2 Descnptlon of Analytlcal Models :

The RLBLOCA methodology is documented |n EMF 2103 Reallst/c Large Break LOCA
Methodology (Reference 1). The methodology follows the Code Scallng, Appllcablhty, and
Uncertainty (CSAU) evaluation methodology (Reference 2). This'method: outlines an approach
for defining and qualifying :a."best-estimate.lthermal-hydraulic code . and . quantifies .the

uncertainties in a LOCA analysis. S S S
The RLBLOCA methodology consists of the following computer codes: '_ .

e RODEX3A for. computation of the initial fuel stored energy, flssmn gas release and
fuel claddlng gap conductance ‘

. S- RELAP5 for the system calculatlon (mcludes ICECON for contalnment response)

o: . AUTORLBLOCA for generation of ranged parameter values, .transient input, transient
runs, an_d general output docu'mentation. . ) .

The governing two-fluid (plus non-condensables) mode! with conservation equations for. mass,

energy, and momentum transfer is used The reactor core is modeled in S-RELAPS with heat

generatlon rates determlned from reactor klnetlcs equatlons (pomt klnetlcs) wrth reactnwty

feedback and W|th actlnlde and decay heatlng

The two-fluid formulation uses a separate set of conservation equations and. constitutive
relations for each phase.. The effects of one phase on the other are accounted for by interfacial

friction, and heat and mass transfer interaction terms.in the equations. The -conservation
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equations ‘have: the: same form for ea.ctt phase; only .the 'constltutlvej relations and physical

properties differ.00 0 o ownt T s TR L sl e e b i e

v O

The modellng of plant components lS performed by followmg gu:dellnes developed to ensure
accurate accountlng for physncal dlmensnons and that the domlnant phenomena expected durlng
the LBLOCA event are captured The basnc bundlng blocks for modellnq are hydraullc volumes
for fIU|d paths and heat structures for heat transfer In addltlon speC|aI purpose components
exnst to represent specnflc components such as the RCPs or the steam generator separators
All geometrles are modeled at the resolutlon necessary to best resolve the flow fleld and the

phenomena belng modeled W|th|n practlcal computatlonal llmltatlons

System nodalization details are shown ‘in Figures 3-1 through 3:5° A “pdint of clarification: in
Figure 3-1, break modeling uses two junctions regardless of break type—split or guillotine' for
gunllotlne breaks Junctlon 151 |s deleted it is retained fully open for spllt breaks Hence, total
break area is the sum of the areas of both breakjunctlons ' SRR o o
A.typical calculation using -S-RELAP5 begins with theestablishment of a steady-state initial
condition with all-loops intact.- The:input parameters and initial conditions for this steady-state
calculation are chosen to reflect plant technical specifications:or to match measured “data.
Additionally, the RODEX3A code provndes |n|t|al condltlons for the S- RELAP5 fuel models

Specific parameters are discussed in Section 3.3.

l—ollowmg the establlshment of an acceptable steady—state condltlon the tranS|ent calculatlon is
initiated by mtroducmg a break |nto one of the Ioops (specnflcally, the Ioop W|th the pressurlzer)
The evolution of the transient through blowdown refill and reflood is computed contlnuously
using S-RELAPS5. -Containment pressure .is also calculated by S-RELAPS using containment
models derived from ICECON (Reference 4) which is based on the CONTEMPT-LT code

(Reference 3). .

The methods used in the appllcatlon of S RELAP5 to the LBLOCA are descrlbed in
Reference 1. A detailed assessment of this computer code was made through comparisons to
experimental data, many benchmarks with cladding temperatures ranging from 1,700F (or less)
to above 2,200F. These .assessments were used to d evelop quantitative estimates of the
ability of the code to predict key physical phenomena in a PWR LBLOCA. Various models—for

example, the core heat transfer, the decay heat model and the fuel cladding oxidation
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correlation—are defined based --on. code-to-data’ comparisons *ard‘.-are;:. hence,- plant

independent.. .. . . L P VT

DR A

The RV mternals aré modeled in detail (F|gures 3- 3 through 3- 5) based on HNP speC|f|c mputs'
supplled by Progress Energy “Nodés and connectlwty,_flow areas resnstances and heat
structures are all accurately modeled The Iocat|on of” the hot assembly/hot pln(s) is

unrestncted however the channel |s always modeled to restrlct apprecnable upper plenum"'
I|qu1dfallback N Dl BT T e T A R

” R
o o\ '

The final:step of the best-estimate methodoiogy is to combine all the uncertainties related to. the
code and plant parameters, and estimate the PCT at a high probability level. The steps-taken.to

derive the PCT uncertainty estimate are summarized below:

1.:-+ Base PlantInputFile Development .. . .~ .o 0 ool 0 e

First, base RODEX3A and S-RELAPS5 input files for thé plant {incliding ‘the containment
input file) are developed. -Code input development guidelines are applied:to-ensure that
model nodallzatlon is con3|stent W|th the model nodallzatnon used in the code valrdatlon

2. .- Sampled Case Development. . . -

The non-parametric statistical' approach requires that many “sampled” cases be created
and processed. For every set of input created, each “key LOCA parameter” is randomly
sampled over a range established -through code uncertainty ‘assessment_ or expected

~ operating limits (provided by plant technical specifications or data). Those parameters
" considered "key LOCA parameters” are listed in Table 3-1.- This' list' includes both
. parameters related to LOCA phenomena (based on:the PIRT, provided.in Reference, 1)
~and to plant operating parameters.

3. . . :Determination of Adequacy of ECCS- - - .~ o~ s g oo e e
* The RLBLOCA methodology uses'a-non-parametric. statistical approach to determine
values.of PCT at the 95 percent probability level. Total oxidation and total hydrogen are

based on the limiting PCT case. The adequacy of the ECCS |s demonstrated when
these results satlsfy the criteria set forth in-Section -3.0.: ' :
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3.3 Plant Description.and Summaryzof. Analysis Parameters :.. :

The plant analysis presented in this report is for a Westinghouse-designed PWR, which 'h"-é"s;
three Ioops each wrth a hot Ieg, an U tube steam generator and a cold leg wrth a RCP1 The :
‘ RCS also lncludes one pressunzer connected to a hot Ieg The core contams 157
thermal hydraullc compatlble AREVA 17X17 HTP fuel assemblres wnth 2% 4% 6% and 8%'
gadollnra p|ns The ECCS mcludes one HHSI one LHSI and one. accumulator anectlon path per,
RCS loop The break is modeled in the same Ioop as the pressurizer, as dlrected by the
RLBLOCA methodology. The RLBLOCA transients are of sufficiently short duratlon that the
switchover to-sump cooling -water (i.e., RAS). for:ECCS pumped injection. need not be

considered.. - 7 T T e a0 e T e s el g

The S-RELAP5 model explicitly describes.the"l.QCS‘, RV pressurizer, and. a‘c‘curnulator lines.
The ECCS includes an accumulator path and a LHSI/HHSI ;path:per RCS loop.. The HHSI
and LHSl feed lnto a_common header that connects to each cold, Ieg -pipe downstream of the
RCP dlscharge ~The. ECCS pumped |nJect|on is modeled as a. table of flow versus
backpressure Th|s mode! also describes the secondary Slde steam generator that is
instantaneously isolated (closed MSIV and feedwater trip) at the time of the break. A symmetric

steamrgenerator,tube plugging le_vel of 3 percent per steam generator was assumed.

As descrlbed in the AREVA RLBLOCA methodology, many ° parameters assocrated with
LBLOCA phenomenologlcal uncertalntles ‘and plant operatlon ranges are sampled. A summary
of those parameters is given in Table 3-1:"-The LBLOCA phenomenologlcal uncertalntles are
provided in Reference 1. Values for process or operatlonal parameters mcludlng ranges of
sampled process parameters, and fuel design parameters used in the analysis are given in
Table 3-2. Plant data are. analyzed to. develop un'certainties for the process parameters
sampled in the analy5|s Table 3 3 presents a summary of the’ uncertalntles used in the
analysrs. Two parameters (RWST temperature for Si flows and dlesel start tlme) are set at
conservative bounding values for all calculations. Where applicable, the sampled parameter
ranges are based on technical specification limits or supporting plant calculations that provide

more bounding values.

For the AREVA NP RLBLOCA EM, dominant containment parameters, as well as NSSS

. parameters, were established via a PIRT process. Other model inputs are generally taken as
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nominal or conservatively biased. The PIRT outcome yielded:two important:(relative to PCT)
contamment parameters—contamment pressure and temperature ln many lnstances the‘
conservatlve gwdance of CSB 6 2 (Reference 5) was used |n settlng the remalnder of the‘.
contamment model mput parameters As noted ln Table 3 3 contamment temperature |s a'
sampled parameter. Contalnment pressure response is mdlrectly ranged by samplrng the
containment volume (Table 3-3). The minimum containment volume value is carried over from
use in the long-term-containment-integrity. analysis-of record-for HNP. The maximum-value is a:
simplified value computed: as. the avaitable volume of.2.61E86 ft3. This volume was;calcul_ated,as;

the volume of the containment building, void of all interior walls -or other. structures >~ =.

The containment initial conditions and boundary conditions are given‘in Table 3-8.The building
spray is modeled :at- maximum _heat:removal capacity. All sp’ray:flow is.-delivered to- the
containment. Seven fan coolers are assumed: operating from: ti‘me‘--;ero.-o{_ the LBLOCA

transient.

Containment heat sink data is ‘given" in Table 3-0. In accordance with Reférence 1, the
condensing heat transfer coefficient is. intended to be closer. to a best-estimate instead of a
bounding high value. A [ ] Uchida heat transfer coefficient mUItipIi'er‘WaS' speciiftcally
validated for use in HNP through application of the.process-used -in :the RLBLOCA EM

(Reference 1) sample problems ‘

' The RCPs are Westinghouse 93A type pumps. The homologous pump performance curves for this type
of pump were input to the S-RELAPS5 plant model.
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3.4 RLBLOCA SER Comphance SIS P N

A number of requrrements on the methodology are strpulated |n the conclusrons sectlon of the
SER for the RLBLOCA methodology (Reference 1) These requrrements have aIl been fulfllled'

durlng the appllcatlon of the methodology as addressed in Table 3 4

3 4 1 ltem 7 Blowdown Quench

T
Fifteen cases were poten‘tiaI-»candidate‘s.'-for'?bIoWd;cl;wn‘ guench and were: closely inspected. For .
thisset of calculations, no evidénce of blowdown quenchwas observed.-Therefore, compliance -

to the SER restriction has.been demonstrated: !z 1 o = = 0% 1y

3.4.2. ltem 8: Top-down.Quench ... .

Several provisions-have been impiemented in the S-RELAPS model to prevent'the top-down.

guench. The up'per..plenum"nod‘alization features-include: -:

* the homogenous option is selected for the junction that connects the first axial level node
_above the hotn.o_ha‘n,n\el to the second __axlal Ievel node above :the hot ohannel;

e no cross-flow is allowed between the first axial level.Upper Plenum.nodes above the hot.
channel to the average channel;, . . . -

s- the CCFL modeél is.applied on all core ‘exit junctions. ™

Four cases were closely examined for top-down quench. No evidence of top-down quench was’

observed. Therefore, compliance to the SER restriction has been demonstrated.

3.5 Realistic Large Break LOCA Results

Two case sets of 59 transient calculations were performed sampling the parameters listed in
Table 3-1. For each case set, PCT was calculated for a UO; rod and for Gadolinia-bearing rods
with concentrations of 2, 4, 6 and 8 w/o Gd,O,. The limiting case set, that contained the PCT,
was the set with no offsite power available. The limiting PCT (1930°F) occurred in Case 5 for a
UO, rod. The major parameters for the limiting transient are presented in Table 2-1. Table 3-5
lists the results of the limiting case. The fraction of total hydrogen generated was not directly
calculated; however, it is conservatively bounded by the calculated total percent oxidation,
which is well below the 1 percent limit. The best-estimate PCT oase is Case 30, which
corresponded to the median case out of the 59-case set with no offsite power available. The
nominal PCT was 1540°F for a UO; rod. This result can be used to quantify the relative

conservatism in the limiting case result. In this analysis, it was 390°F.
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The case results, event times- and -anajysis:-plots;:for..the: limiting. PCT case are shown in
Table 3-5, Table 3-6, and in Figure 3-11 through Figure 3-21. Figure 3-6 shows linear scatter
plots of the key paré'riﬁete'rs' sampled for th'e“'59‘Eé'l"c'uIatidhé”""F’a"r"'a'r“ﬁ'éter labéls" 'a‘ppea'r to”the left
of each |nd|V|duaI plot These flgures show the paramete fraﬁ“ges used in the analysns ‘Figure
3-7 and Figure 3-8 show the time of PCT and’ brcak snz"'

calculations with no offS|te power avallable respectlvely Flgure 3-9 and Figure 3-10 show the

versus PCT scatter plots for the 59

maximum oxidation and “total OX|dat|on versus’ PCT scatter plots for the 59 calculations,
respectively. Key parameters for the limiting PCI. case are shown in Figure 3-11 through Figure
3-21. Figure 3-11 is the plot of PCT!independent-of:elevation-for the limiting case; this figure
clearly indicates that the tranS|ent exhiblts a sustalned ‘and stable quench. A comparison of
PCT results from the LOOP and ho-LOOP case sets |s shown |n Flgure 3-22.
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L w0 1 Table'3-1 Sampled LBLOCA Parameters - i

el DL

Phenome"0|og|ca| er——
SRR R L A b1 Y ln Cycie (peakrng factors axral shape rod

Break type (gunlotrne versus spllt) B}
" Crltlcal flow dlscharge coeffrcrents (break)

‘ Decay heat ’
“ Critical flow discharge coeffrcnents (surgellne) whan
raoine s Initial upper-headitemperature s oL o T T e
v e 1 . .. Fimbpoiling;heattransfer . T
] Dlspersed film borlmq heat transfer

Critical heat flux '

Tmin (intersection of film and transition boiling)
Initial stored energy
Downcomer hot wall effects
Steam generator interfacial drag
Condensation interphase heat transfer
Metal-water reaction

Plant’

Offsite power availability®
Break size

Pressurizer pressure
Pressurizer liquid level
Accumulator pressure
Accumulator liquid level

Accumulator temperature (based on containment
temperature)

Containment temperature

Containment volume

Initial RCS flow rate

Initial operating RCS temperature

Diesel start (for loss of offsite power only)

' Uncertainties for plant parameters are based on typical plant-specific data with the exception of

“Offsite power availability,” which is a binary result that is specified by the analysis methodology.

2 Not sampled, see Section 4.9.
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Table 3-2. Plant Operating Range Supported by-the LOCA Analysis

Event Operating Range
1.0 7 | Plant Physrcai Descrlptlon R T
"1 Fuelt L L - R
I )Claddlng outside dlameter 10.376i0n. 77
b) Cladding inside dlameter f o keaB28iniy
c) Cladding thickness - - i ‘0:024 in.
d) Pellet oitside diamster =, ' 0.3215 in.
) Initial Pellet density- -+ . . ¢ 7 o 95 percent.of theorétical -
f) Active fuel length « ¢ ¢ -0 144 in. .0 e
i g)l Resinter densificaton. = ' . g ]"‘" IR
h) Gd203 concentrat|ons o 2.4,6,8wlo -
12 RCS sl :;'1' B R . .. v"
‘a) Flow. resrstanc_e T }AnaIyS|s L
b) PresSuriZer location ..o 0 | Analysis'assumes: location giving
L most limiting PCT (broken Ioop)
) e) Hot assembly _loeatien L Lo n -Anywhere in’ core o
d) Hot assembly type " * ‘ 17x17 -
e) SG tube plugging- - © | <3 percent:
20 Plant Initial Operatmg Condltrons ‘
2.1 ReactorPower ~ ~ "~ » SERT
a) Analyzed reactor power © . - . 2958 MWt T L
b)Fa~ =~ - - o |<2s22 5
[QFm S =173
aMTC. .. ... 3 <0 at HFP
2.2 Fluid Condltlons - ‘
a) Loop flow o 109.2 Mibm/hr < M < 117.8 Mibm/hr
b) RCS éVerage temperature 582.0°F < T £ 594.8°F
c) Upper head temperature ~Tcold Temperature®

’ Includes 2% measurement uncertainties -

2 Ensures that a minimum 7 percent peaking margin is maintained to the Fq limits when operating at
the positive or negative AFD limit

® Includes 4 percent measurement uncertainty

4.

 Upper head temperature will change based on samphng of RCS temperature

AREVA NP Inc.
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Table 3-2 ;‘Plant,Ope[ating Range Sugported E;j}«;the LOCA ‘Analysis

(Continued through Page 3-14)

d)-Pressurizer-pressure

2200 psia<P <2288 psia - -~

e) Pressurizer level

53.25 percent< L.< 66.75’.—.péréeht' N

f) Accumulator pressure:..’"

599.7:psia.<'P.< 679.7. psia g

g) Accumulator liquid volume

9946 f<V < 10294ft3

h) Accumulator temperature

e
¢ .

80°F < T < 130°F - -

| (Its coupled with contamment "'
-temperature) -

iy Accumulator-resistance fL/D

j) Minimum ECCS boron: .

As-built piping conflguratlon L
> 2400 ppm Lo

3.0

Accident Boundary Conditions

a) Break location - -

Any RCS plplng Iocatlon

b) Break type

“Double-endéd guillotine or split

c) Break size (each S|de relative-to-cold
leg pipe area).

0.27 < A < 1.0 full pipe area (split). - -

.| 0.27 < A < 1.0 fuli pipe area (guiliotine) . -

.| d) Worst snngle-fallure Loss of one train of ECCS
e) Offsite power : On or Off |
fy ECCS pumped injection: temperature 125°F

9) HHSI pump delay

17 s (w/ bffSité upow‘e’r)i R
29 s (w/o offsite power)

"h) LHSI pump delay - - - - -

27 s (w/ offsite power)
37 s (w/o offsite-power) .

i) Containment pressUre

14.7 psia, nominal value

"j) Containment temperature,

B0°F<T< 130°

k) Containment sprays delay 10s -
.| ) Containment spray water temperature | 40F -
m) LHSI Flow : BROKEN_LOOP T
, LiAot Floy PNEEa o L
.| ¥ RCS pressure LHSIflow _ .
K e e e mm——
psia 7 7 gpm
- 0. . 1832.0
. 1s. . 7 1832.0..
‘ 2000 00 v 1791.1
‘ 30..° . 1707.6 . - .
3s. 1664.9
40. 1621.5
50. 1532.5
70. 1318.8
120. 546.2
125. 491.9
125.01 0.0
3000. 0.0
* N .
INTACT . LOOP1.
*
* RCS pressure - LHSI flow
b S —_——— e e —— —
psia gpm
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. . is. . 916.0
L e 20. - .895.6
Table 3-2- . ‘ 30. . 853.8"
(continued) La : 35, - - Wg32.al
o A 40. vow BLOWB - -
RN B : 50. 766.3
- Sl { 70. : 659.3
ot T 120. : 273.1
L L - 125. 246.0
N , 125.01 0.0
P : 3000. . 0.0
R *
T ' INTACT LOOP2
X N . *
f * RCS pressure LHST flow
B 2
i psia gpm
0 916.0
- 15 916.0
. 20 895.6
: 30 853.8
35 832.4
; 40 810.8
. 50 766.3
; 70 659.3
. 120. 273.1
o 125. 246.0
125.01 0.0
e o " 3000. 0.0
n) HHSI Flow : BROKEN_LOOP
*
* RCS Pressure HHSI Flow
K e e e e e e e e e e e m
psia gpm
10 206.3
' 15 206.3
) 20 206.1
30 205.7
40 205.3
50 204.9
70. 204.1
- ' 12007 T T 202,17 T
500. 186.3
1001. 161.9
1150. 154.0
1609. 124.4
1775. 114.5
2037. 91.2
2141. 72.7
2193. 60.8
2246. 35.1
2296. 0.0
3000. 0.0
*
INTACT LOOP1
*
* RCS Pressure HHSI Flow
K o e e e e e e o man i e am o
psia gpm
10 129.6
15 129.6
20 129.4
30 129.2
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Table:3-2
(continued)

nee L ‘Page3-14
40. 128.9
50, r"i2877
70. 1 128.°2
120. 1126970 G k
500. ©.117..0
1001. 101.7
1150. . 96.8
1609. 78.3
1775. 72.4
2037. 58.7
2141. 49.2
2193. 44.6
2246. 28.6 :
2296. 0.0 ;
3000. 0.0 ‘
*
INTACT LOOP2
*
* RCS Pressure HHSI Flow
H o m e mmm e e
psia gpm
10 129.6
15 129.6
20 129.4
30 129.2
40 128.9
50 128.7
70 128.2
120. 126.9
'500. 1170
1001. 101.7
1150. 96.8
1609 78.3
1775 72.4
2037. 58.7
2141. 49.2
. 2193 44.6
2246 28.6 ,
2296 0.0
3000 0.0
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Table 3-3 -Statistical Distributions Used:for Process P.arame,ters1

+ .. % | Operational : _ Measurement -+ | g
. . .Pararieter " "7\ Uncertainty _',"'Fé’ré’ni‘étéffRéaQe» Uncertamty De n ta
S ' Dlstrlbutlon e T Dtstrlbutlon - nbeviation,

_ Pressurizer Pressure (psra) ,::Umform,«_ ,-f2200 2288 N/A . _ ) N/A

Pressurizer Liquid.Level (percent) | -Uniform -, -+ .53, 25 66 75 o ENFAG e ciemaa [NIA L
._Accumulator Liquid Volume (ft3) | Uniform _ . 9,94.6—10294 o e INIA e e NI
~_Accumulator Pressuré {psia) - | Uniform - 599’7”»679 Tl U U NJA CEPNAG A

Containment Temperature (F) | Uniform 80— 130 " CINA CINgAC T -

Containment Volume ( ft) Uniform 2.266E46— 2610646 | NIA - ... . NA

Initial RCS Flow Rate (Mlbm/hr) Uniform 109. 2 = 117 8 S NALTT ENJAY

Initial RCS Operating Temperature Uniform 582, O 594 8 ' N/A : | NA

(Tavg) (F) : N

RWST Temperature for ECCS (F) [Point 125 . - -~ -N/A - | N/A
_ Offisite Power Availability’. . -, | Binary. 01 . ... o . .. |NA | NA

Delay for Containment Quench’ ™ .= =7 Lo e e SRR EEPERNE EN

Spray Cooling (s) Point °0 ... TR | NiA, N-/A-v

' i 27 (wi offsite power) =~ * |\ 7 o
LHSI Pump Delay (s) Point 37 (wlo offsite power) N{A; S vN/A ,
, : 17 (woffsite power) | oo L Lo
HHSI Pump Delay (s) Point 29 (w/o offsite power) « N/A o o N/A

AREVA NP Inc.

Note that core power is not sampled, see Section 1.0
All measurement uncertainties were incorporated into the operational ranges

This is no longer a sampled parameter. One set of 59 cases is run with LOOP and one set of 59
cases is run with No-LOOP.
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' Table 3-4 ‘RLBLOCAEM 'SERConditions and Limitations '/ - -

SER Condit’ioh‘s and Limitations

Response

A CCFL:‘violation warnmg Wl|| be added to alert the analyst
-to CCFL V|olat|0'\ in the downcomer should-suchr occur

There was no srgnlflcant occurrence of CCFL violation in the
~dowricomer for this- evaluation: - Violations -of CCFL -were

»' noted in a statistically insignificant number of time steps

AREVA NP: has agreed that it is not to use nodallzatlon

Hot leg nozzle gaps were not modeled.it

e H I RS

with hot leg to downcomer nozzle gaps.

If AREVA NP applles the RLBLOCA methodology LO plants
using a hlgher planar linear heat generatnon rate (PLHGR)
than used in’ the current analysis, or-if the methodology is
to be applied to an. end-of-life analysis for which the pin -
pressure is - sngnlflcantly higher, then the need for a
blowdown clad rupture model WI|| be reevaluated. The
evaluation may be based on  relevant

RLBLOCA guideline or plant specific calculation file.

erigineering |-
experience and should- be - documented in —either- the |- *:

The HNP . anaIyS|s LHGR 48 4 consnstent wrth the 3- loop
sample problem LHGR

Slot breaks onﬂthe,top of the pipé have.not been evaluated. |

These breaks could cause the loop seals to refill during late
reflood and the core to uncover again. These break
locations are an oxidation concern as opposed to a-: -PCT,

concern sinceé the top of the core can remain uncovered for |

“extended periods of ‘time.  Should an anaIySIs be
performed for a plant with loop seals with bottom elevatlons
that are below. the top elevation of the core, AREVA NP will..
evaluate the effect of the deep loop seal on the slot breaks.
The evaluation may be based on relevant engineering
experience and should be documented in either the
RLBLOCA guideline or plant-specific calculation file.

‘The evaluation of high elevation slot breaks is documented
in the AREVA RLBLOCA analysis guidelines.

The mode! applies to 3 and 4 loop Westinghouse- and
CE-designed nuclear steam systems.

HNP is a Westinghouse 3-loop plant.

The model applies to bottom reflood plants only (cold side
injection into the cold legs at the reactor coolant discharge

piping).

HNP is a bottom refiood plant.

The model is valid as long as blowdown quench does not
occur. If blowdown quench occurs, additional justification
for the blowdown heat transfer model and uncertainty are
needed or the calculation is corrected. A blowdown
quench is characterized by a temperature reduction of the
peak cladding temperature (PCT) node to saturation
temperature during the blowdown period.

The limiting case did not show any evidence of a blowdown
quench.

The reflood model applies to bottom-up quench behavior.
If a top-down quench occurs, the model is to be justified or
corrected to remove top quench. A top-down quench is
characterized by the quench front moving from the top to
the bottom of the hot assembly.

Core quench initiated at the bottom of the core and
proceeded upward.

AREVA NP Inc.
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Tabie 3-4 "RLBLOCA SER Conditions and Limitations (Continued)

I T
< -

SER Conditions and Limitations

w0 -Response

The mode!l does not determine whether

Criterion 5 of 10 CFR- 5046, long term-
cooling, has been satisfied. -This will be

part of its application of this methodology... ...

“Long-term cooling was not evaluated in this analysis. For the HNP's
-assessment -of- long--term- cooling, - please refer to Chapter 6.3.3 and
_Chapter 15.6.5 of HNP FSAR:. = '

10.

Specific guidelines must be uséd to develop
the plant-specific nodalization. - Deviations

from the reference plant must-be éddress_ed. -

The.nodalization in the:plant model is consistent with the Westinghouse 3-
“loop sample caiculation that was submitted to the NRC for review. Figure
3-1 shows_theloop nodihg.used in this analysis. {Note only Loop 1 is

shown in the figure; Loops 2 and 3 are identical to loop 1, except that only

Loop 1 contains the pressurizer and the break.) Figure 3-2 shows the

steam generator model. Figures 3-3, 3-4, and 3-5 show the reactor

vessel noding diagrams.

i

11.

“A table

that_.contains the . plant-specific
parameters and the range of the values

considered for the selected-parameter during-

the topical report approval process must be
provided. When plant-specific parameters
are outside the range used in demonstrating
acceptable code performance, the licensee or
applicant will submit ‘sensitivity studies to
show the effects of that deviation.

1. Simulation .

of. .clad . temperature. . response ..is a function of
phenomenological correlations that have been derived either analytically
or experimentally.: The important correlations have been validated for the
RLBLOCA methodology and a-statement of the range of applicability has
been documented. The correlations of interest are the set of heat transfer
correlations as described in Reference 1. Table 3-7 presents the
summary of the full range of applicability-for the important heat transfer
correlations, as well as the ranges calculated in the limiting case of this
analysis. ' Calculated values for other parameters of interest are also
provided. - As is. evident, the: plant-specific. parameters fall within the
methodology’s range of applicability. -,

12.

The licensee or 'appliéant' using the approved

methodology must submit the results of the
plant-specific  analysés, ~ including the
calculated worst break size, PCT, and local
and total oxidation. > **

 Analysis results are 'di’s‘;:‘u:s.ééd:i'r;w Section 3.5. ‘ o

e
kst DR
- ).

R T

. ! .

13.

The licensee or applicant wishing to apply
AREVA NP realistic. large break loss-of-
coolant accident (RLBLOCA) methodology to
M5 clad fuel must request an exemption for
its use until the planned rulemaking to modify
10 CFR 50.46(a)(i) to'include M5 cladding

material has been completed.

The HNP plant will have 17x17 HTP fuel bundles.with Zirc-4 clad.

cuton T e ST TR

AREVA NP Inc.
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Table 3-5 Summary of Results for the Limiting PCT Case

'-'193o°|:'7 SRR LA

o408 . o

Case#5 U0, Rod
'fTemperafure IO
i Time T - 1326 "
Elevation: % - 10 043 ft
Metal—Water Reaction o -
4 RS Percent’ Oxndatlon Maxnmum K ; e e
. - Percent Total OX|dat|on \\\\\\ 6.0605,

Table 3-6 Calculatee Evﬂen‘t :TimAes fof the Limiting PCT Case

" Event"

BT

..+ - Break Opened 0:0
" RCPTHP M " N/A
. _SIAS Issued:- : 0.6
. ‘Start 'of Broken Loop’ ‘Accumitiator Injectlon 19.0°
Start of Intact: Loop Accumulator Injection 207, 20.8
(Loops 2 and 3 respectlvely)
- Broken Loop HHSI Dellvery Began .

296

Intact Loop HHSI De|IVery Began N
(Loops 2 and 3 respectively)

1296, 296

Broken Loop LHSI Dellvery Began

37.6

-~ Intact.Loop LHSI Delivery Began

(Loops 2 and 3 respectively)

a7, 876

4165

Beginning of Core Recovery (Beginning of Reflood)'

Broken Loop Accumulator Emptied

449

Intact Loop Accumulators Emptied
(Loops 2 and 3 respectively)

456, 454

PCT Occurred

132.6

Transient Calculation Terminated

610.1

AREVA NP Inc.
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:Table 3-7 Heat. Transfer Parameters for.the Limiting Case

)
o~ (A .
i
e
j i M N
.
» [
A .
[
R -
' »
- >

AREVA NP Inc.
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.. Table 3-8 «Containment-Initial and -Boundary Conditions

Containment Net Free Volume (ft3) 2,266,000 - 2,610,000

Initial Conditions

Containment Pressure (nominal) 14.7 psia
Containment Temperature 80°F — 130°F
RWST Temperature 125°F
Outside Temperature 40°F
Humidity 1.0

Containment Spray (only Quench
System Sprays are considered)

Number of Pumps operating 2
Quench System Total Spray Flow 5,000 gpm
Minimum Spray Temperature 40°F
Fastest Post-LOCA initiation of spray 0 sec

AREVA NP Inc.
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Table 3-9 Passive Heat Sinks in Containment

| Structure name : i

'Sfab Material

Thickness (in) -

| Contairment Dome

P

Surface Area(ft’)"

7265460

we

Paint2

70005

Carb»on‘ SteeIA '

0S5

Concrete

Hip 57300 e

External Cylinder Wall "~ [* e
T ~] < 163065.0

Paint-2

0.005

Carbqn Steel N

10375

Concrete

R

| 11In. Stéel Liner Concrete

|- 20800

Paint-2

0.005

Carbon Steel

1.0

Concrete

540 .

! Concrete

82525.0 -

Concrete

45.0

Stainless Steel Liner Conéréte | *

 6756.0

Stainless Steel

0.1872.

Concrete

06

| sump

29320.0

Concrete

450

Piping

- 5703.0

Paint-3

_ . 0.005

Carbon.Steel ... .

0:1966

| Piping™ .

38700

0.005

. Carbon Steel

- 0.4181 .-

Structural Heat Sink_;;"

- -~ 53810.0

‘1 Paint-2

.

10.005

_|'Carbon Steel

L0312

Electrical

-'33066.0 - -

Galvanizing (Zinc) ’

~.0.0015

.Carbon Steel

.0.1745

Embedded Stainless‘

1030.0

St‘ainless Steel- -

- 0.3902 -

Concrete

3.2244

Effective Stainless (Not
Embedded, Steel Pipe, Structural
Steel, and Strainer Screen)

9143.0

Stainless Steel

0.22397

Structural Heat Sink

30300.0

Paint-2

0.005

Carbon Steel

1.0

Not Embedded Structural

119467.0

Paint-2

0.005

Carbon Steel

0.1738

AREVA NP inc.
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Table 3-9 Passive Heat Sinks in Containment (continued)

‘Slab Material

Thickness (in)- |

- [ SurfaceArea(ft).

‘Structural Heat Sink .

667530

Painto-

T ows

Carbon Steel” "

05004 |

"Embedded Structiral ~

Paint-2

0.005

Carbon Steel” | o

03405

Concretée -

30044

.Embedded Structyral

1. iage0”

Paint-2

0.005

'Carbo’n"Ste”él T P

1 444"

Concfteté

32044

Ductwork ;

" 54300

Paint-4

0.008

Carbon Steel

01248

Ductwork .. -

1396720, .

Galvanizing Zinc.

00015

Carbon Steéi‘

T 5.029

Seismic Hangers .~

. 84386.0

Paint-2

0.005

Carbon Steel

0.1876 -

Material Properties -

_ Material | -

Thermal conductivity . .

- Volumetric heat capacity :

(Btu/hr-f'-°F)

.Carbon Steel - - -

(Btu/hr-ft-F)
260, -

~ °53.9

Paint-2: -

0.23

42.6°

Paint-3. .

- /0.23

147.0

Paint-4

0.23"

426

Galvanizihg (Zinc)

64.0°

40.6

Concrete

22.62

Stainless Steel -

AREVA NP Inc.
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Figure 3-1 Primary System Noding

AREVA NP Inc.
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Figure 3-2 Secondary System Noding

AREVA NP Inc.
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Figure 3-3 Reactor Vessel Noding

AREVA NP Inc.
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N

Figure ‘3-4 Core Noding Detail
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e

Figure 3-5 Upper Plenum Noding Detail
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Figure 3-6 Scatter Plot of Operational Parameters
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Figure 3-6 Scatter Plot of Operational Parameters (Continued)
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PCT vs Time of PCT
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Figufe 3-7 PCT versus PCT Time Scatter Plot from 59 Calculéfﬁons
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PCT vs One—sided Break Area
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Figure 3-8 PCT versus Break Size Scatter Plot from 59 Caiculations
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Maximum Oxidation vs PCT. ..
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Figure 3-9 Maximum Oxidation versus PCT Scatter Plot
from 59 Calculations
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Total Oxidation vs PCT
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Figure 3-10 Total Oxidation versus PCT Scatter Plot from 59
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Figure 3-11 Peak Cladding Temperature (Independent of Elevation)
for the Limiting Case
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Figure 3-12. Break Flow for the Limiting Case
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Figure 3-13 Cbre Inlet Mass Flux for fhe Li\miting Case
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Figure 3-14  Core Outlet Mass Flux for the Limiting Case
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Figure 3-15 Void Fraction at RCS Pumps for the Limiting Case
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Figure 3-16 ECCS Flows (Includes Accumulator, Charging, Sl and
RHR) for the Limiting Case
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- Figure 3-17 . Upper Plenum Pressure for thé Limiting Case
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-Figure 3-18 Collapsed Liquid Level in the Downcomer .
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Figure 3-19 Collapsed Liquid Level in the Lower Plenum
for the Limiting Case

AREVA NP Inc.



Harris Nuclear Plant .- ANP-2853(NP)

Unit1. o Revision 000
Realistic Large Break LOCA Summary Report N8 aT v <2 s Page3-43

.oy - Core Liquid-kevel: rn- iy

15 T | BECEEE——— T T

. ....7| = Hot Assembly

’ oareke o7 ovn | - - = Center Core
.- <. ... ——~- Average Core
= - | —-— Outer Core

10

Liquid Level (ft)

0o 200 - - 400 - - 600 ¢ 800
Time-(s) :

1D:05622 290¢t2009 17:56:48 R5DMX

- Figure 3-20 Collapsed Liquid Level‘in the Core
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Figure 3-21 Containment and Loop Pressures for the Limiting Case
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4.0 Generic Support for Transition Package .

The following sections are responses to typical RAI questions posed by the NRC on EMF-2103

Revision 0 plant applications. In some inhstances, these requests cross-referenced

documentation provided on dockets other than those for which the request ismade. AREVA® &

discussed these and similar questions from the NRC draft SER for Revision 1 of EMF-2103 in a

meeting with. the NRC on Décember 12, 2007. AREVA agreed to provide the following’ S

additional information within new submittals of a Realistic Large Break LOCA report. The NRC -
questions have been modified to-fit the context of the pre-erhptive consideration of the NRC’s

feedback provided in the review of RLBLOCA applications on other dockets.

4.1 Reactor PoWer

Question: /t is indicated in the RLBLOCA ana/yses‘that the assumed reactor core power
‘includes uncertainties.” The use of a reactor powér assumption other than 102 percent,
regardless of BE or Appendix K methodology, is permitted by Title 10 of the Code of Federal
Regulations ( 10i CFR), Part 50, Appendix K.I.A, "Required and Acceptable Features of The
Evaluation Models, 'Sources of Heat During a LOCA.” However, Appendix K.I.A also states: “...
An assumed poWer level lower than the level spec)'ﬁed in this paragraph [1.02 times the licensed
po:v‘ver level], (but not less than the licensed power level) .'ma’y be used provided . . .” Please

exﬁlain.

Réégonse: As indicated in ltem 2.1 of Table 3-2 herein, the analyzed reactor core power for
the HNP Realistic Large Break Loss-of-coolant Accident is 2958 MWt. The value represents the'“'_
méximum power measurement uncertainty of 2% measurement uncértainty to the current rated:
thermal power (2900 MWH1).

4.2 Rod Quench

Question: Does the version of S-RELAP5 used to perform the computer runs assure that the .
void fraction is less than 95 percent and the fuel cladding temperature is less than 900F before

it allows rod quench?

Response: Yes, the version of S-RELAP5 employed for the HNP requires that both the void
fraction is less than 0.95 and the clad temperature is less than the minimum temperature for film

boiling heat transfer (T,,,) before the rod is allowed to quench. T, is a sampled parameter in
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the-RLBLOCA methodology. that typically does-not:exceed=755°K (900°F). This:isia change to
the' approved.RLBLOCA EM (Reference 1).-This:featureis carried forward into-the UAPRO9.
version of S-RELAPS. . Boar P

4.3‘Rod-to-Rod=~ThérrnaI,Radiation‘.-,: BT N K INCOr TP R T ST

the HNP core.’ - ’
Response:. The'Realistic. LBLOCA.methodology, (Reference 1), does not:provide modeling of
rod-to-rod- radiation.- The. fuel rod surfac,eKheatl_-:transfer.processes;included; in the :solution- at
high temperatures-are:: film boiling, convection-to steam;. rod:to liquid radiation and rod-to vapor
radiation. -:This heat -tfransfer :package wa‘s-.‘assessed‘against~'various experimental. data. sets
involving both-moderate (1600F —:2000F) and high. (2000% to over 2200F) peak cladding .
temperatures and shown to be conservative when applied nominally. - The. normal distribution of
the experimental data was then determined. During the execution of an . RLBLOCA evaluation,
the heat transferred from a fue! rod is determined by. the application of-a multiplier to the
nominal heat transfer model. This multiplier is determlned by a random sampling of the normal
dlstrrbutlon of the experrmental data benchmarked. Because the data mclude the effects of rod-
to-rod radlatron it |s reasonaole to conclude that the modellng |mpIIC|tly includes ‘an allocatlon
for rod-to rod radlatlon effects As will be’ demonstrated the approach is reasonable because
the conditions wrthrn actual llmltlng fuel’ assemblles assure that the actual rod-to rod radlatlon is

larger than the allocat|on prowded through normallzatron to the experrments o

The FLECHT-SEASET tests._evaluated covered a range of PCTs from 1,651 to 2,239F and the
THTF tests covered a range of PCTs from 1,000 to 2,200F:. Since the test bundle in either.
FLECHT-SEASET or THTF is surrounded by a test vessel, which is-relatively cool compared to
the heater rods, substantial radiation from the periphery rods to the vessel wall can occur. The
rods selected for assessing.the RLBLOCA reflood heat transfer package were chosen from the.
interior of the test assemblies to minimize the impact'of radiation heat transfer to the test vessel.

The result was that the assessment rods comprlse a set which is prrmarlly isolated from cold

waII effects by be|ng surrounded by powered rods at reasonably hlgh temperatures '

As a final assessment, three_benchmarks independent of THTF and FLECHT-SEASET were

performed. These benchmarks were.selected from the Cylindrical Core Test Facility (CCTF),
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LOFT, -and-the. Sémiscale: facilities. - .Because: these;'faCiIitieS'iare._ more -integral tests’ and
together. cover a ‘wide::range -of :scale; they. also :serveito’ show - that ; scale. effects are

accommodated within the code calculations.

The results of these calculations are provided in Section 4.3.4, Evaluation-of. Code:Biases, page
4 100 of Reference 1 The CCTF results are shown |n Flgures 4 180 through 4 192 the LOFT
results in Figures 4 193 through 4 201 and the Semlscale results in Flgures 4 202 through
4.207. As expected, these figures demonstrate that the comparison between the code
calculations. and-data is: improved with:the-applicaticn of the 'derived.biases:. The CCTF, LOFT,
and Semiscale benchmarks: further.indicate that;"whatever consideration’ of .rod-to-rod radiation
is implicit in the-S-RELAPS reflood heat transfer:modeling, it:does not significantly effect code
predictions’ under conditions - where ‘radiation ‘is -minimized. -The measured PCTs in these
assessments rariged. from approximately 1,000 to 1,540F. At these temperatures, there is little
rod-to-rod radiation; -Given the good: agreement betwéen ‘the biased code calculations and the
CCTF, LOFT, -and . Semiscale data,"it can ‘be ‘concluded -that there is -no :significant -over
prediction of the total heat transfer coefficient. ;- LS

Not;/vithstandtng a.ny conservatism evidenced by. 'experim.entail ‘benchr«narks the appl.ication of
the model to commermal nuclear power p!ants prowdes some. addltlonal margms due to
Ilrnltatlons W|t_h|n the _experlments:. The benchmarked experlments FLECHET SEASET and
ORNL Ther’njall_,,"l-‘lydraulic Test Facmty ,(THTF) use,d _to assess the S RELAP5 heat transfer
rnodel Reference .‘1 mcorporated constant rod powers .across, the expenmental assembly
Temperature dlfferences that occurred were the result of guide tube, shroud or local heat
transfer. effects. In the operation of a pressurized water reactor (PWR) and in the RLBLOCA
evaluation,” a -radial local peaking factor is present, creating power differences that tend to
enhance the temperature differences between rods. “In turn, these temperature differences lead
to increases 'in net radiation heat transfer ‘from the "hotter rods. :The expected rod-to-rod

radiation will likely exceed that embodied within the experimental results: . .:¢

4'3'1 Assessment of Rod-to Rod Radlatlon Implicit in the RLBLOCA Methodoloqv

As dlscussed above the FLECHT SEASET and THTF tests were selected to assess and
determine the S-RELAP5 code heat transfer blas and uncertalnty. Uniform radial power
distribution was ‘used in these test'-bundles. Therefore, the rod-to-rod temperature “variation in

the rods away-from the vessel wall is caused primarily by the variation in the sub-channel fluid
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conditions.: In:the’ realzoperating fuel bundle, on. thé‘ other ‘hand; there:.can be.5:t0 10 percent
rod-to-rod: .power variation:  Inaddition; the methodology includes: a. pravision to . apply the

uncertainty rneasurement to. the hot pm S S SPR AR T) B A VDTS SEATIE TSR SO

.o L R N T J.. ---\:., I
SR R L q in

Table 4 1 provudes the hot pm measurement uncertalnty and a representatlve Iocal pln peakmg
factor for several plants These factors hovyeyer relate the pln to the assembly average To
more properly assess the condltlons under Whrch rod-to rod radlatlon heat transfer occurs a
more local_ peaklng assessment is reqwred Therefore the plant rod-to rod radlatlon
assessments hereln set the averaqe p|n power for those plns surroundlng the hot pln at 96

percent of that of the peak p|n For plns further removed the average power |s set to 94 percent

4.3.2 Quantification of the Impact of Thermal:Radiation using R2ZRRAD-Code - :i7

The RZRRAD radiative hieat transfér model was déveloped by Los Alamos National Laboratory
(LANL) to be incorporated in thé BWR vérsion of the TRAC code. ' The'theoretical basis for this
code is given in References 8 'and“11'and is similai to that developed-in the HUXY rod heatup
code (Reference 10, Section 2:1.2) used by AREVA for BWR LOCA applications. The'version
of R2RRAD used herein was obtained’ from the NRC to ‘examine the- rod-té-rod ‘radiation
characteristics of a 5x5 rod segment of the 161 rod FLECHT-SEASET bundle. - The output
provided by the RZRRAD code includes an estimate of the net radiation heat transfer from each
rod in the defined array. The code allows the input of difff_ere\,nt temperatures for each rod as well
as for a boundary surrounding the pin array. No geometry differences between pin locations are
allowed. Even though this limitation affects the view factor calculations: for . guide . tubes;
R2RRAD is a reasonable tool to estimate rod-to-rod radiation heat transfer. ‘
The FLECHT-SEASET test series was; intended to simulate a 17x17 fuel assembly-and there is
a ‘close similarity, as shown in.Table :4-2, between the :-test"bundle;and a modern 17x17:

assembly.

Five FLECHT-SEASET tests (Reference 6) were selected for evaluation-and comparison with
expected plant behavior.: Table 4-3 characterizes the results of each test. The 5x5 selected rod
array-comprises the,;hot'rod, 4 guide tubes and. 20 near adjacent rods. The simulated hot rod is
rod:7J in the tests. '

Two sets of runs were made srmulatlng each of the five experlments and one set of cases was

run to S|mulate the RLBLOCA evaluation of a limiting fuel assembly in an operatlng plant For
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the: simulation of .. Tests:31805;:..31 50:4 31021, .and- 30817,*_’;‘the :thimble . tube:: (guide . tube)
temperatures were set to thei"measu_red’ values: : For. Testi34420;-the thimble tube-temperature
was set equal to the measured vapor temperature. For the -fir"st' experimenta!,simu'latbn.s‘et- the
temperature of all 21 rods and the exterlor boundary was set to the measured PCT of the
S|mulated test For the second experlmental set the hot rod temperature was set'fo the PCT
value* and the remalnlng 20 rods and the boundary were set to a temperature 25‘F cooler
prowdrng a reasonable measure of the vanatlon in surroundlng temperatures To estimate the
rod-to rod radlatlon in'a real fuel assembly at LOCA condltlons and compare it to ‘the
experlmental results each of the above cases was rerun W|th the hot rod PCT set to the
the bundle. The gwde tubes (thimble tubes) were removed for. conservatism and because peak
rod powers frequently .occur at fuel .assembly corners.away. from, either guide..tubes or
instrument tubes.. In line with the .dis_c,ulss_ion in Section 4.3.1;:the surrounding 24 rods were set
to a temperat’ure estim‘ated‘._fo_r rods of 4 percent ‘Iower power, :'The.boundary temperature was
estimated based an average power 6 percent below. the hot rod power. -For-b{oth of these, the
temperature estimates were achieved using a ratio of pin power to the difference in temperature
between the saturation temperature and the PCT.. . .

7 Tairods = 0.96 + (PCT = Teq) + Ty aind -

7 Tsuirounding region = 0.94 * (PCT = Teat) + Taatt -

Teat. was taken as 270°F. . .t
Figure 4-2 shows the hot rod thermal radiation heat tra.nsfer for the two FLE‘CVHT-SEAS'ET sets
and for the plant set.: The figure shows that.for PCTs greater than about. 1700F; the hot rod

thermal " radiation in -the ' plant’cases exceeds that -of the same.component “within the

experiments.

4.3.3. Rod-to-Rod Radiation Summary

In.summary, the conservatism of the heat transfer modeling ‘established by benchmark can be
reasonably extended to plant applications, and -the. plant. local peaking provides. a physical
reason why rod-to-rod radiation should be more substantial within a plant environment than in
the test enwronment Therefore, the Iack of an exphcnt rod-to-rod radlatlon model, in the version

of S- RELAP5 applled for reallstlc LOCA calculatlons does not mvalldate the conclusuon that the
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cladding temperature and Io‘cal:'cla‘dding'oxidatlon have been:demonstrated:to:meet the criteria
of 10°CFR 50.46 with a hlgh level of: probabrllty ' '

oo - e

L el g s DFIUERLT i e e
Question: /s the, Fors/und—Ro_hse_now model contribution to:the: heat transfer, coefficient-limited
to less than or.equal to 15 perCent-when 'the,void fr.action:isqgre_ater than or;equal t00.92 - -

AT -

Resgonse Yes the versuon of S RELAP5 employed for the HNP RLBLOCA analysrs I|m|ts the
contribution of the Forslund Rohsenow model to no more than 15 percent of the total heat
transfer at and-above-a void, fraction of.0.9.: Because:the limit is applied. at a void:fraction of 0.9,
the contribution of ForslundRohsenow within the 0.7 to.0.9 interpolation range is: limited to-15
percent or less. This is a change to. the :approved- RLBLOCA EM (Reference 1) Th|s feature is
carried forward into the UAPRO9, versmn of S-RELAPS5.. T T
45DowncomerBorIrng .' o ‘ , I E
Question: I/fthe PCT is greater than 1800F or the .containmen t pressure is less than 30 psia,
has the HNP downcomer model been rebenchmarked by performlng sensitivity studies,
assuming adequate downcomer nod/ng in the water volume, vessel wall and other heat

structures? '

Resgonse: The downcomer model for HNP has been established generically as adequate for
the computation of downcomer phenomena including the prediction of potential local boiling
effects.  The model was berichmarked against the UPTF tests and the' LOFT facility in the
RLBLOCA methodology, Revision 0 (Reference 1). Further, "AREVA addressed the effects of
boiling in the downcomer in'a letter, from' James Malay’ to U S: NRC, Aprri 4, 2003’ The letter
cites the lack of direct experimental evidence but’ contains sensitivity ‘studies on h|gh and low
pressure containments, the impact of additional azimuthal noding within'the downcomer, and
the, |anuence of flow loss coeff|0|ents Of these the study on azimuthal nodmg is most germane
to thls questlon mdncatrng that addltlonal aZImuthal nodallzatlon aIIows hlgher Ilqurd buﬂdup |n
portrons of the downcomer away from the broken cold leg and mcreases the Ilqmd drlvmg head
Addltlonally AREVA has conducted downcomer aX|aI noding and wall heat release studles
Each of these studles supports the Revrsmn 0 methodology and is documented Iater |n thls

sectron
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This -question :is. primarily:: concerned: with* the: phenomena ' of.;downcomer- boiling" and ‘the
extension of the Revision 0 methodotogyand sensitivity studies to:plants with low"c¢ontainment
pressures and 'high claddlng temperatures. Boiling, wherever |t occurs, is a phenomenon that
codes like S-RELAPS have been developed to predict. Downcomer bonllng is the result of the
release of energy stored in:*vessel’ mistal” mass.:: Within :S-RELAPS5; downcomer‘: boiling is
simulated in the: nucleate: boiling: regime: with' the -Chen “correlation. ~This "'modeling -has been
valldated through the predlctlon of several assessments on boullng phenomenon provnded in the
S RELAPS Code Venflcatron and Valldatlon document (Reference 12) '

el o

Hot downcom‘err:Wa.!ls' penalize ‘PCT‘-Q“byitwo;‘fmechanisms:fby reducing::subcooling of coolant
entering the core and through the reduction.in ‘downcomer hydraulic head which is the driving
force for coré: reflood. “Although-boiling. in the downcomer/occurs during blowdown, the biggest
potential for impact on clad temperatures is during late reflood following the end of accumulator
injection. At this time, there is a large step reduction in coolant flow from the ECC systems As
a result, coolant entering the downcomer may be less subcooled. When the downcomer
coolant approathes’ saturation; ‘boiling on the walls initiates, reducing the downcomer hydraulic
staticlevel.” ~ =7 T ' B B

With the reduction of the down‘comer level, the core inlet flow rate is reduced which, depending
on the existing core inventory, may result in a claddlng temperature excursion or a slowing of

the core cooldown rate, i -

While do_wncomer ‘Lboiling may. impact clad. temperatures, it .is, somewhat. of a{lse'lf-lim._itin'g
process. If..cladding .temperatures increase, ..lesstvenergy is transferred, in the core boiling
process -and the Ioop steam: flows are reduced. This reduces .the required driving head to
support continued core. reflood and reduces the steam avallable to heat the ECCS water within

the cold Iegs resulting in. greater subcooling of the water enterlng the downcomer.

The |mpact of downcomer b0|l|ng is prlmarlly dependent on the waII heat release rate and on
the ablllty to slip steam up the downcomer and out of the break The hlgher the downcomer waII
heat release, the more steam is generated within the downcomer and the larger the |mpact on
core refloodlng Slmllarly, the quicker the passage of steam up the downcomer the Iess
reS|dent volume within the downcomer is occupred by steam and the lower the impact on the
downcomer average density. Therefore, the ability to properly simulate downcomer b0|I|ng

depends on both the heat release (boiling) model and on the ability to track steam rising through
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the downcomer:: -Consideration* of both-of: thesé is-provided-in-the following :text. . The heat’
release modeling in:S-RELAPS:is validated-“by~.-a£:sensiti\7ity: study=on wall: mesh- point spacing
and-through benchmarking .against a closed formr'solt.rtio'n‘.;'t:Steam tracking is validated through:
both: an axial and an azimuthal fluid.contro!jrvotu'm'eéseh’sitiyity:study'done ‘at lowpressures... The:
results indicate that the. modeling: 'accuracy within; the=REBLOCA. methodology.is- isufficient. to
resolve the effects of downcomer boiling and that, to the extent that b0|l|nq oceurs; the

methodology properly resolves the |mpact on the claddlng temperature and claddrng oxrdatlon

Vo [N A

rates

4 5 1 Wal| Heat Release Rate S
The.downcomer wall:heat release rate during reflood is-conduction limited -and .depends on the
vessel wall mesh spacing-used in the S-RELAPS model. The following.two approaches are used
to. evaluate the adequacy of:the downcemer vessel wall mesh spacing used.in-the S-RELAP5

model. - . e T s
4.5.1.1 Exact Solution

In' this benchmark, the downcomer wall is considered as a semi-infinite plate.* Because the
benchmark uses a closed form solution to verify the wall mesh spacing used in.S-RELAPS, it is
assumed that the material has constant thermal properties, is-initially at -temperature T;,-and, at
time zero, has one surface, the surface simulating contact With the downcomer fluid, set:to.a
constant temperature, T,, representing the fluid temperature. Section 4.3 ot,Re_ferenoe 9 gives
the exact solution for the temperature profile as a function of time as - - -
TR TY T =T et i/ (2@t )

where, a is the thermal diffusivity of the material given by. > .« ~ -

a = ki(p Cp), |
k—thermal conduct|V|ty, S
p - density,” '

Cp = specific heat, and

erf{} is the Gauss error function (given in Table A-1 of Reference 9).
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The: conditions of: the benchmark are T” ‘500°F and~:Tg: 300°F “The meshi-spacing in 8-
RELAPS5 .is:ithe :same' as that used. for the -downcomer: vessel wall in. the RLBLOCA model:
Figure 4-4 shows the temperature: distributions in: the metal at 0.0, .100 and .300 seconds:as
calculated .by :usirg : Equation: 11:andi:S-RELARS, “respectivély. - The solutions : are ‘identical
confirming the:’adequacy of the iesh spacing-used in the downcomer walli® .. oo o o

L A [ CLUTLIT L b L T

4 5 1:2 Plant Model Sensmvrty Study
‘ s :.. . o . e .,,.N...

As addmonal venflcat|on a typlcal 4 loop plant case was used to evaluate the adequacy of the
mesh spacing within the downcomer wall heat structure. Each mesh mterval in the base case
downcomer vessel wall was divided into two equal intervals. Thus a new lnput model was
created byiincreasing the number of mesh intervals from 9 to 18." Figures“4-5 through 4-8 show
the total downcemer metal-heat release rate, PCT -independent of. elevation,:downcomer:liquid
level, and the core liquid level, respectively, for.the base case and:the modified case. These
results confirm the conclusion from the exact solution study that the mesh spacing used.in the:

plant model for the downcomer vessel wall is adequate.

452 _DcwncomerﬂFIuidzDistributidn
To justify the adequacy of the downcomer nodalization in: calculating the fluid distribution in the

downcomer, two.studies varying separatély the axial and.the:azimuthal resolution with which the

downcomer is modeled have been conducted,~. - ..~ . .nL v
4521 A2|muthal Nodallzatlon .

' In a letter to the NRC dated Aprll 2003 (Reference 1) AREVA documented several studles on
downcomer boiling. Of sngnrflcance here is the study on further azrmuthal break up of the
downcomer noding. The study, based on a 3 -loop plant with a containment pressure of
approximately 30 psia during reflood, consisted of several calculations examining the affects on

clad temperature and other parameters.. = = :. -~

The base model, with 6 axial by 3 azimuthal regions, was expanded to 6 axial by 9 azimuthalv
regions (Figure 4-9). The base calculatlon simulated the limiting PCT calculation glven ln the
EMF-2103 three-loop sample problem. This case was then repeated with the revised 6 X 9

downcomer noding.

The change resulted in an alteration ‘of the blowdown evolution of the transient with little

evidence of any affect during reflood.. To isolate any possible reflood impact that might have an
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influence on downcomer boiling, the case was repeated: with:aslightly: adjusted . vessel-side

br_ea:_k.,flow. Again, little evidence of ‘impact on the reflood _portjonkotzt_he: transient was observed. .

The study concluded that blowdown or near blowdown events could be lmpacted by reflnmg the
aZ|muthal resolutlon in the downcomer but that reflood would not be lmpacted Although the'
study was performed for & somewhat elevated system pressure the fiow" reglmes ‘within the
downcomer will not ‘differ for pressures as Iow as atmosphenc Thus ‘thé azimuthial downcomer
modellng employed for the RLBLOCA methodology rs reasonably converged in lts ab|l|ty to

-,:l_h».

represent downcomer bonllng phenomena

452, 2Ax1a| Nodallzatlon .:'

T R S A ST R L A SR L
The RLBLOCA methodology divides the downcomer into six nodes axially. :In-both 3-loop and
4-loop models, the downcomer segment at the active core elevation is represented by two equal
length nodes. For most operatmg plants, the active core length is 12 feet and the downcomer
segments at the active core elevation-are each 6-feet high: (For.a 14 foot core, these nodes
would be 7-feet high.) The model! for the sensitivity study presented here comprises a 3-loop
plant with_an ice cond_,enser‘Acon_tailnmen(t,and a 12 foot core. For the study, the two nodes
spanning the active core, heightrare 3divided‘:,in hahf, revising,the model to include eight axial
,\nodes. - Further, the refined noding is located vvithin- the potential boill,ngj reglon .of th_e
d,ovvncomer vvher_’e!", if-f‘h@?,j?-é"‘ axial resolution infl\u_eince,’the seﬂnslti.vi,t:y to that i_r,‘npa»ct would be

greatest. .

The results show 'that tr{é'aﬁél noding us‘ed in the bas'e m’eth'odo‘logyf'is* s’utticient for plants
experlencmg the very Iow system pressures charactenstlc of “ice condenser containments.
Flgure 4-10 prowdes the contalnment back’ pressure for the base modeling Flgure 411 through
F|gure 4-14 show the' total downcomer metal héat rélease rate PCT mdependent of elevatlon
dowricomer’ qumd level, and the’ core llqmd level,’ respectlvely, for the base case and the

modified case. S S

The results d_'emonst'rate that the axial resolution provided in the base case, 6 axial downcomer
node divisions with 2 divisions 'spanning the core active region, are sufficient to accurately
resolve void distributions within the downcomer. Thus, this modeling is sufﬁcnent for the

prediction of downcomer driving head and the resolution of downcomer boiling effects.
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4.5.3 -Downcomer Boiling:Conclusions?i “wov 2mw 2o

To further justify the ‘ability of thé REBLOCA méthddology to predict the potential for and impact
of downcomer b0|l|ng, studles were performed on the downcomer walI heat release modelmg

......

......

nodlng study was based .on an |ce condenser plant that |s near, atmospherlc pressure dunng

that S RELAP5 dellvers energy to the downcomer llqu1d

reflood. These studles demonstr
volumes at an approprlate rate and that the downcomer nodlng detall |s suffncrent to track the
distribution of any steam formed. Thus, the requwed methodology for the predlctlon of
downcomer boiling at system pressures approximating those achieved in plants with pressures

as low as ice‘condenser contamments has been‘demonstrated:
4.68rea_k$iz_e. TP | B

Question: Were all break sizes assumed-greater than orequal to 1.0 f?? -,

Response: Yes: : - ‘

The NRC has requested that the break spectrum for the realistic LOCA ‘evaluations be limited to
accndents that evolve through a range of phenomena similar to'those encountered for the' Iarger
break ‘area acmdents This is'a change to the approved RLBLOCA EM (Reference 1). The
larger break area LOCAs are typlcally characterlzed by the ‘decurrence of dispersed flow film
boiling at the hot spot, which sets them apart from smaller break LOCAs. This occurs generally
|n the V|cm|ty of 0. 2 DEGB (double -ended guillotine break) size (i. €. 0 2 tlmes the total row area
plant and IS verlfled onIy after the break spectrum has been executed AREVA NP has sought
to develop suff:ment crlterla for defnlng the m|n|mum large break ﬂow area prlor to performlng

the break, spectrum The purpose. for domg 0 is to assure a valld break spectrum is. pen‘ormed

4.6.1 Break/ Transient Phenomena

In determmrng the AREVA NP criteria, the characterlstlcs of larger break area LOCAs are
examlned These LOCA characteristics |nvolve a rapld and chaotic depressurlzatlon of the
reactor coolant system (RCS) during whrch the three h|stor|cal approximate states of the system

can be identified.

AREVA NP Inc.
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.'Blowdown phase’is. defined'as;the:'time_'; period: from-initiation of the break: until-flow-from’

. - the .accumulators” begins... < This:, definition *.ismso;mewhata::different from:the: traditibn'al,;
=1 definition-of blowdown which extends.the v'blowdown«:un_til -’the~sRCS.'-preSSUre approaches
it containment pressure.- ‘The. blowd‘ownv. phaSe,rtypicalrly l,_a'sts‘ about :'1'2~:to:2\5:seconds,-

N G L LI L TP
BRFERRE . .

- ~depending on thefbr.eak Size:» "l nil

. o .',,. FRS I o o mp ey tes Ao iy SRR R
E LT T [ R A EEENA TSI AR T

. | Reflll is that perlod that starts with_ the end of }blowd_own whlchever defrn|t|on IS usedj
and ends when water is first forced upward into the core Durlng thrs phase the core

experiences a near adiabatic heatup.

Reflood is that portion of the transient that starts with the end of refill, follows through
the filling of the core with water and ends with the achievement of complete core

quench. R L | |
implicit in this break-down is ‘that the core liquid inventory has been ‘completely, or nearly 'so,
éxpelled from the primary-systém leaving the core in'a state of near core:wide dispersed flow
film’boiling and subsequent adiabatic heatup prior to the-reflood phase. Althduéh"’this break
down served as the basis for the original deterministic LOCA evaluatiori approachies and is valid
for most LOCAs that would classically be termed large breaks, as the break'area'decreases the
depressurization rate decreases such that“th'es'le three ph’ases overlap substantially. During
these smaller break events the core I|qU|d mventory |s not reduced as much as that found |n
Iarger breaks. Also the adrabatrc core heatup is not as extensrve as |n the Iarger breaks whlch

results in much lower claddlng temperature excursions.

4 6 2 New Mrnlmum Break Slze Determlnatlon

Lo “ JCE I

No determrnatron of the Iower I|m|t can be exact The values of crltlcal phenomena that control'
the evolution of a LOCA transient will overlap and interplay. This is especially true in a’
statistical evaluation where parameter.values are varied randomly with a strong expectation that
the variations will -affect results. 'In selecting.the lower area of the RLBLOCA break spectrum,
AREVA sought -to preserve the generality of a complete or nearly complete core. dry out
accompanied by a substantially reduced lower plenum liquid inventory. It was reasoned that
such conditions would be unlikely if the break flow rate was. reduced to less than-the reactor
coolant pump flow. That is, if the reactor coolant pumps are capable of forcing more coolant
toward the reactor vessel than the break can extract from the reactor vessel, the downcomer

and core must maintain some degree of positive flow (positive in the normal operations sense).

AREVA NP Inc.
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The circhmstanCe: is, .of! cwrse';afstra"nsito‘ry.ofB'rea'k flow:is: altered..as:the . RCS blows:down and
the RC: pumpiflow.mayldec’reasefasathe. rotor and tlywheél.'Slow;-dQWn if power is lost. :However,
if the .core flow: was red{iced to:zero or.became An'egative imrQediatelytaﬁen the break initiation,
then:the:evént!was quite likely to:proceed with :sufficient inenia to.expei most: of thereactor
vessel liquid to the break. The criteria base, thus established, consists-of comparing the break

flow to the initial flow through all reactor coolant pumps and settlng the mmlmum break area

T .":1 - :,3

such thatthese flows match Thls _'done as follows

[ T
— * g
Wbreak - Abreak Gbreak - Npump WRCP
IO

This QIVES . ., | vy oo e o e

KV N

Abreak = (Npump * WRCP)/Gbreak-

The break mass flux is .determined from critical flow.‘ Because the RCS pressure in the broken
cold leg will. decrease rapidly during the first few seconds of the tran5|ent the critical mass flux
is averaged between that appropriate for the initial operatlng condmons and that appropnate for,
the initial ¢°'d,;-|‘?,9 enthalpy and the saturation pressure of coolant at that enthalpy.

- Goreak, = (Goreak(Po,-Hcro) + Goreak(Pgtsat, Hero))/2.. R

The estlmated mlnlmum LBLOCA break area Am.n, is 2 21 ft2 and the break area percentage

based on the full double-ended gunllotlne break totaI area |s 27 0 percent

Table 4-4 provides a listing of the plant type, |n|tlal condltlon and the fractional mlnlmum
RLBLOCA break area, for all the plant types presented as genenc representatlons |n the next

sectlon

oo AR

The split versus double-ended break type is no longer related to break area. In concurrence with
Regulatory Guide 1.157, both the split and the double-ended break will range in area between
the minimum break area (Amin) and .an area of twice the size of the broken pipe. The
determination of break configuration, split versus double-ended, is:made-after the break area is

selected based on a uniform probability for each occurrence.

AREVA NP Inc. SR
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i

4;6';3 Intermediate Break'-Size Disposition & Jo 00T wipenot Loy 8

Wrth the revrsmn of the smaller break area for the RUBLOCA’ analysrs the break range for smallf
breaks and large breaks are no longer contiguous. Typically {he 16Wer end of the" Iarge break
spectrum occurs at between 0. 2 to 0.3 trmes the total area of a 100 percent double ended_
gunllotme break (DEGB) and the upper end of the small break spectrum occurs at approxrmately
0.05 times’ the aréa of 2100’ percent DEGB” Th|s Ieaves a range of' breaks that are not
specmcally analyzed durlng a LOCA llcensmg anaIyS|s The premrse for allowmg thls gap is that'
these breaks do not comprrse accrdents that develop hlgh claddmg temperature and thus do not
compnse accidents ‘that cntlcally challenge the' emergency Gore coollng systems (ECCS)
Breaks within this range remaln large enough lo. blowdown to Iow _pressures. .. Resolutlon |s
prowded by the Iarge break ECC systems and the pressure dependent |nJect|on l|m|tat|ons that
determme crrtrcal small break performance are avonded Further these accrdents develop

relatlvely slowly, assunng maxnmum effectlveness of those ECC systems

A variety of plant types for which analysis within the intermediate range have been completed
Were surveyed. Although statisticai determinations are extracted from the consideration -of
breaks with arecas above the intermediate range, the AREVA  best-estimate:: methodology
remains suitable to characterize'the ECCS performance of breaks within the intermediate rangé.
Table 4-4. provides a: Ilstlng of the plant: type initial -condition,. and the fractional . minimum
RLBLOCA break area. Lo s : ' '
Flgure 4 15 through Flgure 4 20 prowde the enlarged break spectrum results wrth the upper end
of the small break spectrum and the lower end of the large break spectrum |nd|cated by ba}rs.
Table 4-5 provides differences between the true large break region and the intermediate break
region (break areas between that of the largest SBLOCA and.the smallest RLBLOCA). ' The
minimum difference is 463°F. The table shows the mlnlmum dlfference between the highest
intermediate break spectrum PCT and large break spectrum PCT for the six plants, as at least
463F, and including this point would provide an av erage difference of 694F and a maximum
difference of 840F.

Thus, by both measures, the peak cladding temperatures within the intermediate break range
will be several hundred degrees below those in the true large break range. 'Therefore, these
breaks will not provide a limit or a critical measure of the ECCS performance. Given that the

large break spectrum bounds the intermediate spectrum, the use of only the large break

AREVA NP inc.
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spectrum meets the requirements of .10CFR50.46 for breaks within -the intermediate break

LOCA spectrum and the method demonstrates that the ECCS. for a plant meets the cntena of

ot I

Contaunment |n "‘alv condmons and(coollng system mform__ tlon are prowded |n Table 3 8 and

Heat Smks are prov1ded |n Tabl\ 3_9» For HNP the scatter plots of PCT versus the sampled

contamment volumes and |n|t|al atmosphenc temperature are shown |n Frgure 4 21 and Flgure

4 22 Contalnment pressure as a functlon of tlme for I|m|t|ng case |s shown |n Flgure 4 23

4 8 Cross-References to Generlc Data on the North Anna Docket

Questlon In order to conduct Its revrew of the HNP appllcat/on of ARE VA s real/st/c LBLOCA
methods m an efflcrent manner the NRC staff would /lke to make reference to the responses to
NRC staff requests for add/t/ona/ lnformat/on that were developed for the appllcatlon of the
AREVA:methods to.the -North- Anna Power Station, Units 1 and 2;.and found acceptable during
that review..: . The.- NRC Staff safety -evaluation .was -issued on April 1, 2004 (Agency-wide
Documentation-iand Management System (ADAMS) accession number ML0O40960040).. The
staff would- like to, make-use. of-the information that was provided .by the North Anna licensee
that. is not applicable:only to.:North Anna or only to; subatmospheric containments. This
information is contained in letters to the NRC from the North Anna licensee dated September
26, 2003 (ADAMS accession number ML032790396) and November 10, 2003 (ADAMS
accession number ML03324045 1 ) The specrflc responses that the staff would Ilke to reference
a”re: X S Y ' ‘A».' “ . o PR R . N
September 26, 2003 letter: NRC: Question'1.: -
NRC Question 2
‘NRC Question 4
NRC Question 6

November 10, 2003 letter: NRC Question 1

AREVA NP Inc.
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Please:verify that.the-informaticn in-these letters:is-applicable:to.the:AREVA model applied-to
other.analyses except for -that information :related : specifically:.to: North.:Anna .and. to. sub-

atmospheric containments..

Response The responses provrded to questlons 1 2 4 _Aand 6 are generrc and related to the.

ablllty of ICECON to calculate contamment_pressures

0 i -

RLBLOCA submrttal Please note that HNP |s.a dry atmosp erlc contalnment

3 Sy, T T D
"‘ i PR ’

QUestion 1 :'-comple“teiy Applicablé
Quest|on 2- Completely Appllcable

O L R T O R SR N PR E L T
Questron4— Comp!etely Applicable | (the reference to CSB 6-1-should. now be. to CSB
Technical Position 6-2). The NRC altered.the. identification,of this branch:technical position in
Revision 3 of NUREG-0800. - ...

Question 6- Completely applicable.”
November 10, 2003 Ietter:_NRC Question 1
The supplemental 'request'a'nd res"pons‘e are applicable to. HNP. =

Both part a and b of thrs questlon are, addressed in thlS response Con5|stent with the Code
Scaling, Appllcablhty and, Uncertarnty (C‘SAU) methodology,‘ contalnment modelmg |n the
Framatome ANP (FANP) Reallstlc Large Break Loss of Coolant Accident (RLBLOCA) analysns
emphasizes the important.physical processes influencing large break LOCA: initial conditions’
active heat sinks, and passive heat sinks.. The FANP. RLBLOCA Phenomena Idéntification and
Ranking Table  (PIRT) identifies “containment pressure -as ‘the ‘orly containment-related
phenomenon * directly * influencing ‘clad  temperature” resp‘Ons'e "Accordingly, containment
processes directly influencing containment pressure response’ are the focus of the modeling
effort. R T - : s

The FANP‘_RLBLOCA methodology was approved as a "Best-Estimate” rnethodology, which.
confor_rns to the guidance of Regulatory Guide 1.157. As applied to North Anna_Units 1 and 2,
the RLBLOCA methodology involves a realistic simulation of containment backpressure.

Containment modeling in the RLBLOCA methodology includes both statistical and non-

AREVA NP Inc.
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statistical treatment"of ‘significant=model inputs.:The general-objective is-to' obtain-containment
backpressure restilts that' accommodate ‘expécted modeling ‘uncertairities: The most:dominant
phenomenological influences (ignoring active systems) on containment'pressure .are: heat
transfer to lnternal structures break S|ze and effluent modelmg and |n|t|al pressure and volume
Consrstent wrth the CSAU methodology, parameters W|th lesser mfluence on H_contarnment
pressure ‘are modeled by assumlng_ nomlnal or conservatlvely blased values The'net effect of
treating certain parameters with conservatlvely blased values and others as statlstrcal values is
to produce a conservative backpressure result that accommodates  .expected modeling

uncertainties.

. O ey . U S PN
Branch Technical Position CSB 6-1 was established to provrde guldance to plant licensees and
vendors as’ to'how' containment’ systems aré 1o be” modeled - for Appendrx K-based LOCA
evaluations: The ifitent of €SB 6-1is to’ prowde*gundance for the performance of a minimum
containment backpressure analysis. The RLBLOCA methodology was approved?"as a "Best-
Estimate” methodology that conforms to Regulatory Guide 1.157. With regard to containment

-0

pressure, the Regulatory Guide states (Section 3.12.1):

"The containment pressure used for evaluating "cabnﬁg" effecti'veness'during the posti
blowdown phase of a loss-of-coolant -accident. should:be calculated-in a best-estimate
manner and should include the effects of operation of all pressure reducing equrpment
assumed to be’ ‘available. Best estimate models ‘will be considered acceptable provrded thelr

technlcal baS|s i demonstrated with appropr‘latedata and analyses T

The containment pressure response used in the North Anﬂna,_R_LBLOCA_ analyses is_a realistic.
calculation applying- both best-estimate and conservative modeling assumptions. The CSAU
methodology requires, that the treatment .of important:phenomena accommodate "anticipated
uncertainties. As previously stated; the dominant phenomena- influencing containment.response
are: heat transfer to internal-structures, ‘break size and effluent modeling, and initial. pressure:
and volume. A discussion of these dominant influences is presented below. In the North Anna
RLBLOCA analyses, other parameters are, with only a few exceptions, modeled by applying
CSB 6-1 recommendations. ‘Generally:‘for Framatome ANP RLBLOCA analyses active systems
are assumed to operate at maximum efficiency (as was done for the North Anna analyses and
is consistent wrth CSB 6- 1) unless data are available to treat their’ operatlon ina best-estlmate

manner

AREVA NP Inc.
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4.9'GDC 35— LOOR and No-LOOP:Case Sets =1 = ae seminens woantli . Siidins o ol

Question: 10CFR50, Appendix A, GDC [General Design: Criterion] 35 [Emergency core
cool/ng] states that “Su1table redundancy In components and_. features and su:table
lnterconnect/ons leak detectlon .isolation, and cont’ nment capab/l l_\es.shall be prowded to

assure that for onSIte electnc power system operat/,

(assummg offsrte electr/c . power, | is. not
ava//able) and for offs:te electr/c power operat/on (assumlngA ons:te power. /s not avallab/e) the

system funct/on can be accompl/shed assum/ng a single failure.”

The Staff interpretation is that two cases (loss of offsite power with onsite power available, and

loss of onsite power with offsite’power availablé) must be run independeritly to satisfy'GDC 35: %

Each of thesé cases is separate from the Gther in‘that each case’is represented by a different
statistical response spectrum. To" accomplish the ‘task " of identifying- the ‘wotst case wolild
require more runs. However, for LBLOCA analyses (only), the high likelihood of loss of onsite
power belng the most l/mlt/ng is so small that only Ioss of offs:te power cases need be run. (1 Th/s
/s unless’a partlcular plant deSIgn e. g CE [Combustlon Englneenng] plant deSIQn is also
vulnerable to a loss of onSIte power in wh/ch SItuat/on the NRC may requ:re that both cases be
analyzed separately. This would require more case runs to satisfy the stat/st/cal requ:rement

than for just-loss of offsite power.) -~ . < -

W

What /s your baszs for assumlng a 50% probablllty of Ioss of offSIte power'? Your stat/st/ca/ runs
need to assume that offSIte power is lost (ln an lndependent set of runs) If as stated above /t
has been determmed that Pal/sades belng of CE des:gn /s also vuInerabIe to a Ioss of ons:te

power th/s also should be addressed (w1th an Independent set of runs)

Response: In concurrence with the NRC’s interpretation of GDC 35, a set of 59 cases each
was run with a LOOP and No-LOOP assumption. The set of 59 cases that predicted the highest
figure of merit, PCT, is reported in Section 2 and Section 3, herein. The results from both case
sets are shown in Figure 3-22. This is a change to the approved RLBLOCA EM (Reference 1).

4.10 Input Variables Statement

Question: Provide a statement confirming that Progress Energy and its LBLOCA analyses
vendor have ongoing processes that assure that the input variables and ranges of parameters

for the LBLOCA analyses conservatively bound the values and ranges of those parameters for

AREVA NP Inc.
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the as-operated HNP. This statement addresses:ceitain-prcgrammatic requirements of 10 CFR
50.46, Se_ct[on (c), - ' : ' :

coolant accrdent

condltlons I accordance with Prog

"Energy Quallty Assurance program requrrements th|s

A TR LRV SR AR A TN

process involves

e . .- ey N . . -,
A L e i e PR Gt e 8 B N L DRI

BREN SRR B I A R . S (T i v

1) Definttio_n of the required input variables and.parameter ranges by the Analysis Vendor.

2).Compilation-of the specific-values from existing plant.design input.and output documents by
Progress Energy.and Vendor personnel in-a formal analysis input summary document issued by

théAna'_ysis,Vendor-and‘; A R

e 0T

3) Formal reV|ew and approval of the |nput summary document by Progress Energy Formal
Progress Energy approval of the |nput document serves as the release for the Vendor to

perform the analyS|s

Continuing review of the input summary document is performed by’ Progress Energy as pairt of
the plant de5|gn change process and cycle specmc core desrgn process Changes to the mput
summary requrred to support plant modlflcatlons or cycle specrflc core alternatlons are formally
communlcated to the AnaIysrs Vendor by Progress Energy ReV|S|ons and updates to the'
anaIyS|s parameters are documented and approved |n accordance W|th the process descrlbed

above for the initial analy5|s

Ty (el I N v PR e ook
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Table 4-1:Typical Measurement.Uncertainties-and: L.ocal Peaking
.. Factors

Local Pin Peaking '
U TFRactor () T

solewd e Fay Measurement
| -~ Plant. . | ... . Uncertainty.
PN (percent) _ NP
1 A0 L T T 1088 T e L
2 L. 40 0 L 1050 0 ) '
.3 6.0 0 kT 1149 s ‘
R S 2 O R M T o I < T
5
6

.. 425 . ... . 1135
w40  ceqfr 1 1.1.058

Table 4-2 FLECHT-SEASET & 17x17 FA Geometry Parameters

Design Parameter * ° | - * FLECHT-SEASET | 17x17 Fuel Assembly
Rod Pitch (in) " 0.49 0.496
‘| Fuel Rod Diameter (in) = 7 0.374 Tl 0374
Guide Tube Diameter (in) = | 0474 0482

(I

_ Table 4-3 FLECHT-SEASET Test Parameters '~

NS :
! s . ;

Rod 70 PeT | por | hteatPCT | - Steam - |- Thimble
at 6-ft"('"F) Time (s) K time | Temperature -at .Temp‘e'r,ajtui-e
ST TR (Btulhr-F) | T (6R) (F) | at 6+t (F)

Test

34420 | 2205. | .34 |. " 10 1850 . |~ 1850*
31805 2150 110 10 1800 i T1800¢
31504 2033 100 10 . 1750 - 1750
31021 . ..1684 . | - 29 .9 1400 . .. 1350
30817 1440 ' 70 13 900 750 .

* set to steam temp -

AREVA NP Inc.
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Table 4-4 : Minimum:Break Area for Large:Break’ LPCA Spéctrum‘

Plant .
Description

System
“Pressiire
{psia) .

Cold Leg
" Enthalpy |
" (Btu/lbm)-

Gbreak
(Ibm/ftz-s)

Subcodled

Saturated
| Gbreak (HEM)
(Ibmlft -s) ‘.

(Ibm/s)

.RCP flow. | ..

Spectrum
Minimum
Break Area

(ft)

Spectrum
Minimum
Break Area
(DEGB)

3-Loop W
Design

2250 |

| »554 O.,» N

zzlsquufi i

6330

31558 |

221

0.27

Design

3-LoopW ‘|

~2250 -

5'445 S (R

- 28124

192

0.23

Design

220 &

500 .

3LoopW | oo | eecn | .235‘}0 PO

. 5580

s |

2,04

0.25

2x4 CE
Design

|0

2100 -

22860 - - |-

n “531 0

- 21522

e 153

0.24

2x4 CE
Design

m

2060 |

5310 |

22068 |

N

38277 |

2.76

0.28

4-loop W
Design

2160

540.9

23290

5370

39500

276

0.33

e Table 4 5 Mlnlmum PCT Temperature Difference — True Large and

Intermedlate Breaks - -

Description

- | Generic
Plant |

P(ianf -
Label

(Table 4-4)

‘Maximum ., |
, PCT (}1,:) o
Intermediate

. .,_Size_k B‘r.eav_lk

" Maximum
" PCT(F)

Large Size
- »Bre,alk;T B

‘Delta PCT |

(F)

A\)éragé Delta

PCT (F)

3LoopW .
" Design

1206

" 1936‘“ N

724

w

1273

T E

o

1326

1789 | -

463 '

622

DeS|gn B

984 -

- 1751 -

m

1049 |

1740 .- |

--691.

729

.4,-I00p W
Design,

1127 -

1967 |

-~ 840

840
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Guide Tube ——» ‘ ‘ ( = — Ff'.ot R°d§_
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" Figure 4-1 R2RRAD 5 x 5 Rod Segment
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Figure 4-2 Rod Thermal Radiation in FLECHT-SEASET Bundle and
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Figure 4-3 Reactor Vessel Downcomer Boiling Diagram
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Figure 4-5 Downcomer Wall Heat Release — Wall Mesh Point
Sensitivity
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PCT vs Containment Temperature
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5.0 Conclusions

A RLBLOCA analysis was performéd for the Harris Nuclear Plant, Unit 1 (HNP) using NRC -
approved AREVA NP RLBLOCA methods (Reference 1). Analysis results show that the limiting
LOOP case has a PCT of 1930F, and a maximum oxidation thickness and hydrogen

generation that fall well within regulatory requirements.

] [ A

(AR O

The analysis supports operation at a Rated Thér‘nai Power 6f 2900 MWt and includes a
measurement uncertainty of 2%, a steam generator tube plugging level of up to 3 percent in all
steam generators, a total peaklng factor (FQ) of 2.52 (including uncertainty) and a nuclear
enthalpy rise factor (FAH) of 1. 73 (mcludmg 4% uncertamty) with no axial or burnup dependent
power peaking limit and peak rod average exposures of up to 62,000 MWd/MTU. For large
break LOCA, the three 10CFR50.46(b) criteria presented in Section 3.0 are met and operation
of HNP with AREVA NP-supplied 17X17 Zr-4 clad fuel is justified.
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