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ENCLOSURE 1

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO SPRAY HEAT TRANSFER COEFFICIENTS FOR
ANF 9X9 FUEL ASSEMBLY ARRAYS FOR_BWR CORES

The Advanced Nus)ear Fuz2ls Corporation (ANH) proposed a set of convective hcat
transfer coefficients in the topical report XN-NF-329 and in Supplements 1
through ¢ te that report for Boiling Water Reactor (BWR) 9x9 fuel assembly
arrays under spray cooling condiiions. ANF submitted topicai report AN-NF-929
and i:s supplemeiits for the U.S. Nuclear Regulatory Commissior (NRC) to revi.ew
and approve as a part of a licensing method for a large break Jors-cf-zoolant
accident {LOCA) analysis. The NR" received technica) s sisianceé frow the Idaho
Nationa) Laboratory (INEL) under cortract fFIN-DE730 (Froject &) 7o “eviewing
the topical repori. The NRC hac reviewed the tecanicel avaiuaticn report
(,.R), which is included in Appendix A of this safetv eva’ iation report (SER).
The staff concurs 1. the recommendations made by [NEL ard T.nds that the
proposed conv~ctive heal transfer coefficiznts in 1ag *onical report XK-NF-2329,
Supplement 1, are acceptable as a part of - 7 ensin; rethod for a large break
LOCA analysis under the following conditirnc:

1 The proposed convective hcat tranifer coefficents can be used only in the
evaluation of the ANF 9x9 fuel rod array geometry with the upper tie plate
configuration descri~ed in References 2 and 3 of the attached TER.

2. Additional supporting ‘niormation must be provided to justify the
eontinued use of tne proposed coefficiants if applications occur such
that the assum,tions, or boundary conditions for the tests and supporting
analytica' comp.tations described in References 3 through 8 of the
atts hed TER do not bound the coolant condition. calculated by the
ANF-appruved emergency core cooling system (ECCS) evaluation model.



PN

c*

.

The proposed convective heat transfer coefficionts can be used only for
those plants with rod power levels bounded by assutptions in Table 2.1 of
Reference 3 of the attached TER and axial power shapes bound by the
top-peaked and tom-peaked power distributions defined on pagrs 6, 7 ar
8 of Reference € in the attached TER. Otherwise, additional _justificatior
is needed tr support the continued use of the proposed heat transfer
coefficients for BWR ECCS 1icensing Analysc he ANF rod bundle
arruy.

1f the heat transfer ccefficients are used for non-jet pump BWR applica-
tions and if tne peak loca) oxidation is more liniting at 'ocations other
than the peak power position, additional justification will be needed for
vsing the constant convective heat transfer coeffiriants in predicting
peak local cladding oxidation. The other restrictions above should also
be addressed
staff reviewed the ANF's submittals and INEL's TER and concludes that the
osed convective heat transfer coefficients specified or page 3 of
rance 3 in the attached TER are acceptat for use in larae break LJCA
ysec and licensing applications when the conditions stated above are
sfied,
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SUMMARY

This Technical Evaluation Report presents a review and evaluation of the
Advanced Nuclea- Fuels (ANF) Corporation proposed convective heat transfer
coefficients for use in performing ECCS licensing evaluations of Boiling Water
Reactor performance. ANF proposes to use the heat transfer coefficients
during the spray cooling phase of the Loss of Cooclant Accident (LOCA) anilys's
of Boiling Water Reactors (BWR) with 9 x 9 fue) rod assembly svrays. The
purpese of this report is therzfore to present the results of *he review of
supporting experiment:1 data, analyses, and responses to requests fer
additiona: information provided by ANF to justify the proposed convective heat

transfer coefficients.

Review of the ANF ¢::umentation describing the test facility, test conditions
and test results presented in ANF-SI9(P) tdentified several deficiencies. ANF
reevaluated their data and proposed a now set of modified coefficients in ANF-
929(P) Supplement-1. This new set of proposed convective coefficients
corrected the previous deficiencies, however additional information documented
in ANF-929(P) Supplements #, 3, and 4 wac proviaed by ANF to present the
wdditional analytical support neeted to justify the bounding nature of the
modifies set of coefficierts. Supplement 2 provided justification for the
range of applicability for the coefficients, while Supplements 3 and 4 alung
with soma supporting analyses were neceszary te show that the proposed
coefficients bounded the variations in axial power distribuiions.

Based on technical evaluation and review contained herein, it is recommanded
that the modified set of convective spray covoling heat transfer coefticients
proposed by ANF be acceptec for ECCS licensing analyses of Boiling Water
Reactors with ANF 9 X 9 fuel astembly arrays.

14
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*he Apgerimentally detervined coeffic. .nts were then used by ANF as input to
the HULY code to perform fuel rod heatup calculations as part of the
methodology to dctermire peak clad temperature following LOCA conditions for
BWRs employing the ANF 9 X 9 rod burdle arrays. In addition to the convartive
heat transfer coefficient, the WUXY code also requires bundle geometry,
surface emissivivies, waterial progerties, and power to name a few. The HUXY
code computes the radiant energy remove’ rate and then adds the convective
portion Lo obtair the total energy removal rate at all axial locatiens ulong
the rod.

ANF performed spray cooling tests for § x 9 rod bundle arvays to errive at a
proposed set of coefficient values, including the water rods, to be used for
B¥R ECCS licensing performance analyses. The documentation describing the
tests and results is presented in Reference ¢. Based on these fests, ANF
recommended heat transfor coefficients to be applied to bundles containing
water rous and identified these coefficients in Naference 2 for replicing the
values given in Figure 1. Following a review of the test hardware, test
¢onditions, and recommended Aeat transfer coefficient values, deficiencies in
the heater rod me ‘'ng technique and heater rod material properties assumed
in the ANF analys. @re ideati{ied and brought to the attention of the ANF
staff following the initial review. In addressing these deficiencies and in
responsé to additicnal requests for additional information, ANF reevaluated
their data and proposed a modified set of heat transfer coefficients and
presented the new va'ues on page 3 of Peference 3. This modified set of he.t
transfer coefficients represented a 30% reduction in the values proposcy
earlier 1n Referance 2. Following the review of the Reference 3 medified sot
of coafficients, - w requests for additional information were 1ssued for
Justif cation for the range of applicad lity of the heat transfer coefficienis
that would be encountered during application to a BWR ECCS licensing analyrtes,
The response to this requast was documented in Reference 4. The request for
adgitional information also included the nesd to Justify applicability eof the
modified sct of heat transfer coefficients to the range of allowable
variations in axial power distribution., As 4 consaquence. ANF performed
analyses using the COBRA-TF code tu i1dentify the variation in convective heat
transfer coefticient Zue to power shape and documented their responses in

4
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3, REVIEW OF THE ANF PROPOSED MEAT TRANSFER COEFFICIENTS
AND RESPONSES TO T4E REQUESTS FCR ADDITIORAL INFORMATION

This section presents a summary of the documentation presented in References 2
th-ough €. The review of the original test data and supporting analytical
analysas presented in Reference 2 identified several - iciencies and as a
consequence, additional information and analyses were requested to Justify the
fnitia) set of convective heat transfer coefficients. Upon re-evaluation of
the Keference 2 data, ANF proposed modifications to the coefficient: to
torrect the deficiencies and documented their results in Reference 5. The
modified values were then reviewed and the ANF responses to the requests for
additional informaticn and analyses were documented in the supplementary
reports presented in References 4 through 8. This section summarizes tha
review of with the ANF responses given in thase documents. Tho review concurs
with the ANF responses, unless otherwise noted.

REVIFW OF THE ANF FcSPONSE TO THE REQUESTS FOR ADDITIONAL INFORMATION PROVIDED
IN REFERENCE 2

This section presents a brief discussion of the ANF res onses to the request:
for additianal information regarding the test facility, tast conditions, and
test data Jocumented in the Reference 2 ANF experimental program to quantify
convective heat transfer coefficiencs for the ANF 9 X 9 rod bundle array. The
ANF resnonses 7or several selected topics of importance are categorized by
subject in the various sub-sectiuin headings identified below.

31 Ppeat Transfer Cceffinfents Around the Water Pod

Enhanced cunling way be expected fc~ rods that share a common fluid
suh-channel with a water rod since the stoam would tend to be cooler in
surh channels. 0F the eight rcds surrounding a water rod shown in
Figure 1, four rods have two sub-chanrel quadrants in common with the
water rod while the remaining four rcds on the Jiagonal have enly one
sub-channel quadran. in common with the water rod. As such, it may not

6
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XN-NF 820(NP}(A)

level of about 10 ‘nrhes develops in the upper plenum which causes the
water to be cistributed to the central bundles regardless of the spray
nozzle angles, spray profiles, and spray rates. This is due to the fact
that as long «i the spray rate is in excess of the water downflow rate

a water pool will develop 11t the upper plenum Just above the top of the
core. Lxcess watir will flow into the bypass region. Since the water
dowrlow rate into the bundle from this pool 1s Timited by the upward
steam flow, this counter-current flow condition limits the magnitude of
the 1iquid which enters the bundle. As such, all bundles, including the
central bundles, experience & water downflow rate that s basically
insensitive to the spray flow rate.

L







sansitivity study was documented in Reference 8 and 15 of particular
importance since changes in axial power shane was shown to strongly influence
the convective heat transfer coeff ciant. Moreover, this study chowed 1t
when the appropriate entrainment rate 1s used, a 25% reduction in the
vonvective heat transfer coefficient can occur at the limiting rod position
(1.e. hot spot) due to changes in axial power cistribytion. fh's evaluation
does not agree vith the ANF Refercnce 8 contention that "the convective heat
transfer coefficient 1s not very sensitive to axia) power shape® since the 25%
reduction in heat transfer coefficient, 1ilustrated in Figure (2) of Rererence
8 15 considrred quite significant. More importantly, the ANF choice of the
minimum convective coefficient, Tisted as Item 2 on page 3 of Refererce 3,
remained bounding with respect to the test data, since the minimum heat
transfer coefficient calculated in the Reference B sensitivity analysis was
found to he approximately 12% higher when the appropriate entrainment rate was
empioyed in the calculations, ANF alsc stated that comparisons with other
test data would not change the conclusions based on the evaluations given in
the References 6, 7, and 8 since Test 820 utilized the most conservative
boundary conditions., These boundary conditions bounded the coolant and ~*her
purtinent conditions calculated by the ANF approved ECCS Evalualion Model
during the spray cooling pericd of the LOCA so that comparisons to cther less
1imiting tests were not necessary.

ANF alsn stated that while the use of the proposed convective heat trancfer
coefficients will result in a conservative predictions of fuel rod peak
¢ladding surface temperature, the choice of the proposed constant minimum heat
transfer coefficients of Reference 3 will also resul® in a bounding
calculation of peak lecal clad oxidation at the peak power position for the
ax‘al shapes assessea in Reference &. For Jjet pump BWR applications, ANF
stated that use of the proposed heat transfer coefficients would result in a
bounding calculation for locel ¢lad oxidation at all positions along the rod
since the clad temperatur? data for TEST 820 was similarly bounded.
Additional justification would be needed for local oxidation for non-jet pump
BWR applicatiors.

Based on the review of the ANF spray heat transfer test data, analyses, and

12
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previously evaluated), then additional justification using the
methods of Reference 6 will be necded to support the continued use
of the proposed heat transfer coefficients for BWR ECCS idcensing
analyses of the ANF 9§ X 9 rod bundle array.

4, If the heat transfer coefficients are used for non-jet pump BWR
applications and should peak local clad oxidation be more liriting
at locations other than the pea power position, then additions)
Justification for use of the constant convective heat transfer
coefficient in prediciting peak local cladding oxidation will be
needed. The cother restrictions above would also need to be
addressed as well,

Restriction 4 1s based on the fart that the test program and supporting
analytical evaluations established convective heat transfer coefficients for
the purpose of determining the peak clad tempe ature. While the limiting
oxidation position is usually located at or near the vicinity of the peak
power position, peak local clad oxidation can in some instances occur
elsewhere along the rod. As such, the location of the peak loczal oxidation
could occur at rod locations where use of the constant convective coefficient,
which 1s bounding for peak clad temperature assessments at the peak power
position, may not be bounding for local oxidation.

14
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4.0 TEST MATRIX

The FCTF test matrix for jet pump BWRs is summarized in Table 4.1.
Oiner significant test parameters

were temperatur2, power, and coolant flow rates

The patturns of passive rods designated,

These figures
display the local relative power distribution for each rod. Passive rods
are Use with zero nower, Test rods are numbered acioss from the upper
left, Figure 4.] shows the location in the assemdly,

The water rods are

are collective'y referred to as passive rods, 1.e.,

tho.e rouds generating zero power.

In Table 4.1, initial temperature and initial power are target values.
initia) conditions in each test were established in a preheat phase wnen a
-ensor indicated that a target value was reached. The spray test wds
initiated when one of the measured temperatures reached the initial
temperature. For low initial temperature tests, the power wou:id continue to
rise until “t matched the decay power level prescribed for the test through
the data acouisit'on and control system. Wwher the target tenperature 1s
reached, other measured rod temperatures at that plane are scattered due 10

deperdence on local powor.
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§.0 HUXY MODEL

Selected test runs were modeled with HUXY., Each simulation

input mode! defining code contro!, model parameters,

~ription, and test conditions.
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Code control defines simulation tice,
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frequency, plot parameters, elc.

Model parameters are refined in Tadble 6.1. Spray haat

assignments are shown
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7.2 XN-NF-823(NF\(A,

Excess spray results in water accumulation in the upper plenum.

Further review of measurad PCT in Table 4.1 indic.ce . s would be expec .ed,
a strong decancence on imposed steam flow anc dypass leakage. Thould a LOCA
occur in a jey pump BWR, it 13 expectied that a large inventory of watar will
be in the lower plenum at the time of spray and flash to steam :s pressure
gecays. This stean genaration in the ‘ower plenum is expe.ted to cause
steam upflows inuch greater than those applied in the tests., Those test:
exhibiting zerc imposed steam vlow are substantially conservative because
gven modest stean upfiow: are seen to reduce peak temperatures Hy hundreds
of degrees. In some cases this reduces the heatup from initial tamperatures
by as much as hailf.

7.1 Temperatures

In a postuiated LOCA in a jet pumn BWR, reflocd is expecteu to limit PCT

after spray initiation. Therefore, comparisun o
temperatures between test data and HUXY predictions is of 1nterest
primarily within this tine frume. Yo establish the conservative quality of
the specifieu spray heat transfer coefficients it is only necessary that
HUXY overpredict the pezk measurad temperatures during this portion of the
transient.

Comparison of measured and predicted peak temperatures is shown in Figure
7.1. The Dar craph not only indicates peak températures hut also the heatup
relative to initial tamperatures. A tabulation of dara and predictions is
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3.0 CONCLUSIONS AND RECOMME HOATI(
The essential features of the test results and analyses show:
With regard to EXEM ECCS licensing calculations for jet pun BWR
conservative predictiony are colaincg by
N Using 4 soray heat transfer ccefficient of on heater
rod: adjacent to water rods,
e Using a spray heat transfer coeffiiient of on wate!
rods,
B Using a wet-side heat transfer coefiicient of
witer rods and heater rods, and
® ‘;:S!p"\ ,‘)C SOraYy > ?v‘*(\:.—r':r » eff oh | -~ - e
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¢.0 SUMMARY
In response to questions/concerns mentioned 1n the Introduction, ANF
undertook a reevaluation and reanalysis of the dita. The reevaluation

supports the fo,lowing heat transfer coefficient [(HTC) groups and convective
heat transfer coefficients for ANk 9x8 fuel types:

K

different rod heat transfer groups were analyzed, and Evaiuvation

Mode) ((M}‘e) comparisons with the data for each of the groups are
pretented, Salection of the above “eat transfer set yields a reasonadbly
jniform bound cf data appreopriate to the event after Lhe
time of rated spray. time of rated spray is a
bounding maximum time to reflood appropriate ts the ANF EM, The heat transiiy
coefficients are referenced ¢t as loca! fluid

temperaturas are nct generally defined,

One important Feature Af the test and analysis program 1s the conc

reached regarding the convective heat transfer.

2.1 Qverview of lest Program






ANF .- 928(NP) A
Supplement 1
Page 10

Sectiaon 2.0 Refereices
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September 1982,
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3.0 RESULTS OF REANALYSIS OF THE TEST DATA

ANF has reanalyzed the data using a fuel rod ‘imylalor mode’. Al heater
rod components have been represented in the anaiysis, and the density of
Boron Nitride dielectric reflects as built conditions. The rod heat transfer
coefficient distribution used in analysis of the two configurations is
presented in the Figure 3.1,

Key aspects of tne reanalysis are cited below and parameters used in the
HUXY rod mode)l are presented in Table 3.1

1. Boron Nitride density was revised

2. Test normalized axial power used in the analycis was revised
te as built of . Rod bundle loca)l normalized

power distribution was revised to the actual testad.

¥ Ihe maximum temperature history of each of heat transfer

groups for tests All

other tests are of equal or lesser challenge and analysis would show

equal or greater bound. The attached maximum temperature plots
(Figures 3.2 through 3.6) 1)lustrate the relative challenge of ‘tests
within each test series confirming the above assertion. The tests

applicable to the heat trausfer coefficient data Lase and tes! matrix are
shown in Table 2.1. Finally, data comparison

A. The MUXY code is compared to preheat "adiabatic heat up" test data
proper rod modeling, power, and input.
{Pleass see Section 8.0 for further discussion of confirmation of the
heater rod model.)



Cot v watism in tne analysis of the data is assured

ssumptions.:

The resulis of the analysis are summarized ‘o Table 3.8,

Dy

Comparisons to 7x9 BWR Test Data." Figures 3.7 through 3,154

for each test elevation analyzed &s summarized in the table

There are five categories of underpradiciion of the da

Table 3.2 [hese are

>

Ld
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tne following
summary Of HUX
p'“sl" result

as 15 shown in
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4.0 RELAYIGNSHIP OF THE CONVECTIVC HEAT TRANSFER COEFFICIENTS TO THE EM

The ANF LOCA/ECCS Evaluation Model (EXEM)(1) has been reviewed and
approved(z’ by the NRC as being in ancordance with the requirements of
Appendix K. The ANF LOCA/ECCS Evaluation Model 15 composed of several
computer codes and documentation which are used 25 described in Figu=e 4 0 and
~eferences to this section,

For LOCA analysis purroses, the ANF BWR EXEM methodology can be
visualized as two paralle! calculations, a system calculation, and a fuel o~
heatup calculation. The system calculation considers the core as an average
and calculatas the transient boundary conditions on the core resulting from a
postulated LOCA. The heatup calculation determines the response of the
individual fuel rods in the maximum pewer fuel assembly to the imposed system
boundary conditions resulting from LUCA. As indicated in Figure 4.0, the BWR
EXEM methodoloay further subdivides the two paraliel LOCA calculations into
three LUCA time periods: (1) blowdown, (2) refill or spray cooling, &nd
(3) core reflood. The spray periou heat transfer Coefficients are used oinly
in the refill portion of the fuel heatup calculation of the BWR EXEM mode!
Specifically, the coefficients are included in 1the finput tu the HUXY
caleulation for the refill portion of the transisnt. HUXY uses spray hest
transfer coefficients from the time of rated LPCS injection to time of ant
node reflood (taken f-om FIEX). These coefficients are to be applicable for
the fuel design being licensed. The ccafficients listed in Appendix K are
sppropriate for Tx7 fuel designs.

Following the time of hot node reflood, the Appendix k reflood heat
transfer coefficient (25 81U/hr-Ft2-F) is used. HUXY/BULGEX output is the
peak clad temperaturs (PCT) and maximum fraction of clad oxigation.
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§.0 TEST DATA APPROPRIATE TO THE DATA BASE HOk DETERMINATION OF CONVECTIVE

HEAT TRANSFER COLFFICIENTS
ANF has removed from the data base submitted a&s

basis for determining heat transfer performance of the 9x9 fuel.

.he [\‘5(3

in the heat transfer ccafficient data base are identified in Table 2 )

This seleciior is supported by tie phenomena cescrigtion *n the NR(
Compendium repnrt(l) which describes the ECCS heat transfer phenomena during
the pust-Slowdiown period in @ BWR. Under single failure uvonditions, the
following vccurs:

a. The bypass region rapidly fills with £CC and the bypass fiuid
anters the bottom of the core in countercurrent flow through
the bypass reginn coolant holes in the lower tie plate and
channel to tie piate seals. Due to steam updraft from lower
plenum venting, the obypass fluid 15 retained in rhe fuel
assembly for cooline

b. The lower olenum continues to depr isurive and fluig cJontaired
in the lower plenus continues to boil off resulting in

significant steam updraft *hrough the core.

The upper plenum rapidly filis with subccoled ECC tc the level

)

of the spray sparge=s. Th2 subcoolzd ECC condenses the steam
gxiting the core and some liquid flows countercurrert through
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tte upper tie platy to conl the assenbly from the top In the
periphera’ region where the fuel assemblies are "tightly
orificed,” and the ECC is more subcooled, the condensation of
steam exiting the upper tie plate is sufficient to suppress
steam updraft and these fuel assemblizcs transition within about
10 seconds to a co-current downward flow resulting in & ready
means to convey fluid to the lower plenum.

d. The balance of the core transitions intn countercurrent and
co-current upwards flow regimes. The heal transfer coefficient
rever drops below 20 BTU/hr-fi2-F. The countercurrent flow
asse=hlies rapidly refiil with £CC from the bypass region while
the co-current upwards assemblies remove most of the steam from
the lower plenum while entraining the bypass leakage to cool
the fuel.

The ANT tests wodeled
appropriate to this scenirin with an electrizally heated test
fuel assembiy. ANF concludes that the test data rep. ted reasonably bounds
the coolant conaitions caiculated hy its approved EM, and therefore provides
adequate basis for the proposed convective he.t transfer coefficients,
(Please see . ection 10.0 for further discission.)
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6.0 STEAM UPFILONW RATLS FROM THE ANF [CCS EM FOR JET PUMP BWPR (EXEM)
Analysis with the ANF BWR EM (Peference 1) was periyv/imed for the 1imiting

break for BWR 3, 4, an' 5/6 plants

These are reported
in Section 10.0. ANF concludes tiat the test data reported reasonably Dounds

the proposed

the coolant conditions and therefore provides acdequate basis for

conveciive heat transfer coefficients.
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m

v

The sensitivity of predicted PCY with emissivity was also evaluated and
rompared to ctest resulls for of the referenced B8x8
(XN-75-36) tects. The sensitivity calculetion used emissivity
of The referenced Appendiz K heat transfer coefficients were

used in the calculations. The predicted PCT was compared to measured PCT
The results are summarized in Table 7.2 (Table 1.2 of

Suppiement 1 of XAN-75-16):

TABLE 7.2% PEAK TEMPERATURE COMPARISONSY

These resulis indicate that the sensitivity to emissivity is small, and
that the PCT was conservatively predicted. As the emiscivity increased with
bundle age (consistent with increased .xidation of surfaces with age) and the
measured average emissivity .s from .66 to .71, a value >f .67 is appropriate

for uvse in data reduction
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(Reference system transient taest) that a residual level of water (10 inches
collapsed " wel) 1s estabiished in the upper plenum (which should assure al)
assemblies receive coolant). The conductivity element readings in the
vicinity of the HPCS sparger indicate that the upper plenum twor-phase level
resides at the elevation of the WPCS spargers. The pool of water {s reported
to develop very e¢arly (approximately 10 sec).

The Compendium (Reference 5, Page 6.5-12) notes: “A residual amount of
Tiquid always remained in the uprcer plenum whenever the spray flow exceeded
CCFL limited dratnage through the zore. This residual liquid ramained even
after CCFL breakdown and drainage of the bulk of upper plenum Tiguid. Liquid
¢euld therefore flow to the tops of the fuel channels regardless of the

distribution of the spray over the Lop: of the channels

I T B T S B EE B B B A T O B B = = B .
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12.0 BASIS FOR THE PROPOSE" ROD HEAT TRANSFER GROUPING

The analysis examined heat transfer groups. The peak rod
temperature within each group at each edi® Lime during the analysiy are
compared. Thus, the test PCT rod along with other rod groups is captured for
tha comparison. The rods within each tleat tra "a» group are coliected

according to rod location:

raae

This grouping results 1in reasonadle Ddounding of ail: powered rods

distributed Lhrough the rod array
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1.0 (RTRODUCTION

Supplement 1 of this report documents the heat transfer coefficient set
for ANF 9x9 fuel designs with water rod(s). This heat transfer coefficient
set is to be used durirg the spray period cooling of LOCA/ECCS analysis for
boiling water reactorsi. The coefficients were established based on comparizon
of the spray period fue! heat up code, HUXY, to rod group temperature history
for most 1imiting and appropiriatez tests.

To varify that the spray fluid heat transfer coefficients are applicable
over the range of parameters that would be encountered in an application
analysis, this document examines tha difference butween the HUXY predictions
and test data to determine f there are any ‘rends which may indicate
reduction in conservatism over the proposed range of application. The results
of the work show that the coefficients are appropriate over the full range of

applicability.
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2.0 THE ANALYSIS METHOD

The range ¢f initial test conditions, and BUR LOCA/ECCS Evaluation Mode?
(EM) range of conditions 2* time ot ruted spray are presented in Table 10.1 of
Supplement 1 of ANF-929(P). Seview of this table indicates that the proposed
heat transfer coefficients should be justifieu for higher initial rod tempera-
ture and bundle powsr. The following evaluat on provides this justification.
The evaluation performed are analyses of toe ‘“rends and scatter in the
prediction of the test data. These analyses and the conservatism in the data,
and application of the data support the use of the revised heat transfer
coefficients over the full ranre of the ANF Evaluation Model application.

In the accepted AT Evaluation Model (EM), the HUXY code treals rod
power, rod temperature, and thermal radiative heat transport at the plane of
interest in the fuel assembly. The "convective" coefficients are defined as
the resid:al heat transport in excess of the fuel roc thermal radiative energy
balance as calculated by HUXY when compared to appropriate test datz. The
convective coefficients are input to the code and assuaea to be constant from
the time of rated s ~ay to the time of significant entrainment at the plane of
interest. The test data provides basis for the appropriate set of
"convective” heat tr -ifer coefficients., The power, temperature, and the
thermal radiative fraction of rod heat transport are included in the EM
treatmen., The remaining fraction of the rod heat transport is treated using
the “convective" coefficients. The question, therefore, to be addressed is to
demonstyate the "convective® heat transfer is conservative such that there 1s
ne reduction in the murgin outside the test conditions. This question 1is
addressed by analyzing the data trends and scatter in relation to the ra.ge of
apolicatien.

The “goodness of pradiction® of the test data together with relevant
independent test variables are presented in Table ) The HUXY predictions of
the test data are eveluated by quantifying the temperature difference ‘Td) of
the prediction and test data for all testc predicted. A positive Td indicates
a bounding or conservutive preciction.
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Therefore, the use uf the convective heat transfer coefficients proposed
in Supplement 1 to ANF-928/P°} are appropriate and conservative over the eniire
range of test data. Furthermorc, use of the heat transfer coefficients at
initial temperature and power higher than the range used ir the tests 1s
appropriate because of the conservative trend in predict on of the data and
physical phencmena, and no limitation need be placed on the application in

this regard.
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2.0 COMPARISON OF 8X8 AND 9X9 FUEL RESPONSE FOR A SW2 6
Figure 2.1 shows results of a heat up analysis performed using the
Advanced Nuclear Fuels Corporation approved LOCA/ECCS evaluation model.?  The
“taure compares the spray period heat up response far ANF 8x8 and ax9 fuel
for the limiting (DEG/RD, Cp=l1; 8x8-2, 9x9-5 fuel) break  The Bx8 heat
i, analysis used heat transfer coefficients approved by the USNRC for use for
sWR 8x8 fuel (Reference a). The 9x9 analysis used the heat transfer
coefficients proposed for 9x9 firel as described in ANF-929(P), Supplement 1.0
Local power peaking, rod heat transfer grouping, etc., aporopriate for sach
fuel design are used in the analysis.

Figure 2.1 shows the limiting rod temperature rise from time of rated
spray for each fuel type. The lower curve 1is for the 9x9 fuel.

Reflood related cooldown is shown for the 8x8 fuel

-

dfxxon Nuclear Company, Exxon Nuclear Methocology for Boiling Water Reactors,
XN-Nr-80-19(P)(A), Volumes 2, 2A, 2B, 2(, September 1v8¢.

badvanced Nuclear Fuels Corgoration, Aniwers to Questions Posed by the Nuclear
Requiatory Commission Staff and Consultgnts on t. _Advanced Nuclear Fuels BWR
9x9 Spray Coolina Period Heat lransfer Coefficiants, ANF-229(P), Supplement I,
February 19287,
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5.0 ANSWER TO QUESTION 3
An AME_fax of April 7. 1989 showed the heatup of 9x3 fuel with the new
heat_transfer coefficients and 8x8 fuel with the o'd heat transfer |
coefficieats.  Detatly of th1 bundle input to generals _the results |
contained 4n ‘»e fax were mot provided.. This information along «ith the |
remaining output from the comp..er run is needed.

F——

The referenced fi~ure 15 shown as Figure 5.1 in this answer (the same as
Figure 2.1) Figure 5.1 shows the heat up for the PC” rod i 8x8 fuel and
9x9 fuel for a BWR 6 1imiting break calculation as discu«sad Section 2.0 of
this supplement. The temperature rise appears

even though different convective heat transfer coefficients are used.
The referenced discussion (Section 2.0) also offered a principal reason for
the result as ‘2ing the greater radiant flux for the 8xB in comparison to the
9x® fuel.

._.‘.\,_.

Figure 5.2 shows the relative location of the PCT rod for each case, in
the HUXY rod array nunbering scheme. These two cases are typical BWR & cases
representing different optimized neutronic designs ts best advaniage fuel
designs. As such, local peaking, gadolinia loading, and number % water rods
are different. Therefore, the PCT rods occurred in different locations within
the bundles. The 8x8 PCT rod cccurs in the second rod row. The 9x8 PCT rod
occurs near to the center of the bundie. This occrrrence offers the
opportunity for greater radiant heat transfer from the 8x@ PCT rod in
comparison to 9x9 becauss of the greater radiant view factor to the cool
channel.

Ficures 5.3 and 5.4 are plots of the radiant and convect.ve fluxes for
the two PCT rode under comparison. Inspection of the two figures shows the
convective flux to be dominant for Sx9 and recessive ror 8x¥. The radiant
flux 1s dominant for 8x8 and recessive for 9x9. The &x8 radiant flux is aiso
much greater than the 9x9 radiant flux. The total flux iy the greater for Ex8
a shor. time after rated spray. Thus, the greater raciant flux makes up for
vhe lesser convective flux.
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effects ‘n the lower plerum are minimal., The SSTF tetts, and realistic code
sim:lations reported in the open 1iterature show a pool of water remaing on
top of the core even with peripheral assemblies draining ECC to the lower
plenum, because of the steam updraft and coplous FCC injected into the upper
plenum. The tests show & minimum collapsed 1igquid level of 10 inches water in
the upper plenum.AP¢  Therefore all the fuel assembliss receive all the ECC
which can flow in countercurrent.

Tharefoie, muiti-dimensional aféects [u(x,y,2)] either promote improved
enoling or are negligible.

The LOCA/LCCS scenarin for BWR 3, 4, 5, and 6 dexcribes a core in
paraliel channel flow (as distinguished from "multi-dimensional™). The core
is simultaneously 1in three Fflow regimes: co-current down (peripheral
assewblies), ceuntercurrent, and co-current up. The co-current down
assemblies are full of water being siphoned to the lower plenum and tierefore
are not limiting. They t=ansitian to co-current down because of tiheir
relatively Jower power, tighter orificing, and peripheral subcocling in the
upper plenum pool. The co-current vp assemplie: are the high power assemblies
and vent the majority of steam from the lower plenum. The co-rurrent up Jel
is actively cooled Dy entrained bypass ECC which leaks from bypass tn above
the side entry orifice. The bypass ECC 1s swept up into the fuel, ceoling it.
The number of assemblies ne~assary to vent most of the sieam from the lower

49wk _Refill-fe gram Task 4.8 -TRAC-BWR Mode! Oualification For BUR
i&mﬁ_ﬂﬂﬁfm. MUREG/"R-2571, Md., Alamgir, General Etleciric
Company, Octoher [S81.

P18 Deqres $ Sysiem Teet (ESTA_II), NUREG/CP (058, Volume 3, Page /06,
M. Nagasaka, et, al., Toshiba Corporation Muclear tngineerinyg Laberatory, 1985,

“Compendium of ECCS Research for Realistis LOCA Analysis, Page 6.5-1C,
Division of Sysiems Research, U.5. NRC, NUREG-1230, Revision 4, December 1388,

b






ANF . Q29(NF)(A)
Supplement 3
Page 19

transfer coefficients for thi:z region hive been demonstrated to be greater
than 10 BTU/Hr-fté.F 2

More than average steam {s vented by the co-current up assemblies,
peripheral assemblics almost none, and the balance the countercurrent
assemblies. In this scenario, heat transfer ¢oofficients are verv high, and
within 80 seconds of spray initfation the core has reflocded.

The pre.ent ANF evaluation model calculates

aCompendiur of ECCS Research for Pealistic LOCA Analysis
6.5-8, Divisicn of Systems Research, U.S. NRC. NUREG-
Uecember 1988.
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xial power distribution. Ad.anced Nuclear Fuels 1gieed to examing and renort the sensitivity
1o chariged axial power distribution using an advanced mecharistic thermal hydraulics code. As
recommended by ' @ INEL staff, ANF agreed 1o perform the sensitivily analysis ueing the COBRA
TF code.

3.0 METHOD

The mechanistic theimal hyd:aulics code, COBRA TF was used 10 evaluaie the efect of
axial ~rwer distribution on convactive heat transfer coefficients during spray period cocling in
the flow and cocling regimes relevant to the ANF LOCA/ECCS treatrment of L'VR The convective
heat transfer coefficients are defined 1o he the heat transtcr residual ofier accounting for thermal
radistive cooling as cz'~ulatec Ly the NRC approved mode' in the HUXY code see Ref 1). The
HLIXY code is mechanistic in treatment of thermal radiative cocling and has been assessed
againut experimental data’

To use the COERA TF code 1o assess spray pericd 1.eat transfer coefficients, two code
modificatiors were required: the thermal radiative model, und the channel quench model | 0
CFRS50.48 and Appendix K). The performence of this modified COBRA TF cocde was assessed
against a test case using the NRC approved HUXY code. The results of the assessment veriled
that NRC approved mo-els wa e properly installed. The thermal modeling of the fuel rod
simuiators, channel, a4 othor compenents in the COBRA TF model was also verified by the
comparison against the HLXY results®,

¥ Sp.ay Cooling Heat Tracater Phaze 1 Test Resuits FNC 3x3 BWR Fuel 60 and 63
Active Jodz. XN-75-36.

$ Note: The HUXY medel was venchmarked against test data ior three tests during

adizbade neat up. The HUXY input is from first principles. Correspondence betwewsn the HUXY
predictions and test Jcia is wery cioss These calculations are reported « ANF 928(P)
Supplement 1, ibid.
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Tine Averaged Corvective Meat Tra sfer Relaiive

ic Base Case

.dl

RO EADL N

As may be seen, (he time averagec convective coafficients are

‘2 presents instantaneous alues for the same rods
n i JOWer locstion

ns. v J8 value 0

relative 10 the reierence case

The resu ts show the
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s - - ™ %0
‘ Droplet Size Distribution

- — S e @y S -~
fameter
A . 4 i 4 - 3 , ” %
dy Average diameter of tormed droplets
de Maxiiaum & ter of droplets that can be lifted by stea

ig Average diameter of 1ifted uroplets, code input.

Fig. 3.1 Skatch of i+ e entrained drop size estimatinn method.
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The conclusion from these salculations is that the convective heat transter coefficient is not ven
sensitive 10 axial power shape as sufiicient supply of droplets exists. Therefore, the boundary
spray heat transfer coefficients der'ved from cosine lasts aie appropriate for use In the ANF large
brear LOCA calculation modal.

ANF also examined \he differences in calculated heat trarsfer coefficients between ANF and the
NRC reviewer, 's axamination found that there are o real disagreements, only some minor
differences in .ow the values were calculated. ANF based the valuation on the parameters
obtainad a. e fixed nodes (marked vvith an asterisk in the output file), while the reviewer used
the vaiues at the u,namic nodes. These dynamic \nterpolation nodes are used by the code for
the special purpose of tracking quench fronts, and ANF finds the fixed node values more
appropriate Also, ANF based the variation on te deviation from the base cosine value, while
the reviewer provided the total range from the top-skewed 10 bottom-skewed shapes.
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