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UNITED STATES! }* , , g [,%

;, , I NUCLE AR REGULATORY COMMISSION"

WA&HitvCTON, D, C. 20ttbm ?. .!
, -% * /; e. ** August 8, 1990

!
.

Mr. R. A. Copeland Manager
Reload Licensing
Advanced Nuclear Fuels Corporation
P. O. Box 130
Richland, Washington 99352 0130

.

Dear Mr. Copeland:

SUBJECT:
ACCEPTANCE FOR REFERENCING OF TOP! CAL REPORT ANF 524(P) REVISION 2,
"ANF CRITICAL POWER METHODOLOGY FOR 80! LING WATER REACTORS"

The staff has completed its review of the Topical Report ANF-524(P) Revision 2
"ANF Critical Power Methodology for Boiling Water Reactors," submitted by the
Advanced Nuclear Fuels Corporation (ANF) by letters dated April 11 and November30, 1989.

Additional information was submitted by letters March 17, April 9May 3, and June 7, 1990.

ANF 524(P) Revision 2 describes the Advanced Nuclear Fuels Corporation
(ANF) critical power methodology that was developed to assess compliance with
minimum critical power ratio (MCPR) operating limits in boiling water reactors(BWRs).

The report includes the MCPR calculational procedure and the system measurement
and calculational uncertainties to detennine a MCPR safety limit that protects99.9 percent of the fuel rods from boiling transition. The MCPR safety limit
with a delta-CFR from transient analyses establishes a value on the range of
reactor operating parameters consistent with established criteria for nominaland transient reactor operation. This methodology utilizes a Monte Carlo
procedure to account for the measurement and calculational uncertainties.
A design-basis power distribution is issumed that conservatively representsthe expected reactor power distribution.

The proposed methodology includes the determination of the effect of channel
box bowing on the thermal margin.
and is benchmarked to actual reactor data.This procedure is also statistical in nature

We find the application of the ANF critical power methodology acceptable for
use for BWR fuels under the limitations delineated in the associated U.S.Nuclear Regulatory Commission (NRC) technical evaluation.
defines the basis for acceptance of this topical report. The evaluation

We do not intend to repeat our review of the matters found acceptable as
described in ANF-524(P) Revision 2 when the report appears as a reference in
license applications, except to assure that the material presented isapplicable to the specific plant involved.
the matters described in the application of ANF-524(P) Revision 2.Our acceptance applies only to

- - - - - -
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August 6, 19N

R . A. , Co3 eland -2-

In ecorda nce with procedures established in NUREG 0390, we recuest that the
Advanced Fuclear Fuels Corporation publish an accepted version of this topical
report within 3 months of receipt of this letter. The accepted versionshall iactude an "A" (designating " accepted") following the report identifi-

'

cation sytbol.

Should our criteria or regulations change so that our conclusione as to the
acceptability of the report are invalidated, the Advanced Nuclear Fuels
Corporation 43d/or the applicants referencing the topical report will be
expected to revise and resubmit their respective documentation, or submit
without revision of their respective documentation. justification fo? the continued effective applicability of the topical report

Sincerely,

#2 &
Ashek Q. Thadani, Director ,
Division of Systems Technology y
Office of Nuclear Reactor Regulation,

Enclosure:
ANF-524(P) Revision 2
Evaluation
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SAFETY EVALUATION FOR T"E TOPICAL REPORT ANF-524(P) REVISION 2
"ANF CRITICAL POWER METHODOLOGY FOR BOILING WATER REACTORS"

1.0 INTRODUCTION

By letters dated April 11 and November
30, 1989, the Advanced Nuclear Fuels

Corperation submitted the Topical Report ANF-524(P) Revision 2 for NRC review
(Refs. 1-3).

Additional infomation was submitted by letters dated March
19, May 3, and June 7, 1990 (Refs. 4-6).

The critical power ratio (CPR)
methodo'.ogy is the approach used by ANF to determine the margin-to-thermal
limits for boiling water reactors (BWRs).

Revision 2 includes the modifica-
tions required for consistency with the recently proposed (Ref. 4) ANF critical
heat flux correlation.

Revision 2 also includes the application of CASMO-3G/
MICROBURN-B (Ref. 8). (NRC review of the ANF MICR0BURt:-B code system is
outside the scope of the present review.)

ANF-524(P) Revision 2 documents
2.he details of the revisions associated with ANF and MICR0 BURN Band the
methodology used to incorporate the affect of fuel channel bowing on thermal

-

ma rgin.

Brookhaven National Laborctory (BNL) has been the staff consultant in this
review under FIN No. A-3868.

2.0 SUMMARY OF THE TOPICAL REPORT

The topical report provides the basis for the ANf methodology for deter i i
the operating safety limit for minimum critical power (SLMCPR) which e s

m n ng

that 99.9 percent of the fuel rods are protected from boiling transition
n ures

This deter,r.ination is carried out by a series of Monte Carlo calculations in
.

which the variables affecting the probability of boiling transition are varied
randomly and the total number of rods experiencing boiling transition is
determined for each Monte Carlo trial.The ANFC CPR correlation depends en the

;

.
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I
core coolant pressure, channel mass velocity, planar enthalpy, local peaking j

function (FEFF), radial and axial power, and channel geometry. The major
calculational uncertainties are determined by the local power and channel flow.
The power distribution uncertainty is given in Reference 8 and the channsi flow
calculational. uncertainty is given in Chapter 3 of the subject topical report.

g
5

The determination of the channel flow calculation uncertainty and the Monte
Carlo determination of the SLMCPR are the principal elements of the CPR '

methodology and are summarized in the following sections.

2.1 Core Flow Distribution
'

,

The core flow distribution and individual bundle flows are required for input
to the ANFB correlation and the determination of the bundle critical power. The

calculation of the core flow distribution assumes a set of flow resistances
connected in series and parallel linear network. The core and the core bypass
are represented by a set of parallel resistances from the lower plenum to the
upper plenum.

The pressure drop across each of the parallel flow paths is
calculated by the channel flow model using the hydraulic resistance of the

channel 'and the channel flow. The bundle-wise flow distribution is determined
iteratively by imposing the condition that the parallel flow paths have a
common pressure drop.

!

In the channel flow model, the bundle pressure drop is calculated (by the
momentum equation) as the sum of the fuel compcnent hydraulic losses. The two-
-phase component losses are determined by two-phase friction multipliers.The

void fraction model used in the channel flow model is based on a mechanistic
description of two-phase separated flow and includes a subcooled void model E

4.

The ANF two-phase flow model has been validated by coniparison to pressure drop
measurements for BWR prototypic rod bundles.

Comparisons were made for a range
of axial power shapes, mass velocity, pressure, inlet enthalpy, quality and
assembly power.

The ANF models reproduced the measured pressure drops to
within about 3 percent (Ref. 9).

4
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2.2 Determination of the Safety Limit MCPRr

The safety limit maximu;n critical power ratio (SLMCPR) ensures that 99 9
percent of the fuel rods are protected from boiling transition.

.

The SLMCpR is
determine' by a statistical procedure in which the important measurement and
modeling parameters are varied randomly and the number of fuel rods experienc-ing boiling transition N
distribution of N for each random statepoint is used to determine theBT

The SLMCPR is the core MCPR which results in a 50-percentg7

probability (at the 95-percent confidence level) of 0.1 percent of the rods
experiencing boiling transition.

The SLMCPR for a given state is determined
iteratively with parameters .that are not varied randomly at their most limitingvalues.

The statistical distributions for the uncertainties in the feedwater
temperature and flow, core pressure and flow, assembly flow and power

ANFB CPR correlation are used to detennine the random variations in these
, and the

variables. _ A nonparametric, procedure is used to determine the distribution
free value for the SLMCPR. -

2.3
_ Evaluation of the Effects of Channel Bowino

The ANF procedure for determining the effects of fuel channel bowing consistsof three steps:
(1) the prediction 0f the channel deflection for a given fuel'

burnup. (2) calculation of the increase in local rod power as a function
,

bowing displacement, and (3) the determination of the reduction in thermal
of

. margin CPR for a given channel bow.
Available channel bow data is used to

determine the batch-average bow and its standard deviation as a fufuel exposure. nction of

The calculation of the increase in local powers is performed in a ty i
four-bundle geometry with CASMO-3G (Ref 8). p cal

The bowed and unbowed power
maps are calculated versus fuel exposure for each lattice design
calculated bowed power maps are used directly in the calculation of the

. The

reduction in the core MCpR as a result of the nominal channel bow
The.

_ - _ _ _-_ _--- .-- - - -
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statistical uncertainty component of the effect of channel bowing is estimated
using the bowing uncertainty together with conservative maximum power-to-bow
sensitivities.

This uncertainty is then included in the standard ANF Monte
Carlo safety limit analysis (Section 2.2).

3.0 TECHNICAL EVALUATION
,

The critical power methodology ' described in ANF-524(P) is the procedure used by
ANF to determine the thermal margin SLMCPR for boiling water reactors,
Revision 2 of ANF-524(P) documents (1) the changes that will be required for g
consistency with the new ANFB critical power correlation and (2) the power

g

distribution uncertainties that result from the application of MICROBURN-B
Supplement 1 of Revision 2 describes the assessment of fuel channel bowing.

.

The review of the initial report resulted in a series of question: which were
The evaluation of the CPR methodology

gtransmitted to ANF in References 7-9.
5

topical report ANF-524(P) Revision 2, and Supplement I and the responses to
staff questions (Refs. 4-6 and 10-12) are sumarized in the following
sections.

3.1
Uncertainties Used in the Determination of the SLMCPR

in the new ANF critical power methodology the values for calculational and
measurement uncertainties have been revised r.nd are given in Table 5.1 of ANF-
524(P) Revision 2.

In the new CPR analysis, the inlet enthalpy is determined
from a core heat balance, but the inlet temperature uncertainty is not required
The inlet enthalpy uncertainty is determined by randomly varying the core flow

.

and feedwater temperature and flow input to the heat balance in the SLMCPR g
calculation.

As in the previous XN-3 analysis, the uncertainties in the flow
g

areas and hydraulic parameters are included in the flow uncertainty, and the
uncertainty in the heated and wetted perimeters is included in the ANFB
correlation uncertainty.

The uncertainty in the additive (,-constants that account for the CPR dependenceI
on spacer design is evaluated in ANF-1125(P) Supplement 1.

The uncertainties

I
I
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depend on fuel design and have been evaluated for the ANF-8x8, ANF-9x9, KWU-9x9
and KWU/ANF-9X9-IX fuel designs. The ANF-BX8 and ANF-9x9 fuel requires the
largest t constant uncertainty 10.02 in units of local peaking.

I The MICR0 BURN-B uncertainties are described in detail in Reference 8, which
is presently under separate NRC review. The MICR08 URN-B uncertainties used in
a specific SLMCPR application should be based on the NRC approved values. The
application of the new SLMCPR methodology to mixed cores will be accommodated
by increasing the bundle flow uncertainty, as is presently done for the XN-3
correlation.

i The new CPR methodology includes both the reduced ANFB CPR correlation and
MICROBURN-B power distribution measurement uncertainties.

ANF has indicated in
Response 11 (Ref. 4) that no plants will be licensed that use the new

I MICR0 BURN-B methodology together with the XN-3 CPR correla tion.However, the
new ANFB correlation may be used with the XTGBWR power distribution methodology
and, in this case, the radial bundle power uncertainty will be increased to the
presently approved value for XTGBWR.

,

it is concluded that the treatment of uncertainties in the new ANF CPRmethodology is acceptable.

3.2 ANFB CPR Correlation Bias

2

Comparison of the predicted and measured critical powers indicates that ANFB
predicts a database mean of 1.003.

In Response 4 (Ref. 9) ANF indicates that
'

this nonconservative bias will be offset by two additional conservatisms in
the ANF CPR methodology. First, a 0.01 CPR conservatism has been included as a
result of a systematic ANF overprediction (by a factor of two) of the number of
rods experiencing boiling transition.

Second, the bundle power is increased by
10 percent in the calculation of transient delta-CPR.

It is concluded that sufficient conservatism is available in the ANF CPR
methodology to offset the mean bias in the ANFB correlation.

.

I
I



I
I

6

3.3 Selection of Statenoint variables

The SLMCPR is determined by the condition that 99.9 percent of the rods avoid I
boiling transition.

The calculated number of rods that satisfy this condition
is sensitive to the initial reactor statepoint variables (power level, g

5
pressure, flow, power and flow distribution, etc.). In Response 7 (Ref. 4),
ANF has stated that worst-case conditions that put the maximum number of rods
closest to the SLMCPR have been assumed in the ANCcalculation of the SLMCPR.

The ANF selection of the reactor statepoint variables is, therefore,
acceptable.

3.4 ANFB Correlation Uncertainty

The uncertainty in the ANFB CPR correlation is introduced into the SLMCPR
calculation as an uncertainty in the local peaking additive constants. The
calculated sensitivity of the ANFB predicted CPR to variations in the constants
is minus two; that is, an increase in

of 0.01 results in a decrease in CPR of0.02.
The standard deviation between the ANFB calculated CPR and the measured

database is 0.03 for ANF-8x8 fuel, for example, which is less than the 0.04
CPR uncertainty resulting from the assumed 2 0.02 t,-constant uncertainty
(Table 5.1). In Response 10 (Ref. 4), ANF has stated that the CPR correlation E

B
uncertainty is always bounded by the CPR uncertainty introduced by the additive
(-cons tan ts .

The uncertainty in the R-constants is assumed to have a normal distribution.
The relationship between the additive (-constant and CPR is linear (to a veryg
. good approximation), and the observed normal distribution of the CPRs given in 3

Response 3 (Ref. 4) demonstrates that the (-constant distribution iray be
accurately represented with a normal distribution.

It is, therefore, concluded that the treatment of the (-constant uncertainty isacceptable.

I
I
I
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3.5
Assessment of the Effects of Fuel Channel Bowino

The ANF assessment of the effect of enan.,9 bowing on the SLMCPR is given
in Supplement 1 of ANF-524(P).

The evaluation of the major concerns associated
with the bowing of BWR fuel channels and the assessment provided in Supplement 1
is sumarized in the following sections.

3.5.1 Determination of Channel Bow

As the fast neutron fluence exposure to the zircaloy fuel channels increases
with fuel burnup, the channels undergo irradiation growth and are deflected
from their nominal core positions. The increased growth of the channel walls
adjacent to the narrow water gaps (regions of relatively high fast flux)
deflects the fuel channels away from the narrow-narrow gap and toward the widwide gap.

Fuel channels in fast flux gradients (e.g., on the core periphery)
e-

also experience channel deflection; however, this bowing may be either diagonalor parallel to the channel faces.

The distribution of channel bow (mean and standard deviation) depends on the
cycle core loading.

This dependence results from (1) the dependence of the
channel strain on the bundle fluence and initial t'ow and (2) the geometrical
dependence of the bowing on the arrangement of the fuel bundles in the c
ANF calculates the core mean channel bow using a conservative bounding co

o re.

loading analysis. re-
This analysis employs a four-bundle supercell in which the

fresh CPR limiting bundle is adjacent to two exposed and highly bowed fuel
bundles and is diagonal to a once-or twice-burned fuel bundle

The locations
of the bundles in the four-bundle supercell are determined by the expected

.

(i.e., nominal) increase in the four control rod water gaps
The uncertainty

because of deviations from this nominal geometry is determined using a Mont
.

Carlo procedure (Response 1, Ref. 6). e

The effect of channel bowing is considered statistically and is described
by the expected nominal value of channel bow and its standard deviatio
statistical parameters are determined using one of two base methods.

n. These

When a

-

.
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t
large amuunt of exposure-dependent channel bowing data is available, a
regression fit versus exposure is constructed and the required mean and
standard deviation are determined.

When sufficient data is not available to
determine a reliable correlation versus exposure, the channel data is grouped
by exposure and a groupwise mean and standard deviation are determined.

Since reused second-lifetime channels are expected to have substantially larger
bow than first-lifetime channels (and most likely represent a different
underlying population), the applicability of these statistical procedures to
second-lifetime channels will require additional validation. Also, the
methodology assumes in justifying the applicability of the XN-3 and ANFB
correlations that the CPR limiting bundle does not have large bow (Responseg
3, Ref. 5). 3This is not generally true for second-lifetime fuel channels.

3.5.2
Effect of Fuel Channel Bowing on Local power Peakino

.

The effect of channel bowing, and the resulting increased water gaps, on the
pin power peaking is calculated with the CASMO-3G lattice physics code (RefB
8).

The CASMO-3G model includes the four fuel bundles surrounding the control
.

roc channel water gaps. The boundary conditions imposed on the outer boundary
of this supercell affect the sensitivity of the power peaking to changes in
the water gap thickness.

ANF uses a periodic boundary condition on the
four-bundle cell which is conservative (Response 7, Ref. 5).

The sensitivity of the local power peaking to increased water gap thickness
depends on exposure and void fraction.

The void dependence is conservatively
accounted for by calculating the power sensitivity at high in-channel void
fraction (typically 70 to 75 percent) where the sensitivity is maximum
(Response 3. Ref. 6).

ANF neglects the flattening of the bowing perturbation
with increased fuel burnup and calculates the effect assuming an instantaneous
increase in water gap thickness at selected exposure points.

This method is
correct for fresh fuel bundles and is conservative for bundles with non-zerofuel burnup.

I
.

l
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1 3.5.3 Effect of Fuel Channel Bowinq on the Critical Power Ratio

The core fuel loadings for certain plants include fuel from multiple fuel
vendo rs ,

in this case, the determination of the core MCPR requires theI calculation of the bowing penalty for non-ANF fuel. In Response 10 (Ref. 5)
ANF has indicated that conservative estimates of the effect of channel bowing
on local power peaking will be used in determining the CPR penalty for non-ANF
fuel.

3.5.4 Fuel Misloadino/Misorientation

i Both the core average channel bow and the sensitivity of CPR to bow may be
affected by a fuel misloading or misorientation. The sensitivity of CPR to
bowing, however, is to a good approximation determined by the location of the
fuel rod in the bundle and is independent of the fuel bundle orientation in
addition, in the fuel channel analysis the channels are oriented to undergo the

,

maximum average bow and, consequently, a misorientation will result in an
increase in CPR.

In the fuel misloading, the maximum delta-CPR penalty occurs when a highly
exposed low-powered fuel bundle is replaced by a fresh high-powered bundle.InI this case, therefore, the cell-average bow and associated CPR bowing penalty
will be less than the values determined in the standard bowing analysis,

it is
assumed that the fresh high-powered fuel bundle is not contained in a reused
second-lifetime channel.

3.5.5
Effect of Fuel Channel Bowing on Power Distribution Monitoring

Fuel channel bowing reduces the water gap dimensions at the location of the
traversing incore probe (TIP) detectors used to monitor the core powerdistribution.

The geometry change may be considered as a core-wide reductionI in the gap thickness and a random or statistical variation in the gap about
this average gap reduction.

The effect of the core-wide reduction in the gap
is removed by the normali:ation of the power distribution to the core thermal

I
I
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power. The statistical variation in the gap dimensions, however, introduces a I
random spatial variation into the TIP response. This detector response
variation contributes to the measured TIP asymmetry and is included in the
SLMCPR analysis as part of the XTGBWR (Ref.13) and MICROBURN-B (Ref. 8) radial
power distribution uncertainties.
. . .

The ANF methodology for evaluating the effects of channel bowing is therefore
considered acceptable.

4.0 TECHNICAL POSITION AND LIMITATIONS

The ANF critical power methodology described in the ANF-524(P) Revision 2 and
the channel bowing Supplement 1 and in the ANF responses provided in References
4 and 5 has been reviewed.

The ANF methodology has been found to be acceptable
for perfonning safety limit MCPR analyses under the following limitations:

1.
The NRC-approved MICR0 BURN-B power distribution uncertainties should be
used in the SLMCPR determination (Section 3.1).

2.
Since the ANFB correlation uncertainties depend on fuel design, in
plant-specific applications the uncertainty value used for the ANFB
additive constants should be verified (Section 3.4).

3.
The CPR channel bowing penalty for non-ANF fuel should be made using
conservative estimates of the sensitivity of local power peaking to
channel bow (Section 3.5.3). g

,

3
4

The methodology for evaluating the effect of fuel channel bowing is not
applicable to reused second-lifetime fuel channels (Sections 3.5.1 and
3.5.4).

E

E

I
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NUCLEAR REGULATORY COMMISSION REPORT DISCLAIMER

I
IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS

DOCUMENT

PLEASE READ CAREFULLY

This technical report was derived through research and development pro-
grams econtored by Advanced Nuclear Fuels Corporation. It is being suomst. W
ted by Advanced Nuclear Fuels Corporation to the U.S. Nuclear Regulatory
Commission as part of a technical contribution to facilitate safety analyses
by Ilconsees of the U.S. Nuclear Regulatory Commission which uttilze Ad-
venced Nuclear Fusts Corporation fsoncated reload fust or other technical
services provided by Advanced Nuciest Fuels Corporation for lignt water
power reactors and it is true and correct to the best of Advanced Nuclear
Fuels Corporation's knowledge, information, and belief, The information con-
tamed herem may be used by the U.S. Nuclear Regulatory Comm:ssion in its
review of this rooort, and under the terms of the respective agreements, by
liconeses or aoplicants before the U.S. Nuclear Regulatory Commission
wh6ch are customers of Advanced Nuclear Fuels Corporation in their
demonstration of compilance with the U.S. Nuclear Regulator'r Commission's
regulations.

Advanced Nuclear Fuels Corporation's warranties and representations con-
coming the subject matter of this document are those set forth in the agree-
meet between Advanced Nuclear Fuels Corporation and tne customer to |which this document is issued. Accordingly, except as ot9erwise expressly g
provided in such agreement, netther Advanced Nuclear Fuels Corporation nor
any person acting on its Donalf'.

A, Makes any warranty, or representation, express or im-
plied, witn respect to the accuracy, como:eteness, or 5-
usefulness of the information contained in tnis docu-
ment, or tnet the use of any information, apparatus,
method, or process disclosed in this document will not
infnnge pnvetely owned ngnts, or

'B. Assumes any 1:acilities with respect to the use of or for
camages resulting from the ute of, any information. ao-
paratus, method. of process disclosed in , ells document.

I
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ANF-524(NP)(A)
i Revision 2
L Page i

Sumary of Changes fot' Revision 2

Section Descriotion of Chances

1.0 Updated to reflect use of ANFB correlation.

2.0 Minor typographical

3.0 Minor typographical

4.0 Updated to reflect change from XN 3 CPR correlation to
the ANFB CPR correlation

5.0 Updated to reflect use of ANFB correlation in safety
limit analysis and to define new uncertainties related
to updated neutronics methodology

6.0 No changes

7.0 Updated reference list with current document revisions

:
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ADVANCED NUCLEAR FUELS CORPORATION CRITICAL POWER METHODOLOGY

FOR BOILING WATER REACTORS

1.0 INTRODUCTION

This document describes the Advanced Nuclear Fuels Corporation (ANF)
methodology used for determination of thermal margin of a boiling water
reactor. Revision 2 supercedes the previously accepted Revision 1 of this
report. This methodology has been revised to incorporate the new ANFB
critical heat flux correlation in determination of the core safety limit
minimum critical power ratio (MCPR). The methodology for evaluating
operating limits is also presented. The objective of establishing operating

| limits is the oreservation of the fuel clad integrity. The methodology uses a
series of conservative assumptions which over estimate the probability of a
breach of fuel clad integrity. Therefore, the reactor operating limit
provides a level of protection in excess of established rcquirements.(1,2)*

The thermal margin- determination depends upon hydraulic and thermal
calculations. Reactor coolant flow distribution is calculated from a set of

f experimentally or calculationally determined assembly hydraulic
characteristics and an experimentally verified two phase flow model.
Following the calculation of core flow distribution, a critical power

correlation can be used to determine if fuel rods experience boiling
transition. The safety limit is derived by statistically convolving hydraulic
and thermal calculational uncertainties with measurement uncertainties
associated with reactor instrumentation. The safety limit provides an
appropriate level of core protection from boiling transition. The incremental
change in margin due to reactor system transients is added to the safety limit
iA Wsblish the limit for normal' reactor operations.

For purposes of establishing the reactor operating limit, damage of the
fuel rod clad is conservatively assumed .to occur if the fuel rod experiences

* Numbers in bt ackets refer to references.
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boiling transition. Considerable data exist to show cladding integrity can be g
maintained for an extended period of time in boiling transition.(3'4) Boiling 5
transition is characterized by a degradation of rod surface heat transfer and
a subsequent rise in clad operating temperatures. Because boiling transition
is not a directly measurable quantity in an operating reactor, it is

quantified in terms of the critical power ratio (CPR) which is derived from a
|critical power correlation. The critical power correlation is an empirical

representation of the assembly coolant conditions at which boiling transition
has been experimentally detected. The critical power ratio is defined as the
assembly, power required to produce boiling transition divided by the operating g
assembly power. The safety and operating limits of a reactor core are 5
expressed by the allowable MCPR.

I
The reactor system transients and events which are plausible for a BWR

are classified according to expected or observed frequency of occurrence in g
accordance with established standards.(5) These transients and events are
analyzed with methodology described elsewhere(6),(17) to determine their
impacts upon fuel rod performance, which are characterized by a change in the
MCPR (ACPR) from steady-state during tha transient. The largest ACPR due to
the reactor system transients or events is added to the MCPR safety limit to
establish the MCPR operating limit. Reactor operation is restricted such that
the observed MCPR is always greater than or equal to the MCPR operating limit. |

The level of core protection which has been established for BWRs(15) is
that 99.97. of the fuel rods in the reactor core are expected to avoid boiling
transition when the reactor core is operating at the MCPR safety limit.

5Derivation of the MCPR safety limit is performed with a design basis power 5
distribution which conservatively represents expected reactor power

distributions for normal reactor operation and as a consequence of reactor
system transients. With ANF's revised methodology, a deterministic approach
is incorporated in evaluating the expected number of rods in boiling

transition for a specified safety limit MCPR.

I
I
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In summary, the procedure used to 9terminc che MCPR of a BWR and toI establish the MCPR safety limit is described within this document. The

determination of MCPR includes a calculation of the distribution of reactor
coolant flow which provides data for the critical power calculation. The MCPR

safety limit is established with a design basis power distribution and a
statistical convolution of the measurement and calculational uncertainties
associated with the determination of MCPR. The MCPR safety limit, in
conjunction with reactor transient and event analyses, establishes anI operating limit on MCPR which in turn limits the range of reactor operation.
The MCPR limit on reactor operation provides for the maintenance of fuel rod
cladding . integrity during normal operation and reactor system transients or
events.

.I

I
I
I

.
.

I
I

I
I
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} 2.0 SUMMARY

) This document describes the methodology used by ANF to establish and to
assess compliance with MCPR operating limits in a boiling water reactor (BWR).
The steps of the MCPR calculational procedure are presented and verification
is provided as appropriate. The reactor system measurement uncertainties are
statistically convolved with MCPR calculational uncertainties to determine a
MCPR safety limit which protects 99.97. of the fuel rods in the reactor core
from boiling transition (See Figure 5.1). The MCPR safety limit, incorporated
with a ACPR from transient analyses described elsewhere,(6),(17) establishes a

g limit on the range of reactor operating parameters which is consistent with
B established criteria for nominal and transient reactor operation.

A MCPR safety limit is generated for a set of reactor system measurement
and calculational uncertainties by a Monte Carlo procedure. The generation of
the MCPR safety limit is based upon a design basis power distribution which
conservatively represents expected reactor power distributions. Hence, the

MCPR safety limit presents a conservative limit with regard to protec'. ion of
the reactor core from boiling transition. The MCPR operating limit may be
reactor core specific and hence is established on a core / cycle specific basis.

I

I

I

I
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' 3,0 CORE FLOW DISTRIBUTION

The calculation of the core flow distribution determines the flow to eachp
' assembly and to the bypass region, and provides the hydraulic information

necessary for calculating the assembly critical power rati's. The core flow
distribution is calcultted from a hydraulic model of the reactor core. The

physical components of the reactor core (support plates, assemblies, and
assembly components, etc.) are represented in the hydraulic model by flow
resistances connected in series and in parallel. The hydraulic model provides
a mathematical representation of the pressure and coolant flow distributions
which result from the physical configuration of the reactor core.

The flow resistances in the reactor co e are determined by analytical
techniques or by experimental programs or a combination of both. For example,

the single-phase flow resistances of the orifice, lower tie plate, bare rod

| region, spacers, and upper tie plate of the ANF fuel, have been determined by
an experimental program. The two phase flow resistances of appropriate

I
components are determined from the single-phase loss coefficients and a set
of two-phase flow models.(II) The prediction .of pressure drop by a

. combination of single-phase loss coefficients and two phase flow models has
been experimentally verified.(ll)

| Because the assembly flow is constrained by the placement of metal liners
(channels) around each fuel assembly, the flow through each assembly depends
upon the resistance to flow encountered. The core is hydraulically comprised
of a number of parallel flow paths with an equal pressure drop existing acrost

g all paths between points of common communication. Since the fuel assemblies
B communicate only at the upper and lower plenum, the pressure drop across each

assembly is equal from the lower plenum to the upper plenum. The recircu-
lating flow rate and the assembly hydraulic resistance, in conjunction with
the hydraulic resistance of the bypass region, determines the core pressure
drop. A schematic diagram of the flow resistances of the core hydraulic model
is shown in Figure 3.1. The core is comprised of parallel resistances across
the core support plate, the bypass region, and from the lower plenum to the
upper plenum.

I
.

_ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ ----~ ~-
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The results of the calculation of core ' low distribution are the bypass
flow fraction and the distribution of coolant ' low and enthalpy throughout

|the reactor core. For the determination of the safety limit, the relationship
between assembly flow rate and assembly power is determined for each fuel
type.

3.1 Channel Flow Model

L The channel flow model is used to determine the pressure drop across each
flow path identified in the core hydraulic model and is used to determine the
core pressure drop.

I
I
I

.

I
|- The calculation of pressure drop is based upon the momentum equation for

separated flow (ll) and may be written as:

I
I
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The pressure gradients defined by relation (3.1) are numerically
integrated over the fuel length to determine the overall pressure drop. The

numerical integration procedure which is used reduces the sensitivity of the

| calculated pressure drop to the nodalization and thereby results in an
accurate calculation of the pressure drop as described in Reference 11.

The pressure drop and, therefore, the flow rate in each assembly is
dependent upon the hydraulic losses, operating power, and axial power

distribution present in that assembly. The hydraulic losses in the assembly
are characterized by single phase hydraulic tests or analytical models. The

. assembly power is manifested in the pressure drop through the two-phase flow
models.

...

I
I

A- negative axial offset is indicative that greater than 507, of the assembly
.I power is deposited in the lower half of the assembly, and is the usual

'

,. situation for an unrodded assembly. The variation of assembly flow as a
function of the axial offset is shown in Figure 3.2 for assemblies in a

I
-- -
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gtypical central orifice zone at typical BWR operatina conditions.

I
I
I
I
I

3.2 Two-Phase Flow Models

I
Because the void fraction model

is used to determine an average fluid density, which in turn is used to
determine gravitational and other pressure drop components, it is an implicit
part of the methodology for calculating pressure drop.

I
. Experimental pressure drop data was acquired in tests conducted for ANF

by Columbia University.(B'9'll) The data represents pressure drop data taken |
during diabatic two-phase flow conditions with rod bundles prototypic of BWR
fuel designs. The pressure drop in assemblies with both uniform and non-
uniform axial heat flux profiles has been determined over a wide range of
operating conditions

I
I
I

--
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3.2.1 Void Fraction
The void fraction correlation used in the pressure drop calculation is

f based upon a mechanistic description of two-phase separated flow and

inco'rporates the effects of integral and relative phase slip. The void
fraction correl ation ' is a function of the pressure, mass velocity, flow
quality, and rod surface heat flux within an assembly. A subcooled void model

is included in the void fraction correlation to include the effects of thermai
I non-equilibrium,

I

I

3.2.2 Two-phase Friction Multioliers

|

|

|

|

1

-



I
ANF-524(NP)(A)

Revision 2
Page 10

3.3 Hydraulic Test and Analysis

The single phase fuel assembly hydraulic loss coefficients are

determined by analytical procedures or an expariniental test program. In the
case that hydraulic characteristics are determined experimentally, a portable

5 hydraulic test facility (PHTF) is used to measure the single-phase pressure

|
losses associated with both ANF fuel and existing fuel. This eliminates the
potential for experimental uncertainty due to the use of different test
facilities and tes,ing procedures,

a I
I

I
I
I
I
I
I
I
I.
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4.0 CRITICAL POWER CALCULATION

The calculation of assembly thermal margin is based upon the c *e flow
distribution analysis and is completed by the assembly critical power

calculation. The assembly critical power corresponding to a particular

( reactor operating state is determined from the ANFB critical power
'

correlation.(10) The ANFB correlation is an empirical representation of the

{ set of assembly coolant conditions at which boiling transition has been
experimentally detected. The figure of merit in the assessment of thermal
margin is the critical power ratio (CPR). Thus, an assembly with an absolute
CPR of 1.30 could experience a 3W. increase in power before it is expected
that boiling transition will occur on the most limiting. rod within that

k assembly.

4.1 effJLCritical Power Correlation
The ANFB critical power correlation is used to determine the assembly

{ power required to produce boiling transition for a particular reactor and fuel
assembly operating state. The correlation was developed from a large body of
cxperi;,, ental data encompassing a wide variety of coolant conditions and-

assembly geometry,-

s,

'4
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The ANFB correlation has also been compared to transient boiling
transition data. Assembly power and flow were varied in a manner typical of
anticipated transients until boiling transition occurred. It was determined g
that the ANFB correlation conservatively predicted the time to boiling g
transition, indicating that use of the ANFB correlation to predict critical
power during transient operating conditions is conservative. |

The ANFB correlation has also been used to predict the number of rods
experiencing boiling transition for representative test data. The number of
rods in an assembly calculated to be in boiling transition, as predicted by g
the ANFB correlation, is found to be a conservative prediction of the total B
number of rods in boiling transition for a particular data point.

I
4. 2 Critical Power Analysis

The calculation of assembly thermal margin is performed following a |thermal hydraulic calculation which determines the flow distribution within
the core. The flow distribution is determined by the core flow analysis
described in Section 3.0.

I
'

I
I
I
I
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5.0 GENERATION OF THE MINIMUM CPR SAFETY LIMITI The minimum CPR (MCPR) safety limit is established to protect the core
from boiling trans' tion during both normal operation and anticipated
operational occurrences. When the reactor core is operating at or above the
MCPR safety limit, at least 99.97. of the rods in the core are expected to

i

I
I -

I
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{

l

.

The MCPR safety limit established by this procedure is an appropriate
limit for protecting the core during normal operating conditions and
anticipated operational occurrences. The MCPR safety limit derived by the
procedure presented provides a credible limit for MCPR monitoring, because the
MCPR monitoring procedure was :imulated in generating the safety limit. I

_ - __- ___ __ -____-_ - _ - _ ___ ___
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TABLE 5.1 TYPICALUNCERTd!NTIESUSEDTOGENERATEMCPRSAFETYLIMIT

. .
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FIGURE 5.1 FLOW DIAGRAM FOR SAFETY LIMIT ANALYSIS'g
:
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6.0 GLOSSARY -

A0 = axial offset
7

-h=pressu'regradient
~

D = hydraulic diameter
f = bare rod friction factor
9,ge = gravitational constants
G = mass velocity

i KC = component loss coefficient

Kexp = irreversible loss coefficient for sudden expansion
L = fraction of power generated in lower half of assembly
U = fraction of power generated in upper half of assembly
AZ = calculational increment
a = void fraction
u = specific volume for momentum transfer

I m

p = average der,sity
= density of saturated vaporpg

I pr density of satursted fluid
pg = density of liovid phase
o = area ratio
e2BR = bare rod two phase friction multiplier

2e c = component two phase friction multiplier

.

4
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NUCLE.AR REQULATORY COMMISSION DEPORT DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS
DOCUMENT

PLEASE READ CAREFULLY

This technical report was conved through research and covetoement pro.
grams sponsored by Advanced Nuclear Fuste Corporation. it is Demg submit-
tod by Advanced Nuclear Fuels Corporetton to the U S. Nucitar Regulatory
Commiselon as pad of a technical contnbution to factittate safety analyses
by l'aensees of tra U.S. Nuclear Aequtatory Commission wnich utill2e AC-
venced Nuclear Fuets Cor; oration faoncated reload fuel or other 'echnical
services provided by AOvanced Nuclear Fuets Corocration for light water
power reactors and it is true and correct to the best of Aovances Nuctear
Fuels Corporation's knowiedge. informatton, and belief. The information con-
tamed herein may be used cy the U.S. Nuclear Regulatory Commission in its
review of this report, and uncer the terms of the respective agreements ey
licensees or applicants esfors the U.S. Nuclear Regulatory Commission
which are customers of Advanced Nuclear Fuses Corporation in their
comonstration of competancs with the U.S. Nuclear Regulatory Commission s
regulations.

Acvanced Nuclear Fuets Corporation's warranties and representations con-
commg the sueiect matter of this document are those set forth in the agree-
ment between Acvanced Nuclear Fuses Corporation anc the customer to
which this document is issued. Accordmgly, except as otherwise expressly
proveded in such agreement, neither Advanced Nucisar Fueis Corporation not
any person acting on its behalt:

A. Makes any warranty, or representation, encress or tm-
plied, with respect to the accuracy, corsoleteness. or W
usefulness of the mformation contamed in this cocu-
ment, or that the use of any information, accaratus,
method or process disclosed m this document aill not
minnge pnvatet, owned nghts, or

B. Assumes any liantisties with respect to the use of. or f or
damages resulting from the use of, any mformation. ao-
paratus, method. or process disclosed in this cocument
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ADVANCED NUCLEAR FUELS CORPORATION CRITICAL POWER METHODOLOGY

( FOR BOILING WATER REACTORS

METHODOLOGY FOR ANALYSIS OF ASJEMBLY CHANNEL BOWING EFFECTS

1.0 INTRODUCTION

This supplement to ANF 524 describes .he application of Aavanced Nuclear
Fuels Corporation (ANF) safety limit methotology for determining the thermalp

- margin impacts of channel bowing. Atif has developed a method that accurately
. ,

assesses the thermal margin impacts of channel bow through inclusion in the
core safety limit calculation (Reference 1). This report describes the

calculation procediare, results from a benchmark calculation, and results of
r four example cal ulations.

Channel bowing is best modeled with a statistical proceduro. For a given
reactor core, the mean chtnnel bow for a given batch of fuel can be determined
based on the exposure history of the fuel channels. Channel deflection data

can also be, used to determine the uncertainty (standard deviation) in the
expected (mean) value of channel bowina.
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2.0 SUMMARY

{ ANF has developed a calculational procedure to determine the thermal
'

margin impacts of BWR channel bowing. This procedure is an extension of the
standard safety limit methodology and is based on the statistical nature of

j channel bowing. A benchmark to the Oskarshamn-2 fuel f ailure event and four
'

example cases comparing channel bow effects based on differing input

assumptions are presented.
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3.0 CALCULATION PROCEDURE

The calculation procedure used to determine the thermal margin impacts of
channel bowing can be broken into three areas:

1) Determination of expected channel bowing and uncertainty for a

(
given channel exposure using channel deflection data.

2) Calculation of local peaking effect caused by ch;rnei bowing by
employing a lattice phys'cs code such as CASMO 3G.

3) Assessment of the thermal margin (critical power) ef fects of-

channel bowing with a statistical procedure within. the
standard ANF safety limit aialysis technique (Reference 1).

{
These procedural steps will now be described.

3.1 0,etermination of Excected Channel Bowina
Channel bow data is available from several sources and covers GE,

CARTECH, and ASEA channels. EPRI (References 2, 3, 4) has published data for
GE and CARTECH channels, KWU has an extensive database of CARTECH channel

deflection measurements, and the Swedish Regulatory Authority has issued a

{ table of channel bow as a fur.: tion of exponce for ASEA channels. This

information is used to determine the expected channel bow throughout the cycle
of operation that is being evaluated.-

{
-

3.2 Calculation of local Peakino Effects

[ After tabulating the channel bow versus exposure data, it is necessary to
develop a lattice physic:; model to simulate the channel bow phenomenon. The

CASMO 3G code is currently used for this calculation (Reference 5). '

;
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3.3 Statistical Analvsis of Thermal Marcin fmoacts
The safety limit statistical analysis reflects how the core is monitored

by the core monitoring system and includes the channel bow effect.

V

| I
i I
:

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



, _ , , - - - - - - - - -

Y

At4F-524(NP)(A)

- Yev$ Yon 2
i Page 5
j

|

}
{-

.

1

(

i

.

$

f

\

. _ _ _ _ _ _ - _ _ _ _ - - - _ _ - _ - _ _ _ _ _ - - - . . - - _ _ _ _ _ _ _ _ _ - _ _ . _ - - _ - - _ - _ _ _ _ - _ _ _ - . _ _ _ _



_ _ _ _ _

.

ANF524(NP)(A)
-

L Supplement 1
Revision 2

Page 6,

|

4.0 CALCULATION RESULTS

| The ANF procedure for analyzing channel bow includes the nominal

| maanitude of bowina expected based on the exoosure hittnry of the channals

ine

safety limit for the reactor may be increased slightly due to the bow and the
transient delta CPR is unaffected. so the operating limit may be increased
the same magnitude as the safety limit increase.

4.1 Examole Calculations-

The results of four example calculations requested by the NRC staff are
presented below for a reference 0 lattice plant using ANF fuel in ASEA

| channels. The channel bow data used for these calculations was prescribed by
the Swedish Regulatory Authority. The four cases considered are:

1) Nominal case without effects of channel bow.

2) Typical channel bow case with two twice burned and one once
burned assemblies in a super cell with a fresh bundle.

3) Case with two twice burned and one once burned assemblies in a
super-cell with a fresh bundle without accounting for bowing
depletion effects. A standard depletion calculation is
performed for nominal geometry and restart cases with expected

I- channel bow are run at each exposure point of interest. This

is more severe than case 2 because rods with high peaking due
to channel bow are not allowed to undergo accelerated depletion
as the core is burned.

4) Case with three twice burned assemblies in a super cell with
one fresh bundle without bow depletion effects. This is an
atypical worst case and produces the largest MCPR effect.

All of the example cases assume that fuel channels are not being reused.
,

The results of the calculations are presented in Table Sl.
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TABLE S1 CHANNEL BOW CALCULATION RESULTS

Case Number Chr.nnel Bow MCPR Effect

1

4

Channel bow and the associated MCPR effect are slightly smalier for a
'

typical C lattice plant due to smaller bundle flux gradients resultinv from
the uniformity in core water gaps. The results in Table S1 therefore bound '<j

,

similar results for a C lattice plant. These results indicate the current
approach is acceptable. |

4.2 Methodoloav Benchmark

A benchmark to the Oskarshamn 2 fuel failures was carried out to insure
that the ANF methodology is appropriate and conservative. To perform the
benchmark, the Oskarshamn reactor was modeled with the ANF methodology

t
I

The results are based on standard safety limit modeling procedures

I
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March 19,1990

Mr. Robert C. Jones, Chief
Reactor Syatoms Branch
Division of Systems Technology
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Jones:

Subject: Transmittal of Additional Information on ToDical Aeoort
. ANF.524(P) Revision 2

Ref: 1. Letter, R. C. Jones (NRC) to R. A. Copeland (ANF)," Request for Additional
Information Regarding the Topical Report ANF 524, Rev. 2,* dated
March 5,1990.

2. ANF 524(P), Revision 2. " Advanced Nuclear Fuels Corporation Critical
Power Methodology for Boiling Water Reactors,* Advanced Nuclear Fuels
Corporation, April 1989.

3. Letter, R. A. Copeland (ANF) to Director of NRR (USNRC)," Transmittal of
ANF 524(P), Revision 2," April 11,1989, RAC:023:089.

Attached is the additional information that was requested (Reference 1) on Advanced
Nuclear Fuels Corporation's critical power methodology for BWRs (Reference 2). ANF considers
the information contained in the Reference 2 topical report to be proprietary. The affidavit
included with the Reference 3 letter provides the information required by 10 CFR 2.790(b) to
support withholding of this topical report from public disclow 4

If there are questions, or if further information is needed, please contact Larry Nielsen at
(509)375 8358.

Sincerely,

['

R. A. Copeland
Manager, Reload Licensing

. /skm
ec: Dr. L. Lois (USNRC)
Attachment

- -- -- - _ --- _
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Ouestion 1

I In addition to (1) the use of the ANFB Critical Power Correlation and associated uncertainties,
(2) the reduced MICROBURN B power distribution measurement uncertainties, and (3) tne
inclusion of the CPR correlation uncertaintler ,, 'ncertainties in the additive constants, what
other changes in the SLMCPR methodology have een introduced in Revision 2 of ANF 524(P)?

Answer 1

I
I

,

I
91!.tMAIL2

Provide a specific reference for the 0.02 uncertainty in Table 5.1 for the additive constants.

6nswer 2

The 0.02 uncertainty found in Table 5.1 of ANF 524(P), Revision 2 comes from Table 6.2 of
document ANF 1125(P), Supplement 1. This uncertainty is for ANF 8x8 and 9x9 2 BWR fuel
assemblics. ANF 1125(P), Supplement 1 gives additionaladditive consthnt uncertainties for otherI fuel types. The NRC has generically approved ANF 1125(P), Supplement 1.

Question 3

What distributions were used for the uncertainties in the MICROBURN B power distribution
measurement and the ANFB additive constants, (? Provide justification for these distributions,
if normal distribution were assumed, justify this selection with statistical tests.

Answer 3

The distribution for the MICROBURN B power distribution measurement and the ANFB additive
constant uncertainties are

_ _-_ __ _ _ _ _ -- ___ _ _--__ - - - - -
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.Ouestion 4

Does MICROBURN B and/or ANFB non conservatively over predict the limiting CPR and, if so,
how are the biases accounted for in the SLMCFR determination?

Answer 4

I
I
I
I

Question 5

Do the ANFB and MICROBURN B uncertainties depend on the local conditions, fuel design, core
loading or the specific plant? Il so, how is this dependence accounted for in the SLMCPR |methodology? For example, the ANFB uncertainties seem to be larger for low mass fluxes and W
ior higher prassure and enthalpy (Figures 5.3 5.5).

Answer 5-

-

.

The MICROBURN B uncertainty is selected to be appropriate for all plant and fuel types and aapplied in a manner consistent with the currently approved methodology.
5

The ANFB uncertainties depend on fuel type because the additive constants vary for different fuel
types. The additive constant uncertainty is derived from the CHF tests based on the fuel type 'gbeing tested.

3

The observations made regarding the higher uncertainties at low mass flux, high pressure, and ahigh enthalpy are correct. In applying the conservatisms in the analysis, the values used are
conservatively drawn from the entire database. These uncertainties are conservative based on g
the following discussion.

I
'

I
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The safety limit is established to protect 99.9% of the fuel rods in the cose during an operational
transient initiated when the reactor is in normal operation modo. The extreme values of mass
flux, pressure, and burnout enthalpy are at core conditions outside of the normal operating
domain of a boiling water reactor. Since these higher uncertainties are combined with the data
that is in the range of normal operations, the resulting uncertainty values are conservatively
bounding for normal operating conditions.

The new saloty limit methodology based on ANFB addresses the offects of core loading just as
current methodology based on the XN 3 corrolation does through the use of a slightly higher

I
Ouestion 6

. To what specific fuel / spacer designs and plant types will the ANFB and MICROBURN B
uncertaintbs be appliod? Justify this application if it is not included in the associated verification
data base.

Answer 6

in conformance with the SER issued for the ANFB correlation, the uso of the ANFB corrt.lationI and uncertainties will be lim!!od to assessments with the additive constants given in ANF 1125(P),
Supplement 1, if a new fuel design results in adottivo constants outside the range of ANF-
1125(P), Supplement 1, the now additivo constants and uncertainties will be justified.

The MICROBURN B uncertainties will be applied in the U.S. for General Electric BWR 2,3,4,5, and
6 reactors. In general, the MICROBURN B uncertainties are being applied just as'the XTGBWR
uncertainties were in the previously approved methodology.

Ouestion 7

8 Have the worst case plant parameters (e.g., power and flow distributions) which put the maximum
number of rods closest to the SLMCPR been selected for tne SLMCPR calculation?

Answer 7

Yes. The worst caso plant parameters are used for the SLMCPR calculation.I
I
I

|
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Ovestion 8

,

Has the number of trials been reduced in the now CPR methodology? If so, justify this reduction.

Answer B

No. The number of trials is not reduced.

Question 9

Why has the core inlet temperature uncertainty boon eliminated form Table 5.17

Answer 9

I
I

Question 10

in the new methodology, the CPR correlation uncertainty has boon reduced substantially (from 3
4.1% to 2.5%) and this uncertainty is now introduced by varying the additive constants f. There 5are several questions concerning the magnitudo and the simulation of this uncertainty:

a. How are the random variations in the additive constants introduced? Are all
constants for all rods in the core changed by the same amount, or are the l's for
different fuel bundle designs varied independently? What'is the basis for the
procedure used?

b. Varying the additive constants t, rather than the calculated CPR, gives physically
artificial pressure and flow dependence to the ANFB correlation unconainty. Does
this proceduro reproduce the observed 2.5% standard deviation between the i

measurement and calculation of the verification test data? If not, ju;tify the
variation of the additive constants 1 rather than the calculated CPR.

c. While the introduction of the fuel and spacer design dependent additivo constants
t results in a reduced CPR calculational uncertainty, this lower uncertainty has

only been verified for the dependent test data that was used to determine the

|-

8!
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ANFB CPR correlation. Therefore, verify the lower ANFB correlation uncertainty
using independent data, by partitioning the test data base and using different
parts for the construction and the verification of the correlation..

Answer 10

Part a '

, The additive constants are varied for each individust rt., in the core by a random process.

Part b

As discussed in the response to question 5, the range of operating conditions present duringI normal reactor operations would produce smaller uncertainties than are used in the safety limit
analysis.

.

I

I
Part c

The uncertainty in the ANFB correlations is accounted for through the additive constant
uncertainty,

I

I
gyestion 11

The XN-NF 524(P) methodology assumes the MCPR monitoring calculation is performed by the
POWERPLEX. The ANF 524(P) assumes the MCPR Monitoring calculation will be performed with
MICROBURN B. How will the change from POWERPLEX to MICROBURN B be implemented?
Will any plants use the MICROBURN B/XN 3 or POWERPLEX/ANFB combination?

I .

I '

I
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I
Answer 11

The change from XTGBWR based POWERPLEX to MICROBURN-B based POWERPLEX is
implemented through the use of the appropriate Radial Bundle Power Uncertainty factor. The
h;tdraulic models in the two monitoring codes have not changed.

No plants will be licensed with a methodology that uses a MICROBURN-B/XN4 combination.
If a plant is upgraded to ANFB but retains an XTGBWR based version of POWERPLEX, the
appropriate nadial Bundle Power Uncertainty factor for XTGBWR based POWERPLEX will be
used.

In general, the ANF 524(P) methodology can be used with any core monitoring code if sufficient g
information ir available about uncertainties associated with the core monitoring code and ANFB gis used for CPR calculations.

Question ij

How are the uncertainties in the bundle geometry factors (e.g., bundle flow areas, heated area,
etc.) accounted for in the statistical analysis? "

Answer 12

I
I

| E

I
g

,.
.

I
I
I



_

4

'

ANF-524(NP)(A)
Supplement 2

ADVAtJCED NUCLEAR FUELS CORPORATION P390 12
i UL'ait ;%91 %92' ''* '"'"'""'" "'"''''

April 9,1990
RAC:030.90

|

f Mr. Robert C. Jones. Chief
Reactor Systems Brarch

Division of Engineering and System Technology
f Office of Nuclear Reactor Regulation

U. S, Nuclear Regulatory Commission
- Washington, D.C. 20555

Dear Mr. Jones:

Subject: Loss of Thormal Marain Caused by Channel Bcx Bow

I Referenco: 1.
Tolocon: D. Fiono (NRC) S.E. Stato (ANF), and LA. Nielson (ANF), Samo
Subject, April 2,1990.

2.
NRC Bulletin No,90 02:" Loss of Thermal Margin Caused by Channel Box
Bow," dated March 20,1990.

3.
Lotter, R.A. Copeland (ANF) to Director of NRR (USNRC), " Transmittal of
ANF 524(P), Revision 2," April 11,1989, RAC:023:09,

Attachod is the additional documentation that was discussed in the tolophone call of April 2,1990
(Rotorenco 1), The attachmont providos data that shows the preliminary values of the channel
bow MCPR penalty identified in the Bulletin (Referenco 2) is bounded by conservatisms in tho
XN 3 critical heat flux corrolation.

Please considor the information in thoso responses to be proprietary to ANF, The affidavit
supplied with the original submittal (Referenco 3) provides the nocessary information as required
by 10 CFR 2.790(b) to support the withholding of the attachmont from public disclosuro.

11 thoto are questions, or if I can be of further help, please contact me.

Sincoroly;

b $ .Yd'7
R. A. Copeland
Managor, Roload IJcensing

/skm
cc: D. Fiono (NRC)

t
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Tho XN 3 correlation was approvod for uso in developing design limits for boiling water reactors
by the NRC in July of 1982. In March of 1000, NRC approved tho ANFB corrotation ter uso in
dovoloping design limits for boiling water reactors in the oight years betwoon approval of XN 3
and ANFB, ANF has added more than 1300 critical heat tiux data points. This additional cata
mado it possinio to quantify tho magnitudo of known conservatisms in XN 3 when arar% to ANF
8x8 2 and 9x0 2 fuel designs.

The technical basis for dolormining the XN 3 conservatism comes fre.n analycle of tho ANF
critical heat flux data base. Tho additional data added sinco tho approval of XN 3 includos 27
tull array tosts. Tho XN 3 corrolation was developed using conservativo part array tests. By
addinD full array tosts to the critical heat flux data base, it became possiblo to quantify and
tomove tho excess consorvatism associated with the part array tests. This was dono in
developing ANFB.

ANF beliovos that tho approach outlinod abovo is the most prudent way to address the channel
box bow issue at this time. This approach will not result in a reduction in calcty margin for thoso
plants using ANF 8x8 2 and 9x9 2 luol assemblics licensed with the XN 3 corrolation. This
approach also permits sufficlont timo for NRC review and approval of the ANF channel bow
methodology.

,
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[ Table 1 MCPR Comparison of in Reactor Data for ANF 0x9 2
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Table 2 Critical Power for ANF 0x8 2 as a Function of Flow and Inlet Enthalpy
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, May 3,1990
RAC:045:90

i

i
Mr. Robert C. Jones, Chief
Reactor Syst.ams Branch

I Division of Engineering and System Technology
Office of Nuclear Reac'.or Regulation ,

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: AdditionalInformation Rocardino Loss of Thermal Marcin Caused by Channel
Box Bow

Reference: 1. Letter, R. C. Jones (NRC) to R. A. Copeland (ANF), " Request for Additional
information Regarding the Topical Report ANF 524 Rev. 2, Supplement 1/
dated March 30,1990.

2. Letter, R.A. Copeland (ANF) to Director c,f NRR (USNRC), '' Transmittal of
ANF 524(P), Revision 2,* April 11,1989, RAC:023:89,

i

Attached is the additionalinformation requested in the Reference 1 letter. The responses provideI iniormation regarding the ANF methodology used to calculate the loss of thermal margin caused
by channel box bow.

I Please consider the information in those responses to be proprietary to ANF. The affidavit
supplied with the original submitta! (Reference 2; provides the necessary information as required
by 10 CFR 2.790(b) to support the withholding of the attachment from public disclosure,

if there are questions, or if I can be of further help, please c'ontact me.

Sincerely:

nu
R. A. Copeland
Manager, Reload Licensing

/skm
cc: D. Fieno (NRC)

L. Lois (NRC)A Siemens com uny

.
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.

ADDITCNAL INFORMATION REQUIRED FOR THE
REVIEW OF THE ADVANCED NUCLEAR FUELS CHANNEL

BOWING SUPPLEMENT-1 TO ANF.524fPl. REVISION 2'

1. How is the effect of thannel bowing on the bundle K , core reactivity and shutdown
margin and bundle p7wer distribution accounted for?

L

i

i

2. What bundle displacements are calculated? Are displacements perpendicular to the
bundle face and diagonal bundle displacements analyzed? Is this selection of
bundle displacements consistent with the channel bowing measurements? Just"y
the use of a reduced set of bowed geometries to represent all expected bundle
displacements.

~

Ans: Bundle displacements that are both perpendicular and diagonal to the bundle face have
been analyzed. The bundle displacements are consistent with the channel bowing
measurements. A reduced set of geometries is used to simplify the overall calculation
process and at the same time conservatively bound the expected in core geometries.

,

t
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3. Discuss the applict sility of XN3 and/or ANFB to the radially and axially bowed
channel geometry? 18 the internal rod to-rod pitch preserved?

Ans: XN 3 and ANFB can be conservatively applied to the bowed channel geometry. The rod- g
to rod pitch is assumed to be preserved in the region where CHF typically occurs 3

due to the mechanical constraint of the spacer.

I
I
I

4. What is the effect of channel bowing on the bypass flow distribution?

I
E

5. What procedures are used in the fuelloadinglorientation which affect the channel to-
channel spacing? How are these procedures accounted for in the determination of
the effects of channel bowing?

Ans: In the ANF evaluation of channel bow, utility procedures which define fuel
loading / orientation are not considered and therefore have no impact on channel to-
channel spacing. The largest potential channel bowing is assumed in the analysis -

methodology.

E

I
I
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-

6. How does channel bowing and the associated fuel loading! orientation procedures
affect the calculation of the DMCPR for a fuel mistoading/misorientation error?

I

I
I

~

I
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7. What boundary conditions are assumed in the CASMO 3G calculations and how is
the sensitivity to the boundary conditions accounted for in determining the power
increase? I

I
I
I

.

8. Describe in detall the calculation of the R factor uncertainty resulting from the g
channel bow uncertainty, Justify any approximations or assumptions in this g
determination.

I
I
I
I
.I

I
I
I
I.

I'

4



.

_ . .

At1F 524(fiP)(A)
Supplement 2

T Attachment
Page 21

i

9. What cycle dependent input will be used to determine the channel bow? Will the
bow be estimated using bundle speelfic values of initial bow, fluence, etc ?

J

l
'

] 10. How will the bowing and R factor sonsttivity be determined for mixed cores of ANF
and non ANF fuel?

]

1

1

1

1

I
I
I
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11. Are all uncertainties in the determination of the cycle specific gap spacing and the
bowed power maps included in the R factor uncertainty, For example, how is the
uncertainty allowance determined and accounted for:

(1) the strain dependence on bundle specific fluences, Initial bow, etc.,

(2) the dependence of the gap spacing on the cycle specific fuelloading,

(3) the dependence of the bowed power mapo on the neighboring fuel bundles
(rather than those assumed in the four bundle cell calculations), and

(4) the four bundle cell bow model . I.e., representing all possible bowed
geometries by the selected set of calculated displacement patterns.

Ans: The uncertainty allowance is accounted for as follows;

I-

I
I
I
I
I
I,

1

I1

I
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L

-

I
I
I

12. What conservatism has been incorporated into the calculation of the channel to-
channel spacing and the bowed channel power maps?

I
I

13. How will the effect of channel bowing on the LHGR be accounted for?

4

I ,

I
_ _ .
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FIGURE 131 LHGR LIMIT FOR BX8 FUEL
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FIGURE 13-2 LHGR LIMir FOR 9X9 FUEL
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14. Discuss in detall how the channel to channel spacings are determined for a specific
core and fuelloading. How do you account for (1) the spacing dependence on the
fuel loading and the number of exposed bundles in a four bundle cell and (2) the
dependence of the power maps on the neighboring fuel bundles? How are C and
D lattices distinguished?

I
I
I
I

15. How is the exposure and void dependence of the bundle pin power maps accounted

I for?

I
I
I 16. What, if any, geometrical variables (e.g., radial bundle displacement, total gap

spacing, etc.) are used to correlate the CASMO 3G calculated power maps as a
function of channel bowing? .

I
I

I
I
I
I
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17. How is it assured that the selected four bundle cell calculation will conservatively
represent the typical four bundle cell in the reactor?

I
I
I

18. Demonstrate that the ANF TIP and power distribution measurement uncertainties are
sufficient to account for the effects of channel bowing.

I
I
I

19. How la the fuel channel bowing and the associated standard deviations determined?
.

, Ans: ANF has two base methods that are used to cietermine expected channel bowing.

I
I
I
I
I
I
I
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20. Channel bowing data for GE, CARTECH and ASEA channels has been obta!ned from
several sources (including EPRI, KWU and the Swedish Regulatory Authevity) and
is used to determino the cycle dependent expected channel bow. In order to
demonstrate the adequacy of this data to represent allintended channel suppliers,
core loadings and fuel exposures, please provide the data to be used in the
determination of the mean channel bow.

-

t
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21. The staff found no information in this submittal which addresses second channel box
lifetime, thus, we assume that only single lifetime is intended.

I
I
I
I
I
I
I
I
I
I
I
I
I
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I Juno 7,1990

RAC:059:90

I
.

- I Mr. Robert C. Jones, Chlof
Roactor Systems Branch

Division of Engincoring and System Tochnology

i Offico of Nuclear Roactor Regulation
U. S. Nuclear Rogulatory Commission
Washington, D.C. 20555

Subject: AdditionalInformation Roaardina loss of Thermal Marcin Caused by Channel
Box Bow

'

Rotorenco: 1. Lotter, R. C. Jones (NRC) to R. A. Copeland (ANF), "Roquest for Additional
information Regarding the Topical Roport ANF 524 Rev. 2, Supptomont 1,"
dated Juno 6,1990.

.

2. Lottor, R.A, Copoland (ANF) to Director of NRR (USNRC), " Transmittal ofs
ANF 524(P), Rovision 2," April 11,1989, RAC:023:89.

-

3. Lottor, R. A. Copoland (ANF) to R. C. Jones (NRC) "Additionut Information
Rogarding Loss of Thormal Margin Caused by Channel Box Bow," dated
May 3,1990, RAC:045:00.

Doar Mr. Jonos:

Attachod is tho additionalinformation requestod in tho Reforonco 1 lotter. The responses provido
information rogarding the ANF methodology used to calculato the loss of thormal margin causedby channel box bow..I'

Please considor the information in those responses to bo propriotary to ANF. The affidavit
supplied with the original submittal (Raforonco 2) providos the necessary information as required-a

g by 10 CFR 2.790(b) to support the withholding of tho attachmont from public disclosure,

if thoro ato questions, or if I can bo of further help, please contact me.

Sincorely:I
/4 bu

E. R. A. Copeland
Manager, Roload Uconsing

/skmI cc: D. Fieno (NRC)
L. Lois (NRC)

I
A Stemens Company

I
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Roquest for AdditionalInformation on the
Assessrnent of the Effects of Fuel Channel Bowing

/ 1. Fuol Channel Bowino Disolacement

The responso to Quostion 2 (Referenco 3) doos not indicate what specific fuel bundle
displacements aro calculated in the determination of the bowing offect on local power peaking.

', Demonstrato that ino selected displacements are conservativo or account for the additional
l

uncertainty introduced by this selection in the uncertainty analysis.

Sinco only one displacement configuration of the four bundles in the four bundio cell is
calculated, demonstrate that this configuration is a worst case or bounding arrangement of the
jour bundio geometry.

.

t

|
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I
2. Uncertainty Analysis *

in the determination of the uncertainty in the water gap thickness, is the variability of bothI
neighboring fuel channels accounted for?

Ans:
Yes, the uncertainty in the water gap thickness for boli neighboring channels is
considered, in the calculation, this variability is act ounted for indopondently on the two
sides.

3. Sensitivity of Power Peakino to Channel Bow

The sensitivity of the bundle pin power distribution to channel bowing has a substantial
dopondence (s 50%) on the in channel vold fraction. This dependence must be accounted for
in dolormlning the power sensitivity to bow (Rosponso 15). E

3

I
I
I
I
I
I
I
I
I
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