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1.0 INTRODUCTION

This report describes the plant transient analyses performed by Advanced
Nuclear Fuels Corporation (ANF) in support of Increased Core Flow (ICF) to
108% of rated, Feedwater Heaters Out of Service and Final Feedw.ter
lTemperature Reduction (FHOOS/FFTR), and Coastdown Operation for Dresden Units
2 and 3. Because Dresden Units 2 and 3 have equivalent physical systems from

a transient analysis viewpoint, conclusions drawn from these anal, ses are

generically applicable to both plants for present and future reloads of ANF

fuel.

The purpose of this document is to establish that the most limiting
condition for operation of the Dresden units is at full power and increased

core flow. All future analyses will be performed at this operating condition

The analyses performed in this document were performed using the same

average core plant transient analysis methodology as used to calculate the-mal

rargin requirements for irrent operation of both Dresden units (Ref 1 and
Z2) The approved XCOBRA-T hot channel model determined the limiting change in
0{?\‘,, y‘yf‘rd‘, .‘4“.'“.)" '.“]‘1‘_\‘ :,a"“i "PR)

This analysis supports operation in the expanded power and flow operating
map shown in Jure 1.1

~
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2.0 SUMMARY

The determination of thermal margin requirements for the Dresden units is
based on the consideration of various operational transients. Reference 2
fdentifies t'e limiting transients in each general category of events. The
most limiting trans‘ent ovents for thermal margin in BWR/3 applications are
the generator lovag rejection without bypass to the condenser, the loss of
feedwater heat ng event, and the feedwater controller failure to maximum
demand. The most 1imiting event for the Dresden units is the generator load
rejection without bypass valve operation.

Analyses assure that the MCPR Operating Limit protects all operating
domains. The present operating map for the Dresden units allows flows up to
108% of rated. Operation with feedwater heaters out of service or with final
feedwater temperature reduction increases operating flexibility. These two
phenomena are functionally equivalent and are analyzed with a feedwater
temperature reduction up to 100°F. Coastdown operation will extend the end of
the operating cycle. Each of these conditions were analyzed to determine the
most 1imiting condition for operation for both Dresden units. By setting the
Technical Specification limit on the most limiting condition, all others are
bounded.

The most 1imiting condition for operation was established to be full
power and increased core flow at jormal feedwater temperature. Therefore, all
future analyses will be performed at these operating conditions. No specific
pl . parameters need be checked on a per cycle basis to assure applicability
of this report.

The closure of all main steam iso’ation valves (MSIVs) is the maximum
system pressure event for ASME overpressure. MSIV closure is most limiting
without activation of the MSIV position scram and without pressure relief
credit for the four electromagnetic relief valves. The results of this
analysis indicate that the ICF condition is the most 1imiting but stil, within
the requirements of the ASME code regarding vessel overpressure.
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3.0 TRANSIENT ANALYSIS FOR THERMAL MARGIN AT ICF AND FHOOS/FFTR
3.1 DNesign Basis

Dresden Units 2 and 3 are sister planis with equivalent physical systems
from a transient analysis viewpoint. Both plants contain cores of ANF 8x8 and
ANF 9x9 fuel types. Limiting plant trarsient phenomena are a function of the
.physicai characteristics of the p.u.” Jilher than specific fuel types.
Therefore, the conclusions from ..ese analyses are applicable to both Dresden
units. Reactor plant condition. for these analyses are shown in Table 3.1.

The most limiting point in the cycle is when the control rods are fully
withdrawn from the core. The thermal margins established for the end o. full
power capability are conservative for cases where control rods are partialiy
inserted.

3.2 Calculational Model

The average core plant transient methodology previously described in
References 2 and 4 as updated in Appendix A of Reference | was used for the
analysis reported ir this document. The delta CPRs were calculated with the
approveu XCOBRA-T (R:f, 5) hot channel model. A conservative integral power
multipiier of 110% ajplied in XCOBRA-T to pressurization transients accounted
for COTRANSA code uncertainties.

The axial power shifts associated with the system overpressurization in
.he generator load rejection and the feedwater controller failure transients
were modeled using the COTRANSA one dimensional core model. RODEX2 (Ref. 3)
calculations determined conservative fuel pellet to clad gap conductances
based on the Dresden units core configuration.

In accordance with ANF methodology, consistent bounding input is used to
evaluate possible limiting transients. From these bounding results, the

limiting transient 1s a generator load rejection without bypass valve
operation.
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3.3 Anticipated Transients

Reference 2 generically considers eight major categories of system
transients. For both Dresden units the limiting events are the generator load
rejection without bypass, the feedwater controller failure, and the loss of
feedwater heating. The generator load rejection and the feadwater controller
failure to maximum demand have been evaluated for effects of increased core
flow and FHOOS/FFTR. Analysis of FHOOS and FFTR at increased core flow
conservatively bounds FHOOS/FFTR at nominal core flow. These analyses assumed
that a relief valve was out of service.

3.3.1 Load Rejection Without Bypass Valve Operation
The load rejection without bypass valve operation (LRWB) is the most

limiting of the rapid pressurization transients and of all the system
transients for the Dresden units. In the load rejection transient, the abrupt
closure of the turbine control valve rapidly stops steam flow. The resulting
pressure increase causes a cecrease in void level in the core, which in turn
creates a power excursion. This excursion is mitigated by Doppler broadening
and pressure relief. However, the primary mechanisms for termination of the
event are rod inserticn and revoiding of the core.

The important parameters for this transient include the power transient
(integral power) determined b the void reactivity and the control rod worth.
The void ractivity effects the power excursion rate and part of the
intrinsic shiu'down mechanism. The control rod worth determines the value of
scram reactivity. Table 3.2 1is a comparison of generator load rejection
transients analyzed for a Dresden unit. The [CF case has the highest maximum
neutron flux during the transient. Figures 3.1 through 3.4 compare important
parameters for the ICF, FHOOS/FFTR, and nominal rated cases. Figure 3.1 shows
that the ICF case also has the largest integral power. The total core power
produced during tie transient for the [CF case was 3883 MW-sec and for the
FHOOS/FFTR case it was 3535 MW-sec. For comparison, the nominal case had a
core power p-aduction of 3640 MW-sec. This is because the ICF case results in
a higher positive reactivity insertion rate during the pressurization portion
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of the transient, This results in the ICF case being the limiting
pressurization ev it. This conclusion is valid for both Dresden Unit 2 and
Unit 3.

3.3.2 [eedvater Controller Fa:lure

Failure of the feedwater con'rol system could lead to a maximum increase
of feedwater flow into the reactor vessel, The excessive feedwater flow
increases the subcooling in the recirculating water returning to the reactor
core, This reduction in average modeyator temperature results in a core

power 1increase, Eventually, the increasing water level in the downcomer

region will reach the high water level trip. The high level trip initiates a

turbine trip to prevent water from reaching the turbine. The turbine trip
closes the turbine stop valves and the resulting scram arrests the power
increase. The pressure pulse resulting from the stop valve closure is

mitigated by opening the bypass valves to the condenser

Figures 3.5 through 3 ympare important parameters for

r
b

FHOOS/FFTR, and the nominal he total core power produced
transient for the ICI ( as ] ¢ and for the FHOOS

1835 MW-sec. For co ison, the nominal had

4200 MW-sec.

lower steam dom¢

jome pressuyre

'?Hlv'w'r)r'i". ne niq

the ICF and nominal

naximum ',,H‘-jl neutro

»

controller failure




TZZLE 3.1 REACTOR AND PLANT CONDITIONS

PARAMETER

Reactor Power (MWt)

Total Recirculating Flow (Mib/hr)
Core Inlet Enthalpy (Btu/1bm)
Steam Dome Pressure (psia)

Steam Flow (M1b/hr)

Feedwater Enthalpy (Btu/1b)
Recirculating Pump Flow (M1b/hr)

2527
98.0
522.3
1020
9.8
312.1
17.1

2527
105.8
513.0
1005
8.7
201.4
18.5
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2527
105.8
524.0
1020
9.8
312.9
18.5
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TABLE 3.2 LOAD REJECTION WITHOUT BYPASS }
i
Max imum Maximum |
Max | mum Core Average Vessel Limiting |
Neutron Flux Heat Flux Pressure  Fuel I
% of Rated = % of Rated = (psia) = ACPR ‘
Nominal Conditions 350.9 121.0 1259 .32 |
Increased Core Flow (ICF) 377.9 121.5 1260 0.33
ICF and Feedwater Heaters |
Out of Service (FHOOS) 236.6 120.1 1229 0.30 |

Note: A1l analyses performed with bounding (not statistically based) input.
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TABLE 3.3 FEEOWATER CONTROLLER FAILURE TO MAXIMUM DEMAND

Maximum Max imum
Maximum Core Average Vessel Limiting
Neutron Fiux Heat Flux Pressure  Fuel
(psia) = ACPR

226.3
Increased Core Flow (ICF) 240.5 117.0 1199 0.23

ICF and Feedwater Heaters
Out of Service (FHOOS) 226.5 117.6 1157 0.21

Nominal Conditions
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4.0 TRANSIENT ANALYSIS FOR
4.1 QDesign Bases

Economic considerations make operation of the plant past the end of ful

power capability desirable:

the end of cycle, all ro
jecreases and flow is at

toward the top of the core,

dome pressure at its rated

are discussed,
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IHERMAL MARGIN DURING COASTDOWN

this operaticn is coastdown. Because it occurs at

is are fully withdrawn. However, as the power
naximum, the axial power distribution shifts

Two operational modes may exist, hold the reactor

condition or allow it to decrease Both conditions

o 4 { A n ) a
nodels described n Sections 3.1 and 3.2 are

jiscussions The coastdown analyses used bounding
n e B | ho niting ent fFor the v ¢ for J ¢
J 1 ypa aind the foedwater ntroller failure t
e pher nena that Ause these ent ! De niting
) ' wer will t affect wt h tran nt 1Y
ry 1Y f the load reject wit )1t
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This trend is counter intuitive. That is, logic would say that because
of the lower steam flow the pressurization portion of the transient should be

less severe. Analyses at less than rated power and flow have always shown

this (Ref. 1). Figures 4.1 through 4.5 present normalized comparisons of the

generator load rejection at the 100% power and B80% power with 108% flow
cases. The important factor to consider, however, the axial power shift.
Shifting the axial power higher in the core results ‘n a less effective
scram, Figure 4.2 shows that on a normalized to initial power basis the 80%
power case ha: a larger power increase in the top of the core than the 100%
power case. This results in the larger delta CPR when the hot channel is
forced to reach critical heat flux. However, it should be noted that as the
power decreases during coastdown, the margin to limits increase. Table 4.3
presents actual core follow data for Dresder it 2 Cycle 9. It is seen that
although the delta CPR increases by 3.0% as the power decreases to 80%, the
margin increases almost 11% for about the same power change. Therefore, no

special limits are required for ¢ tdown operation

Table presents a
power and 08% flow at rated
1‘u1,\“'ﬂ] j

ure

Controller

da
gaes
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TABLE 4.1 LOAD REJECTION WITHOUT BYPASS DURING COASTDOWN
ORESDEN UNIT 3 CYCLE 11

Maximum Maximum
Maximum “ore Average Vessel Limiting
Neutron Flux Heat Flux Pressure Fuel
Poxer/Flow kof Rated R of Rated (psia) ACPR

100%/108% 377.9 121.5 1260 0.33

80%/108% 286, 8. | 1195 0.34
60%/108% 74, 1125 0.35

40%/108% 97 48. 1062 0.31
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TABLE 4.2 LOAD REJECTION WITHOUT BYPASS DURING COASTDOWN
DRESDEN UNIT 2 CYCLE 12

Maximum Maximum
Maximum Core Average Vessel
Neutron Flux Heat Flux Pressure
Power/Flow % of Rated % 0of Rated \psia)

100%/108% 392.5 120.3
80%/108% 301.6 37.1
60 )8% 194.2 /3.8

% 98 .4 48.2
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DRESDEN 2 CYCLE 9 COASTDOWN CORE FOLLOW DATA

TABLE 4.3
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TABLE 4.4 LOAD REJECTION WITHOUT BYPASS DURING COASTDOWN
80% POWER/108% FLOW
Maximum Maximum
Max imum Core Average Vessel Limiting
Neutron Flux Heat Flux Pressure Fuel

Qome Pressure % of Rated = % of Rated = (psfa) =~ ACPR

1020 psia 261.0 97.7 1219 0.322
992 psia 286.4 98.1 119§ 0.337
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TABLE FEEDWATER CONTROLLER FAILURE DURING COASTDOWN

Ma(\m)n\‘

Mdl imum ves P"
Neutron Flux Pressure
% of Rated 2 0 (psia. _

'3 . 1199
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5.0 TRANSIENT ANALYSIS FOR LOSS OF FEEDWATL™ EATING
5.1 Qesign Basis

Plant transient analysis for the Dresden Units has showr that the most
Timiting event for an increase of recirculating vessel coolant subcooling is
the loss of feedwater heating iransient. The reactor plant conditions for the
analysis are the nominal conditions shown in Table 3.1.

5.2 Calcylational Model

The core average plant transient methodology described in References 2
and 4 as updated in Appencix A of Reference | was used for the analysis of the
loss of feedwater heating transient. The PTSBWR point kinetics model was used
for core ard :ystem response. The fuel pellet to clad gap conductance values
used in the analysis are based on RODEX2 for Dresden core configurations.
Because of the slow nature of this event, the delta CPRs are determined using
a quas -steady-state analysis with XCOBRA.

This anaiysis 1s then compared to the XTGBWR analysis for the loss of
feedwater heating.

5.3 Loss Of Feedwater Heating Transient

The loss of feedwater heating ‘eads to a gradual subcooling of the water
in the lower plonum, Core power slowly increases to the overpower trip
setpoint, The gradual power changc allows the fuel thermal rasponse to
maintain pace with the increase in neutron flux. This analysis conservatively
assumed that the feedwater temperature dropped 200°F over a two-minute period.
Void reactivity is assumed to be 25% more negative than the nominal value,
which results in a maximum value of power and heat flux. Scram performance is
assumed to be 20% less than the nomina’ value.

Table 5.1 presents a summary of the loss of feedwater heati g analysis
results using PTSBWR. The Dresden Unit 2 Cycle 12 analysis also was perforued
using the three dimensional nodal core simulator code XTGBWR (Ref. 6). The
result of this analysis s a delta CPR of 0.14. As is seen from Table 5.1, if




the delta CPR for the loss of feedwater heating is set to 0.20 for both

Dresden Units, all past and future cycles will be bounded.
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TABLE 5.1 LOSS OF FEEDWATER HEATING

Qresden Unit  Cycle  Yoid Reactivity($/void fraction)*  Limiting ACPR
3 8 -15.89 0.16
3 9 -1£.81 0.16
k| 10 -15.14 0.20
3 11 -16.55 0.19
2 9 -16.40 0.16
2 10 -16.40 0.20
2 11 -15.14 0.19
2 12 -16.78 0.18

*Nominal Value




6.0 MAXIMUM OVERPRESSURIZATION ANALYSIS
This section describes the ana'isis of the maximum ovarpressurization
accident performed to assure maximum vess?] pressure will not exceed 110% of

the design value for compliance with the ASME code

€.1 Design Basis

The evaluation of the maximum pressurization event was performed with the

reactor conditions summarized in Table 3.1 The ame bdbounding nditions a
those used n the tran nt analysis were assumed in addition, further
f'"d’”"vd'\' m wdas 3'. ¥ n ‘/t . | "ﬂ"”; ."’ L;"'Jr n )T the ! 7 V»\ wer
actuated relief va as required by the ASME
6.2 Pressyrization fvent

The general categories of expected maximum pressurization events are
partial or total isolation of the turbine or containment and loss of offsite
power senerally, the condition in which the greatest energy is generated
within the smallest nfinement w result in the maximum pressurizat

Previous analyse nave jetermined that the maximum pre urization
‘ransients for the Dresden unit is the inadvertent sure f al)l MSIVs with
fatlure of direct scram (Ref /) The position scram, which ymmands reactor
\"1",‘n-’1 _“ "N u'.\:" - '.,.,‘.\ mid ‘i"‘v the effect $ *hi event 4 ore D ind
that 1L does not ntribute to the determination of thermal margins Delaying
the cram intil the high Dre re tn et nt reached result n a
ibstantially more evere trar ant
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Analyses have demonstrated that the containment isolation event under these
conservative assumptions results in a higher overpressure than total isolation
of the turbine.

6.3 Closyre Of All Main Steam [solation Valves

This calculation assumed that all four steam lines were isolated at the
containment boundary within three seconds. The valve characteristics and
steam compressibility combine to delay the arrival of the compression wave at
the core until approximately three seconds from the initiation of the MSIV
stroke.

Table 6.1 presents the results of tne comparison case for ICF, ICF and
FHOOS, and full power part flow. The most limiting conditions for this event
are the increased core flow and normul feedwater temperature case. This
conclusion is valid for both Dresden units.




Power/Flow
LA .

100/108
100/108 FHOOS
100/87

TABLE 6.1  ASME OVERPRESSURE EVENT

Maximum Neutronic

439.0
360.5
412.2

Maximum Heat

133.9
129.2
129.2
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Maximum Vesse)

Pressure (psig)
1324
1304
1324
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e EORLE R = - GE Nuclear Energy
July 26, 1988 T e WL R, Naughton
REP:88-16]
Mr. R. A, Roeh)

Supervising Fuel Buyer
COMMONWEALTH EDISON COMPANY
Fuel Department, 234

P. 0. Box 767

Chicago, IL 60690

SUBJECT: Correction to Dresden 2 Cycle 12 Alternate Water
Chemistry LTA's MAPLMGR Curve

REFERENCES: 1. Test and Inspection Agreement between Commonwealth
§:1sgz’§onpnny and General Electric Company dated May

2. Letter from R. A. Roeh) to R. E. Parr, *Dresden 2
Cycle 12 Alternate Water Chemistry LTA's Exposure
Limits,” RAR:88-193, May 19, 1988,

3. Letter from R. E. Parr to &. A, Roehl, (Telecopied July
19, 1988) “Reevaluation of Dresden 2 C{:io 12 Alternate
Water Chamistry LTA's Exposure Limits, REP:88-159,
Julv 19, 1988,

4. Loss Of Coolant Accident Analysis For Quad Cities Units
}’;’2 and Dresden Units 2 & 3, NEDO-24146, Rev 1, April

ATTACHMENTS:  Corracted MAPLMGR Curve for Dresden-2 Alternate Water
Chemistry LTA Bundles

Dear Mr. Roeh):

The attached MAPLMGR curve is the corrected version of the composite
1imiting MAPLMGR curve for the Dresden MWC LTA's. Please replace the
MAPLHGR curve which was sent to you in Reference 3 with the attached
curve. The corrected MAPLHGR curve 1s consistent with the GE LOCA
analysis for the Dresden Unit 2 WWC LTA's (Reference 4).

Please note that the attached information is proprietary to the Genera)
Electric Company and should be controlled pursuant to Article XVII!
(Proprietery Data And Access) of the January 6, 1986 Contract.




Vo:;,truly yours,
R. E. Parr :

Senfor Fuel Project Manager
Edison Projects

M/C 174; (408) 925-6526



GENERAL ELECTRIC COMPANY
PROPRIETARY INFORMATION

MAPLHGR VERSUS AVERAGE PLANAR EXPOSURE
DRESDEN UNIT 2 CYCLE 12
LTA BUNDLES LYS5455, LYS456, LY5457, LySas8

AVERAGE PLANAR MAPLHGR
EXPOSURE (KW/FT)
(GwWd/ST)

0.2 11.5
1.0 11.6
5.0 11.9
10.0 2.1
15.0 12.1
20.0 11.9
25.0 11.3
30.0 10.7
35.0 1e.2
41.6 8.8




Attachment 6

Discussion of Previcus SER Topics

The following discusses several topics raised in previous generic and reload
SERs for Dresden and is based on information previded by Advanced Nuclesr Fuels.

1.

2.

Rod Bov Considerations

During the review of the previous reload submittal, the NRC SER placed an
exposure cap on ANF 8x8 and 9x9 fuel due to rod bow considerations. The
limit was set at 30,000 MWwd/Mt for ANF &x8 fuel and 23,000 #wd/Mt for ANF
9x9 fuel (batch average exposure). This condition was eliminated for beth
ANF 6x8 and 9x9 fuel wvhen ANF received the NRC SER for XN-NF-82-06, Sup-
plement 1, Revision 2 in May of 1988. This SER, which references mechanical
design ana'yses of 35,000 MWd/Mt peak assembly exposure for ANF 8x8 and
40,000 MWd/Mt peak assembly expcsure for ANF 9x9 fuel in XN-NF-85-67(P)(A),
Revision 1, establishes ANF's currently approved mechanical desizn limits,

Extended Burnup Approvel Status (XN-NX-82-06)

Qualification of Exxmon Nuclear Fuel for Extended Burnup (XN-NF-82-06(P)(A)
v/ Supplements 2, 4, and §, Revision 1) wvas approved in July of 1986 by the
NRC, [Extended burnup qualification for 9x9 fuel (XN-NF-82-06(P)(A) Sup-
plement 1, Revision 2) was approved in May of 1988 by the NRC.

Conditions on Critical Power Methods (XN-NF-$524, Rev. 1)

In the Safety Evaluation prepared by the Core Performance Branch covering
Revision 1 to XN-NF-S524(P)(A), "Exxon Nuclear Criticel Power Methodology
for Boiling Water Reactors"”, the NRC Staff identified four conditions to
be met during the application of the subject methology under the generic
approval granted by the SER., The steps taken during the analysis to assure
compliance with these conditions are described below,

CONDITION 1: BEach plant specific application must contain the data used
to generate the uncertainties employed in the methology.

The uncertainties used in the Dresden Unit 2 MCPR safety limit calculations
are the same as the uncertainties vhich have been used in pervious Dresden
analyses. The two loop uncertainties are discussed below; the single locop
uncertainties are the same except as described in the Cycle 11 reports,

Plant measurement uncertainties which are not fuel-dependent were taken
from approved NSSS supplier generic documents applicable to Dresden. As
identified in XN-NF-524(P)(A), Revision 1, specific uncertainty values used
in the analysis vere a feedvater flow rate uncertainty of 1.76%. » feedvater
temperature uncertainty of 0.76%, & core pressure uncertainty of 0.5%, and




& total core flow rate uncertainty of 2.5%. The generic core inlet tem-
perature uncertainty of 2.0% was conservatively replaced with an uncer-
vainty of 2.4% on the core inlet enthalpy. These approved values were used
&8s one-sigma uncertainties consistent with NEDO-24011. The nominal values,
Juncertainties, and statistical treatment of these measured plant parameters
are summarized in Table 1,

The uncertainties associated with the XN-3 Critical Power Correlation are
based on data contained in XN-NF-S12(P)(A), (Revision 1, and
KN-NF=734(P)(A). The safety limit analysis was based on a one~sigma un-~
certainty value of 4.11% for the XN-3 correlation, consistent with the
source documents noted above and with XN-NF+80+-19(P)(A), Volume 4, Revision
1, vhich provides a generic description of the overall reload analysis.
The correlation statistics were develcped from the ANF's CHF data base,
which includes test geometries which encompass the Dresden 8x8 and 9x9 fuel
desigas. XN-NF-734(P)(A) was issued explicitly to validate the XN-3 sta-
tistics for application to 9x9 fuel.

Fower distribution measurement uncertainties are based on data contained
An XN-NF-80-19(P)(A), Volume 1. The safety limit calculation wes based on
one-sigma uncertainies of 5.28% on radial peaking factor and 2.46% on local
peaking factor consistent with the reference report., These uncertainties
were developed based on analytical predictions of measured data for BWR
fuel., The same methods used for the analytical predictions were used for
the nuclear design analyses for Dresden; hence the generic uncertainty
values are applicable to Dresden.

The correlation and power distribution measurement uncertainties and their
statistical treatment for the Dresden analysis are summarized in Table 2.

CONDITION 2: All plant pacameters that are not statistically conveluted
must be placed at their limiting value,

In the performance of plant transient analyses, ANF uses design values for
major process parameters for consistency with the FSAR analyses which are
superseded by the ANF transient analyses. Dasign values are established
by the plant designer as conservative predictions of the boundaries of the
plant operating envelope, and may not be accurate predictions of asctual
plant operation, These values are used to assure a conservative calculation
of the transient effects. Nominal values are best-estimate predictions of
plant operating conditions. The use of nominal cnnditions is appropriate
for the statistically treated parameters in the Monte Carlo analysis.

Input to the Monte Carle calculation consists of three major classifications
of data: heat balance information, p.wer distribution information, and fuel
Quometric information,

Heat balance information consists of feedwater temperature and flow rate,
core pressure and total flow rate, and core inlet enthalpy. All of these
variables are considered statistically in the Monte Carle analysis,

Pover distribution information is taken from the fuel management analysis
and consists of radiel, axial, and local peaking factors. Radial and local




peaking factors are considered statistically in the Monte Carlo analysis.
For power distributions characterized by bottom-peaked core average axial
pover shapes, a limiting center-peaked axial distribution is used.

Fuel geometric information consists of fuel dimensions and hydraulic demand
curves. Small variations in fuel dimensions with manufacturing tolerances
are considered in the ANF pressure drop methodology and contribute to the
flow distributicn uncertainty. MHydraulic demand curves are used to deter-
mine fuel assembly flow rates as a function of bundle power; individual
assembly flow rates are treated statistically in the Monte Carle analysis.

CONDITION 3: Each application should demonstrate that the uncertainties
in plant parameters are treated with at least a 95% probability at a 95%
confidence level in accordance with Acceptance Criterion 1.0 of Standard
Review Plan Section 4.4

The magnitude and nature of the uncertainties used in the Monte Carlo
analysis have been established generically during the Staff review of ANF
topical report XN-NF-S524(P)(A), Revision 1, "Exxon Nuclear Critical Powver
Methodology for Boiling Water Reactors". A detailed review of the XN-3
correlation statistics was included in the review of ANF topical report
XN-NF-80-19(P)(A), Volume 1, "Neutronics Methods for Design and Analysis”,
The conclurion that these uncertainties may be conservatively treated as
normally distributed was addressed during the generic review.

Uncertainties in the measurement of plant parameters were taken from the
NSSS supplier's generic reload submittal., Based on the Staff's approval
of these uncertainties for use in the MCPR safety limit calculation, the
ANF analyses used the published values as 95% confidence statistics,
Process measurement uncertainties are generally characterized by a normal
distribution; ther<fore, a normal distribution was used in the ANF analy-
$18,

The Monte Carlo analysis vas performed to demonstrate that during sustained
operation at the MCPR safety limit, at seast 99.9% of the fuel rods in the
core would be expected to Lvoid boiling transition at a confidence level
of 95%. This conclusion conservatively assures that the beiling transition
limitation will be protected during anticipated cperational occurrences in
which the MCPR safety limit is protected, The refc-enced Standard Review
Plan section identifies this method as an acceptable approach te the 95/98
treatment of uncertainties,

CONDITION 4: Each application must present a goodness-of-fit analysis for
the fitting of the Fearson curve in order to assure that the number of Monte
Carlo trials used in establishing the safety limit MCPR are sufficient.

In the original ANF MCPR safety limit methodology. the first four stetis-
tical moments of the Monte Carlo ocutput were used to define an output
frequency distribution through fitting of Pearson functions. This appreoach
was take to minimize the number of trials necessary in the Monte Carle
analysis. Revision ] to XN-NF-524 abandoned this aspproach in faver of a
distribution-independent method of assigning tolerance limits, The new




spproach required a larger number of Monte Carlo trials, but the end result
was a conclusion which was independent of the Pearson functions,

Since the statistical analysis invelved no fitting of standard functions
to the Monte Carle output, no goodness-of-fit analysis was provided. 1In
the case of the Dresden analysis, 500 Monte Carlo trials were provided.
In the non-parametric tables, an expected value may be established at a
confidence level of 95% with as fev as 50 trials,




Table 1

Plant Measurement Uncertainties

Nominal Uncertainty Statistical

Parameter Units Value % Nominal Treatment
Feedvater Flowrate Mibm/hr 12.41% 1.76 Convoluted
Feedvater Temperature deg F 340.1 0.76 Convoluted
Core Pressure psia 103¢ 0.%0 Conveluted
Total Core Flow MLBX/hr 98.0 2.5%0 Convoluted
Core Inlet Temperature 0.20 Replaced by
core inlet
enthalpy
Core Inlet Enthalpy Btu/lbm 8522.3 0.24 Convoluted
Core Power MW 3200* Alloved to
vary with

heat balance

* Feedwater flowrate and core power were increased above design values to
attain desired core MCPR for safety limit evaluation, consistent with

XN-NF-S524(P)(A), Revision 1,




Parameter

XN+3 Correlation

Redial Peaking Factor

Local Peaking Factor

Axial Peaking Factor

Assembly Flowrate

Table 2

Fuel-Ralated Uncertainties

Source
Document

XN-NF-512(F)(A)
KN=NF=734(P)(A)

XN-NF-80-19(P)(A)
Volume 1

XN-NF«8C-19(P)(A)
Volume 1

XN-NF-80-19(P)(A)
Volume |}

XN-NF=79-59(P)(A)

Uncertainty
\ Nominal

4.1

5.28

2.46

Statistical
Treatment

Conveoluted

Convoluted

Conveoluted

Limiting
Value

Convoluted




