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Nuclear Regulatory Commission Safety Evaluation Report 

a. 	NRC letter to Duke providing the Safety Evaluation for Revision 0, November 
15, 1991 
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This concludes our review activities in response to your submittals regarding 
Topical Report DPC-NE-3001 addressed by TAC numbers 75954/75955/75956/75957. 

Sim ly, 

imothy . eed, Project Manager 
Project Directorate 11-3 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 
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411 	Docket Nos. 50-369, 50-370 50-413 and 50-414 
S 

Mr. H. B. Tucker, Senior Vice President 
Nuclear Generation 
Duke Power Company 
P. O. Box 1007 
Charlotte, North Carolina 28201-1007 

Dear Mr. Tucker: 

SUBJECT: SAFETY EVALUATION ON TOPICAL REPORT DPC-NE-3001, "MULTIDIMENSIONAL 
REACTOR TRANSIENTS AND SAFETY ANALYSIS PHYSICS PARAMETERS" 

411 	
(TAC NOs. 75954/75955/75956/75957) 

The NRC staff has reviewed Duke Power Company Topical Report DPC-NE-3001, 
"Multidimensional Reactor Transients and Safety Analysis Physics Parameters," 
dated Janaury 29, 1990, as supplemented by letters dated February 13 and 
June 3, 1991. The staff has found the topical report to be acceptable for 
referencing in licensing analyses for the McGuire and Catawba Nuclear Stations 
subject to the conditions in section 4.0 of the attached Safety Evaluation. 
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0 	 UNITED STATES 

A 	
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20655 

0' 

**** 
	

SAFETY EVALUATION FOR DPC-NE-3001-P  

"MULTIDIMENSIONAL REACTOR TRANSIENTS AND SAFETY ANALYSIS 

PHYSICS PARAMETERS METHODOLOGY"  

1.0 INTRODUCTION  

By letter dated January 29, 1990 (Ref. 1), Duke Power Company (DPC) submitted 
topical report DPC-NE-3001-P, "Multidimensional Reactor Transients and Safety 
Analysis Physics Parameters Methodology." The methodology described in this 
topical report expands on the currently approved reload design analyses of 
Reference 2 and is intended for application to the Catawba and McGuire Nuclear 
Power Stations. The report includes the overall methodology for using bounding 
reference analyses together with key safety parameters for analyzing the 
required Final Safety Analysis Report (FSAR) Chapter 15 events as well as the 
DPC reference analyses for selected transients involving multidimensional 
neutronics. 

The bounding analysis methodology used by DPC to ensure that the accident 
analysis for the reference core conservatively bounds the reload core is 
described in the topical report. The important key safety parameters for each 
Chapter 15 event are identified, and the methods for calculating these 
parameters are described. New DPC bounding reference analyses are given for 

the rod ejection accident (REA), (2) the steam line break accident (SLBA), 
'and (3) the dropped rod accident (DRA). The new reference analysis for the 
REA is performed with three-dimensional spatial neutronics, and the analyses 
for SLBA and DRA are performed with a point kinetics model. The new reference 
analyses are analyzed in detail and shown to satisfy the appropriate 10 CFR 
Part 100 dose limits, the departure from nucleate boiling ratio (DNBR) safety 
limit, the fuel enthalpy limit, and the American Society of Mechanical 
Engineers reactor coolant system pressure limit. In reload applications, DPC 
will show that the reference analysis is bounding by demonstrating that the 
event-specific key safety parameters of the reload core are within the 
conservative envelope of the reference analysis. 

The topical report is reviewed in Section 2, and the safety evaluation of 
the DPC methodology is summarized in Section 3. The limitations imposed 
concerning the licensing application of the DPC methods are given in 
Section 4. 

The following summary and technical evaluation include the contribution of 
Brookhaven National Laboratory as staff consultant under FIN No. A-3686. 

2.0 SUMMARY OF THE TOPICAL.REPORT  

DPC's topical report DPC-NE-3001-P (1) identifies the key safety parameters, 
describes the methods for calculating these parameters, and (3) gives the 

new reference analyses for the rod ejection accident, steam line break accident 
and dropped rod accident. The DPC methods associated with these analyses are 
summarized in the following sections. 



S 
• 

• 
2.1 Key Safety-Parameters  

The key safety parameters play a crucial role in the DPC reload methodology. 
By comparing these parameters for a reload core to the values determined for 
the reference analysis, any nonconservatism in the reference analysis may be 
identified and the need for a new safety analysis may be established. The DPC 
methodology defines both generic and event-specific safety parameters. 

The initial core power distribution, scram reactivity, effective delayed neutron 

MI 	fraction and decay constants, and prompt neutron lifetime are important for many transients and are considered to be generic. A conservative scram 
reactivity is determined using the minimum shutdown margin allowed by the 
technical specifications and the rod insertion limits, together with a minimum 
rate of reactivity insertion. This rate is determined using the measured rod 
speeds and a conservative correlation between rod insertion and fractional 
inserted reactivity. The core power distribution is assumed to provide the 
maximum peaking allowed (including perturbations) by the FA  and F h  technical 
specification limits. For rapid transients a minimum delaYed neuTPon fraction 
beta is used; for slow transients, which are insensitive to beta, a maximum 
value of beta is recommended. For conservatism the initial fuel temperature 
is taken to be the maximum. 

The FSAR Chapter 15 accident analyses are reviewed in Chapter 2 of the topical 
report, and event-specific key safety parameters are identified for each event. 
The events analyzed include feedwater malfunctions, increased steam flow, 

411 	turbine trip, loss of nonemergency ac power, loss of coolant flow, rod ejection, inadvertent actuation of the emergency core cooling system, and 
loss-of-coolant accidents. On the basis of the dynamics of the transient, the 
conservative direction for each key safety parameter is given for the events 
analyzed. The event-specific key safety parameters include the Doppler 
temperature coefficient (DTC), moderator temperature coefficient (RTC), 
shutdown margin (snm), accident reactivity, and critical boron concentration. 

2.2 Determination of the Key Safety Parameters  

The key safety parameters are determined using physics codes and methods that 
the NRC staff has approved (Ref. 2) or is reviewing (Ref. 3). The three-
dimensional static power distribution and depletion calculations are performed 
with NODE-P or SIMULATE-3P. The models used are based on accumulated operating 

Ilb 	history of previous reload cycles. 

The static physics parameters include control rod worth, shutdown margin and 
trip reactivity. The calculated parameters depend on the three-dimensional 
power shape and, consequently, core loading. rod insertion, and time in life. 
The shutdown margin and rod worth calculations are performed at beginning-of-
cycle (BOC) and at end-of-cycle (EOC). The shutdown margin calculations assume 
the highest worth rod is stuck in its fully withdrawn position and account for 
the power defect, rod insertion, and calculational uncertainties. 

• • •  

• 
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The transient parameters include the MTC, DTC, delayed neutron parameters, and 
boron worths. The temperature coefficients are calculated using a static 
model and account for power level and cycle exposure. The boron worths are 
determined using a set of perturbed static calculations, and the dependence on 
power level, moderator temperature, fuel exposure, and control rod insertion 
is included. 

2.3 New Reference Analyses for the Rod Ejection, Steam Line Break and Dropped 
Pod Accidents  

The topical report includes new reference analyses for the rod ejection, steam 
line break, and dropped rod accidents. The detailed methods for analyzing 
the events are presented together with the resulting consequences, margin ' 
to limits, and acceptance criteria. The cases analyzed are extreme and should 
bound most reload cores. In practice, whether these reference analyses 
actually bound the postulated events for the reload core will be determined by 
comparing the key safety parameters, which are given for each of the DPC 
reference analyses. 

2.3.1 Rod Ejection Accident Reference Analysis 

The rod ejection accident (REA) reference analysis consists of three distinct 
and coupled analyses: (1) a core neutronics analysis, (2) a core thermal-
hydraulics analysis, and (3) a systems thermal-hydraulics analysis. The core 
neutronics response to the rod ejection reactivity insertion is calculated with 
the Electric Power Research Institute (EPRI) ARROTTA code (Ref. 4). ARROTTA 
calculates the three-dimensional power/flux solution in (x,y,z) geometry both 
for the static analyses required for determining the key parameters and for the 
core response during the transient. The ARROTTA core model uses one radial 
node per assembly and twelve axial nodes. The fuel and reflector two-group 
cross sections and nuclear input parameters were determined with CASMO-3 (Ref. 3). 
The local cross sections are a function of fuel and moderator temperature 
and relative water density. ARROTTA uses assembly discontinuity factors, 
calculated by CASMO-3, to account for the local heterogeneities within the fuel 
assembly. ARROTTA includes a core thermal-hydraulics model that is identical 
to the one included in the EPRI BEAGL program (Ref. 5). 

The ARROTTA time-dependent core power/flux solution is used as input to the 
subchannel core thermal-hydraulics analysis performed with VIPRE-01 (Ref. 6). 
The NRC has approved VIPRE-01 for referencing in licensing analyses. VIPRE-01 
calculates the core flow distribution and coolant conditions, fuel rod 
temperatures, and DNBR during the REA. VIPRE-01 uses a single-channel fuel 
conduction model together with the ARROTTA time-dependent peak pin power to 
calculate the peak fuel enthalpy. The transient pressure is calculated using a 
multichannel VIPRE-01 model and the ARROTTA time-dependent power/flux solution. 

A RETRAN-02 (Ref. 7) system model is used to determine the reactor coolant 
system (RCS) response during the REA. The RETRAN model which is based on the 
McGuire/Catawba model (Ref. 8), uses the VIPRE-01 core coolant expansion 
rate to determine the limiting RCS transient pressure. 
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The REA reference analysis model is based on a Cycle 2 Catawba 1 core and is 
performed at hot-full-power (HFP) and hot-zero-power (HZP) conditions at BOC 
and EOC. The nuclear cross sections have been adjusted to increase the power 
peaking and ejected rod worth (at off-center location D-12) so that the 
reference analysis will bound expected core reloads. The D-12 rod is ejected 
in (a conservative) 0.1 second. The core inlet flow is reduced by 7.2 percent 
to account for measurement uncertainty in the HFP case. The core inlet flow is 
reduced an additional 54 percent for the (two-pump) HZP case. The reference 
analysis indicated that the REA results in a maximum fuel enthalpy of 133 
cal/gm and a peak system pressure of 2699 psig which are lower than the 
corresponding limits. The number of rods in departure from nucleate boiling 
(DNB) was less than 37 percent, and the resulting offsite doses were well 
within the 10 CFR Part 100 limits. 

The REA key safety parameters (which vary from cycle to cycle) are the moderator 
and Doppler temperature coefficients, the delayed neutron fraction, and the 
ejected rod worth. 

2.3.2 Steam Line Break Accident Reference Analysis  

The steam line break accident reference analysis consists of (1) a RETRAN-02 
systems analysis of the RCS response to the steam line break, (2) a NODE-P 
(Ref. 2) or SIMULATE-3P (Ref. 3) neutronics calculation of the core power 
distribution at the time of minimum DNBR, and (3) a VIPRE-01 core thermal-
hydraulics analysis of the minimum DNBR. The systems analysis model is based 
on the McGuire/Catawba model (Ref. 8). To model the thermal mixing, the 
RETRAN-02 model was modified to include parallel flowpaths, with one path 
connected to the faulted loop and the other path representing the intact loops. 
Special mixing junctions are included to allow for thermal mixing. The 
RETRAN-02 neutronics feedback is included, using a precalculated k f  versus 
moderator temperature function and a Doppler temperature coefficient. A range 
of break sizes was evaluated to determine the limiting break size. 

The three-dimensional power distribution is calculated for the asymmetric core 
conditions determined by RETRAN-02 at the time of minimum DNBR (MDNBR). This 
power distribution is then used in the VIPRE-01 multichannel steady-state 
calculation to determine the MDNBR. The VIPRE-01 calculation uses the 
calculated asymmetric core inlet temperature and flow as boundary conditions. 

The initial conditions and boundary conditions used in the reference analysis 
are generally conservative. These include a low pressurizer level and RCS 
flow and a high RCS temperature and steam generator water inventory. The core 
is initially at hot-zero-power conditions to maximize the cooldown. The 
reference analysis is performed with and without offsite power for a limiting 
break size of 1.4 ft2. In both cases, the MDNBR is greater than 1.45, which 
is greater than the limiting MDNBR value. 
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2.3.3 Dropped Rod Accident Reference Analysis 

The dropped rod transient is analyzed with a RETRAN-02 plant systems model. 
The input dropped rod worth and core moderator and fuel reactivity coefficients 
are determined with NODE-P. The RETRAN-02 model calculates the initial reduc-
tion in power, bank withdrawal and moderator cooldown, and the final minimum 
DNBR statepoint. The DNBR analysis is performed with a multichannel VIPRE-01 
model using the RETRAN-02 systems input together with a detailed three-
dimensional power distribution determined with either NODE-P or SIMULATE-3P. 

For the reference analysis, a single-loop Catawba 1 RETRAN-02 model is used. 
The uncertainty in plant operating variables is accounted for by using either 
the statistical core design (SCD) methodology or conservative upper-limit 
input values. This includes a low pressurizer level and a maximum average 
fuel temperature. The reference analysis is performed at BOC, MOC and EOC for 
a range of dropped rod worths. The reference analysis calculations indicate 
that the MDNBR does not reach the SCD DNBR limit for the cases analyzed. 

The key physics parameters for the dropped rod analysis that will be used to 
evaluate each DPC reload core are the initial radial peaking FA" axial flux 
shape, moderator and doppler temperature coefficients, droppeePod worth, and 
bank withdrawal worth. 

3.0 EVALUATION  

DPC's topical report DPC-NE-3001-P provides the physics methods that will be 
used to evaluate reload cores against precalculated reference analyses. The 
focus of this review was on the identification of the key safety parameters and 
on the reference analyses provided for the rod ejection, dropped rod, and steam 
line break accident. The initial review of the topical report resulted in a 
series of questions. This evaluation included the review of DPC-NE-3001-P and 
DPC's responses to these questions in References 9 and 10. The evaluation of 
the major issues raised during this review is summarized in the following 
sections. 

3.1 Key Safety Parameters .  

Both generic and event-specific key safety parameters are used in the DPC 
methodology. The identified parameters are based on the dynamics of the 
transient, the sensitivity with respect to the safety parameter, and the 
approach to safety limits. The list of key safety parameters in Table 2-1 of 
the topical report does not include all the modeling input data used in the 
reference analysis that may change with a new reload core design. However, DPC 
intends to examine all of the thermal-hydraulic and mechanical parameters, as 
well as the physics key parameters, in validating the reference analysis for 
application to a reload core. 
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In Chapter 3 of the topical report and in Response 4 of Reference 9, DPC has 
indicated that the key safety parameters will be determined using approved 
codes and methods. However, the SIMULATE-P methods described in DPC topical 
report DPC-NE-1004 (Ref. 3) are being reviewed by the NRC staff and should not 
be used until they have been approved. 

DPC intends to use the key safety parameters identified in Table 2-1 to 
evaluate the licensing events. The only issue raised was the prompt neutron 
lifetime which DPC does not consider as a key safety parameter for the 
uncontrolled withdrawal of the rod cluster control assembly. In Response 27 of 
Reference 10, DPC indicated that for the'bank withdrawal at power, the prompt 
neutron lifetime affects the bank reactivity insertion rate. However, DPC has 
performed sensitivity calculations that indicate that the MDNBR is essentially 
unaffected by changes in the prompt neutron lifetime. For the withdrawal of a 
single rod, the limiting statepoint occurs well after the rod is completely 
withdrawn and there is only minimum sensitivity to the prompt neutron lifetime. 
DPC has also performed sensitivity calculations for the bank withdrawal from 
subcritical. These calculations indicate onlya very weak sensitivity of the 
transient to the neutron lifetime. 

On the basis of the above, the staff concludes that the determination and 
application of the key safety parameters in the DPC reload methodology are 
acceptable. 

3.2 Rod Ejection Accident Analysis  

The RETRAN-02 systems model and VIPRE-01 core thermal-hydraulics model used in 
the DPC rod ejection accident (REA) analysis are based on the Babcock t Wilcox 
Mark-Btu fuel and the Westinghouse optimized fuel designs. The introduction of 
new fuel designs (involving changes in loss coefficients, dimensions, etc.) may 
invalidate the applicability of the reference analysis to the reload core. 
This is also a concern for the steam line break and dropped rod accident 
analyses. DPC has indicated in Responses 1, 18, and 24 of Reference 9 that 
when a new fuel design is included in a cycle reload core, the impact of the 
design changes on all analyses will be evaluated and a reanalysis will be 
performed if necessary. 

The ARROTTA analysis neglects the change in the assembly-wise flow distribution 
and assembly crossflow during the REA. This is considered to be a good 
approximation, since no significant heating is transferred to the moderator 
until after the power transient has been reversed in both the hot-full-power 
(HFP) and hot-zero-power (HZP) cases, and no bulk boiling occurs until after 
local departure from nucleate boiling (DNB) occurs. 
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The nuclear cross sections in ARROTTA are represented as functions of the local 
moderator density, control rod insertion, and fuel and moderator temperature. 
The ARROTTA REA model includes the local fuel exposure dependence by defining a 
set of about 75 distinct fuel compositions. However, a typical reload core 
consists of a continuous three-dimensional fuel exposure distribution and about 
1000 unique fuel compositions. DPC collapses this set of fuel compositions 
from about 1000 down to about 75 using the SIGTRAN code. In response to 
question 9 Reference 9, DPC states that the ARROTTA sensitivity calculations 
in which the number of compositions was increased by about 50 percent indicated 
no significant change in the ARROTTA predictions. 

In the DPC methodology, the REA safety parameters (F, moderator temperature 
coefficient, doppler temperature coefficient, beta, trod ejection worth, and the 
pin power census) are calculated for the reference core in which the cross 
sections in the neighborhood of the ejected rod have been adjusted to increase 
the rod worth and local peaking. This is an appropriate definition of the key 
safety parameters, since it ensures consistency between the REA reference 
results and the cycle reload core safety parameters. The temperature 
coefficient and rod reactivity safety parameters are calculated by standard 
static eigenvalue differencing. The temperature reactivity feedback is 
calculated using an isothermal analysis for the HZP case (Response 13, Ref. 9). 
At HFP the feedbacks are determined by an increase in uniform inlet temperature 
and an increase in core thermal power. The ejected rod worth is calculated without 
feedback (Response 13, Ref. 9). 

The ARROTTA code uses the analytic nodal method of Reference 11 and the 
thermal-hydraulics model of Reference 5. The flux solution is calculated in 
two groups, and the use of discontinuity factors allows an accurate 
reconstruction of the local pin-wise power distribution. 

In Reference 12, DPC has indicated that ARROTTA is only used for the REA and, 
because of the rapid nature of this event, the neutronics solution rather than 
the moderator feedback effects are most important for this application. As 
qualification of the ARROTTA neutronics solution, Combustion Engineering (CE) 
under contract to Electric Power Research Institute (EPRI) compared the 
ARROTTA code Ref. 13) to the NRC-approved CE HERF11TE code (Ref. 14). 
Comparisons were made for steady-state conditions and for an off-center REA in 
half-core geometry from HZP conditions. Good agreement was obtained for the 
REA transient core power, peak assembly power, core average fuel temperature 
and peak fuel temperature, and steady-state power distributions. In Reference 15, 
additional ARROTTA comparisons are given for four static calculations and 
two transient calculations, two of which included thermal-hydraulics feedback. 
These comparisons indicate good agreement in the static eigenvalues, transient 
core power, and both static and transient power distributions. In Response 5 
of Reference 9 DPC stated that Version 1.02 of ARROTTA was used in the HERMITE 
benchmarking calculations, which is the same version as that used in the 
Reference 15 analyses and the DPC REA reference analysis. The EPRI/CE 
ARROTTA-HERMITE comparisons in Reference 13 and the ARROTTA comparisons of 
Reference 15 indicate that ARROTTA provides an accurate calculation of the rod 
ejection transient. 
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On the basis of the above and the responses in Reference 10, the staff 
concludes that the DPC analysis of the REA is acceptable. 

3.3 Steam Line Break Accident Analysis  

In the DPC steam line break accident (SLBA) analysis the stuck rod is located 
in the sector of the core associated with the faulted loop. This results in 
maximum core peaking, but also results in minimum inlet temperature. DPC has 
shown in Response 37 of Reference 10 that the location of the rod in the 
faulted loop sector results in an MDNBR and is conservative. 

Two of the key factors affecting the DPC steam line break response are the 
steam generator inventory and the auxiliary feedwater flow to the faulted 
steam generator. The Catawba units have higher feedwater flow to the faulted 
steam generator than McGuire. In addition; of the two Catawba units, Catawba 
2 has the highest initial steam generator inventory. In its Response 30 of 
Reference 10, DPC has indicated that Catawba 2 also has a higher steam 
generator inventory than both McGuire units at the SLBA initial conditions. 
DPC's selection of Catawba 2 as the bounding unit for the SLBA is therefore 
conservative. 

On the basis of the above and the responses in Reference 10, the staff 
concludes that the DPC analysis of the SLBA is acceptable. 

3.4 Dropped Rod Accident Analysis  

The measured core power is a primary factor in determining the power overshoot 
in the response to the dropped rod in the dropped rod accident (DRA). The 
location of the dropped rod can produce a core power tilt and adversely affect 
the measured core thermal power. As indicated in Responses 42 and 43 of 
Reference 10, DPC assumes a control rod system failure that results in the 
limiting power tilt and a minimum measured core thermal power. This assumption 
maximizes the DRA power overshoot and minimizes the margin to DNB. In 
addition, DPC assumes the control withdrawal stops are inoperative allowing the 
power overshoot to proceed above 103 percent power (Response 43, Ref. 10). 

In the dropped rod event the least negative temperature coefficient provides a 
conservative minimum feedback to the power transient, but also results in a 
nonconservative minimum positive reactivity insertion resulting from the 
cooldown. DPC has performed sensitivity calculations which indicated that the 
feedback reactivity dominates the core response and a least negative 
temperature coefficient provides the bounding conservative DRA analysis. 

On the basis of the above and the responses in Reference 10, the staff 
concludes that the DPC analysis of the DRA is acceptable. 
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3.5 Applications of Codes and Methodology  

The RETRAN-02 and VIPRE-01 codes are used in the DPC rod ejection, steam line 
break, and dropped rod accident analyses. In Response 29 of Reference 10, DPC 
has indicated that the application of these codes is outside the limitations of 
their present NRC approval in two instances: (1) RETRAN-02 MOD005 is used to 
determine the boron transport in the steamline break accident analysis and (2) 
the VIPRE-01 heat transfer correlations are used for post critical heat flux 
(CHF) analyses in the rod ejection accident (REA) analysis. 

In response to the VIPRE-01 concerns, DPC has indicated that the application 
of the post-CHF heat transfer correlations in the REA analysis affects both 
the peak fuel enthalpy and reactor coolant system (RCS) peak pressure 
calculations. DPC has determined through sensitivity analysis that the 
available post-CHF correlations result in conservative fuel temperatures or 
have a negligible effect on the peak fuel temperatures or both. In view of the 
large (factor of about 2) margin between the calculated REA peak fuel enthalpy 
and the fuel enthalpy limit, this is acceptable. DPC has also evaluated the 
effect of the post-CHF heat transfer correlations on the peak RCS pressure and 
found they have less than a 14-psig effect, which is within the available 
margin to the RCS pressure limit. Consequently, DPC's application of the 
VIPRE-01 post-CHF heat transfer correlations in the REA analysis is acceptable. 
Since no additional information is provided on RETRAN-02, the approval of the 
DPC transient analysis methods is contingent on the approval of MOD005 of 
RETRAN-02 for boron transport calculations. 

The thermal-hydraulics methodology described in the DPC topical report 
DPC-NE-3000 (Ref. 8) has been used in the DPC transient analyses. The 
limitations of the NRC approval of the DPC-NE-3000 thermal-hydraulics 
methodology will, therefore, also apply to the transient analysis methodology 
of DPC-NE-3001-P. 

4.0 LIMITATIONS  

The staff has reviewed in detail the DPC reactor transients and safety analysis 
physics parameters methodology topical report and the supporting documentation 
in References 9 and 10. The topical report documents the DPC reload key 
safety parameter methods and the reference analyses for the rod ejection, 
dropped rod, and steam line break accidents. On the basis of this review, the 
staff concludes that the DPC methodology is acceptable for performing licensing 
analyses under the conditions stated in Section 3 of this evaluation and 
summarized as follows: 

(1) The licensing application of the SIMULATE-3P static methods for deter- 
mining the key safety parameters requires NRC approval of the reference 
topical report, DPC-NE-1004 (Section 3.1). 
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The licensing application of the DPC-NE-3001-P transient analysis methods 
requires NRC approval of MOD005 of RETRAN-02 for boron transport 
calculations (Section 3.5). 

The licensing application of the DPC-NE-3001-P transient analysis methods 
411 	 requires NRC approval of the thermal-hydraulics topical report DPC-NE-3000 

(Section 3.5). 
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STATEMENT OF DISCLAIMER 

There are no warranties expressed, and no claims of content accuracy implied. Duke Energy 

Carolinas, LLC disclaims any loss or liability, either directly or indirectly as a consequence of 

applying the information presented herein, or in regard to the use and application of the before 

mentioned material. The user assumes the entire risk as to the accuracy and the use of this 

document. 
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Abstract 

This report describes the Duke Energy Carolinas methodologies for: i) simulating the UFSAR 

Chapter 15 events characterized by multidimensional reactor transients, and ii) systematically 

confirming that reload physics parameteis important to Chapter 15 transients and accidents are 

bounded by values assumed in the licensing analyses. The multidimensional reactor transients 

described are the rod ejection accident, the main steam line break, and the dropped rod transient. 

The analytical approaches combine neutronics calculations with system and core thermal-

hydraulics simulations. It is concluded that applications of the methodologies and physics 

parameters checks will result in conservative predictions of the consequences, and that the 

applicable acceptance criteria are met. This report is applicable to the McGuire and Catawba 

Nuclear Stations. 

Revision Oa 

Revision Oa includes the replacement of the CASMO-3/SIMULATE-3 methodology with the 

NRC-approved CASMO-4/SIMULATE-3 methodology for the generation of nuclear data. The 

rod ejection methodology is updated to replace the ARROTTA calculation methodology with the 

NRC-approved SIMULATE-3K methodology. References to the EPRI-ARMP methodology are 

removed, and the content related to radiological dose analysis results has been deleted. Other 

revisions address issues that have been identified based on experience gained in applying the 

original methodologies. In addition, content from NRC-approved methodology report DPC-NE-

2009-PA, "Westinghouse Fuel Transition Report" is being merged into Revision Oa so that the 

methodologies are all included in this report. 

iii 
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List of Abbreviations (cont.) 

NI 	 Nuclear instrumentation 

NRC 	Nuclear Regulatory Commission 

OAC 	Operator aid computer 

PORV 	Power-operated relief valve 

PWR 	Pressurized water reactor 

PZR 	Pressurizer 

RCP 	Reactor coolant pump 

RCS 	Reactor Coolant System 

RIL 	Rod insertion limits 

RPS 	Reactor Protection System 

RTD 	Resistance temperature detector 

SCD 	Statistical core design 

SG 	 Steam generator 

SI 	 Safety injection 

SWD 	Steps withdrawn 

TM 	Thermal mixing 

UFSAR 	Updated Final Safety Analysis Report 
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1.0 	INTRODUCTION 

This report describes the methodologies to be used by Duke Energy Carolinas to simulate 

multidimensional reactor transients and to verify that the key physics parameters calculated for a 

reload core are bounded by values assumed in the licensing Chapter 15 analyses. This report is 

applicable to the McGuire and Catawba Nuclear Stations, which are 4-loop 3411 MWt 

Westinghouse units. These methodologies expand on the NRC-approved reload design methods 

of DPC-NF-2010-A (Reference 1-1) and on the system and core transient thermal-hydraulic 

simulation methods of DPC-NE-3000-PA (Reference 1-2). 

Chapter 15 accident analyses show that the design of a reactor and its associated systems will 

mitigate the events of various postulated accidents and ensure that the consequences of these 

accidents are acceptable. These analyses, hereafter referred to as the "reference safety analyses," 

along with the facility Technical Specifications, establish the bases and conditions for safe 

operation of the plant. Important parts of the reference analyses include values of parameters 

assumed in the analyses, performance characteristics of the mitigating systems, and the analytical 

models used. Values of parameters selected in the reference analyses are chosen to bound values 

expected during the life of the plant. Performance characteristics of the mitigating systems are 

modeled to give conservative performance characteristics and produce bounding consequences 

for each of the accidents. 

For each fuel cycle design, each reference analysis is validated by examining all of the key 

physics, thermal-hydraulic, and mechanical parameters which are assumed in the reference 

analysis and which might be affected by a ,reload design. These values are compared to those 

calculated for the particular cycle. If all parameters are within the envelope of values assumed in 

the reference analysis, then the analysis is valid and no reanalysis is necessary. If, however, one 

or more of the plant parameters assumed in the reference analysis are found to be 

nonconservative for the reload cycle, those accident analyses which are affected by the 

nonconservative parameters must be reevaluated or the loading pattern must be revised. This 

validation process is shown schematically in Figure 1-1. 
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Input to these checks will come from various groups associated with the reload design and safety 

analysis of reload cores including nuclear design, safety analysis, mechanical, and thermal-

hydraulic groups. This checklist concept applies only to changes in important parameters 

resulting from refueling of the reactor core. Other changes in plant systems or setpoints might 

necessitate the reanalysis of certain transients independently of the reload design process. In 

some cases, the effects of plant modifications might be incorporated into the reload analysis. 

The first two chapters of this report concentrate on the generation of key physics parameters and 

the methods for using these parameters to validate existing safety analyses. 

Chapter 2 specifies those physics parameters determined tobe important for each Chapter 15 

event. The appropriateness of selecting a maximum, minimum, or nominal value for each 

parameter is justified. Future reanalyses of Chapter 15 transients would use the specifications of 

Chapter 2 to determine physics data required to perform a conservative analysis. 

Chapter 3 describes the nuclear design methods employed to calculate values of the important 

safety analysis physics parameters. These parameters can be influenced by core composition, 

boron concentration, control rod position, power level, xenon distribution, and other 

considerations. The approach taken to determine a conservative value of a parameter is to utilize 

the results of Chapter 2, and then investigate combinations of the above factors as permitted by 

Technical Specifications. 

Three UFSAR Chapter 15 events involve significant asymmetric core power peaking and require 

evaluation of the core response from a multidimensional simulation perspective. These events 

are the steam line break (15.1.5), the dropped rod transient (15.4.3), and the rod ejection accident 

(15.4.8). In order to conservatively predict the transient response, a combination of neutronic, 

system thermal-hydraulic, and core thermal-hydraulic simulation codes is employed. Depending 

on the dynamics of the particular analysis, it is possible in some situations to adequately and 

conservatively model aspects of the transient with static methods. Otherwise, an explicit 

transient evaluation is performed. The analyses presented are intended to bounds future reload 

core designs. As such, a cycle-specific check of important safety analysis physics 
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parameters and/or a limited scope analysis will be all that is necessary to confirm that the 

existing analysis results remain bounding. 

The rod ejection accident analysis methodology is presented in Chapter 4. The rapid core 

transient response is simulated with the three-dimensional space-time transient neutronics nodal 

code SIMULATE-3K (Reference 1-3). The rod ejection accident is analyzed at full power and 

zero power at both beginning and end-of-cycle. The core thermal response is modeled with the 

VIPRE-01 (Reference 1-4) code. Peak fuel enthalpy, a core-wide DNBR evaluation and transient 

core coolant expansion are calculated. The Reactor Coolant System pressure response is 

simulated with the RETRAN-02 (Reference 1-5) code. The results of the analysis are shown to 

meet all acceptance criteria. 

The steam line break accident analysis methodology is presented in Chapter 5. The system 

thermal-hydraulic analysis is performed with RETRAN-02. The worst case scenario, which 

occurs at zero power at end of cycle, is presented. Cases both with and without offsite power are 

analyzed. The core power peaking at the peak return-to-power statepoint condition and including 

the worst stuck rod is determined. The approach to DNBR is then predicted with V1PRE-01. 

The results show that the DNBR limit is not exceeded for the limiting cases. 

The dropped rod transient analysis methodology is presented in Chapter 6. The transient 

response to single and multiple dropped rods from within the same group are evaluated. A 

complete range of dropped rod worths at beginning, middle, and end-of-cycle are analyzed. The 

system thermal-hydraulic analysis is performed with RETRAN-02. The core power peaking at 

the limiting statepoints is evaluated with V1PRE-01 to demonstrate that the DNBR limit is not 

exceeded. 
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2.0 	DETERMINATION OF SAFETY ANALYSIS PHYSICS PARAMETERS 

	

2.1 	Overview 

UFSAR Chapter 15 transients and accidents must be conservatively analyzed to ensure that the 

applicable fuel design limits, system overpressure design limits, and dose consequences are not exceeded. 

Each transient and accident analysis incorporates a set of assumptions, which when combined in a 

consistent or conservative manner, produce conservative analysis results. These analyses bound the 

licensed operating conditions and modes for the current plant design and fuel cycle. An important subset 

of the analysis assumptions includes the core physics parameters necessary to characterize the initial 

conditions and transient response of the core. The relative importance of various physics parameters and 

the sensitivity to variations in the values of the parameters varies between transients. However, it is 

possible to identify, for each event, a set of physics parameters which are significant and directly affect 

the results of the analysis. Once these key parameters have been determined, then the impact of variation 

in the range of values due to a change in the core loading pattern and operating history can be assessed. 

A conservative or consistent value can then be selected for analysis, or several combinations can be 

analyzed to ensure the transient response is bounded. 

The purpose of this chapter is to review and identify the key physics parameters for each UFSAR 

Chapter 15 event. The conservative direction for each parameter (e.g., minimum/maximum) is identified 

where important. Table 2-1 summarizes the key parameters identified in this chapter. The actual 

analysis values are not provided but can be obtained by referencing the current valid licensing analysis 

for each event and plant. 

2.2 	Generic Parameters 

Some of the important safety analysis physics parameters can be considered generic in that the value of 

the parameter is important for many transient analyses. The descriptions of the following generic 

parameters are not repeated for each specific transient in Section 2.3. 

2-1 



Reactivity Insertion Following Reactor Trip 

The reactivity insertion following reactor trip is a combination of a minimum available tripped rod worth 

and a normalized reactivity insertion rate. The minimum available tripped rod worth assumed in the 

safety analyses must ensure, as a minimum, that the shutdown margin in Technical Specifications is 

preserved. This shutdown margin assumes that the most reactive rod remains in the fully withdrawn 

position and that the other control rods drop from their power dependent insertion limits. The 

normalized reactivity insertion rate is determined by bounding control rod drop times as determined by 

plant testing, and by developing a conservative relationship between rod position (%inserted) and 

normalized reactivity worth. 

Initial Core Power Distribution 

Technical Specifications require that the core power distribution remains within prescribed limits during 

power operation. These power peaking limits are typically expressed as limits on total peak (F0), and 

radial peak (FAH). F0  limits are typically a function of elevation in the core and might also vary as a 

function of burnup and power level, whereas FAH limits are typically a function of the axial peak and the 

axial location of the axial peak, and may also vary as a function of burnup and power level. Core power 

distributions permitted by axial flux difference (AFD) and rod insertion operating limits are valid initial 

condition power distributions assumed in transient and accident analyses. For those transients in which 

the initial power distribution has a significant impact on the course of the event, perturbed power 

distributions allowed by operating limits are considered. These events are discussed individually in 

Section 2.3. 

Effective Delayed Neutron Fractions and Decay Constants 

The delayed neutron parameters are mainly important during reactivity excursion transients. For an 

event such as the rod ejection accident, the minimum value of the effective delayed neutron fraction 

(beta-effective) is conservative. The values of the delayed neutron fractions and decay constants for each 

delayed neutron precursor group are not key parameters, and typical values are sufficient. 

2-2 
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Prompt Neutron Lifetime 

The prompt neutron lifetime is mainly important during rapid reactivity excursion transients. This 

parameter is not a key parameter, and so typically beginning and end-of-cycle values are used consistent 

with the limiting core condition for the transient. 

Initial Fuel Temperatures 

Both the initial core average fuel temperature and the initial hot spot temperature are important to a 

conservative evaluation of the transient core response. These temperatures are determined using 

approved methods (References 2-1, 2-2, 2-3 and 2-4). Prediction of core average fuel temperatures and 

nodal fuel temperatures are integral to the capability to predict physics parameters, core power 

distributions, and core depletion. The physics parameter and power distribution prediction capability 

demonstrated in Reference 2-3 shows that fuel temperatures are accurately modeled. The initial hot spot 

temperature is determined in a manner consistent with the initial power distribution and appropriate hot 

channel factors. Conservative values for fuel temperatures can be either maximum or minimum values, 

depending on the event and the acceptance criteria. 

2.3 	Discussion of UFSAR Chapter 15 Transients and Accidents 

2.3.1 	Feedwater System Malfunctions That Result in a Reduction in Feedwater Temperature 

(15.1.1) 

This transient is bounded by 15.1.2 and 15.1.3, which are discussed in Sections 2.3.2 and 2.3.3. 

2.3.2 	Feedwater System Malfunction Causing an Increase in Feedwater Flow (15.1.2) 

This transient is initiated by a failed-open main feedwater control valve which results in an increase in 

main feedwater flow. Due to the increase in the secondary heat sink, the primary coolant temperature 

decreases. The transient response is most conservative in the presence of a most negative moderator 
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temperature coefficient (MTC) which will result in the maximum increase in reactor power. Similarly, a 

least negative Doppler temperature coefficient (DTC) is conservative since this maximizes the core 

power response. The MTC and DTC are the only key physics parameters for this event. 

	

2.3.3 	Excessive Increase in Secondary Steam Flow (15.1.3) 

This transient is initiated by an increase in secondary steam flow, which can result from the turbine 

governor valves opening or from a spurious steam dump to condenser event. Due to the increase in the 

secondary heat sink, the primary coolant temperature decreases. Similar to the discussion in Section 

2.3.2, a most negative MTC and a least negative DTC are conservative modeling assumptions. 

	

2.3.4 	Inadvertent Opening of a Steam Generator Relief or Safety Valve (15.1.4) 

This transient is initiated by uncontrolled secondary depressurization resulting from a failure of a 

secondary steam dump valve, safety valve, or PORV. The worst case scenario begins from a no-load 

condition. The resulting primary system overcooling can cause a loss of core shutdown and a return-to-

power can occur prior to boron injection from the actuation of safety injection. Since the steam system 

piping failure (15.1.5) is analyzed to the acceptance criteria that are applicable to the 15.1.4 transient, and 

since it bounds 15.1.4 in all aspects, there is no basis for analyzing 15.1.4. The 15.1.5 analysis can 

simply be referenced. 

	

2.3.5 	Steam System Piping Failure (15.1.5) 

This transient is initiated by a rupture of a main steam line at zero power initial conditions. The resulting 

primary system overcooling causes a loss of core shutdown and a return-to-power condition occurs. This 

transient is analyzed by assuming a conservatively large reactivity insertion as the core cools down. The 

power increase is exacerbated by assuming a least negative Doppler coefficient. The boron concentration 

in the safety injection flowpath and the boron worth are both minimized. Due to the assumption of a 

stuck rod, the core power distribution at the limiting statepoint will be highly peaked. Consequently, the 

core power distribution must be evaluated to quantify the number of fuel pins, if any, exceeding the 

DNBR limit. 

2-4 
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2.3.6 	Loss of External Load (15.2.2) 

• 

This transient is bounded by 15.2.3, which is discussed in Section 2.3.7. 

5 

2.3.7 	Turbine Trip (15.2.3) 
S 

This transient is initiated by a rapid closure of the turbine stop valves, resulting in a decrease in the • 
secondary heat sink. As a result, primary coolant temperatures increase. The transient response is most 

conservative at beginning-of-cycle where the MTC and DTC are least negative. The least negative MTC 

and DTC maximize the pre-trip core power response. With this approach, the mismatch between heat 

source and heat sink is conservatively maximized. 

S 

2.3.8 	Inadvertent Closure of Main Steam Isolation Valves (15.2.4) • 
This transient is bounded by 15.2.3, which is discussed in Section 2.3.7. • 
2.3.9 	Loss of Condenser Vacuum (15.2.5) 

• 
This transient is bounded by 15.2.3, which is discussed in Section 2.3.7. 

• 
2.3.10 Loss o f Non-Emergency AC Power (15.2.6) 

• 

This transient is initiated by a loss of non-emergency AC power. Similar to the turbine trip transient in 

Section 2.3.7, this transient is basically a loss of heat sink event. Since the severity of this event is 

determined mainly by decay heat, which is maximum at EOC, a most-negative MTC and a least-negative 

111 	DTC are assumed. 
S - 2.3.11 Loss of Normal Feedwater Flow (15.2.7) 

This transient is initiated by a loss of main feedwater flow. Similar to the turbine trip transient in Section 

2.3.7, this transient is basically a loss of heat sink event. Therefore, the conservative physics parameters 

are least negative MTC and DTC. 

• 
• 

2-5. 
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2.3.12 Feedwater System Pipe Break (15.2.8) 

This transient is initiated by a rupture of a main feedwater line. Similar to the turbine trip transient in 

Section 2.3.7, this transient is basically a loss of heat sink event. Therefore, the conservative physics 

parameters are least negative MTC and DTC. 

2.3.13 Partial Loss of Forced Reactor Coolant Flow (15.3.1) 

This transient is initiated by a trip of one reactor coolant pump. Due to the decrease in core flow, the 

core average moderator temperature increases. In order to maximize the pre-trip core power response 

and conservatively predict the minimum DNBR, least negative MTC and DTC are appropriate. 

2.3.14 Complete Loss o f Forced Reactor Coolant Flow (15.3.2) 

This transient is initiated by a simultaneous trip of all four reactor coolant pumps. Similar to the single 

reactor coolant pump trip transient in Section 2.3.13, the conservative physics parameters are least 

negative MTC and DTC. 

2.3.15 Reactor Coolant Pump Locked Rotor (15.3.3) 

This transient is initiated by an instantaneous seizure of a reactor coolant pump which results in a rapid 

decrease in loop and core flow. Similar to the single reactor coolant pump trip transient in Section 

2.3.13, the conservative physics parameters are least negative MTC and DTC. 

2.3.16 Reactor Coolant Pump Shaft Break (15.3.4) 

This transient is bounded by 15.3.3, which is discussed in Section 2.3.15. 

2.3.17 Uncontrolled Bank Withdrawal From Subcritical (15.4.1) 

This transient is initiated by a malfunction in the Rod Control System which results in the withdrawal of 

two sequential control banks from a subcritical condition. In order to maximize the pre-trip core power 

response, a most positive MTC and a least negative DTC are conservative assumptions. The reactivity 
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addition rate resulting from the rod withdrawal is taken to be the maximum credible value. This value is 

a combination of two sequential control banks moving at maximum speed in 100% overlap over the span 

of rod positions resulting in the maximum differential summed rod worth. 

2.3.18 Uncontrolled Bank Withdrawal at Power (15.4.2) 

This transient is initiated by a malfunction in the Rod Control System which results in the withdrawal of 

two sequential control banks at power. Unlike most other transients, the uncontrolled rod withdrawal at 

power analysis typically requires that a spectrum of cases be analyzed in order to confirm that the 

minimum DNBR limit is not exceeded. Due to the increase in core power peaking at reduced power 

levels, the analyses must consider all power levels as viable worst case initial conditions. The limiting 

reactivity addition rate is also not obvious and so all rates up to the maximum credible value (refer to 

Section 2.3.17) must be considered. A most positive MTC is combined with a least negative DTC. The 

impact of the rod withdrawal on the core power distribution is another parameter requiring evaluation. 

2.3.19 Dropped Rod(s) and Dropped Bank (15.4.3) 

This transient is initiated by a malfunction in the Rod Control System which results in one or more rods 

from the same group dropping into the core. Key physics parameters include the dropped rod worth, the 

total worth of the controlling rod groups which are available for withdrawal, the flux incident on the 

excore power range flux detectors, and the post-drop core power distribution. In order to bound the 

effect of thermal feedback, bounding values for MTC and DTC as a function of core burnup must be 

analyzed. The dropped bank transient generally results in a reactor trip on low pressurizer pressure. For 

those events which do not result in a reactor trip, the core power peaking is bounded by the dropped 

rod(s) transient due to the symmetric nature of a dropped rod bank. Therefore, the dropped rod bank is 

not analyzed. 

2.3.20 Statically Misaligned Control Rod (15.4.3) 

The statically misaligned control rod evaluation considers the situation where one Bank D control rod is 

mispositioned relative to the remaining Bank D rods. The single rod can be at any position while the 

bank is within its normal operating limits. The important physics parameter is the core power 

distribution resulting from the asymmetric condition. 
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2.3.21 Single Control Rod Withdrawal (15.4.3) 

This transient is initiated from full power by a spurious withdrawal of one Bank D rod. Key physics 

parameters include the integral worth of the Bank D rod beginning from the full power insertion limit, the 

flux incident on the excore power range flux detectors, and the core power distribution resulting from the 

asymmetric condition. In order to maximize the core power response, a least negative MTC and a least 

negative DTC are selected. 

2.3.22 Inadvertent Startup of the Fourth Reactor Coolant Pump (15.4.4) 

This transient is initiated by an inadvertent manual restart of the fourth reactor coolant pump while at 

power. Due to the resulting increase in core flow, moderator temperature decreases. Cold water originally 

in the inactive loop is also transported towards the core by restarting the pump. In order to conservatively 

maximize the core power response, a most negative MTC and a least negative DTC are selected. 

2.3.23 Moderator Dilution Accident (15.4.6) 

Moderator dilution events can result from malfunctions or misoperation of the makeup and letdown 

systems. These events can occur in various operating modes as detailed in the UFSAR. The important 

physics parameters in each mode are the same. These are the critical boron concentration and the initial 

boron concentration. The initial boron concentration is determined by a prescribed initial value or by 

adding to the critical boron concentration the mode-specific shutdown margin converted to ppmb. In 

order to be conservative, the boron concentrations should be large, since the effect of a dilution will be 

greater. The boron worth used to convert the shutdown margin to ppmb should be conservatively large. 

2.3.24 Rod Ejection Accident (15.4.8) 

The rod ejection accident is initiated by a mechanical failure of the control rod drive mechanism pressure 

housing. The event is evaluated at both hot full power and hot zero power conditions at both beginning 

and end-of-cycle. For each condition, the physics parameters are selected in a consistent manner to 

conservatively bound the transient response. A conservatively high ejected rod worth is evaluated. The 

MTC is specified as least negative to minimize negative reactivity addition via thermal feedback. The 

DTC is specified as least negative to minimize thermal feedback and maximize core power response. 
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Beta-effective is also minimized to maximize the core power response. The resulting core power 

distribution including the maximum total peak are key parameters. 

2.3.25 Inadvertent ECCS Actuation (15.5.1) 

This transient is initiated by a spurious actuation of the Emergency Core Cooling System, which results 

in boron injection into the primary system. Reactor power decreases slowly until a reactor trip occurs. 

All thermal margins increase during this transient, and there are no important physics parameters. 

2.3.26 CVCS Malfunction Resulting in Increase in Primary Inventory (15.5.2) 

This transient is bounded by 15.5.1. 

2.3.27 Inadvertent Opening of a Pressurizer Relief or Safety Valve (15.6.1) 

This transient i s initiated by a spurious lifting of a pressurizer relief or safety valve and a failure to close. 

A loss of primary coolant results and primary pressure decreases until reaching the reactor trip setpoint. 

There are no important physics parameters associated with this event. 

2.3.28 Instrument Line Rupture (15.6.2) 

This transient, similar to 15.6-1, does not involve any important physics parameters. 

2.3.29 Steam Generator Tube Rupture (15.6.3) 

This transient, similar to 15.6.1, does not involve any important physics parameters. 

2.3.30 Loss of Coolant Accidents (15.6.5) 

The only important physics parameter for LOCA is the initial power distribution. Linear heat flux 

(kw/ft) limits are established as a function of core elevation. These limits may also account for 

differences in fuel assembly design and burnup. 
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2.4 	Reload Cycle Evaluation 

The important physics parameters in Table 2-1 are evaluated each reload cycle to ensure that values 

assumed in the current licensing analyses bound the reload core. Accidents for which the physics 

parameters are not bounded would be reevaluated to ensure acceptable accident consequences or the core 

would be redesigned so the physics parameters fall within the limits assumed in the reference analysis. 

Core power distributions for those accidents where either a combination of high peaking factors and/or a 

high power level is present are evaluated against fuel thermal limits to confirm that accident analysis 

acceptance criteria are satisfied, and that core technical specification protection limits are acceptable. 

Accidents for which either thermal limit acceptance criteria or technical specification limits are exceeded 

would be reevaluated to ensure acceptable accident consequences or the core would be redesigned to 

obtain acceptable peaking factors and accident consequences. 
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3.0 	CALCULATION OF KEY SAFETY ANALYSIS PHYSICS PARAMETERS 

Core physics parameters are calculated as part of the safety analysis for each reload core using 

NRC-approved methodology to systematically confirm \the physics parameters for a reload core 

are bounded by the licensing Chapter 15 analyses. The SIMULATE-3 three-dimensional core 

model (Reference 3-1) is used to calculate core physics parameters and power distributions. The 

models used to perform these calculations are based on the available operating history of the 

previous reload cycle to ensure best estimate calculations. Determination of whether a nuclear-

related physics parameter is within the bounding value assumed in the reference safety analyses 

must be made by performing explicit calculations of the parameter, or by comparison to values 

generated in previous reload core designs. Comparison to previously calculated physics 

parameters (to determine if the physics parameter is bounding) is only performed if the reload 

core being analyzed is similar to previously analyzed reload cores. These comparisons can be 

performed to determine the bounding nature of a physics parameter because of the predictable 

behavior of most physics parameters as a function of reactor power, moderator temperature, 

burnup, and soluble boron concentration. The calculation of control rod worths, reactivity 

coefficients, and kinetics parameters are described below. 

	

3.1 	Control Rod Worth Calculations 

The primary purpose of control rods is to provide adequate shutdown capability during normal 

plant operation and accident conditions. Control rods are also used to maintain criticality during 

rapid reactivity changes such as those that would occur during typical load follow maneuvers. 

They can also be used to offset reactivity changes produced from fuel depletion and changes in 

boron concentration, xenon concentration, and moderator temperature. However, control rods 

are maintained at or near their all rod out (ARO) position during nominal power operation and 

are normally only used to compensate for rapid reactivity changes. 

Control rod integral and differential rod worths are sensitive to local and global power 

distribution changes. Since the placement of fresh and depleted fuel assemblies produces unique 

power distributions, it is necessary to analyze control rod worths for each reload core. Rod 

worth related calculations that are evaluated for each reload core are: 

3-1 
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Shutdown margin 

Trip reactivity 

Control rod insertion limits 

Maximum differential rod withdrawal at power 

Maximum differential rod withdrawal from subcritical 

Dropped rod worth 

Ejected rod worth 

Shutdown Margin 

Shutdown margin calculations are typically performed for each reload core at beginning of cycle 

(BOC) and end of cycle (EOC) at various power levels including hot full power (HFP) and hot 

zero power (HZP) conditions. These calculations are typically performed in three dimensions, 

taking into account the power defect, stuck rod worth, allowance for rods being at their power 

dependent insertion limits, xenon maldistribution, and rod worth uncertainty. 

Trip Reactivity 

The minimum trip reactivity and the trip reactivity shape are evaluated for each reload core. Trip 

reactivity is defined as the amount of negative reactivity inserted into the reactor core following a 

reactor trip. Allowances for the highest worth stuck rod and for the control banks at the rod 

insertion limits are taken into account. If the results from this calculation are not bounded by the 

trip reactivity assumed in the safety analysis, reanalyses of the affected accidents are performed 

with a new minimum trip reactivity. The Minimum normalized trip reactivity shape is also 

analyzed for each reload core. This calculation is performed from HFP, and is structured to 

conservatively delay the amount of negative reactivity inserted into the reactor core versus rod 

position. The highest worth stuck rod is assumed stuck in its fully withdrawn position after trip. 

This conservatism is achieved by allowing for a bottom peaked power distribution. 
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Control Rod Insertion Limits 

Control rod insertion limits serve several functions and are dependent upon the acceptable results 

of power peaking analyses, shutdown margin calculations, ejected rod worth calculations, and 

inserted reactivity assumptions for safety analyses. Verification of the rod insertion limits from a 

peaking standpoint is performed in the operating limits and RPS setpoint analysis performed for 

each reload core design. The methodology used to perform this analysis is discussed in detail in 

Reference 3-2. Rod insertion limits also impact the available shutdown margin by influencing 

the magnitude of the rod insertion allowance. The rod insertion allowance is calculated at 

various burnups and includes allowances for top peaked power distributions. Rod insertion 

limits also impact the ejected rod worth and the amount of worth available for withdrawal for 

accidents sensitive to this parameter. 

Maximum Differential Rod Withdrawal from Power 

The maximum differential rod worth at power is calculated for each reload core at BOC and 

EOC. This calculation is performed to ensure that inputs to the uncontrolled bank withdrawal at 

power accident are bounded. The maximum differential rod worth of any two control banks is 

calculated assuming normal overlap and adverse axial power distributions, while adhering to the 

power dependent rod insertion limits. The maximum total worth available for withdrawal is also 

calculated. 

Maximum Differential Rod Withdrawal from Subcritical 

The maximum differential rod worth from subcritical is calculated for each reload core at BOC 

and EOC. This calculation is performed to ensure that inputs to the uncontrolled bank 

withdrawal from subcritical or low power accident are bounded. The calculation of this 

parameter assumes the combination of two sequential control banks moving in 100% overlap 

with the reactor at HZP. The impact of adverse axial power distributions is also considered in 

the calculation of the maximum differential rod worth. The maximum total worth available for 

withdrawal is also calculated. 
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Dropped Rod Worth 

The maximum allowed dropped rod worth is calculated, which occurs at EOC. Limiting 

combinations of dropped rods are evaluated to determine the maximum dropped rod worth. This 

value is compared against the reference analysis value to ensure that the safety analysis remains 

bounding. Dropped rod worths are calculated by evaluating the reactivity difference produced 

from a control rod or rods dropped from the HFP ARO or from the rod insertion limit (RIL) 

condition. 

Ejected Rod Worth 

Ejected rod worths are calculated at BOC and EOC for both HFP and HZP conditions. Initial 

conditions for the ejected rod worth calculation are established by assuming that the control rods 

are at their rod insertion limit and by imposing a positively skewed power distribution. The rod 

worth calculation is performed by ejecting the control rod from the rod insertion limit to the 

ARO condition and calculating the reactivity difference. All possible rods are analyzed to 

determine the highest worth ejected rod. Conservatisms in the calculation of this rod worth and 

the resulting peaking factors produced from the rod ejection are retained by holding both the 

moderator and fuel temperature distributions constant. 

3.2 	Reactivity Coefficients and Kinetics Parameters 

The dynamic behavior of a reactor core during load follow maneuvers, transients, and accident 

conditions can be described in terms of reactivity coefficients. The magnitude and sign of these 

coefficients affect the reactor stability during transient and accident conditions. Reactivity 

coefficients are defined as the change in reactivity produced from a change in reactor power, 

moderator density, fuel temperature or boron concentration. The moderator density effects are 

often expressed in terms of moderator temperature. Since these coefficients are a strong function 

of exposure, they are calculated at several exposure statepoints during core life. Reactivity 

coefficients are also influenced by changes in moderator temperature, reactor power, and soluble 

boron concentration. 
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The statepoints at which reactivity coefficients are evaluated are chosen to ensure that the 

assumptions made in the specific accident analyses remain bounded. For example, the moderator 

dilution accident at power is sensitive to the most positive moderator temperature coefficient and 

the steam line break accident is sensitive to the most negative (or least positive) isothermal 

temperature coefficient. The calculation of the moderator temperature coefficient, and fuel 

temperature coefficients and the statepoints at which these coefficients are evaluated are 

discussed below. The calculation of critical boron concentrations, boron worths and kinetics 

parameters follow. 

Moderator Temperature Coefficient 

The moderator temperature coefficient (MTC) is defined as the change in core reactivity 

resulting from a change in moderator temperature. Bounding coefficients (least and most 

negative) are calculated for each reload core. The following parameters are considered in the 

evaluation of the moderator temperature coefficient to ensure that conservative results are 

obtained. 

Soluble boron 

Cycle exposure 

Control rods 

Moderator temperature 

Pressure 

The calculation of the MTC is typically performed using a three-dimensional core model. The 

moderator temperature coefficient is calculated by inducing a change in moderator temperature 

(and, therefore, density) about the average temperature of interest and dividing the resulting 

reactivity change by the change in moderator temperature. 

Doppler Temperature Coefficient 

The Doppler (or fuel) temperature coefficient (DTC) is defined as the change in core reactivity 

resulting from a change in fuel temperature. The most and least negative DTCs are calculated 

for each reload core considering the core burnup and power level. The DTC is calculated by 
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performing a set of two cases which vary the fuel temperature about a mean fuel temperature. 

The reactivity difference between the two fuel temperatures divided by the change in fuel 

temperature is the definition of the DTC. DTCs are often quoted at various power levels by 

equating changes in reactor power to changes in mean fuel temperature. 

Kinetics Parameters 

The dynamic behavior of the reactor core is determined to a large degree by the presence of 

delayed neutrons. Delayed neutron fractions and decay constants are calculated for six effective 

delayed neutron groups. The total beta-effective is the sum of the six group effective fractions 

and is, along with prompt neutron lifetime, calculated at BOC and EOC conditions. 

Critical Boron Concentrations and Boron Worths 

Critical and shutdown boron concentrations are calculated as a function of reactor power, 

exposure, temperature, and control rod positions as allowed by the power dependent rod insertion 

limits. Differential boron worths are also calculated as a function of various combinations of the 

above variables. The results of these calculations are compared to inputs for several accident 

analyses. 

References 

3-1 	Nuclear Design Methodology Using CASMO-4/SIMULATE-3 MOX, DPC-NE-1005- 

PA, Revision 1, Duke Energy Carolinas, November 2008 

3-2 	Nuclear Design Methodology for Core Operating Limits of Westinghouse Reactors, 

DPC-NE-2011-PA, Revision 1 a, Duke Power, December 2008 
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4.0 	ROD EJECTION ANALYSIS 

	

4.1 	Overview  

4.1.1 Description of Rod Ejection Accident 

The rod ejection accident is described in UFSAR Section 15.4.8. The accident is initiated by a 

failure of the control rod drive mechanism housing, which allows a control rod to be rapidly ejected 

from the reactor by the Reactor Coolant System pressure. If the reactivity worth of the ejected 

control rod is large enough, the reactor will become prompt critical. The resulting power excursion 

will be limited by the fuel temperature feedback and the accident will be terminated when the 

Reactor Protection System trips the reactor on high neutron flux and the remaining control rods fall 

into the core. The mechanical design and testing of the control rod drive mechanisms and housings 

make this event unlikely. If a control rod ejection should occur, the nuclear design of the reactor 

core and limits on control rod insertion will limit any potential fuel damage to acceptable levels. 

4.1.2 Acceptance Criteria 

The rod ejection accident is classified as an ANS Condition IV event. Three acceptance criteria are 

applicable as required per NUREG-0800, Section 15.4.8 (Reference 4-1). The radially averaged 

fuel pellet enthalpy shall not exceed 280 cal/gm at any axial location. This criterion ensures that a 

coolable core geometry is maintained. Acceptable offsite dose consequences must be shown to be 

within applicable regulatory limits. The radionuclide source term is determined by conservatively 

predicting the number of fuel pins exceeding the DNB limit and the percentage of melted fuel. The 

peak Reactor Coolant System pressure must be within Service Limit C as defined by the ASME 

Code (Reference 4-2), which is 3000 psia (120% of the 2500 psia design pressure). 
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4.1.3 Analytical Approach 

The complexity of the core and system response to a rod ejection event requires the application of a 

sequence of computer codes. The rapid core power excursion is simulated with a three-

dimensional transient neutronic and thermal-hydraulic model using the SIMULATE-3K code 

(Reference 4-4). [ 	 I The resulting 

transient core power distribution results are then input to VIPRE-0 I (Reference 4-5) core thermal-

hydraulic models. The VEPRE-01 models calculate the fuel temperatures and enthalpy, the 

allowable power peaking to avoid exceeding the DNBR limit, and the core coolant expansion rate. 

The allowable power peaking is then used along with a post-ejected condition fuel pin census to 

determine the percentage of pins exceeding the DNB limit. The coolant expansion rate is input to a 

RETRAN-02 (Reference 4-6) model of the Reactor Coolant System to determine the peak pressure 

resulting from the core power excursion. 

4.2 	Simulation Codes and Models 

4.2.1 Nuclear Analysis 

4.2.1.1 CASMO-4 & SIMULATE-3 

CASMO-4 (Reference 4-7) is used to produce two energy group homogenized cross sections, 

assembly discontinuity factors, fission product data, and pin power data for input to the 

SIMULATE-3 (Reference 4-8) and SIMULATE-3K core models. CASMO-4 is a multi-group, two 

dimensional transport theory code for burnup calculations on PWR or BWR fuel assemblies. The 

code models a geometry consisting of cylindrical fuel rods of varying composition in a square pitch 

array with allowance for fuel rods loaded with integral burnable absorber, lumped burnable 

absorber rods, clustered discrete control rods, incore instrument channels, assembly guide tubes, 

and intra-assembly water gaps. The program utilizes a cross section library based mainly on 

ENDF/B-IV. Reference 4-7 provides a detailed description of the theory and equations solved by 

CASMO-4. The use of CASMO-4 in this report is consistent with the previously-approved 

methodology of Reference 4-9. 
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SIMULATE-3 is used to set up the cycle-specific core model and conditions for the rod ejection 

accident. SIMULATE-3 is a three-dimensional, two energy group, diffusion theory core simulator 

program which explicitly models the baffle and reflector regions of the reactor. Homogenized 

cross sections and discontinuity factors developed with CASMO-4 are used on a coarse mesh nodal 

basis to solve the two group diffusion equations using the QPANDA neutronics model. A nodal 

thermal hydraulics model is incorporated to provide both fuel and moderator temperature feedback 

effects. Inter- and intra-assembly information from the coarse mesh solution is then utilized along 

with the pinwise assembly lattice data from CASMO-4 to reconstitute pin-by-pin power 

distributions in two and three dimensions. The program performs a macroscopic depletion of fuel 

with microscopic depletion of iodine, xenon, promethium, and samarium fission products. 

Reference 4-8 provides a detailed description of the theory and equations solved by SIMULATE-3. 

The use of SIMULATE-3 in this report is consistent with the previously approved methodology of 

Reference 4-9. 

4.2.1.2 SIMULATE-3K 

The SIMULATE-3K code (Reference 4-4) is a three-dimensional transient neutronic version of the 

SIMULATE-3 code (Reference 4-8). SIMULATE-3K uses the QPANDA full two-group nodal 

spatial model developed in SIMULATE-3, with the addition of six delayed neutron groups. The 

program employs a fully-implicit time integration of the neutron flux, delayed neutron precursor, 

and heat conduction models. Delayed neutron fractions are fully functionalized similar to other 

cross sections to provide an accurate value of beta for the time-varying neutron flux. The control 

of time step size may be determined either as an automated feature of the program or by user input. 

Use of the automated feature allows the program to utilize larger time steps (which may be 

restricted to a maximum size based on user input) at times when the solution is changing slowly 

and smaller time steps when the solution is changing rapidly. 

Additional capability is provided in the form of modeling a reactor trip. The trip may be initiated 

at a specific time in the transient or following a specified excore detector response. Use of the 

excore detector response model to initiate the trip allows the user to specify the response of 

individual detectors as required to initiate the trip, as well as the time delay prior to release of the 

control rods. The velocity of the control rod movement is also controlled by user input. 

4-3 
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The SIMULATE-3K thermal-hydraulic model includes a spatial heat conduction and a hydraulic 

channel model. The heat conduction model solves the conduction equation on a multi-region mesh 

in cylindrical coordinates. Temperature-dependent values may be employed for the heat capacity, 

thermal conductivity, and gap conductance. A single characteristic pin conduction calculation is 

performed consistent with the radial neutronic node geometry, with an optional calculation of the 

peak pin behavior available to monitor local maxima. A single characteristic hydraulic channel 

calculation is performed based on the radial neutronic node geometry. The model allows for direct 

moderator heating at the option of the user. This thermal-hydraulic model is used to determine fuel 

temperature and moderator density for updating the cross-sections, and may additionally be used to 

provide edits of fuel temperature and enthalpy throughout the transient. 

The SIMULATE-3K program utilizes a CASMO-3 (Reference 4-21) cross-section library and 

reads a CASMO-3 /SIMULATE-3 (Reference 4-20) restart file (exposure and burnup-related 

information). Executed in the static mode, SIMULATE-3K performs the same solution techniques, 

pin power reconstruction, and cross-section development as SIMULATE-3. Additional features of 

SIMULATE-3K include the application of conservatism to key physics parameters through simple 

user input. Also, the inlet thermal-hydraulic conditions can be provided on a time dependent basis 

through user input. 

4.2.1.3 SIMULATE-3K Code Verification 

The SIMULATE-3K code has been benchmarked against many numerical steady state and 

transient benchmark problems by the code vendor. The results of these benchmarks are described 

in Reference 4-4 and show excellent agreement between SIMULATE-3K and the reference 

solutions. Some of the SIMULATE-3K benchmarks which have been performed are: The fuel 

conduction and thermal-hydraulics model has been benchmarked against the TRAC code 

(Reference 4-10). The transient neutronics model has been benchmarked, using standard LWR 

problems, to reference solutions generated by QUANDRY (Reference 4-11), SPANDEX 

(Reference 4-12), NEM (Reference 4-13), and CUBBOX (Reference 4-14). Finally, a benchmark 

of the coupled performance of the transient neutronics and thermal-hydraulic models was provided 

by comparison of results from a standard NEACRP rod ejection problem to the PANTHER code 

(Reference 4-15). Steady-state components of the SIMULATE-3K model are implemented 

consistent with the CASMO-4/SIMULATE-3 methodology and performance benchmarks which 

were approved for use in Reference 4-9. In addition, a benchmark to ARROTTA for the-REA 
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analysis was performed in the methodology report DPC-NE-2009P-A, "Duke Power Company 

Westinghouse Fuel Transition (Reference 4-17). 

4.2.2 Core Thermal-Hydraulic Analysis 

4.2.2.1 VEPRE-01 Code Description 

The V1PRE-01 code (Reference 4-5) is used for the rod ejection analysis thermal evaluations. 

VEPRE-01 is a subchannel thermal-hydraulic computer code developed for EPRI by Battelle 

Pacific Northwest Laboratories (BPNL). The VIPRE-01 code has been reviewed by the NRC and 

was found to be acceptable for referencing in licensing applications (Reference 4-18). 

With the subchannel analysis approach, the nuclear fuel element is divided into a number of quasi 

one-dimensional channels that communicate laterally by diversion crossflow and turbulent mixing. 

However, VIPRE-01 is also capable of simulating single subchannel geometry. Given the 

geometry of the reactor core and coolant channel, and the boundary conditions or forcing functions, 

VEPRE-01 calculates core flow distributions, coolant conditions, fuel rod temperatures and the 

departure from nucleate boiling ratio (DNBR) for steady-state and transient conditions. VIPRE-01 

accepts all necessary boundary conditions that originate either from a system transient simulation 

code such as RETRAN-02, or a transient core neutronics simulation code such as SIMULATE-3K. 

Included is the capability to impose different boundary conditions on different segments of the core 

model. For example, different transient inlet temperatures, flow rates, heat flux transients, and 

even different transient assembly and pin radial powers or axial flux shapes can be modeled. 

4.2.2.2 Fuel Temperature and Enthalpy Calculation 

In order to show that the peak fuel enthalpy acceptance criteria described in Section 4.1.2 is met, 

the standard [ 	I V1PRE-01 model (Reference 4-19) with fuel conduction is utilized to 

calculate the maximum hot spot fuel temperature and enthalpy during the transient. Given the 
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] VIPRE-01 calculates the transient 

maximum hot spot radial average fuel temperature and the maximum radial average fuel enthalpy. 

Details regarding the [ 
	

] VIPRE model and initial and boundary conditions follow. 

Model Description 

Axial Power Distributions 

During the transient the hot assembly axial power distributions change mainly due to the motions 

of the ejected control rod and due to the insertion of control rods as the reactor trips. VIPRE-01 is 

able to accept different axial power distributions during the transient. For each transient case, [ 

Radial Power Distributions 

4-6 



Fuel Conduction Model 

• 

• 
 1 

 
• 
• 

• 

1 
• 

Heat Transfer Correlations 

S 

S 
Sensitivity 'studies have been performed to justify the use of the heat transfer correlations for the 

four major segments of the boiling curve as shown below. 

S 

S 
• 	For single-phase forced convection - [ 

• 	For saturated nucleate boiling regime - 

• 	For transition boiling regime - [ 

For film boiling regime - [ • • 
The critical heat flux correlation used to define the peak of the boiling curve is the same as the 

correlation used for the DNBR evaluation. The minimum DNBR value for which transition boiling 

occurs is set to be the DNBR limit for that correlation. 
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Flow Correlations 

For the rod ejection analysis, subcooled voids, bulk voids, and the two-phase friction multiplier, are 

modeled by using the [ 
	

correlations, 

respectively. 

The justification of using these models is based on the results of the sensitivity analysis of different 

void models to the transient fuel temperature calculation. 

Other Thermal-Hydraulic Correlations  

Pressure losses due to frictional drag are calculated in V1PRE-01 for axial flow. The friction factor 

for the pressure loss in the axial direction is determined from an empirical correlation as: 

f = A x ReB  

where Re is the Reynolds number. The code evaluates both a turbulent and laminar set of 

coefficients and selects the maximum. The values selected for parameters A and B are based on 

smooth tubes and are taken from Reference 4-5. 

Turbulent flow: 
	

A = [ 	] 	B = [ 

Laminar flow: 
	

A = [ 	] 	B = [ 

The local hydraulic form loss coefficient is set as a constant to model the irrecoverable axial 

pressure loss as shown below. 

AP = KG2/2pg, 
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Where: 
	

K 	= spacer grid form loss coefficient 

G 	= mass flux, lbm/sec-ft2  

p 	= density, lbm/ft3  

gc 	= 32.174 lb-ft/sec2-lbf  

Conservative Factors 

Flow area reduction - the hot subchannel flow area is reduced by 2% to account for variations in 

as-built subchannel flow area. 

Hot channel flow rate reduction - the hot assembly inlet flow is conservatively reduced by 5% from 

the nominal assembly flow. 

An appropriate engineering hot channel factor is applied to account for variations in the fabrication 

variables which affect the heat generation rate along the flow channel. 

Direct Coolant Heating 

The amount of heat generated in the coolant is modeled consistent with information provided by 

the fuel vendor for each fuel design, and is the range of 2.5% - 2.7% of the total power. 

Fuel Enthalpy Calculation 

VIPRE-01 does not perform a fuel enthalpy calculation. Thus, the fuel enthalpy for a given fuel 

temperature during the transient is calculated separately from VIPRE-01 based on the equation 

obtained from MATPRO (Reference 4-23). 

4-9 
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FENTHL = FENTHL(T) - FENTHL(Tref) 

With: 

FENTHL = 	,
K 10

, + 
K2T2 YK

3 exp(- E D /RT) 
expkO/T) - I 	2 	2 

Where: 

FENTHL = fuel enthalpy (J/kg) 

T 	= temperature (K) 

Y 	= oxygen to metal ratio = 2.0 

R 	= 8.3143 (J/mol-K) 

O 	= the Einstein temperature (K) 

= 535.285 for UO2  

K1 	= 296.7 (J/kg-K) 

K2 	= 2.42 x 10-2  (J/kg-K2) 

K3 	= 8.745 x 107  (J/kg) 

ED 	= 1.577 x 105  (J/mol) 

FENTHL(T,,f) = fuel enthalpy at any desired reference temperature 

The above fuel enthalpy correlation is only valid for a fuel temperature greater than about 300°K 

(80.3°F) (Reference 4-23). The reference temperature is 300°K. 

4.2.2.3 Coolant Expansion Rate Calculation 

If the peak fuel enthalpy criterion is met, there is little chance of fuel dispersal into the coolant. 

Therefore, the Reactor Coolant System expansion rate may be calculated using conventional heat 

transfer from the fuel and prompt heat generation in the coolant. This rate must be calculated with 

the consideration of the spatial power distribution before and during the transient since this rate, at 

any location in the reactor core, depends on the initial amount of subcooling and the rate of change 

4-10 
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of the heat added into the coolant channels. A [ 	I V1PRE-01 model is constructed for 

this purpose. Using the [ 

I VTPRE-01 

calculates the flow rate in each channel during the transient. Using the VIPRE-01 channel flow 

rates, the total coolant expansion rate can be calculated. This total coolant expansion rate is input 

to a RETRAN-02 plant transient model for simulating the resulting pressure response. 

Model Description 

Axial Power Distributions 

I 
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Radial Power Distributions 

• 
• • 

 
• 

Fuel Conduction Model 
• 
• 

S 

S 

S 

S 

• 
S 

S 

• 
• 

Heat Transfer Correlations  

S 

• 
Heat transfer correlations used for the four major segments of the boiling curve are as shown 

below. 

a 

S 
Single-phase forced convection -I 	 I 	 • 
Saturated nucleate boiling regime 4 
Transition boiling regime 4 	 1 
Film boiling regime 4 	 1 

• 
• 
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The critical heat flux correlation used to define the peak of the boiling curve is the same as the 

  correlation used for the DNBR evaluation. The minimum DNBR value for which transition boiling 

occurs is set to be the DNBR limit for that correlation. 

Flow Correlations 

For the coolant volume expansion calculations, subcooled voids, bulk voids, and the two-phase 

friction multiplier, are modeled by using the [ 

Other Thermal-Hydraulic Correlations  
• 
• 

Refer to Section 4.2.2.2 

• 
• 

Calculation of the Reactor Coolant Expansion Rate From VIPRE-01 Flow Rates  

• 

S 
From the [ 	model results, 	the inlet and exit mass flow rates and densities for each 

channel can be obtained. The instantaneous volume expansion rate at time t for each channel, Qi  

(ft3/sec), is first calculated as shown below. 

Qi  (ft3/sec) = M i, exit 	M i, inlet  

Pa, exit 	A, inlet 

• 

Where: 	i = channel index 
• 

M = mass flow rate, lbm/sec 

p = density, lbm/ft3  

• 
Then the instantaneous core volume expansion rate at time t is: 

• 
• 

Q (ft3/sec)= EQ, 
i=1 

• 

4-13 
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The above calculations are repeated for different times to obtain Q(t) during the transient. 

4.2.2.4 DNBR Evaluation 

To determine the offsite dose consequences, an analysis is performed using the VIPRE-01 code to 

determine pin radial peaking limits used to determine the percentage of the core experiencing 

DNB. Those fuel pins which exceed the DNBR limit are assumed to fail. The standard [ 

model (Reference 4-19) described in Section 4.2.2.2 is used for the DNBR evaluation. 

Utilizing the [ 

The DNBR 

correlation used for Westinghouse fuel is the WRB-2M correlation (Reference 4-22). The CHF 

correlation for use below the first mixing vane grid is the BWU-N correlation (Reference 4-3). 

For the HFP REA cases, [ 

] For a given 

axial power profile, the maximum pin radial peak can be determined such that DNB would not 

occur during the transient. These DNB limits are referred to as maximum allowable radial peaks 

(MARP) limits. A fuel pin census is then performed to determine the number of fuel pins in the 

core that exceed the power peaking limit. 
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0 

S 
Model Description 

0 

0 

The [ 	model used for the rod ejection DNBR calculations is identical to the one used in 

Section 4.2.2.2 (Figure 4-2). 

S 

Cases Analyzed 
S 

S 

The methodology and results presented show the analysis for HFP and HZP initial conditions for 

both BOC and EOC. Based on analysis experience, the HZP cases are no longer analyzed to 

determine the number of fuel pins exceeding the DNBR limit for the following reason. The DNBR 

evaluation is performed to determine the number of failed fuel pins for input to the dose analysis. 
11111 	 A key element of the dose analysis is the duration of steam generator tube bundle uncovery 

following the post-reactor trip boiloff. For the HZP cases there is no steam generator tube bundle 

uncovery, and the doses will be less than the HFP case doses even with 100% fuel pin failure. 

S 

Axial Power Distributions 
• 
S 

S 

S 

S 

S 

Radial Power Distributions 
S 

S 

• 
0 

• 
• 

S 

S 

• 
S 
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Fuel Conduction Model 

i 

Heat Transfer Correlations 

For the DNBR calculations, only the single-phase forced convection and nucleate boiling heat 

transfer modes are applicable. The [ 	 ] correlation is used for the single-phase forced 

convection mode. The [ 	 ] correlation is used for the nucleate boiling 

regime. Justification for using these correlations is based on [ 

] The critical heat flux correlation used to define the 

peak of the boiling curve is the same as the correlation used for the DNBR evaluation. The 

minimum DNBR value for which transition boiling occurs is set to be the DNBR limit for that 

correlation. 
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Flow Correlations 

The [ 

] correlation for the two-phase friction multiplier. Justification for using these 

correlations is based on [ 

Other Thermal-Hydraulic Correlations  

Refer to Section 4.2.2.2 

4.2.3 System Thermal-Hydraulic Analysis 

The Reactor Coolant System response to a rod ejection accident is primarily a rapid pressurization 

due to the increase in heat transfer associated with the power excursion. The VIPRE-01 analysis of 

the coolant expansion rate described in Section 4.2.2.3 produces an expansion rate which 

conservatively models [ 	 ] The VIPRE-0 I 

result is input to a RETRAN-02 model of McGuire/Catawba as [ 

] The RETRAN-02 model is the base model described in detail in Reference 

4-19. 

4.3 	SIMULATE-3K Analysis 

The response of the reactor core to the rapid reactivity insertion from the control rod ejection is 

simulated with SIMULATE-3K code (Reference 4-4). SIMULATE-3K computes a three-

dimensional power distribution (in rectangular coordinates) and reactivity or power level for both 

static and transient applications. SIMULATE-3K includes a prediction of individual pin powers. 

Modifications are made to the core model to ensure conservative results. These changes produce a 

rod ejection model which produces limiting results that are expected to bound future reload cycles. 
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The SIMULATE-3K model geometry will typically be [ 	] per fuel assembly in the radial 

direction. The axial nodalization depends on the fuel assembly design, such as whether or not axial 

blanket fuel is being modeled. The number of axial levels is chosen to accurately describe the axial 

characteristics of the fuel. For current fuel designs, a typical axial nodalization of 24 equal length 

fuel nodes in the axial direction is used. The SIMULATE-3K model explicitly calculates neutron 

leakage from the core by use of reflector nodes in the radial direction beyond the fuel region and in 

the axial direction above and below the fuel column stack. Required fuel and reflector cross 

sections are developed consistent with the methodology approved for SIMULATE-3 (Ref. 4-9). 

SIMULATE-3K is used to calculate the core power level and nodal power distribution versus time 

during the rod ejection transient. [ 

This information is used by VIPRE-01 

to determine the fuel enthalpy, pin radial peaking limits that are used to determine the percentage 

of the fuel pins exceeding the DNB limit, and the coolant expansion rate. 

4.3.1 	Initial Conditions 

The SIMULATE-3K rod ejection analysis is analyzed at four statepoints; beginning-of-cycle 

(BOC) at hot zero power (HZP) and hot full power (HFP) and end-of-cycle (EOC) at HZP and 

HFP. The conservatisms applied to the rod ejection analysis are expected to bound future reload 

cycles. 

The initial conditions are made conservative by conservatively increasing the ejected rod worth and 

by decreasing beta-effective to produce a worth in dollars that is bounding , by increasing the 

Doppler temperature coefficient to a conservative (less negative) value, and by increasing the 

moderator temperature coefficient to a conservative (more positive or less negative) value. [ 
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The moderator temperature coefficient (MTC) is adjusted to conservative values at BOC or EOC 

which bounds the magnitude of the MTC expected in a reload core. The MTC is adjusted in 

SIMULATE-3K by [ 

] This adjustment is made via the equation from SIMULATE-3K 

(Reference 4-4). 

Similar adjustments are made to yield conservative rod worths for control rod withdrawal and rod 

worth for control rod insertion. 

The Doppler (or fuel) temperature coefficient (DTC) is important to this transient because the 

negative reactivity from the increased fuel temperature is the only effect that limits the power 

excursion and starts to shut down the reactor. The DTC is adjusted to a conservative value which 

bounds the magnitude of the DTC expected in a reload core. The DTC is adjusted in SIMULATE-

3K by [ 

The effective delayed neutron fraction 63) and the ejected rod worth both determine the transient 

power response of the reactor. The peak power level obtained during the transient will increase for 

small values of 13 and larger values of the ejected rod worth. The ejected rod worth and 13 are 

adjusted to conservative values which bound values expected for a reload core. The ejected rod 
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worth is adjusted in SIMULATE-3K by [ 

13 can be adjusted in 

SIMULATE-3K by [ 

• 
or 13 can be adjusted by inputting a single set of delayed neutron parameters to be used for all 

fueled nodes. 

The combined effect of all these changes to the SIMULATE-3K model is to produce a set of rod 

ejection analyses that are expected to bound' future reload cycles for both McGuire and Catawba 

Nuclear Stations. 

0 

• 
The assembly enrichments, burnable poison loading and assembly exposures for the core analyzed 

in the demonstration analysis (section 4.3.3) are shown in Figure 4-1. The ejected control rod is 	 11. 
located at core location D-12. Figure 4-4 shows this location in the reactor. The control rod in 

location D-12 is part of Control Bank D (hereafter referred to as Bank D). At the HZP rod 	 0 

insertion limit, Bank D is the only bank fully inserted. At the HFP insertion limit, it is the only 

bank in the core. For the HZP rod ejection cases, the central control rod (location H-08, also a 	 0 
member of Bank D) is not chosen as the ejected rod because sensitivity studies have shown that for 

a given ejected rod worth at core location D-12, the corresponding ejected rod worth at core 	 11111 

location H-08 is significantly lower due to the asymmetry produced when D-12 is ejected. This 

reduction in ejected rod worth results in a decrease in the transient response. For this reason the 

control rod at core location H-08 is not evaluated at HZP conditions. 	
ID 

• 
For the HZP statepoints, the reactor is initially critical at a very low power level with control rods 

at the insertion limit: Bank D at 0 steps withdrawn (swd), Bank C at 47 swd, and Bank B at 163 

swd. The rod is fully withdrawn at approximately 226 swd. No allowance is made for a bank of 

rods being mis-positioned lower than indicated (higher worth) because the ejected rod is initially 
1111 

fully inserted. If either Bank C or B were mis-positioned, the worst effect would be to increase the 

• 
4-20 



ejected rod worth. However, the ejected rod worth is already assumed to be conservatively high, so 

this effect is accounted for. 

The control rod is ejected in 0.1 seconds at constant velocity for the HZP cases. This is 

significantly faster than physically possible, even when friction is ignored in the ejection time 

calculation. Sensitivity studies show that the peak power level attained during the transient is 

slightly higher (more conservative) for a faster ejection time. Thus, the control rod ejection results 

are conservative with respect to control rod ejection time. 

For the HFP statepoints, the reactor is initially at 102% of rated power with Bank D at 149 swd. 

This is 12 steps beyond the insertion limit to make allowance for the bank being mis-positioned. 

The control rod at D-12 is ejected in 0.058 seconds at constant acceleration. This time is consistent 

with the ejection time of 0.1 seconds used in the HZP cases. 

4.3.2 Boundary Conditions 

The fuel and core thermal-hydraulic boundary conditions are established using conservative 

assumptions (fable 4-2). Boundary conditions for initial power, core flow, inlet temperature, reactor 

pressure, and fission power fraction in the coolant are selected to yield conservative results. 

The reactor trip signal is generated when the third highest excore channel reaches either [ 	]for 

the HZP cases or [ 	for the HFP cases. This modeling is based on a single failure of the 

highest channel and a two-out-of-the-remaining-three trip coincidence logic. [ 

] in SIMULATE-3K (Reference 4-4) can be used. The 

remaining control rods fall into the reactor assuming a conservative trip delay after the trip signal is 

generated. 

During the reactor trip, the ejected rod and a second rod with the highest worth are assumed not to 

fall into the reactor. To conservatively model the reactor trip, not all of the control rod banks are 

allowed to drop, and some of the banks that are dropped have their worth reduced by a cross 

section adjustment. The rod worth adjustment is made in SIMULATE-3K by [ 
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Also, negative reactivity inserted due to the reactor trip is not allowed to exceed the conservative 

trip reactivity curve. The integral worth of the falling control rods is computed for several different 

axial positions of the rods at the initial conditions. [ 

4.3.3 Results 

Note: The demonstration results presented in Section 4.3.3 are based on the Revision 0 

methodology, and are typical of the Revision Oa methodology results. The analysis of record and 

selected results, are in UFSAR Section 15.4.8. 

Core power versus time, as calculated by ARROTTA, is shown in Figures 4-8, 4-11, 4-15, and 4-

18 for the four cases. Table 4-3 summarizes the results of the four cases. The ARROTTA analysis 

used time steps of 0.001 seconds through the time of peak power. After the peak power occurred, 

the time step size was relaxed to no greater than 0.01 seconds. Sensitivity studies showed that for 

the initial power excursion the peak core power level is reduced for time steps shorter than 0.001 

seconds. Thus, the time step selection of 0.001 seconds through the time of the peak power level is 

conservative. After the peak, sensitivity studies showed very little change in the results for time 

steps up to 0.01 seconds. 

For the HFP statepoints, the core power increases rapidly as the control rod is ejected (Figures 4-8 

and 4-15). The power continues to increase until the Doppler feedback, caused by the increasing 

fuel temperature, becomes large enough to turn the excursion around. The power level then 

continues to decrease as the fuel temperature approaches an equilibrium value. Due to the rapid 

initial power increase, the reactor trip on high flux occurs very early. Rod insertion completes 

shutdown of the reactor. Insertion begins after the peak power due to the trip delay. Since the trip 

reactivity for each transient is normalized to the conservative trip reactivity curve of Figure 4-7, 

rod motion has a minimal effect until the rods approach the bottom of the core. 
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The HZP statepoints differ from the HFP statepoints in that there is no initial thermal-hydraulic 

feedback and the reactor becomes prompt critical. The initial power increase continues long after 

the control rod is ejected (Figures 4-11 and 4-18). Since the reactor is prompt critical, it quickly 

reaches a high power level before the fuel heats up enough for the Doppler feedback to turn the 

power excursion around. The power level then decreases almost as fast as it increased, until near-

equilibrium is reached. The reactor is then shut down by control rod insertion resulting from the 

high flux trip. 

The ARROTTA initial radial power distribution for the BOC HFP case is shown on Figure 4-9. 

The power distribution at the time of the peak power, which is concurrent with the highest radial 

and nodal peaks, is shown in Figure 4-10. For the EOC HFP statepoint, these power distributions 

are shown in Figures 4-16 and 4-17. The initial power distribution for BOC HZP statepoint is 

shown in Figure 4-12. The power distribution at the time of the highest radial and nodal peaks is 

shown on Figure 4-13 and the power distribution at the time of the highest power is shown on 

Figure 4-14. For the EOC HZP statepoint, these power distributions are shown on Figures 4-19, 4-

20, and 4-21. 

The core power level versus time is a key input from the neutronics calculation to the thermal-

hydraulic evaluation discussed in the next section. In addition to total core power versus time, [ 

]. In the ARROTTA results presented, 

the [ 

to evaluate the number of pin 

failures due to DNB as described in Section 4.4.4. 

4.4 	VIPU-01 Analysis  

4.4.1 	Initial Conditions 

During the rod ejection transient, the reactor core coolant pressure increases due to the coolant 

expansion as a result of the reactor power excursion. [ 
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J The core inlet flowrate for the HFP 

case is derived by reducing the technical specification minimum measured flow to account for 

bypass flow and for measurement uncertainty. The three-pump core inlet flowrate for HZP is 75% 

of the 4 pump HFP flow based on the technical specification flow required in this mode. 

The initial core coolant inlet temperatures include an allowance for control deadband and 

measurement error. 

The initial core power for the HZP and HFP cases are 0.0% and 102.0% of 3411 MWt. However, 

for the HZP case an assumed 2% of 3411 MWt of decay heat is added to the average power 

generated by ARROTTA. The transient core average power for the four operating conditions are 

shown in Figures 4-8, 11, 15, and 18. 

4.4.2 Fuel Temperature and Enthalpy 

Note: The demonstration results presented in Sections 4.4.2 are based on the Revision 0 

methodology and are typical of the Revision Oa methodology results. The analysis of record are 

selected results can be found in UFSAR Section 15.4.8. 

The fuel temperatures and enthalpies are calculated for the four transient cases. The maximum fuel 

temperature and enthalpy during the transient are shown below. 
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Maximum 	Maximum 	Maximum 	Maximum 

Centerline Fuel 	Fuel Average 	Clad Surface 	Fuel Average 
Temp. (°F) 	Temp. 	 Temp. 	Enthalpy 

Case 
	 (°F) 	 (°F) 	

(cal/gm) 
 

HZP, BOL 	4090 	 3220 	 1410 	 133 

HFP, BOL 	3890 	 2812 	 1101 	 113 

HZP, EOL 	3190 	 2872 	 1172 	 116 

HFP, EOL 	3066 	 1956 	 940 	 75 

The above results show that during the transient the maximum centerline fuel temperature is well 

below the fuel melting temperature, and that the maximum fuel average enthalpy is well below the 

acceptance criterion radially averaged, fuel enthalpy of 280 cal/gm. Since the fuel pellet does not 

melt during the accident, the activity due to the fuel pellet will not contribute to the dose 

calculation results. 

4.4.3 Coolant Expansion Rate 

Note: The demonstration results presented in Section 4.4.3 are based on the Revision 0 

methodology and are typical of the Revision Oa methodology results. The analysis of record and 

selected results can be found in UFSAR Section 15.4.8. 

The BOC HFP rod ejection transient results in the highest coolant expansion rate. Figure 4-16 

shows the instantaneous core coolant expansion rate (ft3/sec) as a function of transient time. The 

initial expansion rate corresponds to the full power initial condition and the resulting decrease in 

coolant density due to sensible heating in the core. The result shows that a peak expansion rate of 
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4.4.4 DNBR and Fuel Pin Census 

Note: The demonstration results presented in Section 4.4.4 are based on the Revision 0 

methodology and are typical of the Revision Oa methodology results. As described in section 

4.2.2.4, only HFP cases are currently analyzed for DNB. The results presented were developed 

prior to the justification for not analyzing the HZP condition. The key results of the analyses of 

record are in the UFSAR Section 15.4.8. 

The DNBR calculations are performed for the four operating conditions. The DNBR results are 

expressed as a family of curves of maximum allowed radial power (MARP) versus assembly axial 

peak and location (Figures 4-22 through 4-25). When the radial power peak of the fuel pin exceeds 

the MARP during the transient, DNB is assumed to occur and the cladding fails. The fuel pin 

census is performed to determine the number of failed fuel pins during the accident. Results are 

shown in Figures 4-26 through 4-29 and are summarized below. 

Operating Conditions % of Fuel Pins Experiencing 

DNB 

BOL 10.7 

HFP, BOL 36.9 

HZP, EOL 19.6 

HFP, EOL 14.4 

The above results show that the HFP, BOC case has the largest number of pins experiencing DNB. 

The offsite dose consequences are analyzed based on 50% of the fuel pins experiencing DNB to 

conservatively bound the above results. 
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4.5 	RETRAN-02 Analysis 

4.5.1 	Initial Conditions 

The RETRAN-02 model pressure response to the rod ejection transient is primarily a function of 

the coolant expansion rate and the pressurizer code safety valve relief capacity, which are input as 

boundary conditions as discussed in the following section. Most parameters such as initial primary 

temperature have little impact on the pressure response due to the very short duration of the 

simulation (3.5 seconds) which results in minimizing temperature transport effects. Sensitivity 

studies were performed which demonstrated that thermal effects were not significant. Therefore, 

the transient was evaluated with nominal hot full power initial conditions with the exception of 

pressurizer pressure and level. These two parameters clearly impact the system pressure response 

to the coolant expansion. 

Pressurizer Pressure 

The peak pressure response is conservatively bounded by using a maximum error-adjusted value. 

Nominal operating pressure plus an allowance for uncertainty is assumed. 

Pressurizer Level 

A high initial pressurizer level decreases the volume of the steam bubble thereby increasing the 

compressibility effect. The hot full power programmed pressurizer level plus an allowance for 

uncertainty is assumed. 

4.5.2 Boundary Conditions 

Primary system boundary conditions which significantly affect the pressure response include the 

coolant volume expansion rate, reactor power, and pressurizer safety valve modeling. These 

boundary conditions are discussed separately below. In order to conservatively bound the pressure 
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response, the pressurizer PORVs and spray are defeated. Full primary system flow is maintained to 

maximize the reactor vessel pressure drop and hence maximize the lower plenum pressure. The 

maximum system pressure occurs at the bottom of the lower plenum. 

Secondary side boundary conditions were determined to have minimal impact on the transient due 

to the short duration of the simulation. Nevertheless, conservative assumptions were made to 

conservatively bound the pressure response. The turbine is assumed to trip immediately on reactor 

trip. Main feedwater isolation is assumed to be initiated at time 0.0, and the isolation valves are 

ramped closed over a bounding 2.5 second interval. The condenser is assumed not to be available, 

and the steam generator PORVs are assumed to be inoperable. The steam generator safety valves 

are available for secondary steam relief, however, the simulation is terminated before these valves 

are challenged. 

Reactor Coolant Volume Expansion Rate 

L 

Reactor Power 
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Pressurizer Safety Valve Modeling 

The pressurizer code safety valves function as overpressure mitigation equipment. The nominal lift 

setpoint is increased by 3% to account for calibration allowance. The valves are assumed to open 

linearly until they are fully open at a pressure 3% above the adjusted lift setpoint. The valve 

modeling then includes a hysteresis effect that keeps the valves fully open until the pressure 

decreases to 5% below the adjusted lift setpoint. 

4.5.3 	Results 

Note: The demonstration results presented in Section 4.5.3 are based on the Revision 0 

methodology and are typical of the Revision 1 methodology results. The key results of the 

analyses of record are in the UFSAR Section 15.4.8. 

The Reactor Coolant System pressure response to the rod ejection is shown in Figure 4-31. The 

pressure plotted represents the pressure at the bottom of the reactor vessel lower plenum where the 

highest system pressure occurs. Figure 4-31 shows that a peak system pressure of 2728 psig is 

reached in 1.9 seconds. The peak pressure is within the acceptance criterion of 3000 psia discussed 

in Section 4.1.2. 

4.6 	Cycle-Specific Evaluation 

Due to the conservative assumptions and modeling used in the SIMULATE-3K model, it is 

anticipated that for reload cores, no new SIMULATE-3K cases will be necessary. The 

determination as to whether the existing SIMULATE-3K' cases remain bounding will be made by 

performing a cycle-specific reload check of the key physics input parameters (Table 2-1). These 

parameters will be calculated using steady-state neutronics codes approved by the NRC for reload 

design. If the key physics parameters remain bounded then no new SIMULATE-3K analyses are 

necessary; otherwise, an evaluation, reanalysis, or re-design of the reload core will be performed. 
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For the HFP REA cases, a DNB pin census will be performed for the reload cycle with the radial 

power information being calculated with an NRC approved steady-state neutronics code. The HZP 

REA cases are bounded by the HFP cases in the offsite dose analyses, and therefore, a pin census is 

not required. The ejected rod worth shall be calculated with the fuel and moderator temperatures 

frozen in the pre-ejected condition or uniform throughout the core (either method will generate 

conservative results). [ 

The power distribution with the ejected rod out will be used for the 

DNB pin census. The calculated percent fuel failure due to DNB will be compared for each cycle 

to the fuel failure limit assumed in the dose calculation. If the cycle specific value is less than the 

limit, then the existing safety analysis is still valid. Otherwise, an evaluation, a new dose 

calculation, reanalysis, or new reload design will be performed as appropriate. 
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Table 4-1 

Rod Ejection Transient 
Kinetics Parameters 

Parameter 	 BOC HZP 	BOC HFP 	EOC HZP 	EOC HFP 

Ejected rod worth (pcm) 
	

763 
	

201 
	

907 
	

200 

MTC (pcm/°F) 
	

7.1 
	

0.5 	 -9.3 	 -9.9 

DTC (pcm/°F) 	 -0.9 	-0.9 	-1.2 	 -1.2 

Delayed neutron fraction 
	

0.00551 
	

0.0055 
	

0.004 
	

0.004 

Table 4-2 

Rod Ejection Transient 
Initial Conditions 

Parameter BOC HZP BOC HFP EOC HZP EOC HFP 

Initial power (MWt) 3411E-9 3479.22 3411E-9 3479.22 

Initial power (%) 1.00E-7 102.0 1.00E-7 102.0 

Core flow (gpm) 156387.3 339972.4 156387.3 339972.4 

Inlet temperature (°F) 561.0 561.4 561.0 561.4 

Reactor pressure (psia) 2305.0 2305.0 2305.0 2305.0 

Fission power fraction in coolant 0.026 0.026 0.026 0.026 
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Parameter 

Ejected Rod 	less than 
Worth (pcm) 

	

13 	greater than 

DTC (pcm/°F) 	less than 

MTC (pcm/°F) less than 

DNB Census 	less than 

	

FQ 	 less than 

BOC HFP BOC HZP EOC HFP EOC HZP 

200 720 200 900 

0.0055 .00551 .004 .004 

-0.9 -0.9 -1.2 -1.2 

0.0 +7.0 -10.0 -10.0 

50% 50% 50% 50% 

4.12 16.62 4.88 23.55 

Table 4-3 
Rod Ejection ARROTTA Results 

Parameter 	 BOC HZP 	BOC HFP 	EOC HZP 	EOC HFP 

Time of peak power, sec. 0.339 0.097 0.172 0.097 

Peak power level, % of full power 1476 142 5555 167 

Peak nodal power relative to core average 12.79 3.17 18.11 3.76 

Peak assembly power relative to core average :6.16 1.92 7.90 2.18 

Time that trip setpoint reached, sec. 0.296 0.064 0.156 0.061 

Time of the beginning of the tripped rod 
motion 

0.796 0.564 0.656 0.561 

Table 4-4 

Rod Ejection Reload Checklist 
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Figure 4-1 
Catawba Unit 1, Cycle 2 

Assembly Enrichments and Fuel Exposures 

H 
	

6 
	

F 
	

E 
	

D 
	

C 
	

B 
	

A 

1.6*00 
12.43 
21.79 

3.1*06 
11 	72 
24.19 

3.1*20 
15.39 
27.73 

3.1*06 
10.84 
23.68 

2.4*15 
14.91 
25.82 

3.1*06 
10.84 
23.35 

3.1*15 
14.01 
26.04 

3.4/00 
0.00 
10.74 

'3.1*20 3.1*00 2.4*16 3.1*00 2.4*16 3.1*00 3.2/00 
9 15.39 11.98 14.50 8.86 15.26 13.08 0.00 

27.65 24.67 25.88 21.99 26.23 25.04 10.27 

2.4*16 3.2/08 2.4*12 3.2/08 3.1*16 3.4/00 
10 14.59 0.00 15.53 0.00 14.10 0.00 

26.26 14.31 27.12 14.17 26.18 9.53 

2.4*00 3.2/12 2.4*16 3.2/04 2.4*12 
11 16.24 0.00 14.44 0.00 15.74 

27.72 13.63 25.91 12.55 20.48 

2.4*12 3.1*00 3.2/00 

12 15.76 9.47 0.00 
26.63 22.14 10.00 

3.1/00 2.4* 12 Enrich 
13 0.00 15.76 BOC E) 

12.18 20.29 EOC b 

Note: 2.4*12 means a 12 BP cluster was pulled from the 
2.4% enriched assembly at the end of the last cycle. 
3.2/12 means the 3.2% enriched assembly currently 
has a 12 BP cluster. 
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Figure 4-2 
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Figure 4-3 

:IVIPRE Model for 
Reactor Coolant Expansion Rate 

Calculation 

CD rod number 

122] 	channel number 
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B 

SA 

Control 	Number 
Bank 	Of Rods 

A 	 4 
B 	 8 
C 	 8 
D 	 5 

Total 	25 

Shutdown 	Number 
Bank 	Of Rods 
SA 	 8 
SB 	 8 
SC 	 4 
SD 	 4 
SE 	 4 

Total 	28 
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Figure 4-4 
FSAR Section 15.4.8 — Rod Ejection Accident 
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Figure 4-5 

FSAR Section 15.4.8 - Control Rod Ejection 
BOC, HFP, ARO Power Distributions 

Before and AfterE 

H 
	

A 

0.80 
0.65 
0.67 

1.14 
0.95 
1.03 

1.12 
0.96 
1.06 

1.15 
1.01 
1.09 

0.95 
0.84 
0.93 

1.13 
1.01 
1.07 

1.12 
0.98 
1.04 

1.04 
0.91 
1.19 

1.14 1.11 1.15 0.98 1.17 0.96 1.11 0.99 
0.95 0.94 1.01 0.88 " 1.08 0.88 1.00 0.88 
1.03 1.03 1.09 0.97 1.18 0.96 1.10 1.16 

1.12 1.15 0.98 1.13 0.95 1.23 1.07 0.88 
0.96 1.01 0.93 1.26 0.97 1.26 1.04 0.82 
1.06 1.09 1.03 1.36 1.09 1.34 1.17 1.16 

1.14 0.98 .23 0.94 1.13 0.95 1.10 0.40 
1.00 0.89 1.26 1.32 1.25 1.25 1.18 0.40 
1.08 0.97 1.36 1.39 1.40 1.40 1.37 0.71 

0.95 1.17 0.95 1.13 0.91 1.10 0.90 
0.84 1.08 0.97 1.25 1.35 1.32 0.98 
0.93 1.18 1.09 1.40 1.50 1.40 1.35 

1.14  0.96 1.23 0.95 1.10 1.09 0.38 
1.01 0.88 1.26 1.25 1.32 1.13 1.40 
1.07 0.96 1.34 1.40 1.40 1.41 0.76 

1.11 1.11 1.06 1.10 0.89 0.38 
0.98 1.01 1.04 1.18 0.98 0.40 
1.05 1.10 1.17 1.37 1.35 0.76 

1.05 0.99 0.88 0.40 Assembly Power Before Changes 
0.91 0.88 0.82 0.40 Assembly Power After Changes 
1.19 1.16 1.15 0.71 Peak Pin After Changes 
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Figure 4-6 

FSAR Section 15.4.8 - Control Rod Ejection 
EOC, HFP, ARO Power Dist ibutions 

Before and After( 

H 	G 	F 	E 	D 

0.76 1.00 0.98 1.03 0.90 1.05 1.04 1.01 
0.62 0.83 0.84 0.90 0.79 0.93 0.91 0.87 
0.63 0.88 0.88 0.93 0.84 0.97 0.95 1.09 

1.00 0.97 1.03 0.92 1.10 0.94 1.06 0.98 
0.83 0.82 0.90 0.84 1.01 0.86 0.95 0.86 
0.87 0.87 0.99 0.90 1.07 0.92 1.06 1.08 

0.98 1.03 0.95 1.27 0.99 1.28 1.05 0.93 
0.84 0.91 0.90 1.29 1.00 1.29 1.02 0.86 
0.88 0.99 0.98 1.33 1.08 1.33 1.12 1.13 

1.03 0.92 1.27 1.01 1.30 1.00 .1.14 0.50 
0.90 0.84 1 .29 1.38 1.36 1.30 1.22 0.50 
0.93 0.91 1.33 1.40 1.40 1.40 1.37 0.82 

0.90 1.10 0.99 1.30 0.99 1.12 0.96 
0.79 1.01 1 .00 1.36 1.38 1.36 1.06 
0.84 1.07 1.08 1.40 1.50 1.40 1.37 

1.05 0.94 1.28 1.00 1.12 1.10 0.47 
0.93 0.86 1.28 1.30 1.36 1.19 0.52 
0.97 0.92 1.33 1.40 1.40 1.40 0.89 

1.04 1.06 1.05 1.14 0.96 0.47 
0.91 0.95 1.02 1.21 1.06 0.52 
0.95 1.06 1.12 1.37 1.37 0.89 

1.01 0.98 0.92 0.49 Assembly Power Before Changes 
0.88 0.86 0.85 0.50 Assembly Power After Changes 
1.09 1.08 1.13 0.82 Peak Pin After Changes 

4-38 

C 
	

B 
	

A 



70 50 60 80 90 100 0 10 20 30 40 

Figure 4-7 
FSAR Section 15.4.8 - Control Rod Ejection 
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Figure 4-8 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HFP Core Power vs. Time 
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Figure 4-9 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HFP Assembly Power Distribution at 0.0 Seconds 
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Figure 4-10 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HFP Assembly Power Distribution at 0.09 Seconds 
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Figure 4-11 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HZP Core Power vs. Time 
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Figure 4-12 
FSAR Section 15.4.8 - Control Rod Ejection 

BCC HZP Assembly Power Distribution at 0.0 Seconds 
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Figure 4-13 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HZP Assembly Power Distribution at 0.2 Seconds 
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Figure 4-14 

FSAR Section 15.4.8 - Control Rod Ejection 

BOC HZP Assembly Power Distribution at 0.34 Seconds 
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Figure 4-15 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HFP Core Power vs. Time 
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Figure 4-16 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HFP Assembly Power Distribution at 0.0 Seconds 
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Figure 4-17 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HFP Assembly Power Distribution at 0.09 Seconds 
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Figure 4-18 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP Core Power vs. Time 
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Figure 4-19 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP Assembly Power Distribution at 0.0 Seconds 
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Figure 4-20 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP Assembly Power Distribution at 0.13 Seconds 
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Figure 4-21 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP Assembly Power Distribution at 0.17 Seconds 
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Figure 4-22 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HFP MARP Curves 
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Figure 4-23 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HZP MARP Curves 
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Figure 4-24 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HFP MARP Curves 
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Figure 4-25 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP MARP Curves 
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Figure 4-26 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HFP Pins in DNB by Assembly 
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Figure 4-27 
FSAR Section 15.4.8 - Control Rod Ejection 

BOC HZP Pins in DNB by Assembly 
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Figure 4-28 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HFP Pins in DNB by Assembly 
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Figure 4-29 
FSAR Section 15.4.8 - Control Rod Ejection 

EOC HZP Pins in DNB by Assembly 
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Figure 4-30 
Core Coolant Volume Expansion Rate for 

HYP, HOC Case 

Time (seconds) 
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5.0 	STEAM LINE BREAK ANALYSIS 

5.1 	Overview  

5.1.1 Description of Steam Line Break Accident 

The steam line break transient is described in UFSAR Section 15.1.5. The steam release arising 

from a break in a main steam line would result in an initial increase in steam flow, with a 

subsequent decrease during the accident as the steam pressure falls. The energy removal from the 

Reactor Coolant System (RCS) causes a reduction of coolant temperature and pressure. In the 

presence of a negative moderator temperature coefficient, the cooldown results in an insertion of 

positive reactivity. If the most reactive control rod is assumed stuck in its fully withdrawn position 

after reactor trip, the core might become critical and return to power. A return to power following 

a steam line rupture is a potential problem mainly because of the high power peaking factors which 

exist assuming the most reactive control rod to be stuck in its fully withdrawn position. The core is 

ultimately shut down by the boric acid injection delivered by the Safety Injection System. 

5.1.2 	Acceptance Criteria 

A major steam line break is classified as an ANS Condition IV event, a limiting fault. Minor 

secondary system pipe breaks are classified as ANS Condition III or infrequent events. The 

analysis is performed assuming a stuck control rod, a single failure in the engineered safety 

features, and with consideration of both offsite power maintained and offsite power lost. The 

following two criteria must be satisfied. First, the core must remain in place and intact. The 

analysis submitted herein meets this criterion by showing that the 95/95 DNB limit of Reference 5-

1, Section 4.4 is satisfied. Future analyses using these same methods might meet the criterion by 

demonstrating continued core cooling capability based on an acceptable fuel damage model and 

result. Second, radiation doses must not exceed applicable regulatory limits. The Condition III 

and IV criteria regarding overpressurization are not challenged by a steam line break transient. 
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5.1.3 Analytical Approach 

The steam line break transient requires a limiting set of physics parameters to be determined for 

use as initial and boundary conditions. These parameters are input to a McGuire/Catawba 

RETRAN-02 (Reference 5-2) model for the system thermal-hydraulic analysis. The RETRAN-02 

analysis generates the core statepoint conditions which correspond to the transient time of 

minimum DNBR. The SIMULATE-3 code (Reference 5-3) based on the methodology described 

in Reference 5-5 is used to generate core power distributions corresponding to the statepoint 

conditions. The core power distribution along with the core thermal-hydraulic boundary conditions 

from the RETRAN-02 analysis are then input to a McGuire/Catawba VIPRE-01 (Reference 5-4) 

model to calculate the minimum DNBR. If this value is below the DNBR limit, then a fuel rod 

census would be performed to determine the number of fuel rods in DNB (assumed to experience 

cladding failure) and therefore the fraction of gap activity released. The dose consequences of this 

release would then be evaluated. 

5.2 	Simulation Codes and Models 

5.2.1 System Thermal-Hydraulic Analysis 

5.2.1.1 Selection of a Bounding Unit 

Differences between the McGuire and Catawba units are discussed in Section 3.1.6 of Reference 5-

7 for the steam line break transient. The most important differences with respect to steam line 

break are the steam generator type and the differences in the Auxiliary Feedwater System 

flowrates. McGuire and Catawba Unit 1 steam generators have been replaced with Babcock & 

Wilcox Canada feedring steam generators. Catawba Unit 2 has Westinghouse Model D5 preheater 

steam generators. The steam generators influence the transient response due to design differences 

such as heat transfer areas, tube alloys, tube bundle height, and initial liquid inventory. The 

Auxiliary Feedwater System flowrates are different due to pump discharge piping resistance and 

throttle valve positions, and pump capacity. Both steam generator designs are analyzed separately. 

The Auxiliary Feedwater System flowrates used are conservative for the unit for which the analysis 

is applicable. 
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5.2.1.2 Modifications to Base Plant Model 
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Since the main feedwater piping contains only subcooled water connected to the steam generator, 

this inventory would remain inactive during a steam line break and would not affect the transient 

analysis. In order to save computational costs, the main feedwater piping nodes are eliminated and 

the feedwater is added directly to the steam generator via a positive fill junction, similar to the 

junction already used for auxiliary feedwater. 

5.2.1.3 Break Modeling 

The full cross-sectional area of the 34" main steam line is 5.4 ft2. The area of the flow restrictor at 

the steam generator outlet is 1.4 ft2. [ 

] This analysis uses the Moody critical flow model. For 

the timeframe of interest, the break flow is always limited by critical flow. 

5.2.2 Nuclear Analysis 

The transient system response during a steam line break accident is sensitive to core reactivity 

versus temperature and the Doppler Temperature Coefficient. The core thermal-hydraulic response 

is sensitive to the three dimensional core power distribution. Therefore, the nuclear analysis for 

this event must specify pre-break core physics characteristics and post-break power distributions 

based on the calculated system response. 

5.2.2.1 Core Physics Parameters 

The k-effective versus temperature curve (Figure 5-2) and the Doppler temperature coefficient are 

selected such that a limiting return to power occurs in the RETRAN-02 analysis. This curve 

represents the effect on reactivity of an asymmetric cooldown from the technical specification 

shutdown margin limit. The Doppler coefficient was chosen to be -3.5 pcm/°F for this analysis. 
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The conservatism of the k-effective versus temperature curve and Doppler coefficient will be 

  confirmed each cycle as described in- Section 5.6. 

I 
5.2.2.2 Power Distributions 

I 

I 

p 

SIMULATE-3 is used to explicitly calculate the peak pin value at limiting 

RETRAN-02 statepoints. The three-dimensional power distribution and the system analysis results 

are then combined for the thermal-hydraulic evaluation. 

I 
5.2.3 Core Thermal-Hydraulic Analysis 

5.2.3.1 VIPRE-01 Code Description 

The VIPRE-01 code (Reference 5-4) is used for the steam line break core thermal-hydraulic 

analyses. VEPRE-01 is a subchannel thermal-hydraulic computer code. With this subchannel 

analysis approach, the nuclear fuel element is divided into a number of quasi one-dimensional 

channels that communicate laterally by diversion crossflow and turbulent mixing. Given the 

geometry of the reactor core and coolant channels and the boundary conditions or forcing 

functions, VIPRE-01 calculates core flow distributions, coolant conditions, fuel rod temperatures 

and the minimum departure from nucleate boiling ratio (MDNBR) for steady-state conditions and 

for transients. VIPRE-01 accepts all necessary boundary conditions that originate either from the 

  RETRAN-02 system transient simulation or the core neutronics simulation. Included is the 

capability to impose different boundary conditions on different regions of the core model. For 

example, different core region inlet temperatures, flow rates, heat flux, and even different assembly 

. and pin radial powers or axial flux shapes can be modeled in steady-state or transient modes. 
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5.2.3.2 Analysis Methodology 

I 

] V1PRE-01 model is used. Given the RETRAN-02 

statepoint core quadrant inlet temperatures, core quadrant inlet flow rates, core exit pressure, core 

average surface heat flux, and the assembly axial and radial power distributions from the neutronics 

code, this [ 	] model calculates the statepoint local coolant properties and the DNBR. 

The critical heat flux (CHF) correlation used to evaluate the DNBR for Westinghouse fuel is the 

Westinghouse W-3S correlation (Reference 5-4, Appendix D). The W-3S CHF correlation has 

been approved by the NRC for analysis with system pressures as low as 500 psia (Reference 5-6). 

The W-3S correlation limit is 1.45 in the pressure range of 500-1000 psia. 

Two steady-state cases are analyzed: the first case with offsite power available, and the second case 

with offsite power unavailable. A statepoint DNBR calculation is performed instead of a transient 

DNBR calculation since the steam line break accident is a slow transient and a statepoint consisting 

of the limiting surface heat flux and inlet boundary conditions provides conservative DNBR 

results. 

Model Description 
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Axial Power Distributions 

Radial Power Distributions 

5.3 	Transient Analysis 

5.3.1 	Initial Conditions 

Pressurizer Pressure 

Since this transient is being evaluated for minimum DNBR, a low initial pressurizer pressure is 

used. The low initial pressure causes an earlier safety injection actuation since the transient starts 

closer to the setpoint. This is compensated for in the safety injection setpoint as described below. 

Nominal pressurizer pressure less an allowance for uncertainty is assumed. 
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Pressurizer Level 

A low initial pressurizer level minimizes RCS inventory during the transient. This minimizes core 

outlet pressure and is, therefore, conservative for evaluation of minimum DNBR. This effect more 

than compensates for the slightly quicker boration when the safety injection fluid mixes with the 

smaller RCS mass. Nominal pressurizer level less an allowance for uncertainty is assumed. 

RCS Temperature 

Since this transient is being evaluated for minimum DNBR, a high initial RCS temperature is used. 

A slightly greater reactivity insertion results from starting from a high initial temperature since the 

slope of the k-effective vs. temperature curve is greater at higher temperatures. The hot zero power 

programmed RCS temperature of 557°F plus an allowance for uncertainty is assumed. 

RCS Flow 

Since this transient is being evaluated for minimum DNBR, a low initial RCS flow is used. The 

effect of lower flow on DNBR more than offsets the decrease in primary-to-secondary heat 

transfer. The minimum measured flow less an allowance for uncertainty is assumed. High core 

bypass flow is assumed. 

Steam Generator Water Inventory 

Since the primary-to-secondary heat transfer is the driving force behind the excessive RCS 

cooldown and depressurization, steam generator inventory is maximized to provide the largest 

cooldown capacity and to prolong the time prior to U-tube uncovery and heat transfer degradation. 

The nominal value plus an allowance for uncertainty is assumed. 

Core Power 

Initial core heat output would result in a lower temperature decrease since this energy would have 

to be removed in addition to that stored in the RCS fluid and metal. This would result in a milder 

transient and would be non-conservative. The core is, therefore, initially at hot zero power, here 

defined as 1 x 109 times full power. 
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Steam Generator Tube Plugging 

Assuming no steam generator tube plugging maximizes the steam generator heat transfer area and 

minimizes the RCS loop flow resistance. Both of these effects enhance primary-to-secondary heat 

transfer and are, therefore, conservative. These effects more than offset the slight decrease in RCS 

inventory which would result from plugged tubes. Therefore, no tube plugging is assumed for this 

analysis. 

5.3.2 Boundary Conditions 

S 

5.3.2.1 Availability of Systems and Components 

• 

Reactor Coolant Pumps  

S 

The reactor coolant pumps are assumed to trip when offsite power is lost. For portions of the 

analysis during which offsite power is maintained, all reactor coolant pumps are assumed to be 

operating. 

• 
Pressurizer Pressure Control  

S 
No credit is taken for pressurizer heater operation. This assumption enhances the RCS 

depressurization and is therefore conservative for the evaluation of minimum DNBR. 

Pressurizer Level Control  

S 

No credit is taken for the automatic operation of the Chemical and Volume Control System 

(CVCS)  to attempt to increase RCS mass and thereby maintain pressurizer level and pressure. The 

charging and letdown flows are assumed to isolate simultaneously and to be balanced prior to 

isolation. Not taking credit for CVCS action to maintain pressure is conservative for the evaluation 

of minimum DNBR. 

S 

S 

S 

S 

S 
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Condenser Steam Dump 

The condenser steam dump valves are initially assumed to be open slightly to release the steam 

generated by the relatively small heat input to the RCS from the reactor coolant pumps. These 

valves are assumed to be closed after reactor trip. However, since the flow through these valves is 

very small compared to break flow, the opening or closing these valves has an insignificant effect 

on the analysis. 

Main Feedwater 

The main feedwater pumps take suction from the hotwell pumps via the condensate booster pumps. 

Both of the latter sets of pumps are run from offsite power. When offsite power is lost, both of 

these types of pumps trip, causing the main feedwater pumps to trip on low suction pressure, 

condensate booster pump trip, or safety injection. It is assumed that this process takes no more 

than 5 seconds. For events in which offsite power is maintained, no main feedwater pump trip is 

assumed. For all cases, no credit is taken for feedwater isolation on low-low RCS average 

temperature coincident with reactor trip. 

Auxiliary Feedwater 

All three auxiliary feedwater pumps are assumed to start on loss of offsite power and deliver flow 

to all four steam generators. This is conservative since' it maximizes the secondary heat sink. 

Offsite Power 

As instructed by Section 15.1.5 of Reference 5-1, the assumptions regarding the loss of offsite 

power and the timing of such a loss were studied to determine their effects on the consequences of 

the accident. Analyses were performed with offsite power both maintained throughout the 

transient and lost during the transient. The core is ultimately shut down by borated water from the 

high and intermediate-head safety injection pumps. In the absence of offsite power, the pumps are 

powered from emergency buses energized by diesel generators. The diesels start on either a safety 

injection signal or an undervoltage condition on the emergency buses (indicative of the loss of 

offsite power). Since delaying diesel generator start delays borated water delivery, and is therefore 

conservative, the loss of offsite power is timed to coincide with the safety injection actuation. 

S 

S • 
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111 
 

Safety Injection Pumps 
I 

The injection of borated water introduces negative reactivity and is therefore a benefit. The 

injection of cold, unborated water is a penalty, however, since it makes the cooldown more severe. 

Because of this, the single failure, the loss of one train of safety injection, is timed to coincide with 

the point at which the high-head safety injection piping is purged of unborated water. 

p 
5.3.2.2 Response Times 

Pumped Safety Injection Flow  

B 
A delay is assumed from the SI setpoint being reached until the SI signal is generated. An 

additional delay is assumed from the diesel generator start signal until the first load group, which 

includes the high-head safety injection pump discharge valves, is sequenced onto the emergency 

bus. A third delay is assumed from the sequencing of the first load group onto the emergency bus 

until delivery of unborated water to the RCS. The total of these three delays is 33 seconds. For the 

case in which offsite power is maintained, the corresponding delay is 19 seconds. 

Feedwater Isolation Valves 

I 
Following the receipt of a safety injection signal, an additional delay is assumed to generate a 

feedwater isolation signal and complete closure of the isolation valves. The total response time for 

11) 	the feedwater isolation function is 12 seconds. 

111 	Main Steam Isolation Valves 

Following the receipt of a steam line isolation signal, an additional delay is assumed to close the 

main steam isolation and main steam isolation bypass valves. The total response time for the steam 
11/ 	line isolation function is 10 seconds. 

111 
Auxiliary Feedwater Pumps  

Since cold auxiliary feedwater flow into the steam generator makes the cooldown more severe, no 

time delay is assumed between the loss of offsite power and the delivery of flow to the steam 

generators. 
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5.3.2.3 Flow From Interfacing Systems 

Safety Injection 

Safety injection flow is varied as a function of RCS pressure. The limiting head-flow curves 

among the high and intermediate head pumps are adjusted to conservatively account for pump head 

degradation. 

Main Feedwater 

At hot zero power, the main feedwater control valve is closed, and the feedwater is delivered to the 

steam generator upper nozzle through the main feedwater control bypass valve. In assessing the 

amount of main feedwater flow during a steam line break, the following aspects must be 

considered: automatic control of pump speed, automatic control of bypass valve position, and line 

resistance of the piping to the upper nozzle. The speed controller will initially attempt to reduce 

pump speed. No credit is taken in the analysis for a flow reduction due to this effect. Rather than 

model the bypass valve controller in detail, the analysis conservatively assumes that the valve 

instantaneously travels to its full open position. A lower limit is placed on the upper nozzle piping 

resistance in this configuration. The flow boundary condition is then conservatively increased as 

steam generator pressure decreases, by assuming that feedwater pump discharge pressure remains 

constant at the initial value corresponding to the low resistance limit. 

Auxiliary Feedwater 

Auxiliary feedwater flow is varied as a function of steam generator pressure. The limiting head-

flow curves among the motor and turbine-driven pumps are adjusted to conservatively account for 

installed pump performance being better than the curves and for pump motor speed being higher 

than predicted. 

5.3.2.4 Engineered Safety Features Actuation Setpoints 

Safety Injection 

Safety injection is assumed to be actuated at the low pressurizer pressure technical specification 

setpoint less an allowance for uncertainty. 
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Steam Line Isolation 

Steam line isolation is assumed to occur at the low secondary pressure technical specification 

setpoint less an allowance for uncertainty. No credit is taken for steam line isolation on high 

containment pressure for breaks inside containment. 

5.3.2.5 Boron Injection Modeling 

Transport 

The boron transport model used is described in Section VII.2.5 of Reference 5-2. The boron is 

assumed to be soluble in the transport medium and to have no direct effect on the fluid equations. 

The basic equation computes the time rate of change of boron mass in a control volume from the 

net inflow from connected volumes plus the net generation within that volume. 

Purge Volumes 

Purge volumes from the outlet of the refueling water storage tank to the inlet of the RCS are 

separately calculated for both the high and intermediate-head safety injection pumps. These piping 

volumes are assumed to be initially at a concentration of 0 ppm. Borated water is assumed to reach 

the RCS only after an amount of unborated water equal to the purge volume has been injected. 

This purging is done separately for the high and intermediate head pumps. 

Concentration 

The boron concentration in the injection water is a conservatively low refueling water storage tank 

value including an allowance for measurement error. 

5.3.2.6 Core Kinetics Modeling 

Point Kinetics 

The RETRAN-02 point kinetics model is used for the system thermal-hydraulic analysis. The 

particular option employed uses one prompt neutron group, six delayed neutron groups, eleven 
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delayed gamma emitters, plus U-239 and Np-239. The point kinetics model is adequate for this 

application since the system analysis does not require detailed modeling of power distribution 

effects. The power distributions used in the system analysis are determined to be conservative as 

discussed below. The effective delayed neutron fraction is chosen to minimize Doppler feedback 

(maximum beta-effective) in units of dollars of reactivity, while the prompt neutron lifetime value 

is chosen to minimize the ratio of beta-effective to the prompt neutron lifetime. This ratio is a 

RETRAN-02 input. Minimizing it increases the neutron power spike when prompt criticality is 

achieved. 

Temperature Feedback 

The basis for the temperature feedback is a relationship between the reactivity vs. temperature 

curve and [ 

], which is input to the point kinetics model. 

Axial Power Distribution 

The axial power distribution for the RETRAN-02 analysis is simply the energy deposition fraction 

for each of the three axial core conductors. These fractions approximate the axial power 

distribution calculated by the three dimensional core model described in Section 5.2.2.2. The 

RETRAN-02 axial power distribution at the peak heat flux statepoint is more top-peaked than the 

distribution calculated by the three dimensional model. This approach is conservative since it 

results in a more severe return to power. 

Radial Power Distribution 
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] This approach is conservative since it results in a more 

severe return to power. 

Control Rod Reactivity 

I 
11/ 	Since the steam line break transient is a concern chiefly because of power peaking in the vicinity of 

a stuck rod, the control rods are assumed to begin the transient outside of the core; i.e., the reactor 

is initially not tripped. Manual action by the operator is assumed to immediately trip the reactor. 

This assumption is conservative since any cooldown prior to rod insertion would introduce positive 

reactivity which would increase core power. This wouldj,ncrease RCS stored energy and cause 

decay heat generation, both of which cause a less severe cooldown. The amount of negative 

reactivity introduced by rod insertion is sufficient to make the core subcritical by the technical 

specification shutdown margin. 
I 

  Boron Reactivity 

 
The negative reactivity inserted by boration is modeled by [ 

- 	 ] core boron concentration. This concentration is multiplied by a 

boron worth to give a reactivity. 

I 
5.4 	Results and Conclusions 

I 
5.4.1 Primary and Secondary System Response 

I 

Sensitivity studies are performed to determine the limiting break size. The steam line break 

transient is analyzed both with offsite power maintained and with offsite power lost coincident with 

safety injection actuation. Typical event sequences for the two cases are presented in Tables 5-1 

and 5-2 for the 1.4 ft2  break size. Figures 5-4 through 5-14 correspond to the case with offsite 

power maintained and 5-15 through 5-25 to the case withoffsite power lost. 

111 
Offsite Power Maintained 

Steam line pressure in the faulted steam line (Figure 5-4) decreases after the break occurs. The 

depressurization rate initially increases after steam line isolation occurs, since beyond this point 
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only the faulted steam generator is supplying steam to the break. The depressurization rate then 

decreases as the steam line continues to blow down towards atmospheric pressure. Steam line 

pressure in the intact steam line (shown on the same figure) also decreases until steam line isolation 

occurs. Beyond this point the intact steam generators, and therefore their associated steam lines, 

experience a slight pressurization. 

The cold leg temperatures (Figure 5-5) closely follow the pressures in the respective steam lines. 

The hot leg temperatures (Figure 5-6) follow the cold leg temperatures until the return to power 

occurs. A larger difference between the hot and cold leg temperatures develops beyond this point 

due to the core heat output. 

Core boron concentration (Figure 5-7) is zero until after the unborated water is purged from the 

safety injection piping. Thereafter, it slowly increases as the borated safety injection water mixes 

with the unborated RCS inventory. 

The temperatures drive the core reactivity transient shown in Figure 5-8. Reactivity initially drops 

to the technical specification shutdown margin on reactor trip as the rods fall into the core. The 

positive reactivity inserted due to the decreasing temperatures causes total reactivity to increase 

until prompt criticality is momentarily achieved. The fuel temperature feedback caused by the 

sudden power increase causes reactivity to decrease rapidly to near zero. Reactivity decreases 

slowly as power increases due to increasing fuel temperature feedback. Reactivity decreases 

further with the addition of borated water from the Safety Injection System. 

The neutron power transient (Figure 5-9) caused by this reactivity transient, is zero until prompt 

criticality occurs. At this point power spikes up and then immediately decreases sharply due to the 

negative Doppler feedback. Power then increases in equilibrium with reactivity until just after 

boron reaches the core. This is followed by a slow decrease toward shutdown. The core heat flux 

(Figure 5-10) is similar to the core power with two exceptions. First, there is some heat flux 

generated prior to prompt criticality by removal of stored energy from the fuel. Second, the power 

spike at prompt criticality is too brief to be reflected in the heat flux. 

Pressurizer level (Figure 5-11) decreases rapidly until the pressurizer empties. It stays at zero until 

enough water inventory is added by the Safety Injection System to offset the contraction of the 

original inventory due to the cooldown. Pressurizer pressure (Figure 5-12) decreases relatively 

slowly until the pressurizer empties. The decrease is more rapid until the saturation pressure is 
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• 

reached in the hottest parts of the RCS. Thereafter, pressure increases slowly as inventory addition 

  from the Safety Injection System offsets inventory contraction from the cooldown. 
• 

• 
Break flow (Figure 5-13) initially decreases as the steam line pressure decreases. After steam line 

isolation, flow from the intact loops stops. Beyond this point flow decreases with decreasing 

pressure. 

• 
The core mass fluxes (Figure 5-14) increase with time since the reactor coolant pumps provide 

essentially constant volumetric flow which, with the decreasing RCS temperatures, is equivalent to 

an increasing mass flow rate. 

• 

Offsite Power Lost 

• 

Although Figures 5-4 through 5-14 depict the case in which offsite power is maintained, the 

discussion is generally applicable to Figures 5-15 through 5-25, the case in which offsite power is 

• lost at safety injection. Important exceptions are noted below. 
• 

• 
Neutron power (Figure 5-22) does not begin a sustained decrease until after boron from both the 1111 
high-head and intermediate-head safety injection pumps has reached the core. 

• 
The core mass fluxes (Figure 5-25) decrease beyond the point at which offsite power is lost due to 

the coastdown of the reactor coolant pumps. 

• 
The system transient response for each case is reviewed to select the statepoint(s) for the power 

peaking and DNBR analysis. Values provided for each statepoint include neutron power, core heat 

flux, core outlet pressure, [ 

• 

• • 
5.4.2 Core Response 

• 
5.4.2.1 Axial and Radial Power Distributions 

• 
Using the limiting statepoints from the RETRAN-02 analyses discussed in Section 5.4.1, axial and 

radial power distributions are calculated as described in Section 5.2.2.2. The axial power 

distribution for the offsite power maintained case has a top peaked shape, whereas the offsite 
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power lost case has a bottom peaked shape. This effect is caused by the difference in moderator 

temperature feedback resulting from the large difference in RCS flow. Typical values of the 

maximum axial peaking factors for the peak radial location are [ 	 ] for the offsite 

power maintained and offsite power lost cases, respectively. Figures 5-26 and 5-27 show the 

asymmetric core assembly radial power distributions. The cold quadrant, which contains the stuck 

rod, has a more highly peaked assembly radial power distribution than the rest of the core. Typical 

maximum hot assembly pin radial power peaking factors are [ 	 J for the offsite 

power maintained and offsite power lost cases, respectively. 

5.4.2.2 Minimum DNBR Results 

Using the limiting statepoints from the RETRAN-02 analyses discussed in Section 5.4.1, together 

with the power distributions discussed in Section 5.4.2.1, the VEPRE-01 [ 	J model is 

used to calculate the core local fluid properties and MDNBR. The MDNBRs predicted by the W-

3S CHF correlation are greater than 1.45 for both the offsite power maintained and offsite power 

lost cases. Therefore, the criterion that the core remain in place and intact, as discussed in Section 

5.1.2, is met. Because this criterion is met, the current UFSAR dose analysis, which assumes no 

DNBR-related fuel failures, remains valid. 

5.5 	Cycle-Specific Evaluation 

The cycle-specific reload evaluation for the steam line break accident focuses on the conservative 

core physics parameters input to the system transient modeling. Each reload cycle is evaluated to 

determine whether the reactor is subcritical at the core and system conditions corresponding to the 

limiting peak heat flux statepoint of the system transient. There is a high degree of confidence that 

each reload core will be bounded since the system model was developed with: 

The minimum shutdown margin allowed by the technical specifications 

A conservative reactivity versus temperature response 

A conservative Doppler coefficient. 

If the cycle-specific reactivity check shows the reactor to be subcritical with respect to the core 

assumed in the existing licensing basis analysis, including a stuck rod, then the response predicted 

by the system analysis bounds the reload core. If the reload core is not subcritical at these 

a 
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conditions, two approaches are available to obtain acceptable steam line break analysis results: 

redesign the reload core, or reanalyze the transient. 
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Table 5-1 

Sequence of Events for 1.4 ft2  Split Break 
With Offsite Power Maintained 

Zero Power Initial Condition 

Event Time 
(seconds) 

Break occurs / Operator manually trips reactor 0.01 

Pressurizer level goes offscale low 22 

SI actuation on low pressurizer pressure 35 

Steam line isolation on low steam line pressure 36 

Criticality occurs 46 

SI pumps begin to deliver unborated water to RCS 52 

High-head SI lines purged of unborated water / 119 
One train of SI fails 

Peak heat flux occurs 120 

Intermediate-head SI lines purged of unborated water 191 
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Table 5-2 

Sequence of Events for 1.4 ft2  Split Break 
With Offsite Power Lost at SI Actuation 

Zero Power Initial Condition 

 

Event 
	

Time 
(seconds) 

 

Break occurs / Operator manually trips reactor 
	

0.01 

Pressurizer level goes offscale low 
	

22 

SI actuation on low pressurizer pressure / 
	

35 
Offsite power lost 
Reactor coolant pumps begin to coast down 

Steam line isolation on low steam line pressure 
	

36 

Criticality occurs 
	

52 

SI pumps begin to deliver unborated water to RCS 	 66 

High-head SI lines purged of unborated water / 	 134 
One train of SI fails 

Intermediate-head SI lines purged of unborated water 	 223 

Peak heat flux occurs 	 228 
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Figure 5-1 

RETRAN Reactor Vessel Model 
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Figure 5-3 
aVIPRE Model for Steam Line 

Break Core Thermal-Hydraulic Analyses 
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Figure 5-6 
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6.0 	DROPPED ROD ANALYSIS 

	

6.1 	Overview  

6.1.1 Description of Dropped Rod Transient 

Thetdropped rod transient is described in UFSAR Section 15.4.3. The scenarios of concern consist 

of all single and multiple dropped control rods for rods originating in the same group. Beginning 

from a full power initial condition (lower power levels are less limiting), one or more rods drop 

into the core and cause a prompt reduction in reactor power. The Rod Control System, in the 

automatic control mode, detects a mismatch between reactor power and turbine power, and a 

mismatch between T-reference and T-average, and responds by withdrawing the controlling rod 

group, Control Bank D. With the Rod Control System in manual, Control Bank D does not 

withdraw, and the reactor power decreases to a new equilibrium power level. The power mismatch 

also results in a reduction in the average core moderator temperature, which typically adds positive 

reactivity due to the presence of a negative moderator temperature coefficient (MTC). The 

combination of rod withdrawal and decreasing temperature can cause the reactor to return to full 

power and even exceed the initial power level. Since the core power peaking is increased by the 

dropped rod(s), the potential exists for the DNBR limit and the centerline fuel melt limit to be 

approached. 

6.1.2 Acceptance Criteria 

The dropped rod transient is classified as an ANS Condition II event, an anticipated transient. 

Therefore, it must be demonstrated that the DNBR limit and the centerline fuel melt limits are not 

exceeded. The other Condition II criteria regarding overpressurization or propagation to a 

Condition III event are not challenged by a dropped rod transient. 
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6.1.3 Analytical Approach 

The dropped rod accident requires a large set of physics parameters to be determined for use as 

initial and boundary conditions. These parameters are input to a RETRAN-02 (Reference 6-1) 

McGuire/Catawba model (Reference 6-2) for the system thermal-hydraulic analysis. The 

RETRAN-02 analysis generates the core statepoint conditions which correspond to the transient 

time of minimum DNBR. SIMULATE-3 (Reference 6-3) is used to generate power distributions 

corresponding to the possible dropped rod combinations based on the methodology described in 

Reference 6-7. The power peaking analysis uses either the pre-drop or the post-drop thermal 

boundary conditions. The core power distribution along with the core thermal-hydraulic boundary 

conditions from the RETRAN-02 analysis are then input to a VIPRE-01 (Reference 6-4) 

McGuire/Catawba model (Reference 6-2) to calculate the minimum DNBR. The SIMULATE-3 

post-drop power distributions are also compared to the centerline fuel melt limits from the fuel 

performance code PAD (Reference 6-5) to demonstrate margin. 

6.2 	Simulation Codes and Models 

6.2.1 System Thermal-Hydraulic Analysis 

The McGuire/Catawba RETRAN-02 model described in Section 3.2 of DPC-NE-3000 (Reference 

6-2) is used for the dropped rod analysis. A one-loop model is sufficient since little loop 

asymmetry develops during this transient. The differences between the McGuire and Catawba 

units which are significant in the context of a dropped rod transient are the steam generators and 

the primary temperature (different for Catawba Unit 2). These differences are detailed in 

Reference 6-2. 

6.2.2 Nuclear Analysis 

The nuclear analysis for the dropped rod transient is performed with the SIMULATE-3 code. The 

analysis consists of predictions of the key physics parameters to be input to RETRAN-02 for the 

system thermal-hydraulic analysis, and the post-drop three-dimensional power distributions for 

6-2 
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comparison to the centerline fuel melt limits, and for input to the DNBR analysis. The nuclear 

analysis also predicts the excore tilts indicated by the power range flux detectors. A spectrum of 

dropped rod combinations at beginning, middle, and end-of-cycle are simulated to ensure that the 

limiting cases have been identified. 

• 
ID 	

6.2.3 Core Thermal-Hydraulic Analysis 

• 
Methodology  • • 
The VIPRE-01 code is used for the dropped rod core thermal-hydraulic analyses. V1PRE-01 

thermal-hydraulic boundary conditions are obtained from the RETRAN-02 system transient 

simulation. RETRAN-02 predicts core inlet flow, inlet temperature, outlet pressure, and heat flux 

for a set of cases based on the dropped rod worth and limiting burnup condition. SIMULATE-3 
411 

provides the axial shape and radial power distributions. The standard [ 	J VIPRE-01 • 
model (Reference 6-2) is used to calculate the limiting statepoint local coolant properties and 

DNBR. The DNBR correlation used for Westinghouse fuel the WRB-2M correlation (Reference 

41. 	
6-8) is used with an SCD limit of I 	I  calculated with the methodology described in Reference 6- 

6). The CHF correlation used below the first mixing vane grid is the BWU-N correlation 

(Reference 6-9) with a correlation limit of 1.21. 

• 

• 
Model Description 

• 
• • 
S 

S 

S • • • 
6-3 

S • 



6.3 	Transient Analysis 

6.3.1 	Initial Conditions 

The VIPRE-01 evaluation of the minimum DNBR resulting from the dropped rod transient uses the 

statistical core design (SCD) methodology. Consequently, the following RETRAN-02 initial 

conditions are specified as nominal values since the uncertainty is factored into the SCD design 

limit. Note that these are typical nominal values. 

• Power level = 100% FP 

• RCS flow = 388,000 

• Pressurizer pressure = 2235 prig 

• RCS T-ave = 585.1°F 

• Core bypass flow = 8.5 % 

A discussion of the non-SCD parameters and the basis for selecting their initial condition values 

follows. 

Pressurizer Level 

A low initial pressurizer level reduces the initial core outlet pressure and minimizes the transient 

pressure response, which is conservative for DNBR. The full power programmed pressurizer level 

less an allowance for uncertainty is assumed. 

SG NR Level 

A low initial steam generator narrow range level minimizes the initial steam generator inventory. 

A low initial level serves to maximize effects due to changes in feedwater flow. This parameter 

has no significant impact on the results of the dropped rod transient. The full power programmed 

steam generator narrow range level less an allowance for uncertainty is assumed. 
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Average Fuel Temperature 

Maximum average fuel temperatures at beginning, middle, and end-of-cycle are used. 

SG Tube Plugging 

Assuming no steam generator tube plugging maximizes the initial steam line pressure and results in 

a more limiting transient. Therefore, no tube plugging is assumed for this analysis. This parameter 

has no significant impact on the results of the dropped rod transient. 

6.3.2 Boundary Conditions 

6.3.2.1 Physics Parameters 

The important physics parameters required by the RETRAN-02 and VIPRE-01 models for the 

dropped rod analysis are discussed below. These parameters are evaluated for the dropped rod 

scenarios over a range of conditions to ensure that the selected values bound current and future 

reload designs. The RETRAN-02 analysis uses values for each of these parameters that are 

consistent in terms of a beginning, middle, or end-of-cycle condition. 

RETRAN-02 V LPRE-01  

Dropped rod worth 	 X 
Control Bank D worth 	 X 
Core tilt following rod drop 	 X 
Moderator temperature coefficient 	 X 
Doppler temperature coefficient 	 X 
Effective delayed neutron fraction 	 X 
Radial peaking factor 
	 X 

Axial peaking factor 
	 X 
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Dropped Rod Worth 

The dropped rod worth ranges up to [ I pcm. This worth exceeds the worth of all possible 

combinations of dropped rods from the same rod group. 

Control Bank D Worth 

The Control Bank D worth available for withdrawal ranges from [ 	I pcm at the rod 

insertion limit as a function of burnup. 

Eat  Versus Worth 

Power peaking increases in those areas of the core opposite the dropped rod(s) and is generally 

greatest for those cases in which three rods are dropped. The effect of a dropped rod on FAH is a 

function of burnup, dropped rod worth, and the number of dropped rods. Enveloping FAH responses 

derived from assembly average power are presented in Figures 6-2 to 6-4. 

Axial Shape 

A bounding axial shape at each burnup condition, based on a top peaked power distribution, is 

chosen for the thermal-hydraulic analysis. 

Core Tilt Following Rod Drop 

Fifty-three full-length control rods of two designs, Ag-In-Cd and boron carbide (B4C), are 

analyzed. All combinations of rods in each group of the control banks and shutdown banks are 

dropped into the core from the rod insertion limit (RIL) and the all-rods-out (ARO) position to 

determine which dropped rod cases would result in the worst excore tilts and power peaking. 

Figure 6-5 illustrates the effect of increasing dropped rod worth on the induced tilt. In general, a 
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• 
• set of three dropped rods results in the most severe combination of excore tilts and power peaking. 

The reactor response to a dropped rod transient depends on the core tilt detected by the excore 

detectors since the excore detector signal is an input to the Rod Control System. Dropped rods • 
cause the power level to decrease in the vicinity of the dropped rod and to increase in areas away 

from the dropped rod. The excore tilt for the four quadrants is modeled by using the assemblies 

closest to the excore detector to generate a detector response. 

• • 
Moderator Temperature Coefficient • • 
Several fuel cycles were reviewed to determine realistic but conservative moderator temperature • coefficients (MTCs) to use in the dropped rod analysis. Conservative slopes were chosen for the 

•• MTCs versus moderator temperature at several burnup statepoints and boron concentrations. An 

MTC was conservatively chosen at the burnup statepoints analyzed for the HFP, nominal condition 

moderator temperature. The HFP moderator temperature and the slope of the MTC versus 

1111 	moderator temperature curve are used to determine MTCs at various power levels occurring during 

the dropped rod transient. The MTC assumed is a least-negative or most-positive value depending 

on the core burnup and moderator temperature. This assumption minimizes the negative reactivity 

feedback that is available when the post-drop power level increases as Control Bank D is 

withdrawn. 

• 

Doppler Temperature Coefficient 

• • 
The Doppler temperature coefficient is selected as a least-negative value. This assumption 

41111 	minimizes the negative reactivity feedback that is available when the post-drop power level 

increases as Control Bank D is withdrawn. 

• 
Effective Delayed Neutron Fraction • • • The effective delayed neutron fraction is not a very important parameter since the transient 

• response near the DNBR statepoint is slow. A minimum value of beta-effective is used. 

• 

6-7 



11
11

9
11

8
8

8
•

11
O

S
O

O
S

O
S

S
II

II
M

S
O

S
S

O
O

S
II

II
S

S
1
1
11

01
11

1
O

S
S

11
11

8
  

6.3.2.2 Reactor Protection System 

The RETRAN-02 analysis takes credit for a reactor trip on low pressurizer pressure. The trip 

setpoint is reached only for higher dropped rod worth cases at beginning-of-cycle. The 

overtemperature and overpower AT trip setpoints may be reached for some dropped rod events. No 

credit is taken for the low-low steam generator level trip or main steam isolation on low steam line 

pressure. 

6.3.2.3 Power Range Nuclear Instrumentation 

6.3.2.4 Rod Control System 

The Rod Control System is explicitly modeled in the RETRAN-02 analysis. The controller uses a 

power mismatch signal and a temperature error signal to determine Control Bank D insertion or 

withdrawal and rod speed. The power mismatch signal is a difference between turbine power 

(impulse pressure) and the [ 	 ] The temperature error signal is a 

difference between a reference temperature based on turbine power and the auctioneered-high 

primary loop T-ave indication. Due to the importance of Control Bank D withdrawal on the 

dropped rod analysis, the worst case single failure has been determined to result in the NI flux 

indication auctioneering low. This failure causes the maximum post-drop power levels by 

accelerating the onset and increasing the rate of Control Bank D withdrawal. 
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6.3.2.5 Pressurizer Pressure and Level Control 

Since the dropped rod transient is a DNB transient, pressurizer sprays and the pressurizer PORV 

are assumed to function in order to minimize primary pressure. Pressurizer heaters are assumed 

not to function. Pressurizer level control is assumed to be in manual, and is not important for this 

transient. 

6.3.2.6 Main Feedwater and Turbine Control 

E 

I 

6.4 	Results and Conclusions 

6.4.1 	System Transient Analysis Results 

The dropped rod event is analyzed at beginning, middle, and end-of-cycle conditions. The typical 

transient response at beginning and end-of-cycle conditions are discussed in detail below, and the 

results of the bounding cases are presented. The results presented are for AREVA NP Mk-BW fuel 

with the BWCMV CHF correlation. 

6.4.1.1 Typical Beginning-of-Cycle Response 
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100 pcm Case 

Reactor power (Figure 6-6) initially decreases rapidly in response to the dropped rod. Then power 

recovers as the Rod Control System withdraws Control Bank D and power overshoots the initial 

level. Reactor power reaches a maximum value of 115.3% and starts to decrease again before the 

Rod Control System terminates rod withdrawal. Also shown on Figure 6-6 is the NI signal that is 

input to the Rod Control System. While core power reaches a maximum of 115.3%, the NI signal 

is only about 72%. Control Bank D position is shown in Figure 6-7. Bank D motion results from 

the combination of power mismatch and temperature error signals. Average loop temperature (T-

ave) as shown in Figure 6-8 initially decreases about 2°F and then increases about 7°F. The T-ave 

response is determined by the balance between core power and the steam load. Pressurizer level, 

shown in Figure 6-9, responds to the change in T-ave. The pressurizer pressure response (Figure 6-

10) is dictated by changes in pressurizer level and by the actuation of pressure mitigation 

equipment. Pressure initially decreases due to the impact of the dropped rod on reactor power, and 

then increases with power. Pressurizer sprays and PORVs actuate to minimize primary pressure, 

which is conservative with respect to DNBR. The PORVs continue to cycle until T-ave begins to 

decrease. The limiting statepoint occurs at the time of maximum heat flux. 

Higher Worth Cases 

As the dropped rod worth is increased above 100 pcm, the initial reduction in core power is larger, 

and consequently the initial reductions in T-ave and pressurizer pressure are larger. For beginning- 

of-cycle (BOC) cases at or above [ 	I pcm, a reactor trip occurs on low-low pressurizer pressure 

and DNB is not a concern. In general, the transient responses to dropped rod worth cases at [ 

I pcm have lower statepoint values for core power, pressurizer pressure, and T-ave. The 

difference in statepoint conditions mainly results from the response of the Rod Control System to 

the combined power mismatch and temperature error signals. 
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6.4.1.2 Typical End-of-Cycle Response 

400 pcm Case 

Reactor power (Figure 6-11) initially decreases rapidly in response to the dropped rod, then 

increases due to the negative MTC and to the Rod Control System withdrawing Control Bank D. 

Reactor power recovers, overshoots its initial value reaching a maximum value of 109.8%, and 

starts to decrease before the Rod Control System terminates rod withdrawal. Also shown on Figure 

6-11 is the NI signal input to the Rod Control System. Control Bank D position is shown on Figure 

6-12. T-ave (Figure 6-13) initially decreases approximately 7°F, then increases about 3°F to the 

point of maximum heat flux. T-ave decreases until core power exceeds the steam load. Pressurizer 

level (Figure 6-14) also follows the trend of T-ave, reaching a minimum of about 42% at 20 

seconds. Pressurizer pressure (Figure 6-15) initially decreases with the drop in T-ave and reaches a 

minimum of approximately 2150 psig before increasing to a maximum of about 2280 psig. 

Pressurizer spray actuates at approximately 47 seconds and continues for the remainder of the 

simulation. The limiting statepoint occurs at the time of maximum heat flux. 

Lower Worth Cases 

For dropped rod worths lower than 400 pcm, the power overshoot is slightly higher. The initial 

power reduction is less, and therefore, the reactivity addition due to moderator feedback and Bank 

D withdrawal has less of a deficit to offset. As in the BOC cases, the most important boundary 

condition is the response of the Rod Control System. 

Higher Worth Cases 

As the dropped rod worth increases above 400 pcm, the power overshoot decreases in magnitude. 

The most significant change with increasing worth is that pressurizer pressure is significantly lower 

at the statepoint. The substantial contraction of the primary coolant immediately following the rod 

drop, and the associated depressurization, have not resulted in pressurizer level and pressure 

recovering to the initial values at the statepoint time. 
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6.4.1.3 Limiting Statepoint Selection 

Cases Analyzed 

Dropped rod cases are analyzed at beginning, middle, and end-of-cycle (EOC) conditions. The 

dropped rod worth for cases analyzed at a given time in cycle is in increments of 100 pcm until a 

reactor trip on low pressurizer pressure occurs. Reactor trips on low pressurizer pressure occur in 

the [ 	] pcm beginning-of-cycle case and [ 	] pcm middle-of-cycle (MOC) case. The 

maximum dropped rod worth analyzed is [ ] pcm. 

Beginning-of-Cycle Cases 

The trends of the key results for the spectrum of BOC cases are shown in Figures 6-16 through 6-

18. The peak core power (Figure 6-16) decreases with increasing dropped rod worth. T-ave 

(Figures 6-17) decreases with increasing rod worth. In the [ 	] pcm case, pressurizer pressure 

(Figure 6-18) at the statepoint does not follow the trend of decreasing pressure with increasing 

dropped rod worth. During this case, reactor power continues to increase for several minutes after 

Bank D is fully withdrawn due to the positive MTC applied. During this relatively long transient 

pressurizer pressure recovers to above its initial value. 

Middle-of-Cycle Cases 

The trends of the key results for the spectrum of MOC cases are shown in Figures 6-19 through 6-

21. The peak core power (Figure 6-19) decreases with increasing dropped rod worth. T-ave 

(Figure 6-20) also decreases with decreasing rod worth. Above [ 	] pcm, pressurizer pressure 

(Figure 6-21) at the peak power statepoint does not recover to the initial value. 
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End-of-Cycle Cases 

The trends of the key results for the spectrum of end-of-cycle cases are shown in Figures 6-22 

through 6-24. The peak core power (Figure 6-22) decreases with increasing dropped rod worth. T- 

ave (Figure 6-23) also decreases with decreasing rod worth. Above [ 	pcm, pressurizer 

pressure (Figure 6-24) at the peak power statepoint does not recover to the initial value. 

Limiting Cases 

For each dropped rod worth the RETRAN-02 analysis results were compared and the limiting 

burnup condition was determined. The selection of the limiting case is based on the product of the 

peak core power and the associated radial peaking factor for that dropped rod worth and burnup. 

The burnup with the largest value of this parameter is then evaluated with respect to the other 

important DNB parameters (pressure, temperature, flow) to confirm the limiting burnup condition. 

The limiting burnup condition for each dropped rod worth is then analyzed with VIPRE-01 to 

determine the minimum DNBR. The limiting cases were determined to be as follows: 

Dropped Rod 	Burnup 

Worth (pcm) 	Condition  
r 	 -• 

.. 	 , 

Figures 6-25 through 6-27 show the trends of neutron power, T-ave, and pressurizer pressure for 

the limiting analyses. In all cases the limiting statepoint occurred at the time of peak core power. 
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6.4.2 Core Thermal-Hydraulic Analysis Results 

6.4.2.1 Statepoint Conditions 

RETRAN-02 results yield the following statepoint conditions for the limiting cases analyzed. 

Core Outlet 
Dropped Rod 	Heat Flux 	Core Inlet 	Flow 	Core Pressure 

Case 	Worth (pcm) 	(MBtu/hr-ft2) 	Temperature (°F) 	(Mbm/hr-ft2) 	(psia)  

c 	 1 

6.4.2.2 Thermal-Hydraulic Results for DNBR 

The dropped rod event is analyzed utilizing the V1PRE-91 code and a SCD DNBR limit of 1.40. 

The results presented are for AREVA NP Mk-BW fuel with the BWCMV CHF correlation. The 

VIPRE-01 model DNBR results for the limiting cases with the given axial shapes 

(Figure 6-28) and radial power peaking (Figures 6-2 through 6-4) are greater than 1.40 for each 

case. 
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I 
I 
11111 	6.5 	Centerline Fuel Melt Evaluation 
1 

I 

The core power distribution at the peak power statepoint is evaluated using SIMULATE-3 for 

comparison to the centerline fuel melt limits. The results of this evaluation show that margin exists 

to the centerline fuel melt limits. 

• 
6.6 	Cycle Specific Evaluation 

I 
I 

11 	The reference dropped rod analysis is verified to be bounding by comparison of several cycle- 

" 	specific physics parameters against values assumed in the reference analysis. Physics parameters 

that are checked for each reload core are: 

a 
Initial FAH 

Axial Flux Shape 

Moderator and Doppler temperature coefficients 

Maximum dropped rod worth 

Available Control Bank D worth for withdrawal 

I 

Several reload cycles were analyzed in order to determine bounding inputs for the reference 

dropped rod analysis. The results of these analyses established bounding curves, versus the 

number and worth of dropped rods, defining both the increase in radial peaking and limiting excore 

detector responses. These inputs are considered independent of the reload core design and will not 

be checked on a cycle-specific basis. 

• 

I 
While the above physics parameters are not expected to change for a reload core, they are checked 

to ensure that the reference dropped rod analysis remains valid. For each reload core, the 

maximum core FDH for the pre-dropped condition is verified to be less than [ 	] for allowed rod 

insertions. Moderator and Doppler temperature coefficients are also verified to be conservative by 

comparison against the coefficients used in the reference analysis. The axial shapes assumed in the 

reference analysis will be checked for all dropped rod combinations. The maximum allowable 

dropped rod worth is verified to be less than the maximum worth analyzed ([ 	] pcm). Also, the 
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available control bank worth for withdrawal is verified to be less than the values assumed in the 

reference analysis. 

In conclusion, the reference dropped rod analysis is applicable to the reload core if the cycle-

specific physics parameters are determined to conservatively bound the values assumed in the 

reference analysis. In the unlikely event that any of the reference analysis input physics parameters 

do not bound a given reload design, there are several recourses. The reload core can be redesigned, 

the dropped rod analysis can be reevaluated with cycles -specific inputs, or a new reference analysis 

can be performed with updated limiting values. 
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Figure 6-2 

F-Delta-H versus Dropped Rod Worth 

Beginning of Cycle 

Dropped Rod Worth (PCM) 
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Figure 6-3 

F-Delta-H versus Dropped Rod Worth 

Middle of Cycle 

Dropped Rod Worth (PCM) 
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Figure 6-4 

F-Delta-H versus Dropped Rod Worth 

End of Cycle 

Dropped Rod Worth (PCM) 
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Figure 6-5 

Minimum Tilt vs. Dropped Rod Worth 

DROPPED ROD WORTH (PCM) 
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Appendix A 

REACTOR VESSEL THERMAL MIXING EVALUATION 

Part A: Forced Circulation Mixing 

A.1 	Background 

A thermal mixing test was performed at McGuire Nuclear Station Unit 2 to determine the degree 

of coolant mixing in the reactor vessel 1 

[ 

A.2 Approach 

i 

I 

A-1 
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A.3 	Instrumentation/Equipment Configuration 

The instrumentation used in the thermal mixing test consisted of the wide range hot and cold leg 

resistance temperature detectors (RTDs) and selected core exit thermocouples (CETCs). Each 

hot leg or cold leg is equipped with one wide range, thermowell-mounted RTD. The loop B hot 

leg thermowell is located upstream of the surge line and the loop A cold leg RTD is located 

upstream of the normal charging such that pressurizer outsurges and charging do not directly 

impinge on these RTDs and possibly adversely affect the RTD temperature response. The 

response time of the wide range RTDs is estimated to be approximately 20 seconds. 

A total of 26 CETCs were used during the test to obtain core exit temperature measurements. 

The CETCs utilized are fairly evenly distributed, with approximately 7 CETCs per core 

quadrant. The positions of the CETCs with respect to core locations and the orientation of the 

loops with respect to the core are shown in Figure A-1. The response time of the CETCs is 

relatively fast; it is less than one second based on available references. 

A.4 	Data Acquisition 

Wide range hot leg and cold leg RTD data was recorded using the Operator Aid Computer 

(OAC) transient monitor at a one second frequency and on the OAC general program at a five 

second frequency. CETC data was recorded using the OAC general program at the five second 

frequency. 

A.5 Definitions 
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Part B: Natural Circulation Mixing 

. 	A.10 Background 

I 
The two transients on which the natural circulation reactor vessel thermal mixing estimate is 

based are the September 1, 1981, McGuire Unit 1 natural circulation startup test and the January 

29, 1985, Catawba Unit 1 station blackout startup test. 

I 
A.I I Approach 

In order to quantify reactor vessel thermal mixing in the absence of forced circulation, data 

analysis techniques similar to those in Part A are used, but with the following exceptions: 

Since the natural circulation data is from plant events not designed to measure mixing, there 

are data limitations including the lack of frequent core exit thermocouple data. 

I 
Since the RCS loop flow rates are relatively low, the flow measurement devices are not 

useful for determining the magnitude. Therefore, the flow rate can only be estimated. This 

makes transit times only approximate. 

A.12 Instrumentation/Equipment Configuration  

  The discussion in Part A is applicable for natural circulation, except as noted above concerning 

core exit thermocouple data. 

I 
A.13 Acquisition  

I 
Wide range hot and cold leg temperature data was recorded using the OAC transient monitor at a 

one second frequency for the Catawba event and a one minute frequency for the McGuire event. 

I 
I 
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A.14 Definitions 

The discussions in Part A are applicable for natural circulation. 
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Figure A-1 - 
Mixing Test Thermocouple Locations 
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NRC Request for Additional Information and Duke Responses 

Duke Letter to NRC providing responses to the NRC request for additional 
infonnation, September 14, 1990 

Duke Letter to NRC providing responses to the NRC request for additional 
infonnation, February 13, 1991 

Duke Letter to NRC providing responses to the NRC request for additional 
infonnation, June 3, 1991 



• 

• 
• 

Hal B. Tucker 
• 

Very truly yours, 

If there are any questions, please call Scott Gewehr at (704) 373-7581. 

• 
s. 	II 	 I 

• 
Duke Power Company 	 HAL B. haw 

PO Bar 33198 	 Vice President 

Charlotte. N.C. 28242 	 Nuclear Production 
(704)373-4.531 

0 ..... . . . 	. 
4iii..7 	 - • 
moms DUKE POWER 

. 	,..... 

• 
September 14, 1990 

• 
U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D.C. 20555 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Topical Report DPC-NE-3001 

• 
di 	

By letter dated January 29, 1990, Duke submitted the subject Topical Report 
"Safety Analysis Physics Parameters and Multidimensional Reactor Transients 
Methodology" for review. 

During a July 23, 1990 meeting between representatives from Duke, NRC Staff, 
and Brookhaven National Laboratory, a question was raised by the staff 
regarding the scope of review required. Attached is the response to that 
question. Please note that a portion of the response is proprietary, and 
should be withheld from public disclosure. Included with the 
January 29, 1990 letter is an affidavit which supports the proprietary 
designation. 

SAG/231/lcs 



U. S. Nuclear Regulatory Commission 
September 14, 1990 
Page 2 

xc: Mr. Tim Reed, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dr. Kahtan Jabbour, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U. S. Nuclear Regulatory Commission 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

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



Q. Are there parts of ARROTTA that do not need to be reviewed? 

A. Yes. Duke Power uses ARROTTA only for the rod ejection transient which 
is a very rapid transient. Therefore, the ability to model fission 
product poisoning (iodine, xenon, promethium and samarium) does not need 
to be reviewed. Also due to the rapidity of the event moderator 
feedback effects are not very important. Therefore ARROTTA's ability to 
model moderator feedback does not need to be reviewed. 

ARROTTA's neutronic theory is identical to QUANDRY's, however the 
numerical solution technique is different. ARROTTA also utilizes the 
same thermal hydraulics routines found in BEAGL. The material 
properties have been modified to match those of RETRAN and the steam 
properties enhanced to allow supercritical properties. Since Doppler 
feedback terminates the power excursion, the fuel pin therial model is 
important, however, the fluid modeling has a secondary effect. 

Because the input cross sections 
the licensing model limiting 17 
the cross sections and ARROTTA's 
minor importance. 

have been adjusted in many ways to make r 

1 the source of 
ability to match measurements is of 
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II 	 February 13, 1991 

II 
II 	U. S. Nuclear Regulatory Commission 

II 	
ATTN: Document Control Desk 
Washington, D.C. 20555 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Responses to Questions on 
Topical Report DPC-NE-3001 

On January 29, 1990, Duke submitted the subject Topical Report, "Safety 
Analysis Physics Parameters and Multidimensional Reactor Transients." 
By letter dated December 24, 1990, the NRC staff provided questions 
regarding the subject Topical Report. Attached are formal responses to 
the staff's questions. 

S 
	

If there are any further questions, please call Scott Gewehr at (704) 
373-7581. 

Very truly yours, 

M. S. Tuckman 

SAG/252/lcs 

II 	
xc: (W/Attachments) 

Mr. T. A. Reed, Project Manager 

I, 	 Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 

I, 	 Washington, D.C. 20555 

Mr. R. E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U. S. Nuclear Regulatory Commission 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

Mr. Robert C. Jones, Acting Branch Chief 
Reactor Systems Branch 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washinaton. D.C. 20555 



S
IP

S
O

S
S

e
5

5
11

11
1

O
S

II
S

S
S

O
S

S
M

O
S

S
O

O
S

 

1. 'Jill the DPC methods be applied to cores including fuel from multiple 
fuel vendors? :f so, -justify the use of VIPRE01, ARROTTA and 
RETRAN-02 and the selected optionsidata for this application? 

Response: 

The DPC methods described in DPC-NE-3001 will be applied to reload 
cores which may include fuel from different fuel vendors. Due to the 
relative similarity of current PWR fuel designs, it is anticipated 
that the DPC methods will remain valid. At present, the Westinghouse 
optimized fuel assembly (OFA) design and the B&W Mark-BW fuel design 
have been analyzed. The neutronic differences in these fuel designs 
are accommodated by determining values of safety analysis physics 
parameters that conservatively bound both fuel types, or by explicitly 
analyzing a specific reload design. . Fuel design data input to the 
VIPRE-01, ARROTTA, and RETRAN-02 codes are selected to be consistent 
with one of these approaches. The VIPRE-01 and RETRAN-02 analyses 
model both fuel types to ensure that the impact of fuel design data is 
explicitly calculated. In the ARROTTA rod ejection analysis, the 
relatively small neutronic differences between OFA and Mark-BW fuel 
designs are insignificant when compared to the conservative 
adjustments made to the cross sections in order to model a highly 
peaked core with bounding physics parameters. In addition, the 
selection of code options is not affected by a different fuel design. 
The fuel assembly design data employed in the analyses will be 
consistent with the fuel types comprising the reload core. 



Discuss the conciusicn that a VIPRE-01 uniform pellet power profile is 
conservative for fuel temperature calculations and non-conservative 
for DNBR calculations (at both BOL and EOL). 

Response: 



Fuel Pellet Radial Power Profiles 
Used for Rod Ejection Analyses 
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• 

S • 
'That is the effect of neglecting :be time-dependence of the 
assembly-wise flow distribution and assembly cross flow in ARROTTA? 

Response: 

• The effect of neglecting the time dependence of the assembly-wise flow 
distributions and assembly cross flow in ARROTTA is negligible. In 
the HZP cases, the water is not significantly heated until after the 
transient power level peaks and starts to decrease. Bulk boiling does 
not occur until well after VIPRE predicts DNB to occur. For the HFP 
cases, bulk boiling never occurs in the ARROTTA model. Thus, the 
reactivity effects of the rod ejection transient are relatively 
unaffected by the changes to the water properties, which means that 
cross flow or changes in the flow distribution have little effect upon 
the transient results. 
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• 
• 

4. Are all :'he :,.ey safety parameters calculated with approved codes and 
methods? 

Response: 	 • 
Yes, Section 3.0 states that for generation of key safety parameters 
for reload cores approved codes and methods will be used. The 
currently approved codes and methods are described in DPC-23E-2010A. 
As the NRC approves other Duke Power Topical Reports, those methods 
and codes may be substituted for the ones described in DPC-NE-2010A. 
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5. :that ARROTTA version and options are being used in the DPC reference 
analyses? :f :hese are not the same versionioptions used in the code 
benchmarking, ..Istify the applicability of the bencnmarking 
comparisons f:17 Licensing calculations. 

Respamse: 

The DPC reference analysis used version 1.02 of ARROTTA. The same 
version was used for the HERMITE comparison. A comparison of the 
options used by DPC and the options used for the HERMITE comparison 
is given below. The differences shown are negligible. 

ARROTTAHERMITE 
Parameter 	 DPC-NE-3001 	Comparison 	 Comments  

• • • • • • • • • • • • • • • • • • • • Is • • • • • • • 



ARROTTA-HERMITE 
Parameter 	 DPC-NE-3001 Comparison ' 	Comments  



6. Provide the appendices to the ARROTTA code description report 
(Volume-1). The code description provided is a draft report. Has 
this code description received final approval? Please provide t.r.e 

final code description report. 

Response: 

See revised response in June 3, 1991 letter 
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- 	The six key safety parameters of Table '-4 do not provide a complete 
characterization of the three-dimensional ARROTTA reference 
calculation. For example, two cores having identical key safety: 
parameters but, fue to core loading, fuel burnup, rod insertion or 
xenon distribution, can have different axial and radial power 
distributions which affect both the reactivity insertion and the 
feedback and scram reactivities. Discuss the ability of these 
selected key safety parameters to completely characterize the 
three-dimensional rod ejection event. What uncertainty is introduced 
by this specific selection and definition of the key safety 
parameters. 

Response: 

The six key safety parameters of Table 4-4 are very similar to the 
current list of parameters described in the McGuire and Catawba FSARs 
for the rod ejection transient: In addition to these parameters, 
Technical Specifications establish limits on shutdown margin, core 
power level, reactor system pressure, core flow, and control rod 
insertion. Values for these parameters were set conservatively in the 
rod ejection analyses. 

S 
Other parameters are established conservatively to assist in providing 
limits on initial conditions for the rod ejection transient. These 
include the Power-Axial Flux Difference (AFD) operating limits and F 1. 
The Power-AFD limits restrict the initial axial power shapes and xenon 
distributions that must be considered. The F, limit restricts the 
initial pin peaking allowed in a reload core. 	oth Of these limits 
are established through Technical Specifications and are monitored 
through Technical Specification surveillance requirements. 

Cycle-specific analyses are performed to verify the bounding nature of 
the parameters assumed in the reference analyses. The DNB and Fq 
checks performed account for cycle-specific radial and axial :tower 
distributions and rod worths. The DNB and Fq checks are based on 
static post-ejected power distributions which are conservatively 
calculated by neglecting both moderator and Doppler feedbacks. For 
additional details concerning the calculation of the key safety 
parameters, refer to the answer of Question 13. 

Radial and axial power distributions also impact reactivity insertions 
and trip reactivities. Technical Specifications govern the amount 
rods :an be inserted as a _unction of reactor power and :neref:re 
limits the amount of reactivity that can be inserted from a rod 
ejection event. The amount of excess shutdown reactivity available 
for insertion (shutdown margin) is set by Technical Specifications at 
1300 pcm. For the rod ejection analysis, the shutdown margin was 
pessimistically reduced . below 1300 pcm (to 250 pcm) by assuming the 
simultaneous occurrence of a stuck rod coincident with an ejected rod. 
The rate in which reactivity is inserted to the core is governed by 
the trip reactivity curve, Figure 4-7. The trip reactivity curve is 
calculated assuming a bottom peaked power distribution to delay 
reactivity insertion for as long as possible. This curve is verified 
for each reload core. 

S 



The combination of checks on the six key parameters and Technical 
Specification limits, and the cycle specific calculations serve to 
define an acceptable envelope of reload core characteristics. Changes 
to Technical Specifications by requiretent are submitted to and 
reviewed by the NRC. Changes in the six key parameters outside of the 
range used in this analysis would require an evaluation, reanalysis 
of the transient, or a redesign of the reload core. 



1 

?rovide a description of the code used to prepare :ne 
composition-dependent cross sections for ARROTTA. since the 
capability cf this code has not been exercised in the benchmarking 
zomparisons, provide the appropriate code validation for the rod 
ejection application. 

Response: 

  All cross sections were calculated by the CASMO-3 program. A series 
bf auxiliary programs transform the fuel cross sections into a 
database suitable for the SIGTRAN program. For each point in core 

I, 	
life, SIGTRAN prepares the cross section data for ARROTTA by 
transforming the cross sections from the database into the ARROTTA 

I, 	 composition dependent functions. An ARROTTA composition may be 

I/ 	
applied to different nodes in the core that have identical enrichment 
and burnable poison content but with slightly different fuel exposure. 

10 	 The nodes are combined into compositions by scanning through the core 

II 	to find the nodes that match within some criteria and averaging those 
nodes into a single composition. Nodes are averaged only if the 

II 	enrichment and BP content are identical. If the number of 

II 	compositions is too high, more sweeps are made with incrementally less 

II 	
restrictive criteria until the number of compositions is acceptable. 

rl 
II 

7 SIGTRAN also creates the ARROTTA geometry input to 
II 	correctly place each composition into the core. 

Pi 	The entire cross section process was verified at DPC by forcing 
SIGTRAN to create. cross sections for selected CASMO-3 exposure points. 
ARROTTA was then forced to evaluate these cross section sets at the 
CASMO-3 state points (fuel and moderator temperature. boron 
concentration, etc.;. Finally, the cross sections produced by ARROTTA 
were compared back to the original CASMO-3 cross sections. The 
ability to prepare a model of a reactor core was tested as described 
in Question

•  

	9. 

SIGTRAN has been validated and certified in accordance 	Duke Power 
Design Engineering Quality Assurance procedures. 



How is the number of ARROTTA fuel cross section compositions 
determined to be adequate for modeling the three—dimensional fuel 
burnup distribution? 

Response: 

In the development of the BOC model for the Teference analysis, 
several preliminary ARROTTA models were created. Comparison of 



I 

I 

I 

10. The elected rod location D-i2 is near the core boundary and tends to 
maximize leakage and to minimize the spatial region approaching 
limits. For the same key safety parameters, what is the increase in 
the nwmber cf rods in DNB fcr a centrally located ejected rod? 

Response: 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

Reload check cases will be executed using approved codes and methods 
to evaluate the ejection of control rods from H-08, D-12, and from the 
control rod banks that are not fully inserted at HZP.. These cases 
will evaluate ejected control rod worths and post-ejected power 
distriOutions to determine the number of pins in DNB. These values, 
as well as the other key safety parameters, will be calculated and 
compared to the reference analysis. If the parameters for a ziven 
reload cycle exceed those used in the safety analysis, then either an 
evaluation, a new safety analysis, or a core redesign is performed. 

The Technical Specifications allow only bank D to be inserted at full 
power and allow bank D to be inserted the furthest at hot zero power. 
Bank D consists of 5 rods: the center (H-08) location and the four 
locations symmetric to D-12. Because of core loading considerations, 
the D-I2 location typically has a higher worth than the H-08 location. 
Thus, location D-12 will almost always be the location of the highest 
worth ejected .rod. 

ecause of tEese adjusrmEIng, 
the calculations show DNB occurring in the two quadrants adjacent to 
the quadrant with the ejected rod. If H-08 were chosen as the 
ejected rod location, the power distribution adjustments would have 
been made only in-the center of the core, which would eliminate this 
effect. Because of these power distribution adjustments, the DNB 
response from ejecting D-12 is conservative with respect to H-08. 



11. Provide the rcd ejection analysis sensitivity studies. of Reference 4.1 
of EPRI-NP-6614. 

Response: 

The report titled "77TR Rod Ejection Accident: ARROTTA Sensitivity 
Studies", Research Project 2941-2, January 1991, is enclosed. 
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12. Discuss the selection of the VIPRE-01 fuel thermal conductivity and 
gap conductance used to insure conservati:•e calculations of both the 
fuel temperature and the DNBRJpressure increase calculations. 

Response: 

REFERENCES 

1. C. N. Stewart, et al. VIPRE-01: A Thermal Hydraulic Code for 
Reactor Cores, Volume 1: Mathematical Modeling, rPRI, 
NP-2511-CCM-1, Rev. 3, August 1989. 
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13. How are the rod ejection worth, :.::C, DTC, 8, Fq, and pin census key 
safety parameters determined? Are these calculated for the state with 
the rod inserted or ejected? Are the MTC and DTC calculated 
isothermally? Is the rod worth zziculated with feedback? Are these 
parameters calculated for the state in which the cross sections have 
been adjusted? 

Response: 

Ejected rod worths for the reference calculation are determined using 
the computer code ARROTTA. Static eigenvalue calculations are 
performed for the initial condition and post ejected statepoints. The 
initial condition for the ejected rod worth calculation is 
established by positioning control banks at their rod insertion limit 
and performing an eigenvalue calculation. Next, a second eigenvalue 
calculation is performed with the ejected rod fully withdrawn. For 
the full power cases, fuel and moderator temperature feedbacks are 
held constant at their initial condition values. 

Moderator and Doppler temperature coefficients (MTCs and DTCs) are 
typically calculated by isothermally perturbing the moderator 
temperature or fuel temperature from an initial valu- and then 
calculating the resultin• chan•e :n core 	t v 

S 
S 

S 
S 

S 

S 

NMI 

The effective delayed neutron fraction, a, is calculated in ARROTTA 
for each composition using 6 group delayed neutron data. s is set at 
its respective limit for each rod ejection transient by modifying the 
6 group delayed neutron data. The value of B used in each transient 
is shown in Table 4.4. 
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A description of the pin census performed to determine the number of 
fuel pins in DNB is described on pages 4-14 and 4-15 in DPC-NE-3001-P. • 

,.►  



14. Are the checklist parameters calculated in exactly the same manner for 
both the reference analysis and che cycle-specific analysis? If not, 
justify :his inconsistency. 

Response: 

Checklia: parameters will be calculated using approved steady state 
physics :odes and methods. For all transients other than .red 
ejection. checklist parameters will be calculated in a similar manner 
to the reference analyses. 

The rod ejection reference analyses used ARROTTA to calculate the key 
parameters and to set them at the appropriate bounding values. 
The calculation of Doppler and moderator coefficients using ARROTTA is 
performed slightly differently from that using the steady state physics 
codes due to the ARROTTA coding. In the steady state codes, the 
coefficients are calculated by individually perturbing the fuel or 
moderate: temperature and calculating the resulting reactivity change. 
In ARROT7A, :he moderator and Doppler coefficients are calculated as 
described in the response to Question 13. Calculations of DTCs and 
MTCs by either method yield similar results. Other key parameters are 
calculated in a similar manner in both the reference analyses and the 
cycle-specific checks. 



15. Is the cycle—specific pin census compared to a,static pin census for 
the reference core? If not, justify this inconsistency. 

Response: 

The dose analysis was conservatively performed assuming 50% of the 
fuel pins fail as a result of DNB. Static pin censuses for the reload 
cycle will be compared against the 50% criteria. Static pin censuses 
for the SOC reference analyses were performed and found to be more 
conservative than the reference transient cases with Doppler feedback 
and are also bounded by the 50% failed pin value used in the dose 
analysis. 
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16. Provide the details of the dose calculations of Section 4.6. 

Response: 

The dose analysis for the rod ejection accident was performed using 
the data and assumptions given in FSAR Chapter 13 for McGuire and 
Catawba except as noted in the topical report. In this analysis the 
dose contribution from the containment release was mathematically 
modeled assuming the rod ejection accident was similar to the design 
basis LQCA, except that the source term was limited to the gap 
activity of the fraction of the assemblies experiencing DNB. This 
source was instantaneously released to containment. All fuel noble 
gas release was assumed to be released into containment and iodines 
were deposited in the sump water and containment atmosphere as 
proportioned in the LOCA analysis. A 95% filtration efficiency for 
the Annulus Ventilation System was assumed. A 7% unfiltered bypass 
leakage fraction was also assumed. The containment leakrate was 
assumed to be the Technical Specification maximum the first day and 
half this amount for the remainder of the 30 days. Inside 
containment, conservative credit was taken for iodine removal by the 
ice condenser and containment spray based on assumptions given in 
Standard Review Plan Sections 6.5.2 and 6.5.4. Emergency Core Cooling 
System (ECCS) leakage and the Hydrogen Purge System were considered as 
release paths. 

The secondary side dose contribution was calculated by assuming 
maximum Technical Specification primary-to-secondary leakage for the 
steam release. A 0.10 iodine partition factor and a 1.0 noble gas 
partition factor were assumed in the steam generators. The entire 
source released from the fuel was assumed to be mixed with the reactor 
coolant volume for the secondary side dose contribution. The primary 
and secondary coolant were assumed to be at Technical Specification 
limit activity levels at the start of the accident. 

The dose calculation performed for the topical report has been revised 
for the Catawba 1 Cycle 6 reload report to incorporate changes which 
more accurately represent station response to the accident. The 
revised results continue to meet the applicable acceptance criteria. 
Assumptions and methodology provided by the Standard Review Plan 
(NUREG-0800) and Reg. Guide 1.77 are incorporated into the revised 
analysis. The source term is based on DPC-NE-3001 Chapter 4 DNB 
calculations, and no fuel melting is assumed. Gap releases are 
-Ietermined as before. 7.o ECCS leakage or hydrogen 7....:rge release from 
containment was considered. Technical Specification containment 
leakage was assumed and the source term was released into the 
containment instantaneously. Credit for ice condenser and containment 
spray removal of iodine was taken as before. The secondary side steam 
release was extended to 8 hours with releases comparable to other 
secondary side release accident assumptions. The steam generator 
partition factor was set at 0.01 for iodine and 1.0 for noble gas in 
accordance with the Standard Review Plan. Technical Specification 
limit concentrations of iodine were assumed in the coolant at the 
beginning of the accident as before. 



17. The xenon-induced top-peaked axial power distribution used in the 
cycle-specifit'analysis is not conservative in general (e.2., for a 
deeply inserted rod). Justify this assumption for all applications. 

Response: .  

A top-peaked axial power distribution is conservative for the fgr 



18. :he present VIPRE-01/ARROTTA model assumes Mark-BW design data 
includini.: dimensions and loss coefficients. How will this model be 
'ralidated for new fuel designs? 

Response: 

The rod ejection analysis results presented in DPC-NE-3001 are based 
on the Mark-BW fuel design for the thermal analysis, and on the OFA 
design for the neutronic analysis. As stated in the response to 
Question 1, the neutronic differences between OFA and Mark-BW are 
minor. Since the cross sections were significantly modified to obtain 
a highly-peaked power distribution with bounding physics parameters, 
the ARROTTA analysis is conservative for either fuel type. The 
VIPRE-01 thermal-hydraulic analysis was explicitly analyzed for both 
fuel types. The Mark-BW results are presented in DPC-NE-3001 since 
this fuel type is the new one. The results for the OFA fuel type are 
slightly worse but meet all acceptance criteria. It is expected that 
future fuel desiens will be sufficiently similar to Mark-BW so that 
the modei will remain valid. For any fuel design change the impact on 
all analyses will be evaluated and a reanalysis performed as 
necessary. 



19. Provide the uncertainty estimates and basis for each key safety 
parameter. What additional uncertainty estimates will be used to 
account for the uncertainties introduced by (1) the VIPRE-01, RETRAN-02 
and ARROTTA codes, :modeling and assumptions and (2) the selection and 
definition of the checklist parameters?. How will these uncertainties be 
incorporated in the fuel temperature, DNB, and licensing predictions of 
the rod ejection, steamline break and dropped rod events? 

Response: 

See revised response in June 3, 1991 letter 



20. Has the fuel temperature calculation in ARROTTA been conservatively 
modeled to minimize the Doppler feedback? 

Response: 



0 

) 

21. Regulatory Guide 1.77 recommends a low-powered calculation as well as 
the hot-zero-power rod ejection calculations. What reference analysis 
will be performed for the low-powered case? How will the possibility 
of a positive MTC be evaluated? 

Response: 

Regulatory Guide 1.77, Section B, recommends analysis of the rod 
ejection accident for at least the following three initial conditions: 

Hot standby 
Low power 

I 	 o Full power 
The analyses documented in DPC-NE-3001 do not cover the hot standby 
case from the Regulatory Guide. Hot standby at McGuire and Catawba is 

II 	defined as the core being subcritical by at least 1%Ak/k. The 

I 	reactivity inserted to the core in excess of 1Z at hot standby 
conditions is considerably less than the ejected rod worth assumed in 

II 	the low power case. Therefore, there are no severe consequences 
from a rod ejection transient from hot standby conditions. 

The DPC-NE-3001 low power case initial condition is critical at 10-9  

II 	times nominal power. The choices of core power initial conditions for 

II 	
the DPC-NE-3001 rod ejection cases are consistent with the McGuire and 
Catawba FSAR Chapter 15 analyses. The SERs for McGuire and Catawba, 

II 	NUREGs-0422 and -0954, both conclude that this approach is "in 

11 	
accordance with, or more conservative than, those recommended in 
Regulatory Guide 1.77". Therefore, the DPC-NE-3001 choice of initial 

II 	power levels is consistent with the approved licensing bases of the 

I/ 	
McGuire and Catawba Stations. In addition, it would be expected that 
a full power case would bound results from positive, but lower, power 

I/ 	 levels for at least two reasons. First, the fuel temperature  

I/ 	
coefficient becomes more negative as core power decreases, even though 
no credit was taken for this in DPC-NE-3001, i.e., the same 

I/ 	 coefficient was used for the full and low power cases. Second. four 

11 	reactor coolant pumps are always required to be operable per the 
McGuire and Catawba Technical Specifications while the reactor is at 

I/ 	 power. The ratio of core heat flux to required core flow is therefore 

II 	highest at full power, where a high value of this ratio minimizes the 

II 	
margin to DNB. The analysis was performed at the Technical 
Specification limits on MTC: 0.0 pcm/F at HFP to +7.0 pcm/F at HZP. 

II 	Thus, the effects of a positive MTC are already included in the 

II 	analysis. 

I 

B 

B 

B 

I 

I 

B 

B 



22. Provide the basis for the assumed rod ejection velocity and scram 
delay time? 

Response: 

The assumed rod ejection velocity is constant based on the active core 
length divided by a rod ejection time of 0.1 second. The 0.1 second 
value is the current FSAR assumption. The scram delay time is 0.5 
seconds. This is also an FSAR value and a Technical Specification 
surveillance. 



23. Is any credit taken for the assumed rupture of the control rod 
housing in the rod ejection pressure calculation? 

Response: 

No. No loss of coolant and depressurization are modeled due to the 
ejected rod. 



24. What modifications will be made to the reference analyses in the case 
that future reloads include new fuel designs involving changes to 
parameters not included in the key safety parameter checklist which 
makes the reference analysis less bounding? 

Response: 

Before any fuel assemblies with significant design differences from 
the current designs would be included in a reload, a complete safety 
evaluation would be performed. This evaluation would determine 
whether the reference analyses remained valid or whether reanalysis 
would be necessary. The intent of the key safety parameter checklist 
is to identify whether reanalysis is necessary. The reference 
analyses include a set of conservative assumptions that are expected 
to remain bounding for the foreseeable future. The reload safety 
evaluation process described in DPC-NE-3001 will identify any such 
situations and appropriate action will be taken. For parameters not 
included in the key safety parameter checklist, it is concluded that 
their collective impact on the safety analysis as a result of the 
expected minor differences between reloads will be insignificant. 



25. Do the initial conditions (core power, flow, pressure, temperature, 
etc.) and core protection setpoints used in the transient analyses 
include an allowance for uncertainty? If not, how will this 
uncertainty be accommodated? 

Response: 

This question was partially answered in the response to Question 19, 
which stated that all of the initial conditions have included an 
appropriate allowance for uncertainty. The uncertainty associated 
with the Reactor Protection System setpoints is explicitly required and 
is documented in the Catawba Technical Specifications. The McGuire 
Technical Specifications do not include this information, however the 
same analyses are applicable to both stations. A total uncertainty 
allowance plus some margin has been factored into the analysis values. 
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DUKE POWER 

June 3, 1991 

U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D. C. 20555 

McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nuclear Station 
Docket Numbers 50-413 and -414 
Response to Request for Additional 
Information Relative to Topical Report DPC-NE-3001 

By letter dated February 13, 1991, Duke Power Company submitted 
responses to NRC Staff questions relative to Duke-proprietary 
Topical Report DPC-NE-3001. As a result of telephone conversations 
among the report reviewer, NRC staff, and Duke, revisions to two of 
the responses (6 and 19) have been prepared and are attached. Also 
attached are responses to a second set of questions which have been 
received. Note that the second set of 21 questions has been 
renumbered (26-46) consecutive to the original 25 questions to 
avoid confusion. 	Please find also (Attachment 2) marked-up 
revision pages to the Topical Report. The report will be reprinted 
in its entirety upon receipt of the Safety Evaluation Report. 

Please note that both the question responses and the revision 
contain proprietary information and should be withheld from public 
disclosure. An affidavit supporting this designation was contained 
in the original submittal of the report, dated January 29, 1990. 

If there are any questions, please call Scott Gewehr at (704) 373-
7581. 

Very truly yours, 

• 

M. S. Tuckman 

resp3001/sag 

Subject: 
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Nuclear Regulatory Commission 
June- 3, 1991 
Page 2 

cc: Mr. T. A. Reed, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 9H3, OWFN 
Washington, D. C. 20555 

Mr. R.E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 9H3, OWFN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region II 
101 Marietta Street, NW - Suite 2900 
Atlanta, Georgia 30323 

Mr. R. C. Jones 
Reactor Systems Branch 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 
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D 	(6) Provide the appendices to the ARROTTA code description report (Volume-1). 
The code description provided is a draft report. Has this code 
description received final approval? Please provide the final code 
description report. 

Response: 

The appendix describing the AR2OTTA code theory was transmitted to the 
NRC Document Control Desk in a letter from H. B. Tucker dated March 20, 
1990. Appendices A-1 and A-2 were omitted in that transmittal. Enclosed 
are appendices A-1, A-2, and A-3 from Kord S. Smith's Master's Thesis at 

I/ 	
the Massachusetts Institute of Technology: "An Analytic Nodal Method for 
Solving the Two-Group, Multidimensional, Static and Transient Neutron 
Diffusion Equations;" dated March 1979. These three appendices will be 
incorporated into Appendix A of the ARROTTA theory manual. 

I/ 	 The final ARROTTA Volume-1 code report is currently expected to go to the 

I/ 	
printer near the end of May and be released in the middle of June. EPRI 
has indicated that there are no substantive changes from the draft 

I/ 	 version provided with the Duke Power submittal. 

I/ (19) Provide the uncertainty estimates and basis for each key safety 
parameter. What additional uncertainty estimates will be used to account 
for the uncertainties introduced by (1) the VIPRE-01, RETRAN-02 and 
ARROTTA codes, modeling and assumptions and (2) the selection and 
definition of the checklist parameters? How will these uncertainties be 
incorporated in the fuel temperature, DNB, and licensing predictions of 
the rod ejection, steamline break and dropped rod events? 

Response: 

The methodology of DPC-NE-3001 addresses the issue of uncertainty in 

	

I/ 	 models and input by applying explicitly determined uncertainty allowances 

	

II 	
and by adding conservative margins to reload-typical values. This 
approach is applied to both key parameters and to many other parameters, 

	

II 	 and ensures sufficiently conservative .results. Uncertainty modeling and 

	

I/ 	
allowances for the steam line break, rod ejection, and dropped rod 
analyses are listed in Tables 1-3 and are based on the following 

	

II 	 approach. 	 , 

I/ Initial Conditions: The initial conditions in the analytical models 

	

II 	 include appropriate allowances for uncertainty. These are summarized 

	

II 	 below and include allowances on power level, temperature, pressure, flow, 

	

II 	
pressurizer level, etc. For analyses using the statistical core design 
(SCD) core thermal-hydraulic design approach, the uncertainties in the 

	

II 	 DNB-related parameters are incorporated in the DNBR limit and are not 

	

I/ 	
repeated in the simulations. 

	

II 	 Boundary Conditions: Boundary conditions are modeled with attention to 

	

I/ 	
the impact on the transient response and the end result. These include 
parameters such as control rod drop time, ECCS flowrate, Reactor 

	

II 	 Protection System setpoints and delays, etc. Each parameter value is 

II 	 conservatively selected and many include an explicit uncertainty 
allowance. 

II 
I 



Code Options: Each of the codes in the methodology includes different 
modeling options, the use of which is determined by the user. 	The 
selection process is analyisis-specific. Examples are the models for the 
fuel-cladding gap, core thermal feedback, and time step selection. These 
options are selected based on sensitivity studies, comparisons to data or 
reference analyses, or based on user experience. For those options which 
impact a given analysis, attention is paid in the selection process to 
ensure a conservative result. 	The selected modeling options are 
described in the report. 

Core Thermal-Hydraulic Models: Uncertainty in predicting local fluid 
conditions and critical heat flux is addressed by the statistically-based 
DNBR limit. Specific uncertainties in fuel assembly design and 
manufacturing variances are accounted for in the SCD DNBR limit or in the 
hot channel factors if the SCD approach is not used. The SCD limit also 
includes an uncertainty allowance for the VIPRE-01 code. 

Core Physics Models: The core power distributions include 95/95 
reliability factors which are documented in DPC-NE-2010A and have been 
approved by the NRC. Axial flux difference, scram worth, and rod 
position values all include explicit uncertainty allowances. Key safety 
analysis physics parameters, such as moderator and Doppler temperature 
coefficients, effective delayed neutron fraction, and ejected rod worth 
(refer to Table 2-1 of DPC-NE-3001) are determined using the bounding 
parameter approach. Based on current reload designs and expectations for 
future reloads, values which should not be exceeded are selected for key 
parameters. Margin exists between cycle-specific values and the values 
assumed in the transient analyses. Due to cycle-to-cycle variations in 
these parameters, the margin may vary. However, the integral effect of 
margins in all parameters 'ensures a conservative result. Additional 
margin exists between the analysis results and the acceptance criteria. 

The above approach for introducing sufficient conservatism into the 
analyses is consistent with the current licensing basis. Uncertainties 
are determined for some but not for every key safety parameter. For all 
important parameters margin exists between the values assumed in the 
analysis and calculated values for current cores and those expected for 
future reload cores. Code uncertainties are not determined (note 
VIPRE-01 code and nuclear reliability factor exceptions). Each code has 
been validated to benchmark data as part of the code development and 
model development processes. Based on these efforts it has been 
concluded that each code is suited for the applications in DPC-NE-3001. 

In the event that any key safety analysis physics parameter associated 
with a given reload exceeds the value assumed in the transient analyses, 
a 50.59 evaluation will be performed to determine whether an unreviewed 
safety question exists. If this evaluation has a positive finding, then 
a reanalysis will be performed and submitted for NRC review. 
Alternatively, the reload core can be redesigned. 

• 
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Table 1 

Steam Line Break Analysis Uncertainty Allowances 

RETRAN Anaivsis  

initial Conditions: 

Pressurizer pressure: -30 psig 
Pressurizer level: -9% 
RCS temperature: +4 F 
RCS flow: -2.2% 
SG level: +8% 
Core bypass flow: +1.5% 

Boundary Conditions: 

Maximum auxiliary feedwater flow 
MaximuM credible main feedwater flow 
Maximum safety injection flow when unborated 
Minimum safety injection flow when borated 
Bounding long time for feedwater isolation 
Bounding long time for main steam isolation 
Bounding large purge volume for safety injection piping 

*** • Boron concentration in safety injection water: -1% 
*** • Bounding moderator density reactivity feedback 
*** • Bounding fuel temperature reactivity feedback 

Minimum Tech Spec shutdown margin 
* * * • Minimum boron worth: -10% 

Minimum credit for reactor vessel thermal mixing 
Maximum delays in engineered safeguards actuation 

Core Power Peaking Analysis  

*** 

*** 

*** 

Axial peak uncertainty :E a 
Radial peak uncertainty:[ 
Radial peak uncertainty due to tilt:[ 
Shutdown margin calculation 

-10% rod worth uncertainty 
worst stuck rod 

Core Thermal-Hydraulic Analysis  

Enthalpy rise hot channel factor to account for manufacturing 
tolerances: +3% 
Subchannel flow area reduction: -2% 
Hot assembly flow reduction: -5% 

NOTE: "*"" indicates key physics parameters 



Table 2 

Rod Ejection Analysis Uncertainty Allowances 

ARROTTA Analysis 

Parameter Value Assumed 
Typical 

Reload Value 

* * Ejected rod worth: HFP/BOC 200 pcm 58 pcm 
HFP/EOC 200 pcm 79 pcm 
HZP/BOC 720 pcm 327 pcm 
HZP/EOC 900 pcm 411 pcm 

* * * Beta-effective: HFP/BOC 0.0055 0.0061 
HFP/EOC 0.0040 0.0052 
HZP/BOC 0.00551 0.0061 
HZP/EOC 0.0040 0.0052 

*It* DTC: HFP/BOC -0.9 pcm/F -1.18 pcm/F 
HFP/EOC -1.1 pcm/F -1.45 pcm/F 
HZP/BOC -0.9 pcm/F -1.51 pcm/F 
HZP/EOC -1.1 pcm/F -1.85 pcm/F 

* * * MTC: HFP/BOC 0.0 pcm/F -12.1 pcm/F 
HFP/EOC -10.0 pcm/F -32.3 pcm/F 
HZP/BOC +7.0 pcm/F -2.8 pcm/F 
HZP/EOC -10.0 pcm/F -17.5 pcm/F 

It** F-Q (total pin HFP/BOC 4.12 3.00 
-Peak) HFP/EOC 4.88 3.40 

HZP/BOC 16.62 6.30 
HZP/EOC 23.55 9.50 

Pin Census  

Radial peak uncertainty: C 
Axial peak uncertainty:L 

C 
Core Thermal-Hydraulic Analyses  

Enthalpy rise hot channel factor to account for manufacturing 
tolerances: +3% 
Subchannel flow area reduction: -2% 
Hot assembly flow reduction: -2% 



I 

I 

I 

RETRAN Analysis  

• Pressurizer p• ressure: +60 psi 
1, 	 • Pressurizer level: +9% 

Pressurizer safety valve modeling 
o +3% drift in lift setpoint 

mi 	 o 3% accumulation 

1,  

NOTE: "***" indicates key physics parameters 
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Table 3 

Dropped Rod Analysis Uncertainty Allowances 

RETRAN Analysis  

Uncertainties in power level, flow, bypass flow, pressure, 
and temperature and factored into the SCD DNBR approach 
Pressurizer level: -9% 
SG level: -8% 

Core Physics and Power Peaking Analyses  

Bounding dropped rod worth 
Bounding available rod worth for withdrawal 
Bounding core tilt 
Bounding MTC 
Bounding DTC 
Bounding beta-effective 
Bounding radial peak 
Bounding axial peak 
Power peaking uncertainties are factored into the SCD DNBR 
approach 

Core Thermal-Hydraulic Analysis  

Hot assembly flow reduction: -5% 
Other uncertainties covered by the SCD DNBR approach 

NOTE: "***" indicates key physics parameters 



I 
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	'26) Is a recriticality analysis performed for the RCP startup event (Section 
2.3.22)? If so, isn't the minimum shutdown margin considered a key 

ID 	 physics safety parameter for this event? 

I 

ID 	
Response: 

ID 	 No, because McGuire and Catawba Technical Specifications 3.4.1.1 require 
that during power cperation and startup all four reactor coolant pumps be 
operating. Therefore, reactor coolant pump start is procedurally allowed 
only under two conditions: 

a. 	An isothermal, i.e., zero core power, situation in which 1) all 
reactor coolant loops are at the same temperature condition as each 
other and as the core and 2) backwards forced circulation is 
provided in the inactive loops by a portion of the flow from the 
operating pumps. In such a situation there is essentially no 
temperature difference in the RCS and there can be no reactivity 
transient initiated by a pump restart. 

b. 	Because three loop operation at McGuire and Catawba is not licensed, 
the "nominal N-1 loop operation-values," referred to in Section 
15.4.4.2, Item 1 of each plant's FSAR, do not exist. The trip of 
any single pump above 48% power (the Technical Specication P-8 
interlock) would cause a reactor trip. Three pump operation at 
power is therefore an unlikely phenomenon since the permissible 
initial condition, a single pump trip from less than 48% power so 
that the reactor does not trip, is very rare. Three pump operation 
is therefore a transient condition prior to restart of the fourth 
pump to satisfy the Technical Specification requirements. Since the 
plant begins such a transient at power, there is no recriticality 
analysis. • 

(27) Why isn't the prompt neutron lifetime a key safety parameter for the 
uncontrolled RCCA withdrawal? 

Response: 

a. 	Uncontrolled Bank Withdrawal at Power, FSAR Sectioh 15.4.2. 
The core kinetics response in the Uncontrolled Bank Withdrawal at 
Power (UC8W) transient is dominated by the moderator temperature and 
fuel temperature feedback. For a given set of feedback parameters, 
a withdrawal rate sensitivity is performed over the spectrum of 
rates from very slow to the maximum possible. A change in the 
prompt neutron lifetime causes a small change in the kinetics 
response, which manifests itself as a small change in the rod 
withdrawal rate at which the MDNBR occurs, but the value of the 
MDNBR is unaffected. • 

b. 	Single Uncontrolled Rod Withdrawal at Power, FSAR Section 15.4.3d. 
Since the reactivity insertion during the transient is limited to 
the worth of a.single rod, the limiting statepoint occurs after the 
rod has been fully withdrawn. At the limiting statepoint, the net 
reactivity due to rod withdrawal and feedback effects is nearly 

• 



taro, and the time interval during which the prompt neutron lifetime 
is significant has passed. 

c. 	Uncontrolled Bank Withdrawal at Subcritical, FSAR Section 15.4.1. 
A sensitivity study has been performed to demonstrate that the 
prompt neutron lifetime is not a key safety parameter for the 
uncontrolled bank withdrawal at subcrit al transient. The study 
showed that a sensitivity factor ofr 	exists for this parameter 
(a( 2change in the parameter results in a[ 	2change in the 
transient result). A sensitivity factor of this small magnitude 
confirms that the prompt neutron is not a key safety parameter for 
the uncontrolled bank withdrawal at subcritical transient. 

Why isn't the decay heat a key safety parameter for the loss-of-feed-
water/loss of offsite power and LOCA events? 

Response: 

Decay heat is a key safety parameter for these transients as well as 
other transients where post-trip overneating of the RCS or the fuel is of 
concern. In Duke Power terminology decay heat is considered to be a 
boundary condition rather than a physics parameter. It is for that 
reason that decay heat is not included in Table 2-1 of DPC-NE-3001. A 
conservative decay heat boundary condition will be assumed in those 
analyses for which it is important. 

Is the application of VIPRE-01 and RETRAN-02 in the rod ejection, 
steamline break and dropped rod analysis consistent with the limitations 
of their approval (e.g., Reference 4-11 in the case of VIPRE-01)? 

Response: 

The limitations on the approval of RETRAN-02 are, given for the MOD002 
code version in Reference 1. Although the code changes resulting from 
the MOD003 and MOD004 versions of the code were recognized in Reference 
2, that document left the limitations of Reference 1 essentially 
unchanged. The approval of RETRAN-02 MOD005 has not been issued. The 
limitations in Reference 1 were reviewed with respect to the analyses in 
DPC-NE-3001. The conclusions regarding the pertinent limitations are 
given below. The letters correspond to those in the original list: 

The neutronic space/time effects of rod ejection are not simulated 
with RETRAN-02. For the steam line break and dropped rod transients 
the multidimensional space/time effects are conservatively treated 
as explained in DPC-NE-3001. 

The neutronics model is not started from subcritical or zero fission 
powgr. For steam line break, the initial condition is critical at 
10 	times nominal power. Shutdown margin is simulated by an 
immediate reactor trip of an amount of negative reactivity equal to 
that shutdown margin. 

The generalized transport model included in MOD005 version has been 
used for boron transport modeling in the steam line break transient 
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only. The conservative application of this model with respect to 
purge volumes and assumed boron concentrations is discussed in 
Section 5.3.2.5 of DPC-NE-3001. 

f. 	The nonequilibrium pressurizer model is used in all transients in 
DPC-NE-3001. 

• m. The core heat transfer in the steam line break and dropped rod 
transients is restricted to situations in which single phase or 
pre-CHF regimes dominate. The transient core heat transfer in the 
RETRAN-02 analysis of rod ejection, as described in Section 4.5 of 
DPC-NE-3001, is not simulated. 

• O. The steam line break transient was analyzed both with and without 
wall heat conductors in the pressurizer. The analysis without these 

5 	 conductors produced the lower core exit pressure at the DNB 
statepoint and this analysis is therefore presented in DPC-NE-3001. 
The dropped rod analyses used the 

5 	 :Ito simulate wall heat conauction in the pressurizer as 
described in Section 6.2.1 of DPC-NE-3001. The RETRAN-02 rod 
ejection analysis used the r. 	 Imodeling as the 

• dropped rod analysis. 

II q. 	The suitability of the default Westinghouse single phase homologous 
pump curves for the McGuire and Catawba reactor coolant pumps is 
demonstrated in Reference 3. 

u. The dropped rod and RETRAN-02 rod ejection analyses use no 
applications of the bubble rise model which were not already 
justified in Reference 3. The use of the

• 	

[ 

,]steam 
generator secondary model presented in Reference 3. The other 
aspects of aC 	 jare discussed in the response to 
Question 32. 

v. A dominant flow direction is provided by sustained forced or natural 
circulation in all loops in all transients analyzed in DPC-NE-3001. 

• x. 	The steam generator model used for the dropped rod and the RETRAN-02 
rod ejection analyses is ther 	3model described in Reference 
3, which has the phase separation in the[ 

S 

S 

• 
y. Application of the RETRAN local conditions heat transfer model in 

DPC-NE-3001 is 

S 

• :1 The local conditions model provides a more 

S 

• 
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realistic approach than the standard homogenous model, and is 
applied for that reason. 

z. 	As part of the pre-execution review of the initialization for a 
particular transient, the analyst ensures that the feedwater flow is 
adjusted so that the RETRAN-02 fill enthalpy bias correction results 
in a negligible change to the user input enthalpy. Similarly, when 
there iF a change in the conditions under which primary-to-secondary 
heat transfer occurs, e.g., due to steam generator tube plugging or 
a change in power level, the 

3 until the RETRAN-02 heat transfer area adjustment 
correction results in a negligible change to the user input area. 

Validation of the secondary-side transient modeling including 
two-phase effects 'is addressed by the benchmarking performed and 
documented in Reference 3. 

HEM modeling is adequate for these conditions. 

ii) The pressurizer does not fill for any of the transients analyzed in 
DPC-NE-3001. The rod ejection transient is simulated for only a few 
seconds. Although the pressurizer level is still rising at the end 
of this time, the sharp decrease in energy deposition into the RCS 
which accompanies rod insertion, the increase in energy removal from 
the RCS which accompanies steam line safety valve lift, and the loss 
of RCS inventory out the break, will reverse the level trend prior 
to filling the pressurizer. The rod ejection accident resembles a 
SBLOCA following reactor trip. The qualification of the 
McGuire/Catawba RETRAN-02 pressurizer model for pressurizer emptying 
was presented in Reference 3. 

The limitations on the approval of VIPRE-01 are given in Reference 4. 
The limitations in Reference 4 were reviewed with respect to the VIPRE-01 
analysis in DPC-NE-3001. The conclusions regarding the pertinent 
limitations are given below. The numbers correspond to those in the 
original list (Page 28 of Reference 4): 

(1) In the rod ejection analysis, the transient VIPRE-01 fuel pin 
conduction model is utilized. . In the fuel temperature/enthalpy 
calculations, the heat transfer can reach the film boiling regime. 
On Page 4-13 of the report, heat transfer correlations used for the 
four major segments of the boiling curve. are shown. The use of 
these heat transfer correlations was determined by sensitivity study 
to assure acceptable and conservative fuel temperature results. In 
Reference 4, it states on Page 28: "The application of VIPRE-01 is 
limited to PWR licensing calculations with heat transfer regime up 
to CHF. Any use of VIPRE-01 in BWR calculations or post CHF 
calculations will require prior NRC review and approval." Thus, 
Duke Power Company requests NRC's review and approval for use of 
VIPRE-01 in post CHF calculations in the rod ejection analysis. 



I 
I 
I 

In the steam line break and dropped rod analyses, the RETRAN-02 heat 
flux boundary condition is used and the VIPRE-01 fuel conduction 
model is not employed. This means that heat is added directly from 
the cladding surface to the fluid as a boundary condition in the 

I/ 	 calculation. Consequently, the heat transfer solution is not 
required. 

In the rod ejection analysis, the W-3S critical heat flux (CHF) 
correlation is used to define the peak of the boiling curve, and the 
minimum DNBR value for which transition boiling occurs is set to be 

I/ 	 1.30 (Page 4-13 of the report). The historical W-3S CHF correlation 
limit is 1.30, which was determined using closed channel core 
thermal-hydraulic methods. The W-3S CHF correlation limit utilizing 
VIPRE-01 has not been determined. Since VIPRE-01 is an open channel 

I/ 	 core thermal-hydraulic code, it is obvious that a lower DNBR limit 

I/ 	
value could be obtained if VIPRE-01 were to be used to determine the 
correlation limit. Therefore, A limit of 1.30 is conservatively 

I/ 	 assumed in the analysis. 

I/ 	 In the DNBR evaluation of the rod ejection analysis, the BMCMV CHF 
correlation is utilized to generate the maximum allowable radial 
peaking (MARP). The correlation limit utilizing VIPRE-01 has been 
determined to be 1.21 (Reference 5). The NRC is currently reviewing 
Reference 5. The DNBR limit utilized in the rod ejection analysis 
is 1.331 (1.331 = 1.10 x 1.21 where the 1.10 factor adds 10% 
margin)..  

In the steam line break VIPRE-01 analysis, the W-3S CHF correlation 
is utilized for the DNBR calculation. As described above, the W-3S 
CHF correlation limit utilizing VIPRE-01 has not been determined. 
However, a DNBR limit of 1.45 (1.30 x 1.115 where the 1.115 factor 
adds margin) is utilized in the analysis (Page 5-21 of the report). 

In the dropped rod VIPRE-01 analysis, the BWCMV CHF correlation is 
utilized for the DNBR calculation. The BWCMV Statistical Core 
Design (SCD) limit of 1.55 (Page 6-3 of the report) is employed in 
the analysis. This SCD limit of 1.55 has been determined utilizing 
the VIPRE-01 code (Reference 5). 

For the rod ejection analysis, the specific modeling assumptions, 
choice of two-phase flow models and correlations, heat transfer 
correlations, thermal-hydraulic correlations, and conservative 
factors, etc. are described in Sections 4.2.2.2, 4.2.2.3, and 
4.2.2.4 of the report. 

For the steam line, break and dropped rod analyses, the core 
thermal-hydraulic models utilized are described in Sections 5-2.3.2 
and 6.2.3 of the report. The choice of two-phase flow models and 
correlations, thermal-hydraulic correlations, and conservative 
factors, etc. are described in Reference 3. The NRC is currently 
reviewing Reference 3. 

(4) In the rod ejection analysis, the VIPRE-01 transient mode is 
employed in the fuel temperature, DNBR, and coolant expansion rate 



taicuiacions. The profile fit subcooled void model (such as Levy 
and EPRI models) is not utilized in the analysis. C.  

7rdels are used as described on Page 4-8 of the report. Thus, the 
transient time step size is not a concern. 

:n both the steam line break and dropped rod analyses, the VIPRE-01 
steady-state mode is employed in the DNBR calculation. Thus, the 
transient time step size is again not a concern. 

(5) 2.:ke Power Company has abided by the quality assurance procedures 
described in Section 2.6 of Reference 4. 

Does Catawba-2 have a larger steam generator inventory than McGuire. If 
not, how is this nonconservatism in the steamline break analysis 
accounted for? 

Response: 

Yes. At zero power, which is the initial condition for the steam line 
break analysis presented in DK-NE-3001, Catawba Unit 2 does have a 
larger steam generator liquid mass than either McGuire unit. This is 
because the programmed level at Catawba Unit 2 remains constant, at the 
full :ewer value, as power level. decreases, while programmed level at the 
other three units decreases as power level decreases. 

What are the modeling differences between the DPC and Westinghouse 
analyses of the steamline break and dropped rod events? 

Response: 

The relevant. non-proprietary Westinghouse topical reports, WCAP-9227 and 
WCAP-1:395, along with the McGuire/Catawba. FSAR descriptions, were 
reviewed to determine the modeling differences between the Duke Power and 
Westirsnouse analyses of the steam line break and dropped rod events. 
The frllowing list is incomplete for two main reasons: 1) the 
Westinghouse methodology is presented in insufficient detail to determine 
all differences, and 2) some differences which are discussed by 
Westinghouse are deleted from the non-proprietary versions of the 

reports. 

As Duke understands them, the differences for steam line break are: 

Westinghouse takes credit for a reduction in the primary-to-
secondary heat transfer after the steam generator U-tubes uncover. 

Westinghouse takes no penalty for cold, possibly unborated flow from 
the intermediate head safety injection pump(s) discharge piping. 

Westinghouse takes a penalty for immediate auxiliary feedwater flow 
delivery, while Duke Power assumes immediate delivery after the 
earliest actuation signal, in this case safety injection. 
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I 

I 
Westinghouse used the Technical Specification limit on refueling 
..rater storage .tank boron concentration without taking a penalty for 
concentration measurement error. 

I 
westihghouse assumes delays of 20 and 40 seconds, for offsite power 
7aintained and lost, respectively, between the generation of a 
safety injection signal and the point at which the ECCS valves reach 
:neir final positions and the high head safety injection pump is at 

speed. The Duke Power corresponding assumptions are specified 
in Section 5.3.2.2 of DPC-NE-3001. In Revision 1 the following 

1/ 	
sentence will be added to the end of the relevant paragraph of this 
section: 

For the case in which offsite power is maintained, the 
corresponding delay is 19 seconds. 

I/ 	 6) Westinghouse assumes that the loss of offsite power occurs 
simultaneous with the steam line break and the initiation of the 

10 	 safety signal. Although this is an approximate statement since the 

11, 	
former event causes the latter, the two events are in close 

10 	
succession in the Westinghouse analysis. As shown in Table 5-2 of 
CPC-NE-3001, there is a 35 second difference between the times of 
the two events in the Duke Power analysis. Therefore, as explained 
in Section 5.3.2.1 of DPC-NE-3001, Duke Power conservatively assumes 
that the loss of offsite power is concurrent with safety injection. 

7) 	Westinghouse assumes equilibrium xenon conditions when calculating 
the available shutdown margin. Duke Power calculations assume 
transient xenon conditions which typically esult in a reduction in 

10 	
the available shutdown margin by as much as 	Jpcm. 

• 
I/ 	 8) 	The westinghouse k-effective versus temperature curve includes the 

10 	
effects of pressure, temperature and a rodded core with the most 
reactive rod at its fully withdrawn position. The Duke Power 

I/ 	 k-effective versus temperature curve was conservatively generated 

10 	 with respect to the above mentioned conditions in addition to 

I/ 	
including the reactivity penalty 

As Duke understands them, the differences for dropped rod are: 

I/ 

10 	
1) 	Westinghouse assumes a linear variation of Control Bank D worth 

versus burnup to obtain the middle-of-cycle value. Duke Power 
10 	 explicitly evaluates the worth at this condition. 

10 2) The Westinghouge analysis assumes cycle-specific values for the 
1/ 	 control rod worth available foi withdrawal and for the moderator 

1/ 	 temperature coefficient (MTC). The Duke Power analysis assumes 
bounding values for both the control rod worth available for 

10 	 withdrawal and MTC. 

I/ 

I/ 	
3) The :ontr rod worth available for withdrawal is calculated 

assuming a 	 'from the HFP rod insertion limit in 

3 
I 



• 
(33) Discuss the cause of the observed mixing during the McGuire forced 

circulation tests, and the applicability of these results to steamline 
breaks in the other three loops as well as the the Catawba units. • 
Response: 

111 
• 

Because of the very low steaming rates prior to the accident, the 	• 

steam generator inventory below the mixture level is much more 	• 
nearly saturated single phase liquid. With much more uniform 

0 mixture thermodynamic conditions and a negligible U-tube bundle void 
fraction, a L 	 :isecondary model is much more accurate at 	0 
predicting tie above parameters. At zero power, the feedwater flow 

• is not introduced into the'preheater region, but rather into the 
upper downcomer. This gives this flow a chance to mix with the 	0 
fluid already in the steam generator before entering the preheater. 	• 
As a result, the preheater, at zero power , is not significantly 
subcooled compared to the remainder of the steam generator. 	 • 

a 
The steam generator level indications are not used as inputs for 
either automatic or manual actions in the mitigation of the limiting 	• 
steam line break at zero power. Therefore it is not necessary that 	5 
the steam generator secondary nodalization used for this analysis be • capable of modeling the level indications. 

• 
• • 

the Duke Power analysis. The Westinghouse analysis calculates the 
control rod worth available for withdrawal from the HFP rod 
insertion limit. 

0 
(32) What error is introduced by the steam generator modeling used in the • steam line break analysis? 

0 
Response: • 
Thel: 	3McGuire/Catawba steam generator secondary model described 
in DPC-NE-3000 is generally used by Duke Power Company in system 
transient analyses because .it has two main advantages over a simpler 
model: 

Multiple nodes allow a more realistic mass and energy distribution 
within the steam generator, making it easier to accurately predict 
physically significant quantities such as total steam generator 
liquid and vapor masses, U-tube bundle region void fraction, and 
preheater subcooling. 	 • 
Having separate, geometrically accurate nodes inside and outside the 
U-tube bundle/wrapper boundary enables a meaningful calculation of 
the steam generator level indications at the plants, which are based 	• 
on differential pressure. 

These effects are not important for a steam line break at zero power: 
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(34) The flow behavior observed in the McGuire tests, and used to determine 
the thermal mixing, involves mixing between the loops. Discuss the 
adequacy of the RETRAN-02 model to calculate the observed mixing. 

Response: 



(35) Discuss in detail the method used to convert the observed limiting 
Thermal mixing (LM) of Appendix-A into a flow representation. 

Response: 

:t should be noted that this relation is valid only for a four loop 
Diant. 

(36) :n the steamline break analy'sis the assumed isothermal cooldown 
reactivity is less than the actual distributed temperature cooldown 
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reactivity due to spatial weighting. 	How is this_ nonconservatism 
accounted for? 

Response: 

The reactivity insertion from a distributed temperature cooldown is more 
limiting than the reactivity insertion from an isothermal cooldown due to 
spacial weighting. However, conservatisms employed in the reactivity 
weighting used in the RETRAN-02 temperature feedback model, and in the 
development of the isothermal k-effective versus temperature curve, more 
than compensate for the non-conservatisms introduced by not explicitly 
modeling the cooldown asymmetrically. The reactivity versus temperature 
curve was generated assuming virtually E 

3 This assumption results in an 
overprediction of the reactivity insertion. The RETRAN-02 temperature 
feedback modelE 

:1 The combination of these conservatisms ensures a 
conservative reactivity insertion during the cooldown. 

Locating the stuck,rod close to the faulted loop results in increased 
power peaking, but also results in a reduced inlet temperature. Since 
these effects have an opposite impact on DNBR margin, what is the effect 
of assuming the stuck rod is located away from the faulted loop? 

Response: 

jThe combination of increased 
power peaking and low flow ensures a conservative DNBR evaluation even 
though the inlet temperature in the faulted loop is lower than the inlet 
temperature in the intact loop. 

AND 

In view of the large axial peaking that occurs in the steamline break, 
what error is introduced in the axial heat flux by the number of axial 
zones in RETRAN-02? 

Response: 



The error introduced in the axial heat flux .from using( 
in the RETRAN-02 core model is judged to be relatively small for the 
following reasons: • 

11.111•0 

(39) The thermal mixing approach results in a less,  bottom peaked power 
distribution, which is nonconservative for the steamline break with the 
loss of offsite power. How ds this nonconservatism accounted for? 

Response: 



ID 
11, 

S 

• 
(40) In the cycle-specific steamline break analysis describe the evaluation of 

the return to criticality which will be performed if the reload core is 
not subcritical at-the limiting conditions. 

Response: 

The cycle-specific reactivity check will reveal whether the reload core 
will be subcritical with respect to the core previously analyzed. If the 
reload core is determined not to be subcritical, it will be redesigned or 
the transient will be reanalyzed. Therefore, in Revision 1 of 
DPC-NE-3001 the last paragraph of Section 5.5 has been revised to read: 

If the cycle-specific reactivity check shows the reactor to be 
subcritical with respect to the core assumed in the existing 
licensing basis analysis, including a stuck rod, then the response 
predicted by the system analysis bounds the reload core. If the 
reload core is not subcritical at these conditions, two approaches 
are available to obtain acceptable steam line break analysis 
results: redesign the reload core or reanalyze the transient. 

(41) In the dropped rod analysis, the most negative temperature coefficients 
provide the maximum positive reactivity insertion from the cooldown but 
also provide the greatest negative feedback during the power excursion. 
What are the bounding temperature coefficients (most positive/negative) 
for the dropped-rod analysis at BOC and EOC? 

Response: 

As stated on p. 6-7 of DPC-NE-3001, the least negative (most positive) 
value of MTC is assumed for BOC, MOC, and EOC. The least negative DTC is 
also assumed. These values were selected following sensitivity studies 
which clearly showed that minimizing the- negative feedback during the 
power excursion produced the limiting results. This effect is more 
significant than the positive reactivity insertion from the cooldown, 
since surplus positive reactivity remains available from the withdrawal 
of Bank D. It is the withdrawal of Bank D that causes the power 
overshoot. 

(42) In the dropped rod analysis, has the effect of a worst case power tilt on 
the excore detector response been accounted for? 

Response: • 
Yes. As stated on pp. 6-6 and 6-8 of DPC-NE-3001, and as shown in Figure 
6-5, the effect of power tilt on the dropped rod analysis has been 

8 	 conservatively modeled. Due to the importance of Bank D withdrawal on 

0 	 this event, the condition analyzed was a failure- 	in the Rod Control 
System. This postulated failure results in the minimum excore flux 
signal (lowest power quadrant) appearing to be the core average power in 
the Rod Control System. Since the indicated power is low, Bank D 
withdrawal is maximized and worsens the power overshoot. Figure 6-5 

fib 	 shows that the tilt factor input to the analysis bounds predicted tilts. 

5 	It is noted that for large summed dropped rod worths, there is no tilt 

• 
• 
• 



since a symmetric pattern of rods must be dropped to obtain worths of 
that magnitude. 

• 
(43) The control system response has a major effect on the consequences of a 

dropped rod. How are conservative control system parameters selected 
which bound all Duke Power plants and cycles including uncertainties? 

Response: 

There are no significant differences between the control systems in the 
four Duke Power units in the context of dropped rod transients. The 
control systems are modeled assuming nominal setpoints. Two major 
conservative assumptions are made which dominate the effects of control 
systems. The Rod Control System is assumed to fail in a manner which 
results in the lowest.excore flux signal (rather than the highest) being 
used as an indication of core power level. The limiting power tilt is 
assumed. This assumption maximizes withdrawal of Bank D and worsens the 
power overshoot. The Rod Control System rod withdrawal stops are also 
assumed to be inoperative. These rod stops terminate rod withdrawal 
whenever any of the following conditions exist: 

Auctioneered high NI pOWer greater than 103% 
Bank D at 223 steps withdrawn 
Urgent failure alarm for Bank D (prevents Band D withdrawal if a 
Bank D rod drops) 

This assumption allows the power overshoot to continue above 103% power. 
It is noted that this failure mode can be related to the failure that 
inputs the lowest excore power signal to the Rod Control System. 

Many other process parameters are used in the control logic. However, 
the impact of. the two major assumptions discussed above is so dominant as 
to relegate other considerations to insignificance. 

(44) When are the pre-drop and post-drop thermal boundary conditions used in 
the dropped rod power peaking analysis? 

Response: 
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Is a full-core neutronics calculation performed for the dropped-rod 
event? If not, discuss the effects of this approximation. 

Response: 

Yes. Full-core three-dimensional calculations were performed to 
calculate dropped rod. worths, radial peaking factors, excore detector 
responses and axial shapes for the reference dropped rod analysis. 

How are the effects of crossflow between adjacent channels treated in the 
VIPRE-01 model used in the dropped-rod event? 

The[ :lchannel model shown in Figure 6-1 of DPC-NE-3001 is utilized in 
the dropped-rod DNBR analysis. This 	channel model is identical to 
that described in Reference 3. In Reference 3, model development, model 
justification, code options, and input selection have been described in 
detail. The modeling of crossflow between adjacent channels in the 
dropped-rod analysis is identical to that in Reference 3. 

REFERENCES: 

September 2, 1984 letter'form C. O. Thomas (NRC) to T. W. Schnatz (UGRA), 
"Acceptance for Referencing of EPRI NP-1850-CCM, 'RETRAN-02 A Program for 
Transient Thermal-Hydraulic Analysis of Complex Fluid Flow Systems,'" 
Enclosure 2 to the attached SER. 

.Enclosure to October 19, 1988 letter from A. C. Thadani (NRC) to R. Furia 
(UGRA), "Acceptance for Referencing Topical Report EPRI NP-1850-CCM-A, 
Revisions 2 and 3 Regarding RETRAN-02 MOD003 and MOD004." 

"Thermal Hydraulic Transient Analysis Methodology," DPC-NE-3000, Duke 
Power Company, Revision 1, Febraury 20, 1990. 

Letter from C. E. Rossi (NRC) to J. A. Blaisdell (UGRA), "Acceptance for 
Referencing of Licensing Topical Report, VIPRE-01: A Thermal-Hydraulic 
Analysis Code for Reactor Cores, EPRI-NP-2511-CCM, Vol. 1-5, May 1986." 

"Duke Power Company McGuire and Catawba Nuclear Stations Core 
Thermal-Hydraulic Methodology Using VIPRE-01," DPC-NE-2004, December 
1988. 



Other Correspondence Between the NRC and Duke 

Duke letter to the NRC requesting review of DPC-NE-3001-P, January 29, 1990 

Duke letter to the NRC, "Republication of Topical Reports DPC-NE-3001-PA, and DPC-
NE-3001-A; Multidimensional Reactor Transients and Safety Analysis Physics 
Parameters Methodology", December 29, 2000 
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II 	------- DUKE POWER 

IV 	January 29, 1990 

I 
S. Nuclear Regulatory Commission 

Washington, D.C. 20555 
I/ 

Attention: Document Control Desk 

Subject: McGuire Nuclear Station 
Docket Nos. 50-369, 50-370 
Catawba Nuclear Station 
Docket Nos. 50-413, 50-414 

10 	 Safety Analysis Physics Parameters 
and Multidimensional Reactor Transients 

1, 	 Methodology, DPC-NE-3001-P 

I 

ID 	
Gentlemen: 

Please find enclosed for your review fifteen copies of the proprietary 
Topical Report DPC-NE-3001-P. "Safety Analysis Physics Parameters and 
Multidimensional Reactor Transients Methodology." This report describes the 
Duke Power Company methodologies for: (i) simulating the FSAR Chapter 15 
events characterized by multidimensional reactor transients, and ii) 
systematically confirming that reload physics parameters important to 

10 	Chapter 15 transients and accidents are bounded by values assumed in the 
licensing analyses. The multidimensional reactor transients described are 
the rod ejection accident, the main steam line break, and the dropped rod 
transient. 

Also, included are four copies of three reports describing the EPRI computer 
ID 	code ARROTTA. This code is used in the analysis of the rod ejection 

accident. The reports are: 

ID 	 ARROTTA: Advances Rapid Reactor Operational Transient Analysis 
Computer Code, Computer Code Documentation Package, Theory Manual. 

I/ 	 - ARROTTA Validation and Verification - Standard Benchmark Set, EPRI 
Research Project 1936-6, July 1989, Prepared by S. Levy, Inc. 

ARROTTA-HERMITE Code Comparison, EPRI NP-6614, December 1989. 

I/ 
The first report describes the theory incorporated into the computer 
software. The second provides validation and verification of the computer 
software to various numerical benchmarks. The third report provides 

I/ 	
comparison of a rod ejection transient analyzed using ARROTTA to one 
analyzed using HERMITE which has already been reviewed and approved by the 
NRC. These reports are included to facilitate review of the rod ejection 

IP 	section. 
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U. S. Nuclear Regulatory Commission 
January 29, 1990 
Page 2 

The objectives of this report are to document the methods to be used to 
verify that the key physics parameters calculated for a reload core are 
bounded by values assumed in the Licensing Chapter 15 analyses, and to 
describe the methods used to analyze three complex 1SAR Chapter 15 
accidents. Results of the multidimensional reactor transient analyses are 
presented to demonstrate the methods and to serve as substitute FSAR 
analyses. 

In accordance with 10CFR 2.790, Duke Power Company requests that this report 
be considered proprietary. Information supporting this request is included 
in the attached affidavit. A non-proprietary version will be submitted 
following receipt of the Safety Evaluation Report. 

If you have any questions, or require more information, please call Scott 
Gewehr at (704) 373-7581. 

Very truly yours, 

Hal B. Tucker 

SAG206/1cs 

xc: (w/o Attachments) 
Mr. Darl S. Hood, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dr. Kahtan Jabbour, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U. S. Nuclear Regulatory Commission 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

Mr. Robert C. Jones, Acting Branch Chief 
Reactor Systems Branch 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 
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ref Power. 

A NAV Energy Company 

Duke Power Company 
A Duke Energy Company 

ECO7H 
526 South Church Street 
P.O. Box 1006 
Charlotte, NC 28201-1006 

M. S. Tuckman 
Executive Vice President 
Nuclear Generation 

(704) 382-2200 OFFICE 

(704) 382-4360 FAX 

December 29, 2000 

U. S. Nuclear Regulatory Commission 
Washington D. C. 20555-0001 

ATTENTION: Document Control Desk 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and 50-370 

Catawba Nuclear Station 
Docket Numbers 50-413 and 50-414 

Republication of Topical Reports DPC-NE-3001-PA, 
and DPC-NE-3001-A; Multidimensional Reactor 
Transients and Safety Analysis Physics Parameters 
Methodology 

Topical report DPC-NE-3001-P, Multidimensional Reactor 
Transients and Safety Analysis Physics Parameters 
Methodology, was approved by an NRC SER dated November 15, 
1991. The approved proprietary (-PA) and non-proprietary 
(-A) versions of DPC-NE-3001, dated November 1991, were 
then published and submitted to the NRC public document 
room by Duke letter dated August 17, 1992. Since the 
original publication of the approved versions of DPC-NE-
3001 the need for minor changes has been identified. These 
minor changes, which are listed at the back of the report, 
consist of error corrections and clarifications. No new 
models or methodology revisions are included. Since the 
republication of DPC-NE-3001 does not include any new 
models or methodology revisions, NRC review and approval is 
not required. These republished versions of DPC-NE-3001-PA 
and -A will be designated by the December 2000 date. 
Accordingly, enclosed are 15 copies of the proprietary 
version and 12 copies of the non-proprietary version, 
submitted in accordance with the guidance contained in 	

14?  ° I  
NUREG-0390. 



U. S. Nuclear Regulatory Commission 
December 29, 2000 
Page 2 

Please note that there is information enclosed that Duke 
considers proprietary. In accordance with 10CFR2.790, Duke 
requests that this information be withheld from public 
disclosure. An affidavit which attests to the proprietary 
nature of this information is included in this letter. 

If there are any questions or if additional information is 
needed on this matter, please call J. S. Warren at (704) 
382-4986. 

Very truly yours, 

M. S. Tuckman 

Attachments (2) 
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xc w/Non-proprietary Version Only: 

F. Renaldi, NRC Project Manager (MNS) 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, DC 20555-0001 

P. Patel, NRC Project Manager (CNS) 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, DC 20555-0001 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

S. M. Shaeffer 
NRC Resident Inspector (MNS) 

J. Roberts 
NRC Resident Inspector (CNS) 
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AFFIDAVIT 

I am Executive Vice President of Duke Energy 
Corporation; and as such have the responsibility for 
reviewing information sought to be withheld from 
public disclosure in connection with nuclear power 
plant licensing; and am authorized on the part of said 
Corporation (Duke) to apply for this withholding. 

I am making this affidavit in conformance with the 
provisions of 10CFR 2.790 of the regulations of the 
Nuclear Regulatory Commission (NRC) and in conjunction 
with Duke's application for withholding, which 
accompanies this affidavit. 

I have knowledge of the criteria used by Duke in 
designating information as proprietary or 
confidential. 

Pursuant to the provisions of paragraph (b) (4) of 
10CFR 2.790, the following is furnished for 
consideration by the NRC in determining whether the 
information sought to be withheld from public 
disclosure should be withheld. 

(i) 	The information sought to be withheld from 
public disclosure is owned by Duke and has been 
held in confidence by Duke and its consultants. 

M. S. Tuckman 

(Continued) 
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(ii) The information is of a type that would 
customarily be held in confidence by Duke. The 
information consists of analysis methodology 
details, analysis results, supporting data, and 
aspects of development programs relative to a 
method of analysis that provides a competitive 
advantage to Duke. 

(iii)The information was transmitted to the NRC in 
confidence and under the provisions of 10CFR 
2.790, it is to be received in confidence by the 
NRC. 

The information sought to be protected is not 
available in public to the best of our knowledge 
and belief. 

The proprietary information sought to be withheld 
in this submittal is that which is marked in the 
proprietary version of the Duke Topical Report 
designated DPC-NE-3001-PA, Multidimensional 
Reactor Transients and Safety Analysis Physics 
Parameters Methodology. The published approved 
versions of this topical report are being 
submitted to the NRC as an enclosure to this Duke 
letter. This information enables Duke to: 

Simulate the response of the Westinhouse-
design NSSS to the rod ejection, steam line 
break, and dropped rod UFSAR accidents. 

Support Facility Operating 
Licenses/Technical Specifications amendment 
requests for McGuire and Catawba Nuclear 
Stations. 

M. S. Tuckman 

(Continued) 
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(c) Perform safety evaluations per 10CFR50.59. 

(vi) The proprietary information sought to be withheld 
from public disclosure has substantial commercial 
value to Duke. 

It allows Duke to reduce vendor and 
consultant expenses associated with 
supporting the operation and licensing of 
nuclear power plants. 

Duke intends to sell the information to 
nuclear utilities, vendors, and consultants 
for the purpose of supporting the operation 
and licensing of nuclear power plants. 

The subject information could only be 
duplicated by competitors at similar expense 
to that incurred by Duke. 

5. 	Public disclosure of this information is likely to 
cause harm to Duke because it would allow competitors 
in the nuclear industry to benefit from the results of 
a significant development program without requiring 
commensurate expense or allowing Duke to recoup a 
portion of its expenditures or benefit from the sale 
of the information. 

M. S. Tuckman 

(Continued) 
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M. S. Tuckman, being duly sworn, states that he is the 
person who subscribed his name to the foregoing statement, 
and that all the matters and facts set forth within are 
true and correct to the best of his knowledge. 

M. S. Tuckman, Executive Vice President 

Subscribed and sworn to on this ;kcl -r---6-  day of 

-LeceimIA2A-- 	, 2000 

Notary Public 

My Commission Expires: 

-TAY) 2- Z, 2-6310  

SEAL 
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DPC-NE-3001-A 

List of Changes to the November 1991 Version to Produce the December 2000 Version  

The following changes have been incorporated into the republication of DPC-NE-3001-A that is 
dated December 2000. The November 1991version, which was the original publication of the 
approved version, is the previous version. These changes consist of error corrections and 
enhancements only, and are not significant model or methodology revisions. Since no significant 
model or methodology changes are included, NRC review and approval of the December 2000 
version is not necessary. 

Cover page updated to specify "Republished December 2000" 

p. 1-3, Section 1.0: Added a paragraph at the end of Chapter 1.0 to mention that topical report 
DPC-NE-2009P-A includes NRC-approved revisions to DPC-NE-3001 for the transition to 
Westinghouse RFA fuel. The DPC-NE-2009 revisions are not included in this republication. 

p. 1-4, References: Update Reference 1-2 to "-PA" Revision 2, December 2000. 

p. 1-4, References: Update Reference 1-4 to Revision 3, August 1989 

p. 1-4, References: Added Reference 1-6, Duke Power Company Westinghouse Fuel 
Transition Report, DPC-NE-2009P-A, December 1999 

p. 2-3, Section 2.2, Initial Fuel Temperatures: Added Reference 2-2, the TACO3 fuel pin 
code topical report BAW-10162P-A. This is an NRC-approved code for calculating fuel rod 
temperatures and is used by Duke as a replacement for TACO2. 

p. 2-4, Section 2.3.3: Deleted the last two sentences since this discussion is not significant to 
the methodology. 

p. 2-5, Section 2.3.10: Revised the description to indicate that since decay heat is the key 
parameter, and since it is highest at EOC, an EOC most-negative MTC has been assumed. 

p. 2-6, Section 2.3.18: Clarify "at maximum speed over the span of rod positions" to "at 
maximum speed in 100% overlap over the span of rod positions. 

p. 2-11, References: Added the following: "2-2 D. A. Wesley and K. J. Firth, TACO3 -
Fuel Pin Thermal Analysis Code, BAW-10162P-A, Babcock & Wilcox, November 1989 

p. 2-12, Table 2-1, Effective Delayed Neutron Fraction: Clarified that minimum 13 is 
assumed for 15.1.2 and 15.1.3. 
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List of Changes to the November 1991 Version (cont.) 

p. 2-12, Table 2-1, 2.3.2 and 2.3.3: Deleted the "Case 1" and "Case 2" designations since 
this distinction is no longer necessary. The most-negative MTC and the least-negative DTC 
are conservative for both events. 

p. 2-12, Table 2-1, 2.3.10: Separated 2.3.10 to indicate most-negative MTC. 

Section 3.0: Change "assure" to "ensure" throughout 

p. 3-2, Section 3.1, Shutdown Margin: Insert the words "xenon maldistribution" in the last 
sentence. 

p. 3-3, Section 3.1, Maximum Differential Rod Withdrawal From Subcritical: Clarify 
"assumes that control banks move in 100% overlap" to "assumes the combination of two 
sequential control banks moving in 100% overlap." 

p. 3-4, Section 3.1, Dropped Rod Worth: Replace "at both BOC and EOC" with ", which 
occurs at EOC". 

p. 3-4, Section 3.1, Dropped Rod Worth: Insert "or RIL" prior to the word "condition" at the 
end of the paragraph. 

p. 3-6, References: Update Reference 3-2 to "-A", Revision 1, December 1997 

p. 3-7, References: Update Reference 3-3 to "-A", March 1990 

p. 4-3, Section 4.2.1: Revise the axial noding in the ARROTTA model from "twelve equal 
length" to "a minimum of twelve equal length". Based on phone conversations with NRC 
Reactor Systems Branch staff, it has been confirmed that increasing the nodalization detail in 
this manner is not of concern to the NRC. 

p. 4-6, Section 4.2.2.2: The [ 	 VIPRE model has been replaced with the 

standard [ 	 VIPRE model of DPC-NE-3000 through out this chapter. This 
represents a change to a more detailed model that has already been approved by the NRC. 

p. 4-7, Section 4.2.2.2, Fuel Conduction Model: Replace "TACO2" with "TACO2 or 
TACO3 (Reference 4-17)." This change indicates that TACO3 is used as a replacement for 
TACO2. Both codes are NRC-approved codes. 

p. 4-8, Section 4.2.2.2, Heat Transfer Correlations: Revised the CHF correlation used to 
define the peak of the boiling curve to be the same as the correlation used for calculating the 
DNBR, and its associated limit. 

p. 4-9, Section 4.2.2.2, Conservative Factors: The word "hot" in inserted to clarify that the 
flow area reduction factor is used in the hot subchannel. 
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List of Changes to the November 1991 Version (cont.) 

p. 4-13, Section 4.2.2.3, Heat Transfer Correlations: Revised the CHF correlation used to 
define the peak of the boiling curve to be the same as the correlation used for calculating the 
DNBR, and its associated limit. 

p. 4-14 and p. 14-15, Section 4.2.2.4: The [ 	 ] VIPRE model has been replaced 

with the standard [ 	] VIPRE model of DPC-NE-3000 throughout this chapter. This 
represents a change to a more detailed model that has already been approved by the NRC. 

p. 4-14, Section 4.2.2.4: The BWU-Z CHF correlation and associated references are added. 
The BWU-Z CHF correlation has been approved by the NRC. 

p. 4-15, Section 4.2.2.4, Cases Analyzed: A new paragraph has been added to state that 
DNBR evaluations are no longer performed for the HZP cases based on analysis experience. 
The DNBR evaluations are performed to determine failed fuel percentages for input to the 
dose analysis. The key factor in the dose analysis is the duration of steam generator tube 
bundle uncovery, which does not occur for the HZP cases. Even with 100% fuel pin failure, 
the HZP dose calculations will always be less than the HFP dose calculations. Therefore the 
HZP cases are no longer analyzed. The methodology and results for the HZP cases are 
retained. 

p. 4-15, Section 4.2.2.4, Axial Power Distribution: [ 
] All except the first two sentences has been deleted. 

p. 4-16, Section 4.2.2.4, Fuel Conduction Model: Replace "TACO2" with "TACO2 or 
TACO3 (Reference 4-17)." This change indicates that TACO3 may be used as a replacement 
for TACO2. Both codes are NRC-approved codes 

p. 4-16, Section 4.2.2.4, Fuel Conduction Model: [ 

p. 4-16, Section 4.2.2.4, Heat Transfer Correlations: Revised the CHF correlation used to 
define the peak of the boiling curve to be the same as the correlation used for calculating the 
DNBR, and its associated limit. 

p. 4-19, Section 4.3.1, top paragraph: [ 

p. 4-19, Section 4.3.1, top paragraph: [ 
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List of Changes to the November 1991 Version (cont.) 

p. 4-20, Section 4.3.1, top paragraph: Added the following alternate method for specifying 
an average value for Deft.. ".... desired limiting value, or by changing the values of 13 in each 
composition by a constant multiplicative value to produce a 13 in each composition at the 
desired limiting value." 

p. 4-21, Section 4.3.3, first paragraph: Clarified the time step selection to be ".... relaxed to 
no greater than 0.01 seconds". 

p. 4-23, Section 4.4.1, second paragraph: The HZP REA analysis results presented assume 
two-reactor coolant pumps in operation. The technical specifications were subsequently 
revised to require three pumps in operation at this condition. The text is revised to now credit 
three pumps, and to indicate that the actual gpm values can change as the technical 
specification flow changes. The sentence "The core flow remains essentially constant during 
the HZP transient, and therefore a constant flow is used.", has been deleted to reflect that flow 
reductions are now considered for all cases. 

p. 4-27, Section 4.5.3: Change "psig" to "psia". 

p. 4-28, Section 4.7, second paragraph: Inserted the use of SIMULATE-3P for the pin 
census. ".... as described in Section 4.4.4, with the radial pin information being calculated 
with SIMULATE-3P." 

p. 4-29, References: Update Reference 4-5 to Revision 3, August 1989 

p. 4-29, References: Update Reference 4-8 to "-A" Revision 1, 1997 

p. 4-30, References: Update Reference 4-15 to "-PA" Revision 2, December 2000 

p. 4-30, References: Update Reference 4-16 to "-A" March 1990 

p. 4-30, References: Added the following: "4-17 D. A. Wesley and K. J. Firth, TACO3 -
Fuel Pin Thermal Analysis Code, BAW-10162P-A, Babcock & Wilcox, November 1989 

p. 4-30, References: Added the following: 4-18 D. A. Farnsworth and G. A. Meyer, The 
BWU Critical Heat Flux Correlations, BAW-10199P, BWFC, November 1994. 4-19, The 
NRC BWU-Z SER letter dated November 7, 1996, H. N. Berkow to M. S. Tuckman. 4-20 
The NRC BWU-Z SER letter dated February 20, 1997, P. S. Tam to M. S. Tuckman 

p. 4-31, Table 4-2: The HFP and HZP inlet temperatures were reversed. The text is correct. 

p. 4-32, Table 4-4: The DTC for EOC was incorrectly given as "-1.1". The corrected value 
of "-1.2 is inserted. 

p. 4-34, Figure 4-2: The figure is revised due to the [ 	 ] model has been 

replaced with the standard [ 	] model. This represents a change to a more detailed 
model that has already been approved by the NRC 
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List of Changes to the November 1991 Version (cont.)  

p. 4-55, Figure 4-23: Replaced with a figure showing a spectrum of assumed axial shapes. 

p. 4-57, Figure 4-25: Replaced with a figure showing a spectrum of assumed axial shapes. 

p..5-2, Section 5.2.1.1: Revised to address the deletion of the Catawba auxiliary feedwater 
pump runout protection function. 

p. 5-2, Section 5.2.1.1: Revised to mention the steam generator replacement for McGuire 
and Catawba Unit 1, and that the Catawba Unit 2 results are presented. 

p. 5-4, Section 5.2.1.3: Revised to state that the break spectrum is varied in increments of 
0.1 ft2  "or less". 

p. 5-5, Section 5.2.2.1: Replace the phrase "is expected to occur" with "occurs", for clarity. 
Replace the word "isothermal" with "asymmetric". This revision was previously 
communicated to the NRC in the response to Question #36, in the letter dated 6/3/91. 

p. 5-5, Section 5.2.2.2: 

p. 5-6, Section 5.2.3.2: The MacBeth correlation and reference were deleted from the 
methodology since it is not in use. The BWU-Z CHF correlation was added and including the 
following references. 5-9 D. A. Farnsworth and G. A. Meyer, The BWU Critical Heat Flux 
Correlations, BAW-10199P, BWFC, November 1994. 5-10, The NRC BWU-Z SER letter 
dated November 7, 1996, H. N. Berkow to M. S. Tuckman. 5-11 The NRC BWU-Z SER 
letter dated February 20, 1997, P. S. Tam to M. S. Tuckman 

p. 5-8, Section 5.2.3.2, Radial Power Distributions: 

p. 5-10, Section 5.3.1, Core Bypass Flow: This value has been changed to 6%. 

p. 5-11, Section 5.3.2.1, Main Feedwater: Added two additional causes for MFW pump trip 
(condensate booster pump trip and safety injection) 

p. 5-14, Section 5.3.2.4, Safety Injection: Revised to delete SI on low steam line pressure 
due to a station modification. 

p. 5-14, Section 5.3.2.4, Dynamic Compensation of Steam Line Pressure Signal: Revised to 
delete all discussion of SI on low steam line pressure due to a station modification. 

p. 5-22, References: Update Reference 5-5 to "-A" Revision 1, December 1997 

p. 5-22, References: Update Reference 5-6 to Revision 3, August 1989 
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List of Changes to the November 1991 Version (cont.) 

p. 5-22, References: Update Reference 5-7 to "-PA" Revision 2, December 2000 

p. 5-22, References: Added the following: 5-9 D. A. Farnsworth and G. A. Meyer, The 
BWU Critical Heat Flux Correlations, BAW-10199P, BWFC, November 1994. 5-10, The 
NRC BWU-Z SER letter dated November 7, 1996; H. N. Berkow to M. S. Tuckman. 5-11 
The NRC BWU-Z SER letter dated February 20, 1997, P. S. Tam to M. S. Tuckman 

p. 6-2, Section 6.2.2: Insert the use of SIMULATE-3P as follows. "....is modeled using 
EPRI NODE-P or SIMULATE-3P to predict ...." 

p. 6-3, Section 6.2.3, Methodology: A reference to Reference 6-3 was added for the[ 
VIPRE model. This represents a change to a [ 	 model that has already 

been approved by the NRC 

p. 6-3, Section 6.2.3, Methodology: Added the BWU-Z CHF correlation and SCD limit and 
references 6-9, 6-10, 6-11, and 6-12. This correlation and this SCD methodology have been 
previously approved by the NRC. 

p. 6-9, Section 6.3.2.6: Revised the first two sentences to state that the steam generator level 
control and feedwater pump speed control are modeled assuming either manual or automatic 
control, whichever is limiting. 

p. 6-14, Section 6.5: The maximum core FAh value for the pre-dropped condition is 
corrected 

p. 6-15, References: Update Reference 6-3 to "-PA" Revision 2, December 2000 

p. 6-15, References: Update Reference 6-5 to "-A" Revision 1, December 1997 

p. 6-15, References: Update Reference 6-6 to Revision 3, August 1989 

p. 6-15, References: Update Reference 6-8 to "P-A" Revision 1, February 1997 

p. 6-15, References: Added the following: 6-9 b. A. Farnsworth and G. A. Meyer, The 
BWU Critical Heat Flux Correlations, BAW-10199P, BWFC, November 1994. 6-10, The 
NRC BWU-Z SER letter dated November 7, 1996, H. N. Berkow to M. S. Tuckman. 6-11 
The NRC BWU-Z SER letter dated February 20, 1997, P. S. Tam to M. S. Tuckman, 6-12, K. 
R. Epperson and J. L. Abbott, Thermal-Hydraulic Statistical Core Design Methodology, DPC-
NE-2005P-A, Revision 2, June 1999 

p. A-9, Section A.15: Replace "the expression of Equation 1" with "the equation" since the 
equation is not numbered. 

Included this list of changes in the back 

Reformatted the list of attached correspondence 
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