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o

WASHINGTON, D.C. 20555-0001

September 24, 2003

C;,

Mr. Ronald A. Jones
Vice President, Oconee Site
Duke Energy Corporation
P. 0. Box 1439
Seneca, SC 29679
SUBJECT:

OCONEE NUCLEAR STATION, UNITS 1,2, AND 3 - SAFETY EVALUATION
OF REVISIONS TO TOPICAL REPORTS DPC-NE-3000, -3003, AND -3005

(TAC NOS. MB5441, MB5442, AND MB5443)
Dear Mr. Jones:
By letter dated June 13, 2002, you submittal the following revisions to three topical reports:
(1) DPC-NE-3000-P, Revision 3, "Thermal-Hydraulic Transient Analysis Methodology";
(2) DPC-NE-3003-P, Revision 1, 'Mass arid Energy Release and Containment Response
Methodology"; and (3) DPC-NE-3005-PA, Revision 2, "UFSAR Chapter 15 Transient Analysis
Methodology." You asked for approval of three revisions to support the replacement of the
steam generators at Oconee Nuclear Station, Units 1, 2, and 3. You provided additional
information in your letters dated May 21, July 7, and July 28, 2003.
Enclosure 1 contains our Safety Evaluation (SE) of DPC-NE-3000-P, Revision 3, and
DPC-NE3005-PA, Revision 2; and Enclosure 2 contains our SE of DPC-NE-3003-P, Revision 1.
Sincerel

Leonard N. Olshan, Project Manager, Section 1
. Project Directorate II
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287
Enclosures: As stated
cc w/encls: See next page
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR
REGULATION OF REVISION 3 TO DPC-NE-3000-P "THERMAL-HYDRAULIC

J

TRANSIENT ANALYSIS METHODOLOGY" AND REVISION 2 TO DPC-NE-3005-P.
"UFSAR CHAPTER 15 TRANSIENT ANALYSIS METHODOLOGY'
1.0 INTRODUCTION

i

The Duke Energy Corporation (the licensee) is making preparations to replace the steam
generators at the Oconee Nuclear Station. The replacement once-through steam generators
(ROTSGs) are essentially of the same once-through design as the original once-through steam
generators (OTSGs), but there are a number of small differences that call for revisions to the
previously-approved topical reports. This safety evaluation involves the revisions to two topical
reports namely: DPC-NE-3000-P "Thermal-Hydraulic Transient Analysis Methodology" and
DPC-NE-3005-P, M UFSAR Chapter 15 Transient Analysis Methodology." The licensee has
reanalyzed several design basis transients and accidents in the Oconee Updated Final Safety
Analysis Report (UFSAR). The licensee used the RETRAN-3D thermal/hydraulic computer
code rather than the RETRAN-02 code that is the current approved analytical method to
perform the transient reanalyses. Other revisions to the topical reports include editorial and
minor technical changes. The licensee requested NRC review by letter dated June 13, 2002
(Ref. 1), and the licensee provided additional information in a letter dated May 21, 2003
(Ref. 2).
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2.0 REGULATORY EVALUATION
The NRC staff approved the generic use of RETRAN-3D by licensees as discussed in Ref. 3.
The licensee plans to utilize RETRAN-3D in a manner that causes the code to essentially
default to be the same as RETRAN-02. In Ref. 3, the NRC staff stated that organizations with
NRC-approved RETRAN-02 methodologies can use the RETRAN-3D code in the RETRAN-02
mode without additional NRC approval, provided that none of the new RETRAN-3D models are
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used.

The licensee has selected to use certain of the new RETRAN-3D models. In addition, the
licensee requested the RETRAN code developers to make several Oconee specific changes in
RETRAN-3D. These changes include options to the critical flow model, to the vertical
steam/water separation model and forced convection heat transfer.
As part of its approval of RETRAN-3D, the NRC staff included 45 conditions that users of
RETRAN-3D must address before using the code. The licensee provided responses to each of
these conditions. Since the licensee does not utilize the majority of the new RETRAN-3D
features, most of these conditions do not apply. Those instances, where the licensee has
deviated from the RETRAN-02 mode either as a result of using RETRAN-3D features or as a
Enclosure I
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-2result of code modifications, are evaluated in the following section. The NRC staff will approve
use of the Oconee-specific RETRAN-3D model if the licensee demonstrates that the options
added provide conservative results, or more realistic or accurate modeling of the plant
response; and the specific limitations and conditions imposed generically on the RETRAN-3D
code have been satisfied.
3.0 TECHNICAL EVALUATION
A significant difference between the ROTSGs and the OTSGs is the addition of a flow
restriction in the exit nozzles. Flow restrictions are common in pressurized water reactors of a
more recent design than Oconee. Flow restrictions limit the rate of steam release in the event
of a main steam line break and limit the rate of reactor system cooldown. In addition, the
ROTSGs provide a small increase in the number of tubes and available heat transfer area
compared to the OTSGs. There is slightly more water in the ROTSGs and the steam generator
tube material has been modified. Because of the physical changes, the licensee believed it
necessary to reevaluate certain of the transients and accidents in the plant UFSAR.
The licensee made the required reevaluations using RETRAN-3D. RETRAN-3D has the benefit
of being a newer computer code than RETRAN-02 and has incorporated error corrections by
the code developers based on the experience of the users. The licensee has utilized
RETRAN-3D in a mode that essentially defaults to RETRAN-02 with certain exceptions:
*

With RETRAN-3D the steam generators can now be modeled using separate velocities
for the steam and water flowing up a tube bundle. The model was benchmarked against
the steam generator design codes. The licensee requested code modifications to allow
the relative velocities between the steam and water phases to be adjusted to produce
the appropriate steam generator inventory. The NRC staff views this modification as an
improvement in code accuracy and modeling capability. It is, therefore, acceptable.

*

The licensee extended the heat transfer capability of RETRAN-3D to allow for
condensation heat transfer when the surface temperature of a conductor is lower than
that of steam in an adjacent channel. This modification is similar to one made in
RETRAN-02 for the licensee by the code developers. The modification extends the
accuracy of the code and is acceptable to the NRC staff.

*

The licensee added a user option to calculate critical flow for a main steam line break
assuming an inlet enthalpy corresponding to that of pure steam or two-phase conditions
as predicted by the code from the level swell in the affected steam generator. Use of
this model permits the licensee to conservatively perform main steam line break
analyses assuming only steam exits the steam generator and is therefore acceptable to
the NRC staff. The assumption of pure steam flow is used by the licensee for predicting
mass and energy release to the containment. The licensee will retain the option of
performing best estimate main steam line breaks in which the code calculates liquid
entrainment.

*

For analyses of the reactor system cooldown following a main steam line break, the
licensee will utilize an enhanced steam separation velocity in the affected steam
generator. Reactor system cooldown is evaluated to investigate the possibility of return
to criticality in the core and departure from nucleate boiling (DNB). The use of an
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enhanced steam velocity in the ROTSG will effectively eliminate liquid removal from the
steam generator unless the steam generator completely fills with water from continued
feedwater flow. Assumptions which cause water to remain in the steam generator and
only steam to be removed are conservative for analysis of reactor system cooling.
There is no steam separation equipment in the Oconee steam generators and the assumption of enhanced steam separation is made to ensure conservative results.
These assumptions provide for a conservative prediction of reactor cooldown following a
main steam line break and are, therefore, acceptable to the NRC staff.
*
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The licensee added options to the forced convection model so as not to over predict
heat transfer from the steam generator structural metal to the exiting fluid during a main
steam line break. This modification provides for more accurate predictions of steam
generator stresses following a main steam line break and is, therefore, acceptable to the
NRC staff.

The licensee provided the NRC staff with the updates to RETRAN-3D for each of these
modifications. The NRC staff reviewed the source coding and confirmed that in each case the
modification was performed by the code developer and independently verified. With the
exception of these modifications, the licensee will use RETRAN-3D in the RETRAN-02 mode.
The NRC staff reviewed the responses by the licensee to all of the generic conditions required
of users of RETRAN-3D. The NRC staff agrees with the licensee's assessment that in each
case the condition either does not apply because that feature of the code is not utilized by the
licensee or the proposed use of the code by the licensee meets the NRC requirement.
Topical report DPC-NE-3005-P describes the details of how RETRAN-3D is utilized to analyze
reactor system transients and accidents. The plant noding description is essentially unchanged
for analyses with the new steam generators. One difference in methodology is the use of
MCNP Monte-Carlo transport code (Ref. 4) to evaluate neutron attenuation to the excore
detectors. The neutron source for input into MCNP is evaluated using SAS2H/ORIGEN-S
modules of the SCALE code system (Ref. 5). This methodology is commonly used in the
nuclear industry and will provide increased accuracy over the methodology currently in use.
The effect of downcomer temperature on neutron attenuation is important in evaluating the
differences between measured and actual reactor power for the high power reactor trip
determination. This determination is important to the analyses of control rod misalignment
events and small steam line breaks.
RETRAN-3D is programmed to incorporate the ANS-5.1 decay heat standard of 1979. The
RETRAN-3D code does not include the contribution from neutron capture within stable fission
products that is part of the standard. The licensee accounts for this omission by inputting a
decay heat correction multiplier table to the code input. The table includes the addition of two
standard deviations to the decay power. This approach provides a high confidence that the
actual decay heat will be bounded by the RETRAN-3D calculation and is, therefore, acceptable
to the NRC staff. The NRC staff has accepted a similar approach for use with RETRAN-02.
This upper bound of decay heat is applied for applications when it is conservative for decay
heat to be high. For applications when it is conservative to have low values of decay heat, such
as to evaluate overcooling following a main steam line break, the licensee uses conservatively
low values of the decay heat multiplier.
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-4To demonstrate the effect of using RETRAN-3D for analysis when the new steam generators
are installed, the licensee performed a limited number of plant transient and accident analyses.
These results will be added as a revision to the UFSAR. The specific revised analyses were for
large and small main steam line breaks and turbine trip.
A turbine trip causes a sudden cessation of main steam flow. The effect is to cause primary
and secondary system pressures to increase. The main steam safety valves open and the
reactor trips on high primary system pressure. With the ROTSGs installed and using the
RETRAN-3D computer code, the reactor system pressure was calculated to reach 2595 psig.
This pressure is within 110 percent of design pressure and, therefore, meets the acceptance
criteria of the NRC staff's Standard Review Plan. The maximum reactor system pressure
calculated for a turbine trip using RETRAN-02 and the OTSGs was 2611.8 psig. The closeness
of the results shows there is little change between the older and newer versions of RETRAN for
overpressure events. The change in steam generators would not be expected to significantly
affect the consequences for events of this type.
The rupture of a main steam line causes a rapid increase in reactor system heat removal and a
decrease in reactor system temperature and pressure. The licensee analyzed two cases of
large main steam line breaks at full power.. A case for which offsite power remains available
was analyzed to determine the maximum overcooling. A case for which offsite power was lost
was analyzed to determine if DNB would occur on the fuel pins. At Oconee, the steam
generators contain the maximum water mass at full power so that a steam line break from full
power will be the most severe condition for overcooling.
The Oconee plants are equipped with an automatic feedwater isolation system to prevent
continued feedwater flow into the steam generators in the event of a-main steam line break.
The system is not fully safety-related so the licensee does not take credit for operation of this
system. For the case with offsite power available, the feedwater pumps are assumed to
continue to operate filling both steam generators. The licensee analyzed the consequences of
a main steam line break with continued feedwater pump operation in the previous revision to
DC-NE-3005-P using RETRAN-02. These analyses were for the OTSGs.
With offsite power available, the reactor coolant pumps would remain in operation and
maximize the rate of cooldown. If the reactor is sufficiently cooled, reactivity feedback from the
moderator might cause the core to return to criticality with the control rods inserted. Return to
criticality would be of particular concern in the event one control assembly failed to insert in the
core causing power to peak at that location. In previous analyses using RETRAN-02 with the
OTSGs, the reactor core was calculated to return to criticality if the most reactive control rod did
not enter the core. The DNB limits for the core were shown to not be exceeded for this
condition. In the analysis with the ROTSG, the core does not become critical again. This is
because the flow restriction in the steam generator nozzles delays the cooldown and provides
more time for boric acid to be pumped into the reactor core from the core flood tanks and the
high pressure injection system. The licensee verified that the core will remain subcritical by
inputting the thermal/hydraulic conditions calculated for the core into the three dimensional
SIMULATE-3P neutronics code. The SIMULATE-3P results confirmed that the core will remain
subcritical.
As part of the NRC staff review of the previous revision to DC-NE-3005-P (Ref. 6) the NRC staff
preformed audit calculations of postulated main steam breaks using RELAP5 and compared
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the results of these audit calculations to the licensee's calculations using RETRAN-02. The
NRC staff uses audit calculations as an aid in understanding and evaluating the sequences and
phenomena in postulated reactor accidents. Conclusions on the acceptability or unacceptability
of license applications are based on licensee calculations using approved methodology and not
on the results of the NRC staff audit.
In previous analysis using RETRAN-02, the licensee predicted that the maximum overcooling
following a main steam line break would occur if the feedwater control system continued to
function. This was in conflict with the NRC staff audit using RELAP5 that indicated that
maximum overcooling would occur if the feedwater control system failed. The new analysis
using RETRAN-3D agrees with the NRC staff's prediction that failure of feedwater control
system is the worst case. In the previous analysis using RETRAN-02, the reactor coolant
pumps in the unaffected coolant loop became unstable and had to be tripped to keep the code
from failing. In the RETRAN-3D analyses the pumps do not become unstable and continue to
run. This result is also similar to the NRC staff's audit.

I
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For the case of a large steam line break with loss of offsite power, the concern is loss of the
required core DNB margin as a result of the reactor coolant pump coastdown and the decrease
in reactor system pressure. The licensee uses maximum values of decay heat for this
calculation to conservatively calculate the DNB margin. The thermal/hydraulic conditions
predicted for the core by RETRAN-3D are input into the VIPRE code to calculate the minimum
margin to DNB. The minimum DNB margin was found to be increased from the previous
analysis primarily as a result of the action of the flow restriction in the steam generator nozzles.
The licensee uses critical heat flux correlations that have been approved by the NRC staff to
evaluate the DNB margin.
The licensee analyzed a spectrum of small steam line breaks to determine the effect of the
ROTSGs. The limiting cases for small steam line breaks do not result in a reactor trip due to
the reduction in reactor vessel downcomer temperature affecting the excore neutron detectors.
The resulting margin to DNB was found to be increased over the previous analysis with the
OTSGs.
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The licensee has stated that the revised analyses for turbine trip and large and small steam line
breaks will be incorporated into the Oconee UFSAR.
In addition to the technical revisions to topical reports DPC-NE-3000-P and DPD-NE-3005, the
licensee has proposed minor editorial changes. The NRC staff has reviewed these changes
and finds all of them to be acceptable.
4.0 CONCLUSIONS
On the basis of its review of Revision 3 to DPC-NE-3000-P and Revision 2 to DPC-NE-3005-P,
including supplemental information provided by the licensee, the NRC staff concludes (1) that
the modifications to RETRAN-3D will result in conservative results, and (2) that the licensee has
demonstrated that the limitations and conclusions of the generic safety evaluation for
RETRAN-3D are met. Therefore, the NRC staff concludes that RETRAN-3D as modified is
acceptable for use at Oconee. In addition, the licensee has adequately applied RETRAN-3D to
the safety analyses for Oconee in accordance with the requirements of the NRC staff's safety
evaluation for RETRAN-3D (Ref. 3) and has made other revisions to the topical reports that are
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-6acceptable to the NRC staff. The methodology in Revision 3 to DPC-NE-3000-P and
Revision 2 to DPC-NE-3005-P is therefore approved and found acceptable for performing
UFSAR Chapter 15 transient and accident analyses at Oconee. Use of this methodology for
applications other than described in the topical reports will require additional NRC staff review
and approval. The plant analyses contained in the topical reports are typical of those that will
be incorporated into the UFSAR. For subsequent core reloads or other plant modifications, the
licensee should verify that the analyses in the topical reports and UFSAR bound the results that
would be obtained for the new plant condition or should perform new analyses that are
conservative for that purpose.
5.0 REFERENCES
1. Letter from M. S. Tuckman, Duke Energy Corporation, to Chief, Information Management
Branch, NRC, uRevisions to Topical Reports DNC-NE-3000,3003, and 3005 in Support of
Steam Generator Replacement, June 13, 2002.
2. Letter from K. S. Canady, Duke Energy Corporation, to Chief, Information Management
Branch, NRC, "Revisions to Topical Reports DPC-NE-3000 and 3005 in Support of Steam
Generator Replacement Response to NRC Staff Requests for Additional Information,
May 21, 2003.
3. Letter from Stuart A. Richards, NRC to Gary L. Vine EPRI, Safety Evaluation Report on
EPRI Topical Report NP-7450(P) Revision 4, URETRAN-3D - A Program for Transient
Thermal -Hydraulic Analysis of Complex Fluid Flow Systems," January 21, 2001.
4. Judith F. Briesmeister, Ed., UMCNP-A General Monte Carlo N-Particle Transport Code,"
Los Alamos National Laboratory Report, LA-13709-M, March 2000.
5. "SCALE Version 4.4, A Modular Code System for Performing Standardized Computer
Analysis for Licensing Evaluation," Oak Ridge National Laboratory,
ORNUNUREG/CSD-21R6, May 2000.
6. Letter from David E. LaBarge, NRC to W. R. McCollum, Jr., Duke Energy Company,
Oconee Nuclear Station, Units 1, 2, and 3 RE: Safety Evaluation for Revision 1 to Topical
Report DPC-NE-3005-P, 'UFSAR Chapter 15 Transient and Accident Analysis
Methodology," May 25, 1999.
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May 25, 1999
Mr. W. R. McCollum, Jr.
Vice President, Oconee Site
Duke Energy Corporation
P. 0. Box 1439
Seneca, SC 29679
SUBJECT: OCONEE NUCLEAR STATION, UNITS 1, 2, AND 3 RE: SAFETY EVALUATION
FOR REVISION 1 TO.TOPICAL REPORT DPC-NE-3005-P, "UFSAR
CHAPTER 15 TRANSIENT-AND ACCIDENT ANALYSIS METHODOLOGY"
(TAC NOS. MA4713, MA4714, AND MA4715)
Dear Mr. McCollum:
The NRC staff has completed its review of Revision 1 to Topical Report DPC-NE-3005-P,
"UFSAR Chapter 15 Transient Analysis Methodology" that was submitted by letter dated
February 1, 1999. . The revision.addresses Issues and minor corrections resulting from the
staff's previous review of the topical report that was included in the safety evaluation dated
October 1, 1998. The principal issue addressed by the change involves credit for main
feedwater system isolation that is no longer assumed in the analysis of main steam line breaks.
Since isolation of main feedwater at Oconee is not accomplished with safety related equipment,
the staff requested that the analyses be preformed with the assumption of continued feedwater.
.As described in the enclosed SER, we conclude that the topical report adequately addresses
the issues raised in the staffs previous safety evaluation. The methodology in
DPC-NE-3005-P, Revision 1 is, therefore, approved and found acceptable for performing the
Updated Final Safety Analysis Report (UFSAR) Chapter 15 transient and accident analysis for
Oconee Units 1, 2, and 3. The plant analyses contained in the topical report are typical of those
that will be incorporated into the present UFSAR. For subsequent core reloads or other plant
modifications, you should justify that the analyses in the topical report bound the results that
would be obtained for the new plant condition or perform new analyses that are conservative for
that purpose.
Sincerely,

David E. LaBarge, Senior Project Manager, Section 1
Project Directorate II
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287
Enclosure: Safety Evaluation
cc w/encl: See next page
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cc:

Ms. Usa F. Vaughn
Legal Department (PBO5E)
Duke Energy Corporation
422 South Church Street
Charlotte, North Carolina 28201-1006
Anne Cottington, Esquire
Winston and Strawn
1400 L Street, NW.
Washington, DC 20005
Mr. Rick N. Edwards
Framatome Technologies
Suite 525
1700 Rockville Pike
Rockville, Maryland 20852-1631
Manager, LIS
NUS Corporation
2650 McCormick Drive, 3rd Floor
Clearwater, Florida 34619-1035

Mr. J. E. Burchfield
Compliance Manager
Duke Energy Corporation
Oconee Nuclear Site
P. 0. Box 1439
Seneca, South Carolina 29679
Ms. Karen E. Long
Assistant Attorney General
North Carolina Department of
Justice
P. 0. Box 629
Raleigh, North Carolina 27602
L. A. Keller
Manager - Nuclear Regulatory
Licensing
Duke Energy Corporation
526 South Church Street
Charlotte, North Carolina 28201-1006

Senior Resident Inspector
U. S. Nuclear Regulatory
Commission
7812B Rochester Highway
Seneca, South Carolina 29672

Mr. Richard M. Fry, Director
Division of Radiation Protection
North Carolina Department of
Environment, Health, and
Natural Resources
3825 Barrett Drive
Raleigh, North Carolina 27609-7721

Virgil R. Autry, Director
Division of Radioactive Waste Management
Bureau of Land and Waste Management
Department of Health and Environmental
Control
2600 Bull Street
Columbia, South Carolina 29201-1708

Mr. Steven P. Shaver
Senior Sales Engineer
Westinghouse Electric Company
5929 Camegie Blvd.
Suite 500
Charlotte, North Carolina 28209

County Supervisor of Oconee County
Walhalla, South Carolina 29621
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SAFETY EVALUATION OF THE OFFICE OF NUCLEAR REACTOR REGULATION
OF REVISION 1 TO DPC-NE-3005-P

UFSAR CHAPTER 15 TRANSIENT ANALYSIS METHODOLOGY
DUKE ENERGY CORPORATION
OCONEE NUCLEAR STATION. UNITS 1. 2. AND 3
1.0 INTRODUCTION
Duke Energy Corporation (DEC) first received approval from the NRC staff to perform transient
analyses for core reloads at the Oconee Nuclear.Station Units 1,2, and 3 in 1981. This
methodology has been updated and revised orn several occasions. Topical Report
DEC-NE-3005-P describes the methodology that is currently used for Oconee (Reference 1).
The initial review by the staff of DEG-NE-3005-P is discussed in Reference 2. In Reference 2,
the staff found that the DEC methodology, as documented in DPC-NE-3005-P, was acceptable,
with the exception of the following four items:
1.

A peak reactor coolant pressure'acceptance criterion of 110 percent of the design
pressure for the postulated locked-rotor accident should be included.

2.

The proposed steam generator tube rupture methodology should be modified to
assume no operator action at the beginning of the event and for consistency with the
updated final safety analysis report (UFSAR), which credits the low-pressure reactor
trip.

3.

The licensee should modify the proposed methodology for large and small main
steamline break (MSLB) events to assume failure of main feedwater to isolate. The
Oconee plants are not equipped with safety-related main feedwater isolation capability.

4.

Since the occurrence of a small steamline break is considered to be of moderate
frequency, the acceptance criteria for events of this type should include the requirement
of no fuel failure.

DEC made the required modifications, which were submitted for NRC staff review as Revision 1
to DPG-NE-3005-P (Reference 3).
2.0 EVALUATION
The NRC staff verified that the requirements from the previous staff review had indeed been
incorporated into the topical report. The acceptance criteria for a postulated locked-rotor
accident now include the requirement that the reactor system pressure remains below
110 percent of design pressure. The analysisof a steam generator tube rupture has been
modified to assume automatic reactor trip 20 minutes after the steam generator tube rupture.
This value is conservative In'comrparisori with the analysis performed by DEC as documented in
the UFSAR. In the UFSAR analysis. reactor trip was calculated to occur in 8 minutes if reactor
operators take no remedial action. Actually operators are instructed to reduce reactor power at
a rapid rate and to increase charging flow. The reduction of power and increase in charging

I
may prevent a reactor trip. Preventing reactor trip would lessen the likelihood of. a challenge to
the main steam safety valves and would, thereby, reduce the offsite dose consequences.
The Oconee nuclear plants are not equipped with safety-related main feedwater isolation valves
that would actuate following an MSLB accident. The NRC staff, therefore, required the licensee
to perform analyses of an MSLB, assuming continued operation of the main feedwater system.
The additional feedwater might cause recriticality in the core and a return of fission power
generation even after reactor trip. The combination of low reactor system pressure and core
power generation might cause the critical heat flux (CHF) to be exceeded thus leading to fuel
cladding damage.
The licensee analyzed the reactor system aspects of MSLBs using the RETRAN-02 computer
code. RETRAN-02 calculates, among other parameters, the break flow from the broken
steamline, the heat transfer from the primary system through the steam generator tubes, the
reactor power, and condition of the fluid entering the reactor core.
A break in a main steamline will. cause the coolant loop with the break, the "affected' loop, to
cool much more rapidly than the rest of the primary coolant system. The licensee calculates
the effect of this asymmetric cooldown by dividing the core into two halves, each associated
with one of the coolant loops. Mixing between the two loops at the core inlet plenum is input to
RETRAN-02 by means of a mixing coefficient. The mixing coefficient was derived from a series
of tests at Oconee Unit 1 in which a. temperature differential was introduced between the
reactor system cold legs while the reactor was at power. Reactor vessel temperatures at
various locations were monitored.
The once through steam generators at Oconee do not contain steam separation equipment. A
large steamline break would, therefore, be expected to result in a substantial amount of liquid
being expelled through the broken steamline; The licensee uses modeling in the RETRAN-02
code, which inhibits liquid entrainment but, at the same time, maintains full steam generator
heat transfer. With continued uncontrolled feedwater flow into the affected steam generator, no
liquid entrainment is permitted until the steam generator is almost full. Then liquid is permitted
to flow out of the broken steamline. These assumptions are designed to conservatively
maximize steam generator heat transfer.
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The analysis includes the reactivity and flux peaking effect of the maximum-worth control
assembly remaining outside the core following a reactor trip. The amount of local flux peaking
is calculated using the SIMULATE-3P computer code. SIMULATE-3P is a core neutronics code
used to generate multi-dimensional core power distributions. The maximum-worth control
assembly is conservatively assumed to be in the cooler half of the core, which will experience
the greatest increase in local reactivity and power. A 10 percent reduction in the worth of the
remaining control assemblies is also assumed.
The VIPRE-01 computer code is used to calculate the CHF within the core, including the hot
channel. For steamline break analysis, the licensee developed VIPRE-01 input that models the
entire core. The entire core was modeled so that flow redistribution from the hottest fuel bundle
could be described. Simulation of the entire core with flow redistribution produces a more
conservative result than modeling it as a single channel. The staff has previously approved use
of RETRAN-02, SIMULATE-3P, and VIPRE-01 computer codes for use in Oconee licensing
analyses (Reference 2).
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Calculation of heat transfer between the primary system and the affected steam generator is
significant in evaluating the cooling of the reactor system. The depressurization of the affected
steam generator will cause an increase in boiling heat transfer between the tubing exterior and
secondary coolant. The'Thom NucleAte Boiling Correlation is used in RETRAN-02. The Chen
Nucleate'Boiling Correlation is programmed into the RELAP5 MOD3 code, which was
developed by the staff. The licensee provided an evaluation of the accuracy of the Thom
correlation in predicting nucleate boiling test data (Reference 4). The evaluation showed no
significant diffdrence.between the predictions of the Thom and Chen correlations. The Thom
correlation was shown to calculate slightly higher heat transfer in comparison to the test data
which would be conservative for MSLB evaluations.
The core flood tank model In RETRAN-02 assumes the cover gas and liquid to be at the same
temperature during the discharge of a flood tank. The NRC staff questioned the conservatism
of this assumption since if the cover gas cooled faster than the liquid, a smaller flood tank
discharge flow rate might be predicted and less boric acid would be introduced into the core to
prevent core recriticalitk. The licensee stated that it assumes a conservatively low flood tank
'initial temperature, which compensates for the non-equilibrium effect. The licensee further
states that the DEC RETRAN-02 core flood tank model was benchmarked against Oconee
full-scale blowdown tests and that the model showed good agreement with the data.
The licensee performed sensitivity studies to evaluate the effects of single failures. Various
combinations of reactor coolant .pump operation, main feedwater flow control, and availability of
offsite power were considered. The most severe single failure was found to be failure of one
train of high-pressure injection (HPi).' HPI adds boric acid to the reactor system and acts to
dampen any return to power calculated to result from overcooling of the reactor system.
With offsite power available, the reactor coolant pumps, as well as the feedwater and
condensate systems, could remain operable following an MSLB. Continued main feedwater
flow to the affected steam generator would overcool the reactor system, increase core power
generation, and reduce the reactor'system pressure. Continued reactor coolant pump
operation would also increase overcooling by facilitating heat removal from the reactor system.
Reactor coolant pump operation would, however, act to maintain core heat transfer and the
margin to CHF.
The licensee evaluated continued feedwater system operation with and without assumed
operation of the integrated control system (ICS) to control steam generator level. The licensee
calculated a return to criticality using both'assumptions. The reactor coolant pumps were
assumed to be operating, but the reactor coolant pumps in the unaffected loop were assumed
to trip at 100 seconds into the event when voiding occurred in that loop. The RETRAN-02
coolant pump model became unstable under these conditions. The greatest return to power
(13.09 percent) was calculated to occur if the ICS was assumed to remain operating, controlling
steam generator level. The licensee believes that this is the result of increased boiling in the
steam generator for the ICS operable case. For the ICS failure case, RETRAN-02 predicts that
the steam generator will gradually fill with liquid after the initial blowdown and will experience
less boiling.
The staff performed an audit calculation of this event using the RELAP5 MOD3 computer code.
In the RELAP analysis, the ICS was assumed to fail so that main feedwater flow was
uncontrolled. The affected steam generator filled and liquid flowed out the steamline. All the
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reactor coolant pumps were assumed to remain operating. The reactor coolant pump model in
RELAP did not become unstable when voiding occurred in the unaffected reactor coolant loop.
A very low value of decay heat was assumed to maximize overcooling. The RELAP code
calculated slightly less reactor system cooling than did the licensee's analysis. RELAP also
calculated lower reactor system pressures. The lower pressures calculated by RELAP resulted
from not assuming the tripping of the reactor coolant pumps in the unaffected loop which, if
tripped,'would allow that loop to become stagnant. The lower reactor system pressure
calculated by RELAP allowed additional boric acid to be injected by the HPI system and the
core flood tanks. The core remained subcritical in the staff's calculation. Therefore, the
licensee's analysis was conservative.
Reactor operators are trained to manually trip all reactor coolant pumps if the difference
betWeen the reactor system temperature and the saturation temperature (subcooling margin)
becomes sufficiently small. This action is taken because for a certain range of small reactor
coolant system break sizes, unacceptable results might be obtained if the reactor coolant
pumps were not manually tripped early into the event. A large MSLB would resemble a small
reactor system break in that the subcooling margin would also be lost and HPI would be
actuated. Reactor operators might be expected to manually trip the reactor coolant pumps
following an MSLB. The staff' requested the licensee to evaluate this scenario. The licensee
preformed the analysis by tripping the reactor coolant pumps in the affected loop at
160 seconds when the core power from re-criticality was calculated to be greatest. The reactor
coolant pumps in the unaffected loop were, as before, tripped at 100 seconds because of the
stability problem with RETRAN-02.
The ratio between the maximum heat flux in the core and the critical heat flux is called the
departure from nucleate boiling ratio (DNBR). The DNBR is evaluated with the VIPRE-01 code.
Using VIPRE-01, the licensee calculated a DNBR of 3.28 when the coolant pumps in the
unaffected loop are allowed to remain running. A DNBR of 3.15 is calculated when the coolant
pumps in the unaffected loop were tripped at the time of maximum return to power in the core.
Both these values are in excess of the minimum DNBR limit at Oconee for low reactor system
pressure, which is 1.45.
The smallest value of DNBR for a large MSLB was calculated to occur when the concurrent
loss of offsite power was assumed. Loss of offsite power would cause the reactor coolant
pumps, as well as the main feedwater and condensate pumps, to trip. A minimum DNBR of
1.51 was calculated to occur 1.9 seconds into the event as a result of the loss of forced reactor
coolant flow and the decrease in reactor system pressure. The DNBR limit at Oconee is 1.193
for the range of pressures that is calculated for this event.
The licensee evaluated the consequences of main feedwater to isolate for a spectrum of small
steamline breaks. The requirement of no fuel failures was included as an acceptance criterion.
Using RETRAN-02, the licensee identified a break size so that automatic reactor trip would not
occur on either low reactor system pressure or high reactor power. As the steam generators
depressurize, the unisolated feedwater flow rate would increase. In addition, as steam is lost
from the break, there would be less steam flow to the turbine, less steam flow to the feedwater
heaters, and a reduced feedwater temperature. The resulting decrease in reactor system cold
leg temperature would act to attenuate the neutron flux leakage leaving the reactor. Neutron
flux attenuation would cause an error in the indicated value of reactor core power so that core
power might exceed the normal reactor trip setting. The licensee evaluated the core DNBR and
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-5the internal fuel temperature for this event and determined that the applicable safety limits will
be maintained to.prevent fuel failure. In accordance with Reference 5, the licensee will modify
Chapter 16 of DPC-NE-3005-P, Revision 1 to indicate that the acceptance criteria for this
analysis hre that no fuel damage will occur and that the offsite doses will remain within
10 percent of the 10 CFR Part 100 limits.
3.0 CONCLUSION
On the basis of Its review of Revision 1 to DPC-NE-3005-P, including supplemental information
provided by the licensee, the staff concludes that the licensee has adequately addressed the
conditions contained In the staff's odiginal safety evaluation (Reference 2). The methodology in
DPC-NE-3005-P, Revision ), is, therefore, approved and found acceptable for performing
UFSAR Chapter 15 transient and accident analysis at Oconee. The plant analyses-contained in
tie.topical report are typical of th'se thai will be incorporated Into the UFSAR. For subsequent
core reloads or other plant modifications, the licensee should justify that the analyses in the
topical report bound the results' that would be obtained for the new plant condition or should
perform new analyses that are conservative for that purpose.
Principal Contributor: Walton L. Jensen, Jr.
Date:

May 25, 1999

-6-

:::

REFERENCES

J

1.

UFSAR Chapter 15 Transient Analysis Methodology," DPC-NE-3005-P, Duke Power
Company, July 1997.

2.

Letter from David E. LaBarge, NRC to W. R. McCollum, Duke Energy Corporation, 'Review
of Updated Final Safety Analysis Report, Chapter 15, Transient Analysis Methodology
Submittal-Oconee Nuclear Station, Units 1, 2, and 3," October 1, 1998.

3.

Letter from M.S. Tuckman, Duke Energy Corporation, to NRC Document Control Desk,
February 1, 1999.

4.

Process, Enhanced, and Multiphase Heat Transfer," a Festscrift for A.E. Bergles, Begell
House, 1996.

a

5.

Letter from M.S. Tuckman, Duke Energy Corporation, to NRC Document Control Desk,
May 5, 1999.

|

|

UNITED STATES

NUCLEAR REGULATORY COMMiSSION

RECEIVED

WASHINGTON, D.C. 015Ol

October 1, 1998

C

71998

W.R.McCollum, Jr.
Mr. W. R. McCollum
Vice President, Oconee Site
Duke Energy Corporation
P. O. Box 1439
Seneca, SC 29679

°

SUBJECT: REVIEW OF UPDATED FINAL SAFETY ANALYSIS REPORT, CHAPTER 15,
TRANSIENT ANALYSIS METHODOLOGY SUBMITTAL - OCONEE NUCLEAR
STATION, UNITS 1, 2, AND 3 (TAC NOS. M99349, M99350, AND M99351)
Dear Mr. McCollum:
By letter dated July 30, 1997, Duke Energy Corporation (DEC) submitted Topical Report
DPC-NE-3005-P, -UFSAR [Updated Final Safety Analysis Report] Chapter 15 Transient
Analysis Methodology,' for NRC staff review and approval. Additional information was supplied
by DEC by letter dated July 23, 1993. The topical report describes the methodology DEC used
to analyze the nonloss-of-coolant accident (non-LOCA) UFSAR Chapter 15 transients and
accidents for the Oconee Nuclear Station (Oconee), Units 1, 2, and 3. The objective of this
topical report is to implement a revised non-LOCA transient and accident analysis methodology
and establish a new licensing basis for Oconee. As you explained in the submittal, most of the
computer codes and simulation models referenced in the report have been previously reviewed
by the staff and approved for application to the Oconee reload design and in response to
Generic Letter 83-11. This topical report is a specific application of these models to the
analysis of the Oconee UFSAR Chapter 15 transients and accidents.
The staff has reviewed the topical report and finds it acceptable with some exceptions, as
explained in the enclosed safety evaluation. These exceptions have been discussed with your
staff and will be addressed in a revision to the topical report that will be submitted for staff
review and approval. As a result, staff activity concerning this topical report is not completed
and will be reinitiated using new TAC numbers when the revision is received.
However, some of the methodology described in this topical report is also important in certain
design basis considerations for conversion of the current Oconee Technical Specifications (TS)
to the improved TS. The submittal for this conversion is under staff review (TAC Nos. M99912,
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M99913, and M99914). All of the methodology needed for this application has been found to
be acceptable, as described in the enclosed safety evaluation. This action closes TAC Nos.
M99349, M99350, and M99351.
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W. R. McCollum

Sincerely,

David E. LaBarge, Senior Project Manager
Project Directorate 11-2
Division of Reactor Projects - 1/ll
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287
Enclosure: As stated
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATING TO TOPICAL REPORT DPC-NE-3005-P

-

UPDATED FINAL SAFETY ANALYSIS REPORT (UFSAR) CHAPTER 15

l

TRANSIENT ANALYSIS METHODOLOGY
DUKE ENERGY CORPORATION

,

A

OCONEE NUCLEAR STATION. UNITS 1. 2. AND 3
DOCKET NOS. 50-269. 50-270. AND 50-287
1.0 INTRODUCTION
By letter dated July 30, 1997 (Reference 1), supplemented by letter dated July 23, 1998
(Reference 2), Duke Energy Corporation (Duke) submitted Topical Report DPC-NE-3005-P,
"UFSAR Chapter 15 Transient Analysis Methodology," describing the methodology used by
Duke for analyzing the nonloss-of-coolant accident (non-LOCA) UFSAR Chapter 15 transients
and accidents for the Oconee Nuclear Station (ONS/Oconee), Units 1, 2, and 3. The objective
of this topical report is to implement a revised non-LOCA transient and accident analysis
methodology and establish a new licensing basis for ONS.
Duke received NRC approval to perform core reload design analyses for ONS in 1981. The set
of licensing basis transients and accidents in the current UFSAR has essentially remained the
same as in the original FSAR. However, future reload core designs will require reanalysis of
the UFSAR Chapter 15 transients and accidents due to advanced fuel assembly designs,
longer fuel cycles, increased steam generator tube plugging, and more efficient core designs.
Therefore, Duke proposes to use the methodology described in this topical report to reanalyze
the ONS Chapter 15 events in order to establish an up-to-date design basis, and to support
advanced fuel assembly and core reload designs.
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2.0 EVALUATION
The acceptability of Duke's nuclear and thermal-hydraulic analysis models and methods for
simulating the ONS UFSAR Chapter 15 non-LOCA analyses is evaluated herein. Since many
of these models and methods have previously been reviewed and approved by the NRC staff,
the evaluation focused on any new models and methods, and on the specific application of the
methods to the reanalysis of ONS transients and accidents.
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-2 2.1 RETRAN-02 One-Dimensional Kinetics Model
The RETRAN-02/MOD5.1 code was reviewed generically by the NRC and approved for use
provided plant-specific methods have also been reviewed by the NRC (Reference 3). In this
report (DPC-NE-3005-P), a new modeling application was made. A one-dimensional (1-D)
kinetics model was used to model the core response for transients for which point kinetics does
not provide sufficient results: The 1-D kinetics equations are derived from the neutron diffusion
equation by assuming that the change in the radial neutron flux with time is relatively small.
This model used the three-dimensional (3-D) nodal physics code, SIMULATE-3K (Reference 4),
to generate the 1-D nuclear parameters (nuclear cross-sections and kinetics parameters) and a
linking utility program (XGEN) to functionalize the nuclear parameters against the
RETRAN-02 thermal-hydraulic feedback variables (moderator density and fuel temperature).
The 1-D kinetics licensing basis analyses used the nuclear parameters (cross-sections and
kinetics parameters) that would yield the same physics parameters (moderator temperature
coefficient, Doppler coefficient, control rod worth, etc.), that were used in the licensing basis
analyses using the point kinetics model. SIMULATE-3K was used in this limited application
because of its ability to iteratively modify the nuclear parameters until the desired physics
parameters are achieved. The resultant nuclear parameter modification factors were then used
to generate the nuclear parameters for the RETRAN 1-D kinetics model.
Duke has presented comparisons of the RETRAN 1-D kinetics model with SIMULATE
three-dimensional calculations. In general, the results indicate that with the 1-D nuclear data
generated by this methodology, for any perturbation, the RETRAN 1-D kinetics model
(1-D representation of the core) would predict a similar core response as the global response
predicted by the SIMULATE 3-D representation of the core. The staff, therefore, finds this
limited use of SIMULATE-3K acceptable. The SIMULATE-3K code was also used to calculate
the effects of a control rod ejection accident, as discussed in Sections 2.5 and 2.6 below.
2.2 RETRAN-3D in RETRAN-02 Mode
The RETRAN-3DlMOD001 F code is a recent version of the RETRAN code which has not been
reviewed and approved by the NRC. Duke has submitted the code to the NRC for generic
review in a separate licensing action. RETRAN-3D incorporates new models and equations,
including additional balance equations to predict non-equilibrium phenomena and 3-D core
kinetics, as well as advanced numerical solution schemes and correlations. However, in this
report (DPE-NE-3005-P), Duke has not included any of the non-equilibrium or 3-D core
modeling techniques. The application of RETRAN-3D was limited to the "RETRAN-02 modes
which is intended to replicate RETRAN-02. Only the advanced solution scheme and
correlations of RETRAN-3D were utilized. This limited application of RETRAN-3D was used to
analyze the startup accident, loss of flow, locked rotor, and turbine trip events and the results
were compared to those obtained with the NRC-approved RETRAN-02 code. Based on the
good agreement between the results of RETRAN-02 and RETRAN-3D in the RETRAN-02
mode for these transients discussed below, the staff concludes that this limited use of the
RETRAN-3D code is acceptable.

32.3 VIPRE-01 Additional Features
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The VIPRE-01/MOD2 code is used for steady-state and transient core thermal-hydraulic
analyses and has been approved by the NRC for ONS licensing calculations (Reference 5).
The version used in the DPC-NE-3005-P safety analyses is designated as VIPRE-01/MOD2F,
and incorporates several additional features. However, the constitutive equations, correlations,
and solution schemes of the VIPRE-01/MOD2 code have been preserved. The following
changes were incorporated into VIPRE-01/MOD2F:
(1) The BWC, BWCMV, and BWU-Z critical heat flux (CHF) correlations were added. .1
The NRC Safety Evaluation Report for VIPRE-01 states that whenever Duke intends to use
other CHF correlations, power distributions, fuel pin conduction models or any other input
parameters and default options which were not part of the original review of the VIPRE-01
code, Duke must submit justification of these changes for NRC review and approval. The B&W
BWC correlation with VIPRE-01 has been approved by the NRC with the design limit of
1.18 (Reference 6). Use of the BWCMV correlation has been approved by the NRC for use
with VIPRE-01 with a design limit of 1.21 (Reference 7). Use of the BWU-Z correlation with a
design minimum DNBR limit of 1.19 with the Mk B1 1V fuel design is currently under review by
the NRC staff in a separate licensing action and preliminary indications are that it will be
approved for use with VIPRE-01 (Reference 8). Therefore, the incorporation of the BWC,
BWCMV, and BWU-Z CHF correlations into VIPRE-01/MOD2F is acceptable, provided these
correlations are used over their approved ranges of applicability.
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(2) An option to allow use of either a linear interpolation or a spline fit for the input nodal axial
power profile was added.

l

The spline fit option was originally incorporated to replace inadequacies in the linear
interpolation routine. Because of straight line interpolation from point to point, linear
interpolation did not conserve area under the curve and therefore would tend to under predict
the axial shape uniformly, which is nonconservative for departure from nucleate boiling (DNB)
calculations. However, in order to be able to duplicate previous analyses that used linear
interpolation, both options were incorporated. The staff finds this acceptable.
(3) An option to allow input of the power hot channel factor and the local heat flux hot channel
factor to a subchannel for calculating the DNB ratio (DNBR) in that subchannel was added.
The local heat flux hot channel factor has not been applied in Oconee DNBR analyses
beginning with the Oconee Unit 1 Cycle 14 reload. The power hot channel factor has been
applied during the entire operating history of Oconee and is not new to the Oconee licensing
basis. Since there is no difference being introduced in the proposed methodology, the option is
acceptable.
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(4) An enhanced iteration scheme was added.
The logic in the original VIPRE-01/MOD2 code did not always cause the iteration to converge
when the input parameter yielded a minimum DNBR value significantly different from the target
minimum DNBR limit and would at times also cause the iteration process to stall. Logic was
therefore added to improve the iteration technique to circumvent these problems. The staff
finds the enhanced iteration logic acceptable.
2.4 ARROTTA Code for Rod Ejection Analysis
The core neutronic response to a control rod ejection event was calculated with the Electric
Power Research Institute ARROTTA code (Reference 9). ARROTTA is a 3-D, 2-energy group
diffusion theory code which uses neutron cross sections, discontinuity factors, and 6 groups of
delayed neutron precursor data generated with CASMO-3 (Reference 10). The ARROTTA
time-dependent core power distribution' is used as input to the subchannel core thermalhydraulics analysis performed with VIPRE-01. VIPRE-01 calculates the fuel temperatures, 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 model of the reactor coolant system to determine the peak
pressure resulting from the core power excursion. Duke has indicated that ARROTTA is only
used for the rod ejection accident and, because of the rapid nature of this event, the neutronics
solution rather than the moderator feedback effects are most important for this application. The
NRC has approved the use of ARROTTA by Duke for rod ejection analysis for the McGuire and
Catawba Nuclear Stations (Reference 11) and the use of ARROTTA in DPC-NE-3005-P is
consistent with the previously approved methodology. Therefore, the staff concludes that
ARROTTA is acceptable for the Duke analysis of the rod ejection event in Oconee.
2.5 SIMULATE-3K Code for Rod Ejection Analysis
The SIMULATE-3K code (Reference 4 ) was also used by Duke to calculate the core power
response and three-dimensional power distribution resulting from a control rod ejection event.
SIMULATE-3K is a three-dimensional transient neutronic version of the NRC-approved
SIMULATE-3P code and utilizes the same neutron cross section library. It employs a fully
implicit time integration of the neutron flux,-delayed neutron precursors,'and heat conduction
models. Code validation was performed by the code vendor (Studsvik of America, Inc.) during
development of SIMULATE-3K. The validation included benchmarks of the fuel conduction and
thermal-hydraulic model, the transientrneutro'nics model, and the coupled performance of the
transient neutronics and thermal-hydraulic 'models. Duke comparisons of SIMULATE-3K with
ARROTTA for the Oconee rod ejection'analysis presented in DPC-NE-3005-P indicate very
good agreement for core power versus time for the ejection occurring at end-of-cycle from the
maximum allowable power level with three and four reactor coolant pumps (RCPs) operating
and from both beginning-of-cycle and end-of-cycle hot zero power conditions. 'Although larger
deviations occur for the ejection event initiated at beginning-of-cycle at the maximum allowable
power level with three and four RCPs'operating,' the comparisons indicate that SIMULATE-3K
results in more conservative values than-ARROTTA. Therefore, the staff concludes that
SIMULATE-3K is acceptable for the Duke analysis of the rod ejection event in Oconee.

5
2.6 Chapter 15 Safety Analyses
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The core thermal-hydraulic analysis for most of the transients considered in this topical report is
based on the NRC-approved statistical core design (SCD) methodology (Reference 12). This
methodology includes uncertainties on the initial conditions of core average power, core inlet
temperature, core exit pressure, and core inlet flow. Therefore, when performing an SCD
analysis, initial condition uncertainties are not included in these four parameters as they are
already included in the SCD DNBR limit. When non-DNB analyses are being performed, the
uncertainties are included. For either type of analysis, the uncertainty in the timing of a
particular action is accounted for by uncertainty-adjusting the actuation setpoints.

|

Reactivity and Power Distribution Anomalies
Six transients are considered in this category: (1) startup accident, (2) control rod withdrawal at
power, (3) moderator dilution event, (4) cold water event, (5) control rod misalignment, and
(6) control rod ejection accident.
The startup accident involves a reactivity addition due to an uncontrolled control rod withdrawal
from a subcritical or low power condition. The current licensing basis for this event is that the
reactor thermal power does not exceed 112 percent of rated thermal power (RTP) and reactor
coolant system (RCS) pressure does not exceed code pressure limits. A high flux level and a
high pressure trip are assumed. The proposed new acceptance criteria for this event are that
the peak RCS pressure remains below 110 percent of the design pressure of 2500 pounds per
square inch gauge (psig) and that no fuel failures result as demonstrated by not exceeding the
DNBR limit. This is consistent with Section 15.4.1 of the NRC Standard Review Plan (SRP).
The RETRAN-02 code is used to determine the peak transient primary system pressure. If the
peak heat flux for the peak primary pressure analysis exceeds the maximum allowed
steady-state value, the VIPRE-01 code is used to calculate the minimum DNBR for the transient
using the SCD methodology. The core power distribution is analyzed with the SIMULATE-3P
code. The event models three RCPs in operation and a maximum reactivity addition rate.
Reactor trip is expected to occur on high pressure, high power, or the flux/flow imbalance trip
functions.
The rod withdrawal event initiates from an accidental withdrawal of a control rod group while the
reactor is at power. The current licensing basis is that the reactor thermal power does not
exceed 112 percent of RTP and RCS pressure does not exceed code pressure limits. A high
reactor coolant outlet temperature trip, a high reactor coolant system pressure trip, and a high
power level (neutron flux level) trip are available to terminate this event. The proposed new
acceptance criteria for this event require that the peak RCS pressure remains, below
110 percent of design pressure and that the DNBR limit not be exceeded. This is consistent
with Section 15.4.2 of the NRC SRP. The peak primary pressure case is analyzed with the
RETRAN-02 code and VIPRE-01 is used to calculate the minimum DNBR. The core power
distribution is analyzed with the SIMULATE-3P code. It is expected that the thermal-hydraulic
conditions at the limiting DNB statepoint will be within the ranges covered by the SCD
methodology. Reactor trip is expected to occur on high flux or high pressure, although the high
coolant temperature and flux/flow/imbalance trips may also provide protection.
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-6A RCS moderator dilution event occurs when the soluble boric acid concentration of makeup
water supplied to the RCS is less than the concentration in the existing reactor coolant.
Because Oconee's operating license was issued prior to the NRC SRP, the current licensing
basis analyzes the event only from rated power (Mode 1) and refueling (Mode 6) conditions and
requires that reactor thermal power not exceed 112 percent of RTP, RCS pressure not exceed
code allowable limits, and a minimum shutdown margin of 1 percent Ak/k be maintained. The
proposed new acceptance criteria are based on manual operator action at least 15 minutes
during power operation and at least 30 minutes during refueling following actuation of the alarm
credited for alerting the operator of a moderator dilution occurring. This ensures that the event
is terminated by the operator before the DNBR limit or the peak primary pressure limit is
violated and is consistent with Section 15.4.6 of the NRC SRP. For reload evaluations, the
cycle-specific highest critical boron concentration and the initial boron concentration closest to
the critical concentration are used.
The cold water accident is initiated with an inadvertent startup of an idle RCP, which causes a
reduction in moderator temperature and a power excursion due to moderator feedback effects.
The current licensing basis assumes the event is initiated from 50 percent power with two RCPs
operating in one loop and two idle loops. This is no longer permitted by Oconee TS, which do
not allow operation while critical with less than three RCPs in operation. Therefore, these
analyzed conditions currently represent a bounding case relative to allowed operating
conditions. The acceptance criteria would remain, i.e., minimum DNBR does not violate the
acceptance criterion and system pressure limits (110 percent of design pressure) are not
exceeded. This is consistent with Section 15.4.4 of the NRC SRP. The minimum DNBR would
be determined using the SCD methodology. The proposed reanalysis of this event would
assume that it is initiated with an inadvertent startup of a fourth RCP from an initial three-pump
operating condition using the two-loop RETRAN-02 model.
The most limiting control rod misalignment event is the dropped rod since it presents the
greatest potential for violating the minimum DNBR or system pressure limits. Although the
event initially causes a rapid reduction in power and moderator temperature, the negative
moderator temperature coefficient would subsequently result in a power increase. If the reactor
is operating with the Integrated Control System (ICS) in automatic, rod withdrawal by the ICS
will add to the increase in power. Although the analog ICS is being replaced by a digital ICS,
the same modeling philosophy is retained in the analysis of this event. The transient response
is analyzed with the RETRAN-02 code and the DNB analysis is performed with VIPRE-01 using
the SCD methodology. The core power distribution is analyzed with the SIMULATE-3P code.
The acceptance criteria remain that RCS pressure does not exceed 110 percent of design
pressure and minimum DNBR does not violate the DNBR limit. This is consistent with Section
15.4.3 of the NRC SRP.
In addition to the dropped rod event,-Duke has evaluated the misalignment event where a
control rod is misaligned from the remainder of the rods in its bank. Since this may produce an
increase in core peaking which decreases the margin to DNB, SIMULATE-3P was used to
confirm that the asymmetric power distribution resulting from the rod misalignment will not result

in DNB.
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7The rod ejection event is initiated by a failure of a control rod drive mechanism housing, which
allows a control rod to be rapidly ejected from the core by the RCS pressure differential. The
licensing basis criteria are that the accident will not further damage the RCS and that the offsite
dose will be within the 10 CFR Part 100 limits. The first criterion is met by demonstrating that
the peak fuel enthalpy remains below 280 cal/g. The proposed reanalysis would also require
the peak primary pressure to remain within the Service Limit C as defined in Section IlIl of the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code (120 percent of
the 2500 psig design pressure, or 3000 psig). The core power excursion is simulated with the
ARROTTA or SIMULATE-3K 3-D transient code. VIPRE-01 is used to calculate the fuel
temperatures, the allowable power peaking, and the coolant expansion rate. The allowable
power peaking is used along with a post-ejection fuel pin census to determine the percentage of
fuel pins exceeding the DNBR limit. All pins in DNB are assumed to experience clad failure for
dose calculational purposes. The coolant expansion rate is input to RETRAN-02 to determine
the peak pressure. As mentioned in Sections 2.4 and 2.5 above, ARROTTA and
SIMULATE-3K are acceptable codes for analyzing the rod ejection accident in Oconee.

|

The staff concludes that the appropriate reactivity and power distribution anomalies will be
reanalyzed using acceptable methods and that current licensing basis acceptance criteria will
remain in effect or will be updated to conform to NRC SRP acceptance criteria.

l
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Loss of Coolant Flow
The loss of coolant flow transient could be initiated by an electrical failure to the RCPs and
result in one or more RCP coast downs. Either the pump monitor trip or the flux/flowlimbalance
trip are used for reactor protection during this event. This event is classified as an event of
moderate frequency. The acceptance criterion for this event is that no fuel failures will result as
demonstrated by not exceeding the DNBR limit established at Oconee.
There are five bounding scenarios selected for the analysis of this transient including various
numbers of RCP(s) coast downs from initial four or three RCP operation. RETRAN-02 and
VIPRE-01 are used for thermal-hydraulic analyses and DNBR calculations. Initial and boundary
conditions assumed in the analysis are conservatively selected for limiting consequences of the
event. The results of the analysis confirmed that the transient minimum DNBR is approximately
1.68, which is sufficiently above the allowable minimum DNBR of 1.3 at Oconee. The staff finds
this analysis methodology acceptable.

|
|
|
|
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Locked Rotor
The locked rotor accident is the result of an instantaneous seizure of one RCP due to
mechanical failure of the RCP. The analysis of this event assumes that the off-site power is
available during this accident which is consistent with the current Oconee UFSAR. The
flux/flow/imbalance trip is used for reactor protection during this event. The proposed licensee
acceptance criteria include (1) fuel failure should be sufficiently limited to maintain core cooling
capability, and (2) radiological consequences should be within the 10 CFR Part 100 guidelines.
Since this event will also cause heatup of the RCS, in response to the staff request, the
licensee has committed to include a peak RCS pressure acceptance criterion of 110 percent of

I

I

- 8design pressure for the locked rotor accident (Reference 2). The results will be included in the
UFSAR.
There are three scenarios analyzed for this event including one locked rotor from four pump
operation and one locked rotor in the loop either with the idle RCP or without idle RCP from
three-pump operation. RETRAN-02 and VIPRE-01 are used for thermal-hydraulic analysis and
DNBR and maximum allowable radial peaking limits calculations. Initial and boundary
conditions assumed in the analysis are conservatively selected for limiting consequences of the
event. The results of this analysis indicate that there are no fuel failures and the acceptance
criteria are met for this event. The staff finds the proposed analysis methodology acceptable.
Turbine Trip
The turbine trip transient can be initiated by a generator trip, low condenser vacuum, loss of
lubrication oil, turbine trust bearing failure, turbine overspeed, or a manual trip. The turbine trip
event could cause an increase in RCS temperature and pressure. The high RCS pressure trip
is used for reactor protection during this event. This event is classified as an incident of
moderate frequency. The acceptance criterion for this event is that the peak RCS pressure
shall not exceed 110 percent of the design pressure. There is no DNB concern with this heatup
transient.
The bounding scenario analyzed for the event is that of a turbine trip at full power under four
RCP operating conditions. RETRAN-02 and VIPRE-01 are used to calculate the
thermal-hydraulic responses. Initial and boundary conditions assumed in the analysis are
conservatively selected for limiting consequences of the event. The results of this analysis
confirm that the peak RCS pressure during the transient is within the acceptance criterion with
sufficient margin. The staff finds that the method of analysis is acceptable.
Steam Generator Tube Rupture
The Steam Generator Tube Rupture (SGTR) analysis documented in the current Oconee
UFSAR assumes no operator action at the beginning of the event and a low RCS pressure trip
in about 8 minutes. The methodology proposed in the topical report assumes operator action to
identify that a tube rupture has occurred and to manually trip the reactor in 20 minutes. Also,
immediate action to maximize emergency core cooling system injection is needed.
The staff will require the licensee to modify the proposed methodology for the SGTR analysis to
be consistent with the licensing bases established in the UFSAR. We will provide our safety
evaluation of this item after the issue is resolved.
Larae Steamline Break
The licensee is modifying the analysis methodology for this event. The new methodology will
assume no main feedwater isolation during the event, which is consistent with the current
Oconee UFSAR. The staff will provide its safety evaluation of this item after the issue is
resolved.

9

The split reactor vessel modeling approach was approved by the NRC for the Oconee
containment mass and energy release analysis methodology (Reference 13) and is similar to
the method approved by the NRC for the McGuire and Catawba steamline break analysis
(Reference 11). Although some differences exist to conservatively model the core response as
compared to the mass and energy release, the staff finds the modeling acceptable for Oconee
steamline break analyses.

1

l
l

Small Steamline Break

l

The licensee is modifying the analysis methodology for this event. The new methodology will
assume no main feedwater isolation during the event. Also, an acceptance criterion will be
added to require no fuel failure (no DNB) during this event since it is an incident of moderate
frequency. The staff will provide its safety evaluation of this item after the issue is resolved.

D

3.0 CONCLUSIONS
Duke Topical Report DPC-NE-3005-P and its supporting documents, including the Duke
responses to the NRC request for additional information, were reviewed to determine the
acceptability of the revised non-LOCA transient and accident analysis methodology that will
establish a new licensing basis to be used for future Oconee Chapter 15 analyses. Since most
of the models and methods have been previously reviewed and approved by the NRC, the
review focused on any new models and methods as well as on the specific application of the
methods to the reanalysis of transients and accidents. Except for the following, the Duke
methodology, as documented in DPC-NE-3005-P was found to be acceptable.
The licensee has committed to inclusion of a peak RCS pressure acceptance criterion of
110 percent of design pressure for the locked rotor event (Reference 2). The staff requires that
the proposed SGTR methodology be modified to allow no operator action at the beginning of
the event and initiation of a low RCS pressure trip in approximately 8 minutes to be consistent
with the licensing bases in the UFSAR. The licensee is also modifying the proposed
methodology for the large and small steamline break events to assume no main feedwater
isolation during the events for consistency with the current Oconee UFSAR. In addition, since it
is an incident of moderate frequency, an acceptance criterion will be added to the small
steamline break analysis to require no fuel failures. The staff will provide safety evaluations of
these items when the issues are resolved.
Principal Contributor: Chu-Yu Liang
Date:

October 1, 1998

|

I
|
|
|

-10REFERENCES
1. Letter, M. S. Tuckman (Duke) to U. S. Nuclear Regulatory Commission, Oconee Nuclear
Station, Docket Numbers 50-269, -270, and -287, UFSAR Chapter 15 Transient Analysis
Methodology, DPC-NE-3005-P, July 30, 1997.
2. Letter, M. S. Tuckman (Duke) to U. S. Nuclear Regulatory Commission, Response to NRC
Request for Additional Information on Topical Report DPC-NE-3005-P, OUFSAR Chapter 15
Transient Analysis Methodology,* July 23, 1998.
3. Letter, M. J. Virgilio (NRC) to C. R. Lehman (PP&L), April 12, 1994 (SER for
RETRAN-02/MOD5.1).
4. SIMULATE -3 Kinetics, Studsvik of America, December 1995.
5. Letter, 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 1, 1986.
6. "Technical Evaluation of the Core Thermal-Hydraulic Methodology Using VIPRE-01 Topical
Report DPC-NE-2003 for the Duke Power Company Oconee Nuclear Station,"
ITS/NRC/89-2, July 3, 1989.
7. Letter, T. A. Reed (NRC) to H. B. Tucker (Duke), Safety Evaluation on Topical Report
DPC-NE-2004, 'Core Thermal-Hydraulic Methodology Using VIPRE-01," November 15,
1991.
8. (SER for BAW-10199, Addendum I - to be issued later).
9. "ARROTTA-01 - An Advanced Rapid Reactor Operational Transient Analysis Computer
Code," Computer Code Documentation Package, EPRI NP-7375-CCML, Volume 1, Electric
Power Research Institute, August 1991.
10. CASMO-3: A Fuel Assembly Bumup Program
11. Letter, T. A. Reed (NRC) to H. B. Tucker (Duke), "Safety Evaluation on Topical Report
DPC-NE-3001, Multidimensional Reactor Transients and Safety Analysis Physics
Parameters," November 15, 1991.
12. "Thermal-Hydraulic Statistical Core Design Methodology," DPC-NE-2005P-A, Duke Power
Company, September 1992.
13. Letter, L. A. Wiens (NRC) to M. S. Tuckman (Duke), "Safety Evaluation for Topical Report
DPC-NE-3003, Mass and Energy Release and Containment Response Methodology,"
March 15, 1995.

Duke Power Company
Oconee Nuclear Station
UFSAR Chapter 15 Transient
Analysis Methodology
DPC-NE-3005-A
Revision 2
May 2005

Nuclear Engineering Division
Nuclear Generation Department
Duke Power Company

-IL

Abstract

This report describes the Duke Power Company methodology for simulating the UFSAR Chapter
15 transients and accidents for the Oconee Nuclear Station. The report includes details of the
computer codes and models, methods for calculating safety analysis physics parameters and
setpoints, and detailed modeling assumptions for all of the non-LOCA transients and accidents.
The EPRI codes RETRAN-02, RETRAN-3D, VIPRE-O1, and ARROTTA/1.1O, and the Studsvik
of America codes CASMO-3, SIMULATE-3P, and SEIMULATE-3K are used for modeling the
transient system and core thermal-hydraulic response, and the steady-state and transient core
neutronic behavior. The dynamic reactor response is modeled using point, one-dimensional, and
three-dimensional kinetics models, depending on the modeling requirements of each transient.
This methodology will be used to reanalyze the Oconee UFSAR transients and accidents in order
to establish an up-to-date design basis, and to support advanced fuel assembly and core reload
designs.

1
|

Revision I describes methodology revisions that resulted from the NRC review of Revision 0 and
other minor changes.

|

Revision 2 describes the RETRAN-3D methodology for the analysis of the replacement oncethrough steam generators, and other minor changes and corrections.
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1.0

INTRODUCTION AND SUMMARY

1.1

Overview

I
I

This report describes the methodologies to be used by Duke Power Company to perform the
analyses of the UFSAR Chapter 15 non-LOCA transients and accidents for the Oconee Nuclear
Station. The Oconee Nuclear Station is a three-unit, 2568 MWt pressurized water reactor of the
Babcock &Wilcox (B&W) 177 fuel assembly lowered-loop design. Units 1 and 2 began
commercial operation in 1973, and Unit 3 in 1974. Duke Power received NRC approval to
perform core reload design analyses for Oconee in 1981, when the Safety Evaluation Report

I

(SER) (Reference 1-1) for the "Reload Design Methodology" topical report NFS-I001
(Reference 1-2) was issued. The safety analysis methodology approved as part of the NFS-1001

l

topical report consists of a review of the key safety analysis physics parameters for each reload to
confirm that the existing safety analyses in the UFSAR remain valid. These parameters
originated primarily from the analyses performed by B&W during the original licensing of
Oconee in the early 1970s. Most of these parameters have remained bounding during the history
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of the plant, thereby enabling the use of a review process rather than reanalysis. However, future
reload core designs will require reanalysis of the UFSAR Chapter 15 transients and accidents due
to advanced fuel assembly designs, longer fuel cycles, increased steam generator tube plugging,
and more efficient core designs. In addition, the need for detailed knowledge of the licensing
basis analyses in order to perform accurate and thorough safety reviews necessitates a reanalysis
effort to update the 1970s vintage analyses in the UFSAR.

I

In September 1987 Duke Power submitted topical report DPC-NE-3000, "Thermal-Hydraulic
Transient Analysis Methodology" (Reference 1-3) to address the requirements of NRC Generic
Letter 83-11, "Licensee Qualification for Performing Safety Analyses in Support of Licensing
Actions" (Reference 14). This report describes the transient analysis simulation models and
validation analyses for the Oconee, McGuire, and Catawba Nuclear Stations, using the Electric
Power Research Institute's (EPRI) RETRAN-02 (Reference 1-5) and VIPRE-01 (Reference 1-6)
computer codes. The McGuire/Catawba sections of DPC-NE-3000 received an SER from the
NRC in November 1991 (Reference 1-7). The Oconee sections of DPC-NE-3000 received an
SER from the NRC in August 1994 (Reference 1-8). Revision 1 to DPC-NE-3000 and its SER
are References 1-30 and 1-9. Revision 2 to DPC-NE-3000 and its SER are References 1-31 and
1-32. The application of these models for UFSAR Chapter 15 non-LOCA analyses for McGuire
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and Catawba was submitted to the NRC in References 1-10 and 1-11. NRC approvals of these
methodologies were obtained in SERs dated November 15, 1991 (References 1-12 and 1-13).
Additional related SERs are given in References 1-14 and 1-15. Submittal of DPC-NE-3005
completes the submittal of methodology reports for application to UFSAR Chapter 15 nonLOCA analyses for Oconee.
This report details the system thermal-hydraulic, core thermal-hydraulic, and nuclear analysis
models and methods for simulating the Oconee UFSAR Chapter 15 non-LOCA analyses. Since
most of these models and methods have been previously reviewed and approved by the NRC, the
focus will be on any new models and methods, along with the specific application of the methods
to the reanalysis of transients and accidents. The approach is very similar to that used by Duke
Power, and approved by the NRC, for the McGuire and Catawba UFSAR Chapter 15 analyses.
The main difference is in the set of transients and accidents comprising the Oconee UFSAR
Chapter 15, due to the vintage of the plant. The set of licensing basis transients and accidents in
the current UFSAR, which has remained the same as in the original FSAR, was used as a starting
point for selecting which events to include in this topical report and in a future revision to the
UFSAR. A review of these events has identified several which are not as limiting as similar
events that are included in more modern UFSARs, or are not applicable under the current
operating license. Duke Power has decided to replace several of the events in the current
UFSAR Chapter 15 with similar, but more limiting or more applicable events. For example, the
UFSAR Section 15.8 loss of load analysis will be replaced with a turbine trip analysis. This
change is appropriate since the loss of load event from full power at Oconee will result in a
reactor trip on high RCS pressure in a few seconds. The current UFSAR loss of load analysis
assumes that a reactor trip will not occur, which is not true. In addition, a turbine trip at time
zero bounds a loss of load which results in a reactor and turbine trip in a few seconds. With
approval of this topical report the updated set of transients and accidents will be reanalyzed
consistent with the models and assumptions detailed in this report, and the reanalyses will
replace those currently in the UFSAR.
Revision I was submitted in 1999 (Reference 1-33) in response to open issues in the NRC SER
for Revision 0 (Reference 1-34). The main elements of the revision were, 1) a 110% of design
pressure acceptance criterion for the locked rotor accident, 2) not credit operator action to trip
the reactor following a SGTR, 3) not credit automatic main feedwater isolation for steam line
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break, 4) a new VIPRE-0 I model for steam line break, 5) added the BWU-N CHF correlation for
the Mk-B I I fuel assembly below the mixing vanes, and 6) added centerline fuel melt as a fuel
damage criterion for the dropped rod analysis.

|

Revision 2 was submitted in 2002 (Reference 1-35) and includes methodology changes related to
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the replacement once-through steam generators, use of the RETRAN-3D code, minor technical
methodology revisions, error corrections, and editorial changes.

I

1.2

j

Computer Codes

Chapter 2 describes the computer codes and models used in the reanalysis of UFSAR Chapter 15
for Oconee. Each computer code is described along with the model and a summary of code and
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model validation. A brief summary of the codes and models is as follows:

RETRAN-02: The system thermal-hydraulic analysis uses the RETRAN-02/MOD5.2 code,
which is an error-corrected version of the RETRAN-02/MOD5. 1 code that has been reviewed
generically by the NRC (Reference 1-16) and approved for use provided plant-specific methods
have also been submitted for review. Two RETRAN-02 modeling applications not included in
DPC-NE-3000 are included in this topical report. One is the use of one-dimensional (1-D)
kinetics for modeling the core response during transients. This modeling approach will be used

j

for some transients for which the point kinetics model does not provide sufficient results.
RETRAN l-D kinetics has been approved by the NRC for use in BWR applications, but it is our
understanding that this may be the first submittal for PWR application. The proposed RETRAN
l-D kinetics modeling is generic and will be applied to McGuire and Catawba also.

The second application not included in DPC-NE-3000 is split reactor vessel modeling for steam
line break analysis. The steam line break modeling approach is similar to the method reviewed
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and approved by the NRC for application to McGuire and Catawba in DPC-NE-300 1. There are
some differences due to the loop configuration. This steam line break model was reviewed and
approved by the NRC (Reference 1-17) for the Oconee containment mass and energy release
analysis methodology DPC-NE-3003 (Reference 1-18). Some differences do exist due to the

I

approach necessary to conservatively model the core response as compared to the mass and

energy release.
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RETRAN-3D: RETRAN-3D (Reference 1-19) was developed by Computer Simulation &
Analysis, Inc. for EPRI to enhance and extend the simulation capabilities of the RETRAN-02
code. RETRAN-3D has many new and enhanced capabilities relative to RETRAN-02, in
particular, a 3-D kinetics core model, improved two-phase models, an improved heat transfer
correlation package, and an implicit numerical solution method. Most of the capabilities of the
RETRAN-02 code have been retained within RETRAN-3D as options, except for a limited
number of models and correlations that were not in use. The NRC SER for RETRAN-3D is
dated January 25, 2001 (Reference 1-36). The SER includes limitations and conditions on the
use of the code for licensing applications.
The following paragraph is from the Revision 0 methodology, and is retained for historical
purposes only:
RETRAN-3D: RETRAN-3D (Reference 1-19) will be submitted in the near future for
generic NRC review and approval. For several of the UFSAR Chapter 15 reanalyses
included in this report, results are also shown as predicted by RETRAN-3D. For these
RETRAN-3D analyses, the code is executed in a mode which is intended to replicate
RETRAN-02. The advanced models and equations of RETRAN-3D (e.g. the five
equation model, flowing non-condensible gas capability, three-dimensional core kinetics)
are not utilized in this report. What is utilized is RETRAN-3D's advanced solution
scheme and correlations. By demonstrating that using RETRAN-3D in this "RETRAN02 mode" gives virtually identical results, Duke Power requests NRC approval for this
limited method of application of RETRAN-3D prior to the review by NRC of RETRAN3D's advanced capabilities. Approval of this method of application of RETRAN-3D will
greatly improve engineering productivity as well as enable successful application to
problems which have proven difficult with RETRAN-02.
VIPRE-01: The core thermal-hydraulic and fuel pin analyses use VIPRE-01/MOD2, which has
been reviewed generically by the NRC (Reference 1-20) and approved for use provided plantspecific methods have also been submitted for review. The Oconee VIPRE model used for most
of the UFSAR Chapter 15 analyses was approved by the NRC in References 1-8, 1-9, and 1-32.
This report includes additional VIPRE models required for specific analyses. The application of
VIPRE-01 for Oconee Chapter 15 analyses closely follows that submitted by Duke and approved
by the NRC for application to McGuire and Catawba.
CASMO-3: Nuclear constants are generated with the Studsvik of America code CASMO-3
(Reference 1-21). This code is used in Oconee reload design (Reference 1-22), and was
approved by the NRC in Reference 1-23. CASMO-3 is also used in the McGuire and Catawba
1-4
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UFSAR Chapter 15 methodology. CASMO-3 is used for generating data used as input to the
core models listed below.

SIMUTLATE-3P: Nuclear parameters and core power distributions are generated with the
Studsvik of America code SIMULATE-3P (Reference 1-24). This code is used in Oconee reload
design (Reference 1-22), and was approved by the NRC in Reference 1-23. SIMULATE-3P is
also used in the McGuire and Catawba UFSAR Chapter 15 methodology.

ARROTTA/1. 10: The EPRI code ARROTTA (Reference 1-25) is used for transient threedimensional (3-D) modeling of the rod ejection accident. This code has been approved by the
NRC for analysis of the rod ejection accident for Duke Power's McGuire and Catawba Nuclear
Stations (Reference 1-12). The application for Oconee closely follows the methodology
developed for McGuirelCatawba.
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SIMULATE-3K: The Studsvik of America code SIMULATE-3K (Reference 1-26) is also used
for transient 3D modeling of the rod ejection accident. SIMULATE-3K provides the same
neutronics solution to steady-state 3-D calculations as SIMULATE-3P. Duke Power intends to
use SIMULATE-3K as an equivalent code for any of the steady-state applications in this report
that are stated as being analyzed with SIMULATE-3P. Additional features include the timedependent equations necessary to solve transient 3-D problems. This is the first submittal of this
version of the SIMULATE family of codes for NRC approval. It is Duke Power's intent to
transition from ARROTTA to SIMULATE-3K in order to reduce the engineering resources
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required to perform any 3-D transient analyses in the future.

1.3

Analysis Methodologv

Chapter 3 describes the methods to calculate the safety analysis physics parameters which are
generic to UFSAR Chapter 15 analyses. These inputs are calculated with the SIMULATE-3P|
code.

Chapter 4 describes the methodology for calculating the Reactor Protection System (RPS) and
the Engineered Safeguards Protective System (ESPS) setpoints used in UFSAR Chapter 15 non-
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LOCA analyses. Determining initial conditions which incorporate allowances for parameter
uncertainties is also discussed.
Chapters 5 through 16 describe the method of analysis for each UFSAR Chapter 15 non-LOCA
transient and accident. Six of the transients and accidents are described in detail including a
demonstration analysis and results. These six are the startup accident (UFSAR Section 15.2), the
loss of coolant flow transient (UFSAR Section 15.6), the locked rotor accident (UFSAR Section
15.6), the turbine trip transient (replacing the loss of load transient in UFSAR Section 15.8), the
rod ejection accident (UFSAR Section 15.12), and the steam line break accident (UFSAR
Section 15.13). The six other events are described in terms of the analysis methodology and a
results summary. These six are the rod withdrawal at power transient (UFSAR Section 15.3), the
moderator dilution accident (UFSAR Section 15.4), the cold water accident (UFSAR Section
15.5), the control rod misalignment transients (UFSAR Section 15.7), the steam generator tube
rupture accident (UFSAR Section 15.9), and the small steam line break transient. The small
steam line break transient is not currently included in the UFSAR Section 15.13 steam line break
analysis. Due to the different plant response to a small steam line break relative to a large steam
line break, a separate analysis methodology and chapter for this event is included. The small
steam line break transient was identified as being significantly different than the large steam line
break transient in Reference 1-27. Reference 1-27 was submitted to the NRC in response to an
NRC letter (Reference 1-28) requesting information on non-conservative high flux trip setpoints
for certain transients in B&W plants. The NRC SER for this issue is Reference 1-29. Detailed
analysis results for all transients and accidents will be included in the UFSAR. The purpose,
scope, and contents of this report were discussed in a meeting with the NRC staff on August 15,
1995. During this meeting the NRC staff indicated that the proposed contents were reasonable.
For each analysis methodology described in Chapters 5 through 16 the discussion includes
acceptance criteria, model nodalization, initial conditions, boundary conditions, physics
parameters, control systems, protection systems, safeguards systems, and operator response
modeling. Additional discussion on the approach taken for some of these parts of the
methodology are as follows:

-
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Acceptance Criteria
Some of the acceptance criteria in the UFSAR have been updated, such as replacing the peak
power level acceptance criterion with the industry standard criterion based on a DNBR limit.
The updated acceptance criteria are typical of those used in the industry.

Model Nodalization
The RETRAN models and some VIPRE models (Reference 1-3) have been previously approved
by the NRC (References 1-8, 1-9, 1-32). The specific application of these models for UFSAR
Chapter 15 transient and accident reanalysis has required some changes to these approved
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models, and some additional VIPRE models. All of the changes and new models are described in
this report. For example, the steam line break analysis requires a more detailed RETRAN
nodalization of the reactor vessel and a special VIPRE model.

I

Initial Conditions
The initial conditions for many transient and accident analyses include allowances for
uncertainty for parameters such as power, flow, pressure, and temperature. For analyses using
the statistical core design approach some of the key initial condition uncertainties are already
included in the statistical DNBR limit, and do not need to be included in the thermal-hydraulic

analyses.
Credit for Control Systems and Non-Safety Components and Systems
Control systems are generally assumed to respond as designed or remain in manual control
(inactive), whichever assumption is more conservative. Non-safety components and systems are
generally not credited in the analyses. The following are specific exceptions to the general
modeling philosophy on control systems, and the situations where non-safety components and
systems are credited in the analyses: 1) In the dropped rod event, the Integrated Control System
will respond by initiating a plant runback to a reduced power level. Since this plant runback
assists in the mitigation of the dropped rod event, no credit is taken for this control system design
feature. This assumption is an additional conservatism that is not required by the methodology
philosophy. 2) For a loss of all reactor coolant pumps without a loss of the Main Feedwater
System, the Integrated Control System is credited for raising steam generator levels to the natural
circulation setpoint. This design feature is implicitly credited in the loss of coolant flow event,
and involves non-safety equipment. A failure of this design function would be mitigated
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manually by operator action to start the Emergency Feedwater (EFW) System. 3) The moderator
dilution accident credits the non-safety high-flux-at-shutdown alarm and the control rod insertion
limit alarm to alert the operator that a boron dilution event is in progress. Both of these alarms
rely on non-safety equipment. The rod insertion'alarm relies on the plant computer. 4) Many of
the transient and accident analyses involve control rod movement. These analyses credit the
normal withdrawal sequence, overlap, and rod speed, which are controlled by non-safety control
systems. 5) For certain failures in the safety-grade EFW System, credit is taken for realigning
EFW flow through the non-safety MFW Systerm. This design aspect has been reviewed and
approved by the NRC. 6) Steaming of the steam generators with manual non-safety atmospheric
dump valves is credited. 7) The turbine trip circuitry is not completely safety-grade. 8) The
capability to remotely throttle certain valves is credited. Some of the controls required to
remotely throttle these valves are not safety-grade. 9) Electrical bus voltage and frequency
control are credited. These are controlled by non-safety components. 10) The steam generator
secondary drains are credited in the SGTR analysis to control level in the ruptured steam
generator to prevent overfill. These drains are not safety-grade. 11) Control of the Main
Feedwater System by the Integrated Control System is assumed to be in either the automatic or
the manual mode of control initially, whichever is more conservative. The Integrated Control
System transfers from manual to automatic control on reactor trip. Post-trip control is therefore
in the automatic mode of control regardless of whether the event starts with the Main Feedwater
System in manual or automatic control.
Main Feedwater Isolation
The large and small steam line break analyses do not credit automatic isolation of main
feedwater or emergency feedwater by the Automatic Feedwater Isolation System (AFIS).
Replacement Integrated Control System
The analyses presented in this report model the original analog Integrated Control System that
has been replaced with a digital system. None of the analyses are adversely affected by this
control system upgrade. Some of the UFSAR transient and accident analyses will be revised to
incorporate the upgraded digital Integrated Ccdntrol System. The modeling philosophy regarding
control systems will remain the same in future reanalysis.

1-8
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Single Failure and Loss of Offsite Power Assumptions
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A limiting active single failure in the Reactor Protective System or in the Engineered Safeguards
is assumed. A single failure in the Emergency Feedwater System is also considered. A failure of
the manual atmospheric dump valves is not considered. Offsite power is assumed to be lost at
time zero for those UFSAR Chapter 15 events which already include that assumption, which are
limited to the steam line break accident.

For those transients and accidents for which detailed results are included, the results of each

I

computer code used, the sequence of events, the plant response, and figures of key parameter
trends are presented. The results are then compared to the applicable acceptance criteria. The
process for evaluating each event for each reload core design is then stated. In general, the
UFSAR analyses will remain valid as long as the key safety analysis parameters remain valid.
Otherwise a reanalysis using revised and bounding parameters will be performed or the core will
be redesigned.

1.4

Interface with Duke Oconee Reload Design Methodology Topical Report

This report is referenced by NFS-100IA. "Duke Power Company Oconee Nuclear Station Reload
Design Methodology" (Reference 1-2). Chapters I and 8 of NFS-1001A describe how the
UFSAR Chapter 15 non-LOCA transient and accident analysis methodology of DPC-NE-3005
are integrated into the reload design process.

1.5

Appendix A

Appendix A was added in Revision 2 to address the RETRAN-3D SER conditions and
limitations as relates to the modeling for Oconee.

1.6

I

Summary

The methodology presented in this report describes a conservative approach to performing the
UFSAR Chapter 15 analyses for Oconee with modem thermal-hydraulic and nuclear analysis
codes. These methods will be used to revise the existing UFSAR analyses which date to the
early 1970s. The transient and accident analysis results presented are typical of those that will be
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used to update the UFSAR. Once implemented in the UFSAR, the revised analyses will enable a
complete understanding of what the licensing basis analyses assume in terms of plant systems
and component responses. This process will enhance the capability of Duke Power to review and
assess plant operations and design in order to ensure compliance with regulations, to ensure
consistency with Technical Specifications, and to ensure safe operation.
1.7
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2.0

SIMULATION CODES AND MODELS

2.1

RETRAN-02/MOD5.2DKE

2.1.1

Code Description

I

The RETRAN-02/MOD5.2DKE code is a modified version of the NRC-approved RETRAN02/MOD005.1 code (References 2-1 and 2-2). The EPRI released MOD5.2 version contains user
features and error corrections to the NRC-approved MOD 5.1 version, but no new models. The
MOD5.2 version used in this topical report differs from the EPRI-released version in that three
additional changes to the MOD5.2 version have been made to obtain the MOD5.2DKE version.
These three changes are as follows:

*

a

Parameter LPOOL was changed from 200,000 to 400,000 to allow larger problems
to run. This modification was necessary only to allow a large RETRAN input deck
to execute.

*

A custom code modification was added to allow access to the condensation heat
transfer correlations with the forced convection heat transfer map. This was
necessary since the forced convection heat transfer map is used, and condensation
heat transfer will occur during some applications.

*

An error in the calculation of the liquid region work term in the pressurizer model

was corrected.
The first change is a problem execution change only. The second change was described in the
Reference 2-3 methodology that has been approved by the NRC. The third change is an error
correction. None of these changes require NRC review.

2.1.2

j

Simulation Model

The Oconee RETRAN Model is documented in Reference 2-3. The nodalization diagram
(Figure 2-1) is generally applicable for non-LOCA transient simulation. For certain transients,

2
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transient-specific modeling revisions andlor additions must be included. Details defining these
modifications are included in each section of this report for each transient. Other than these
modifications, the RETRAN model used for this report is the same as that reviewed by the NRC
per Reference 2-3.
2.1.3

Validation of Code and Model

Validation of the RETRAN code and the Oconee RETRAN Model for transient analysis was
reviewed and approved by the NRC per References 2-3 and 2-4. These validation efforts
employed a range of plant transient data and demonstrated the capability of the methodology.
Specific validations of certain transients (such as steam line break and locked rotor) in a B&W
NSSS have not been performed due to an absence of applicable data. There have been no
representative events in B&W plants, and very limited scaled test facility data. Consequently, no
validation results are presented to support these particular transients. The validity and
conservatism of the analyses for these transients are ensured by careful selection of initial and
boundary conditions. These modeling details have been applied such that each acceptance
criterion for each transient is evaluated in a conservative manner. Further discussion is provided
in the relevant sections.
2.1.4

One-Dimensional Kinetics

This section describes the RETRAN-02 one-dimensional (1-D) kinetics model and the
methodology used to generate the one-dimensional nuclear cross-sections and kinetics
parameters required for input to the 1-D kinetics model. The 1-D kinetics model is based on the
RETRAN-02 multiple control state model and can be used to perform core-wide transient
simulations. The general approach taken is relatively similar to previous methodologies which
employ the RETRAN-02 1-D kinetics model and that the NRC has found acceptable. This
methodology uses the three-dimensional nodal physics code, SIMULATE-3K, to generate the 1D nuclear parameters (nuclear cross-sections and kinetics parameters) and a linking utility
program (XGEN) to functionalize the nuclear parameters against the RETRAN thermal-hydraulic
feedback variables (moderator density and fuel temperature).
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2.1.4.1 Overview Of Reactor Kinetics

In reactor kinetics analysis it is important to be able to predict the time behavior of the core
neutron power level for a given change in neutron multiplication. The neutron multiplication
change could be due to changes in moderator density, fuel temperature, control rods, boron
concentration or any other mechanism caused by a system operational transient. In general
terms, reactor kinetics is concerned with the space-time behavior of the neutron population in the
reactor core.

The reactor kinetics equations are derived from the time-dependent multi-group formulations of
the neutron diffusion equations. The neutron source term includes both the prompt and delayed
neutron source terms. In RETRAN, the most basic multi-group formulation of the neutron
diffusion equations have been adopted, consisting of two energy groups that partition the neutron
energy spectrum into the fast and thermal energy groups. Both the point and the 1-D kinetics
models are derived from the same initial equations.

The point kinetics model equations are derived from the neutron diffusion equation by assuming
that the spatial (axial and radial) dependence of the neutron flux does not change with time. This
model can adequately predict the time behavior of the reactor core in transients where the core
spatial neutron flux remains relatively constant. This model is relatively simple and easy to
implement. The reactor kinetics response can be described with a few pre-computed
coefficients, a set of kinetics parameters and a scram curve.

The 1-D kinetics equations are derived from the neutron diffusion equation by assuming that the
radial dependence of the neutron flux does not change (or magnitude of change is relatively
small) with time. RETRAN uses the space-time factorization methods to solve the quasi-linear
partial differential diffusion theory equations associated with the l-D kinetics model. The spacetime factorization methods are based on the assumptions that the time- and space-dependence of
the neutron flux can be separated into a time-dependent amplitude function and a more slowly
varying or quasi-static shape function. The l-D kinetics model permits improved simulation of
the axial component of the spatial reactivity response during transients. Details of the 1-D
kinetics model theory, equations and computational methodology can be found in Reference 2-1.
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2.1.4.2 The l-D Kinetics Model
In the 1-D kinetics model the reactor core (active fuel region) is axially divided into a finite
number of neutronic regions. Also modeled are the top and bottom axial reflector regions. The
model treats each region as a homogeneous mixture containing a set of spatially homogenized
fast and thermal energy group nuclear parameters (cross-sections and kinetics parameters).
These nuclear parameters, in addition to others, have dependence on moderator density, fuel
temperature and control conditions (presence/absence of control rods). During the course of a
transient, when changes in moderator density, fuel temperature and control rod positions are
considered, each region passes through virtually an infinite number of neutronic states. The
nuclear parameters therefore need to be functionalized against these variables.
Changes in the nuclear parameters due to changes in the thermal-hydraulic conditions are
modeled by functionalizing the parameters against the moderator density and fuel temperature
using the thermal feedback model. Changes in the nuclear parameters due to control rod effects
(presence/absence of control rods) are modeled by generating another set of nuclear parameters
calculated at the identical thermal-hydraulic conditions, except with a different control rod
configuration (control state) using the multiple control state control rod model. The changes due
to control rod effects are separated from the other effects because the control rod motion
represents an explicit, externally driven reactivity change.
Thermal Feedback Model
Coupling between the RETRAN thermal-hydraulic model and the 1-D kinetics model is through
the moderator density and the fuel temperature. These thermal-hydraulic states determine the
feedback to the neutronic calculations which in turn controls the core power and hence the heat
load. As in most kinetics models the feedback is determined by any deviation from the initial
thermal-hydraulic state (the initial conditions in the physics code are representative of the initial
RETRAN conditions). The standard industry practice is to use the fractional change in
moderator density and the change in square root of the fuel temperature to functionalize the
nuclear parameters. The nuclear parameters are assumed to be represented by a general
polynomial expression of the form:
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= change in fuel temperature => J i;

NI

= order of expansion of feedback quantity XI

N2

= order of expansion of feedback quantity X2

-JHii;

C(ij) = user supplied coefficient of fit (generated by XGEN)

In the above form of the polynomial equation (where the independent variables XI and X2
represent changes from the initial state condition) the expansion of the change in variables
guarantees that the I-D nuclear parameters of SIMULATE-3K and RETRAN are equal at time
zero. The linking program XGEN performs the functionalization per the above equation. XGEN
determines the order of the fit (N's) and the coefficients of the fit (C's) for each of the nuclear
parameters in each neutronic region, energy group and control state. These nuclear parameter
data are supplied to RETRAN in the appropriate format via an external data file (i.e. TAPE40).
RETRAN provides the independent variables (X's) and computes the nuclear parameter at every
time step.

Control Rod Model
An integral part of the nuclear parameters representation in the l-D kinetics model is the method
of modeling the control rods. To allow for a dynamic control rod representation for purposes
such as a reactor scram, the nuclear parameters must vary over a wide range. This variation is
accomplished by specifying both uncontrolled and controlled neutronic states for each of the
nuclear parameters. An uncontrolled state is defined as a set of nuclear parameters that represent
the absence of control rods, whereas, a controlled state is defined as a set of nuclear parameters
that represent the presence of control rods. A controlled state may range from partial control
with only some control rods present in the region to maximum control with all the control rods
present in the region. When control rods are inserted into a region, the number of possible
controlled states is large. To simplify the amount of data manipulation and computer time, the
partial insertion of control rods into a region is assumed to be a linear combination of the given
control states.

2-5

The 1-D kinetics model is based on the RETRAN multiple control state model. In this model the
control rod model uses multiple sets of nuclear parameters - one for each control state. The
effects of change in control rod position are represented via a different set of polynomials.
Along with the nuclear parameter data generated by XGEN, the control rod fraction (onedimensional representation of the axial control rod distribution used to generate the nuclear
parameters) for each of the neutronic regions is also included in TAPE40. For a situation where
all the control rods are positioned out of the core only the all-rods-out (ARO) and the all-rods-in
(ARI) neutronic states are required, for which the control fractions are 0.0 and 1.0, respectively
for all the neutronic regions.
2.1.4.2.1 Methodology for Generation of the 1-D Nuclear Parameters
SIMULATE-3K is used to generate the spatially homogenized nuclear parameters suitable for the
RETRAN l-D kinetics model. The theory and equations solved by SIMULATE-3K are provided
in Reference 2-5. SIMULATE-3K is an advanced 3-D nodal physics code with transient analysis
capabilities. The transient analysis capabilities of SIMULATE-3K have been implemented
within the existing framework of the steady state advanced 3-D nodal physics code, SIMULATE3P (Reference 2-6). SIMULATE-3K provides the same steady state solution as SIMULATE-3P.
The reason for selecting SIMULATE-3K is because of its capability to modify the nuclear
parameters thereby affecting reactivity which is a useful application in licensing basis analyses
where bounding reactivity feedback is modeled. The 1-D cross-sections and the diffusion
coefficients produced by SIMUILATE-3K preserve all the planar reaction rates, the planar
interface currents and the core eigenvalue such that, as long as the solutions are converged, the
results of the RETRAN 1-D kinetics model would approximate the global results (reactor power
level, axial flux shape, etc.) of the SIMULATE-3K model.
SIMULATE-3K provides a convenient way to evaluate the global neutronic response to core
perturbations. Perturbation calculations are made from the initial state that is representative of
the conditions that could be encountered in the transient being analyzed. Perturbation
calculations can be easily performed by separately perturbing either the moderator density or the
fuel average temperature, with the other variables such as exposure, fission product inventory,
etc. held constant. This is important in the functionalization process of the homogenized l-D
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cross section data and kinetics parameters against the RETRAN thernal-hydraulic feedback
variables. This functionalization will be performed by the utility program XGEN. The effect of
control rods is incorporated into the l-D kinetics model via a different set of cross-sections and
nuclear parameters.

Overview of Methodoloey
The following steps are performed to generate the l-D nuclear parameters required for the I-D
kinetics model:

I) SIMULATE-3K is used to characterize the core neutronics response and to calculate

II

the nuclear parameters. Multiple SIMULATE-3K cases are executed. The first case
is the base case representing the initial state conditions of the transient being
analyzed. The subsequent SIMULATE-3K cases are the perturbations (perturbations
in moderator density and fuel temperature - the RETRAN thermal-hydraulic
feedback variables) cases.

2) If the transient involves a change in the control rod position (such as reactor trip)
then another set of SIMULATE-3K cases needs to be executed at the new control
rod configuration. The base case and the perturbation cases are executed at the
identical thermal-hydraulic conditions as the previous set of cases in (i).

3) The nuclear parameters generated by each of the SIMULATE-3K cases (the base
case and each perturbation case) are written to a "kinetics file" (one file is generated
for each control state). This file is accessed by the linking utility program, XGEN,
which performs the functionalization of the nuclear parameters.

4) The RETRAN "TAPE40" cross section data file is then created per instructions in
the RETRAN user manual (Reference 2-1).

Adiustments Applied To Nuclear Parameters
The methodology adopted for performing licensing basis analyses using the 1-D kinetics model is
to utilize the nuclear parameters (cross-sections and kinetics parameters) that would yield the
same conservative physics parameters (moderator temperature coefficient, Doppler temperature
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coefficient, control rod worth, Deff, etc.) used in the licensing basis analyses using the point
kinetics model. SIMULATE-3K has a convenient way of modifying the nuclear parameters. The
nuclear parameters are iteratively modified until the desired physics parameters are achieved.
The resultant nuclear parameter modification factors are then used to generate the nuclear
parameters for the RETRAN l-D kinetics model.
2.1.4.2.2 XGEN Utility Program
The XGEN utility program performs the functionalization of the one-dimensional homogenized
cross sections and kinetics parameters and creates the "TAPE40" data file required to execute
RETRAN using the l-D kinetics model. XGEN processes one control state (SIMULATE-3K
kinetics file) at a time. For each control state the code performs the following major functions:
1) For each case within the SIMULATE-3K kinetics file, the code reads the onedimensional homogenized values of each of the nuclear parameters and the
associated thermal-hydraulics data (moderator density and fuel temperature) for each
energy group in each neutronic region, including the axial reflectors.
2) It is an industry practice to use the normalized fractional change in moderator density
and change in square root of the fuel temperature as independent parameters to
functionalize the nuclear parameters. Therefore, this program calculates the
normalized fractional change in moderator density and the change in square root of
the fuel temperature from the base case.
3) For each of the nuclear parameters in each energy group and each neutronic region,
the code sets the order of "polynomial fit", determines the polynomial coefficients
using the least-square fitting technique by fitting each nuclear parameter against the
normalized fractional change in moderator density and change in square root of the
fuel temperature.
4) The code will also echo to the output file details of the "polynomial fit", such as the
actual independent values (the thermal feedback variables), the actual dependent
values (nuclear parameters), the dependent values as calculated by the polynomial
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equation, the absolute error and the relative percent error. A message will be echoed
when any relative percent error is greater than ±0.1%.

Ii

II

2.1.4.3 Methodology Verification

The objective of this methodology is to generate the one-dimensional nuclear data such that for
any perturbation the RETRAN l-D kinetics model (I-D representation of the core) would predict
a similar core response as the global response predicted by the SIMULATE-3P or SIMULATE3K core models (3-D representation of the core). To assess the degree to which this objective is
met a [

.1

I1
I
II
I
I

2.2

RETRAN-3D/MOD3. IDKE

2.2.1

Code Description

RETRAN-3D (Reference 2-7) was developed by Computer Simulation & Analysis, Inc. for EPRI

1

to enhance and extend the simulation capabilities of the RETRAN-02 code. RETRAN-3D has
many new and enhanced capabilities relative to RETRAN-02, in particular, a 3-D kinetics core
model, improved two-phase models, an improved heat transfer correlation package, and an
implicit numerical solution method. Most of the capabilities of the RETRAN-02 code have been
retained within RETRAN-3D as options, except for a limited number of models and correlations
that were not in use. The only new RETRAN-3D model used in the Revision 2 methodology is
]

in the
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] All of the details of the transition to using RETRAN-3D instead of RETRAN-02 for
Oconee modeling are presented in DPC-NE-3000-P, Revision 3 (Reference 2-3). The NRC SER
for RETRAN-3D is dated January 25, 2001 (Reference 2-23). The SER includes limitations and
conditions on the use of the code for licensing applications. Reference 2-3 describes the Duke
code modifications to the EPRI-released version. Appendix A of this report addresses
compliance with the SER limitations and conditions.
2.2.2

Simulation Model

The Oconee RETRAN model is described in Reference 2-3.
2.2.3

Validation of Code and Model

Validation of the code and model is described in References 2-3 and 2-7.
2.3

VIPRE-01/MOD2

2.3.1

Code Description

The VIPRE-01 code (Reference 2-8) is used for the reactor core thermal-hydraulic analyses.
VIPRE-01 is a subchannel thermnal-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 2-9). With the
subchannel analysis approach, the nuclear fuel element is divided into a number of quasi onedimensional channels that communicate laterally by diversion crossbow and turbulent mixing.
Given the geometry of the reactor core and coolant channel, and the boundary conditions or
forcing functions, VIPRE-01 calculates the core flow distribution, coolant conditions, fuel rod
temperatures (if the conduction model is utilized) 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, or a
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transient core neutronics simulation code such as ARROTTA. Included is the capability to

j

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.

The version of the VIPRE-01 code currently used in the analyses is a Duke version of VIPREOl/MOD2. The Duke version of the code includes additional features and editorial changes so
that the constitutive equations, correlations, and solution schemes of the VIPRE-01/MOD2 code
have been preserved. These additional features and editorial changes are described below:

*

j

Add the following critical heat flux (CHF) correlations:
1. BWC CHF correlation
2. BWCMV CHF correlation
3. BWU-Z and BWU-N CHF correlations

*

Add the ability to print the friction, form loss elevation, acceleration and cross flow

U

pressure drops for specified channels
*

Add the option to allow the user to use either a linear interpolation or spline fit for
the input nodal axial power profile

*

Add the option to generate a summary file of the minimum DNBR value

*

Add the option to allow the user to input the power hot channel factor (Fq) and the
local heat flux hot channel factor (Fq") to a subchannel in order to conservatively
calculate the DNBR in that subchannel

*

Enhance the logic used when VIPRE-01 is utilized to iterate on a parameter, such as
radial power, to converge to a MDNBR limit

2.3.2

Simulation Models

The NRC has approved the VIPRE-01 models described in DPC-NE-3000 (Reference 2-3) for
Oconee core thermal-hydraulic analyses. The simplified [

] channel model described in Section

2.3.2.1 of the same reference will be utilized for the transients requiring a DNBR evaluation.
The [

II

] channel model (Figure 24) is constructed such that [
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] The justification for using this simplified 1 ] channel model is given in DPC-NE-3000.
The thermal-hydraulic modeling techniques and correlations utilized are also consistent with
DPC-NE-3000. The [
] is used as a boundary condition.
In addition to the [ I channel model described above, a [ ] channel model (Figure 2-5) is
constructed for the VIPRE-01 analysis. This [ ] channel model simulates the thermal-hydraulic
conditions in [

in the reactor core, and will be utilized for the

-

I calculation. In the [ ] channel

transients requiring a [
model, the [
]

channel model. A similar model has also been

approved and utilized for the McGuire and Catawba [

] analysis as

described in Section 4.2.2.3 of Reference 2-10.
A[

] channel model that simulates a [

] is also constructed

for two specific VIPRE-Ol analyses. This [ ejection [

channel model will be utilized for the rod

] calculation and for some transient DNBR calculations as

described in Chapter 14 of this report. The special SLB VIPRE model is described in Section
15.2.2.
2.3.3

Validation of Code and Model

In DPC-NE-3000, the validation of the VIPRE-01 code is performed by comparing the steadystate and transient results with COBRA-IIC/MIT (Reference 2-11). The basic structure and
computational philosophy of the VIPRE-0l code are derived from COBRA-MC (Reference 212). Therefore, it is appropriate to compare the steady-state as well as transient results calculated
by these two codes. An identical COBRA [ ] channel model was constructed for the
comparison purpose. Sections 2.3.5.4 and 2.3.5.5 of DPC-NE-3000 show that VIPRE-0l and
COBRA-EC/MIT [ ] channel models generate essentially identical MDNBR and thermalhydraulic property results for different steady-state operating conditions and during transients.
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The simplified I

I channel model is also validated in DPC-NE-3000 by performing sensitivity

studies (Reference 2-13). These sensitivity studies include the radial noding sensitivity, axial
noding sensitivity, and void correlation sensitivity for both steady-state and transient
calculations. Results of the sensitivity studies show that the I

j

I channel model generates

conservative minimum DNBR and local thermal-hydraulic conditions for both steady-state and

J

transient analyses.

2.4

CASMO-3

CASMO-3 is a multigroup, 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 40 energy group cross section library based on ENDF/B-IV with some data taken from
ENDF/B-V. Two energy group edits of cross sections, assembly discontinuity factors, fission
product data, and pin power data are produced for input to ARROTTA, SIMULATE-3P, and
SIMULATE-3K core models. Reference 2-14 provides a detailed description of the theory and
equations solved by CASMO-3. The use of CASMO-3 in this report is consistent with the
previously approved methodologies of References 2-10 and 2-15.

]
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SIMULATE-3P

SIMULATE-3P 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-3 are used on a course 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 course mesh solution is then
utilized along with the pinwise assembly lattice data from CASMO-3 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 2-6 provides a detailed description of the theory and equations solved by SIMULATE-
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3P. The use of SIMULATE-3P in this report is consistent with the previously approved
methodologies of References 2-10 and 2-15.
2.6

ARROTTA/I1.10

ARROTTA is a three-dimensional, two energy group diffusion theory core simulator applicable
for both static and transient kinetics simulations. Homogenized cross sections, discontinuity
factors, and 6 groups of delayed neutron precursor data are generated with CASMO-3 and used
on a course mesh nodal basis to solve the two energy group diffusion equations using the
QPANDA neutronics model. The thermal-hydraulic model is comprised of both fluid dynamics
and heat transfer models. Reference 2-16 provides a detailed description of the theory and
equations solved by ARROTTA. The use of ARROTTA in this report is consistent with the
previously approved methodology documented in Reference 2-10.
2.7

SIMULATE-3K

2.7.1

Code Description

The SIMULATE-3K code is a three-dimensional transient neutronic version of the SIMULATE3P code (Reference 2-5). SIMULATE-3K uses the QPANDA full two-group nodal spatial model
developed in SIMULATE-3P, 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. A calculation of the adjoint flux solution is performed 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 neutronics are changing slowly and smaller time steps
when the neutronics are 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
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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.

The SIMULATE-3K thermal-hydraulic model may include a spatial heat conduction and a
hydraulic channel model. The heat conduction model solves the conduction equation on a multi-

j

region mesh in cylindrical coordinates. Temperature-dependent values may be employed for the
heat capacity, thermal conductivity, and gap conductances. A single characteristic pin

]

conduction calculation is performed per fuel assembly, with an optional calculation of the peak
pin behavior available to monitor local maxima. A single characteristic hydraulic channel
calculation is performed per fuel assembly. The model allows for direct moderator heating at the
option of the user. This thermal-hydraulic model is used to determine fuel and moderator

i

j

temperatures for updating the cross-section model, and may additionally be used to provide edits

j

of fuel temperature throughout the transient.

The SIMULATE-3K program utilizes the same cross-section library and reads the same restart
file (exposure and bumup-related information) as SIMULATE-3P. Executed in the static mode,
SIMULATE-3K performs the same solution techniques, pin power reconstruction, and crosssection development as SIMULATE-3P. Additional features of SIMULATE-3K include the
application of conservatisms through simple user input. Also, the inlet thermal-hydraulic
conditions can be provided on a time dependent basis through user input.

i

2.7.2 Code Validation
Several benchmarks were performed by the code vendor (Studsvik of America, Inc.) during
development of SIMULATE-3K. These benchmarks and results are described in the
SIMULATE-3K manual (Reference 2-5). The fuel conduction and thermal-hydraulics model
have been benchmarked against the TRAC code (Reference 2-17). The transient neutronics
model has been benchmarked, using standard LWR problems, to reference solutions generated by
QUANDRY (Reference 2-18), SPANDEX (Reference 2-19), NEM (Reference 2-20), and
CUBBOX (Reference 2-21). 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 2-22). Steady-state
components of the SIMULATE-3K model are implemented consistent with the CASMO-3/
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SIMULATE-3P methodology and performance benchmarks which were approved for use on all
Duke Power reactors in November 1992 (Reference 2-15).
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Table 2-1
Two Group Nuclear Parameters

Nuclear Paramett er

Symbol

J3

Total delayed netitron fraction

I

Group I absorptii on cross-section
Group I radial buickling factor

B2

Group I diffusioi n coefficient

DI

Group I down-sc atter cross-section

Y,

Kappa * group I fission cross-section

KEr I

Nu * group I fiss ion cross-section

vZf]

Group I neutron' velocity

V,

Group 2 absorpti(on cross-section

a.22

Group 2 radial buickling factor

B22

Group 2 diffusior coefficient

D2

Kappa * group 2 fission cross-section

1CKf.2

Nu * group 2 fissiion cross-section

VEf.2

Group 2 neutron 1velocity

V2

j
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Figure 2-1
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Figure 2-2
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Figure 2-3
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Figure 2-4
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Figure 2-5
VIPRE-O1(

]Channel Model

channel index

0D

,

rod index
2-24

D

I
3.0

SAFETY ANALYSIS PHYSICS PARAMETERS

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

j
|

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

i

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

j

j

]
j

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 3-1 summarizes the key parameters identified in this chapter.

Core physics parameters are calculated as part of the safety analysis for each reload core using
NRC-approved methodology to systematically confirm that the physics parameters for a reload
core are bounded. Three-dimensional core models such as SIMULATE-3P (Reference 3-1) are
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
assure best estimate calculations. Determination of whether a nuclear-related physics parameter
is within the bounding value assumed in the reference safety analysis 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
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most physics parameters as a function of reactor power, moderator temperature, bumup, and
soluble boron concentration. The parameters are described in the following sections.
3.1

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 following are descriptions
of the generic parameters.
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 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 (% withdrawn) and normalized reactivity worth.
Initial Core Power Distribution
Technical Specifications implicitly require that the core power distribution remains within
prescribed limits during power operation, based on explicit operating limits on measurable
parameters. The actual operating limits are based on power level, flux imbalance, control rod
position , and core power tilt. The 3-D core power distribution is limited by analytical
methodologies which relate the measurable parameters to simulated power distributions. These
power peaking limits are typically expressed as limits on total peak (FQ) and radial peak (Fil).
FQ limits are typically a function of elevation in the core and might also vary as a function of
burnup and power level. The transient and accident analyses assume that any core power
distribution permitted within normal operating limits is a valid initial condition. 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.
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Power Distribution At Limiting Transient Statepoint
Many of the transients for which the initial core power distribution is a key parameter must also
be evaluated for the power distribution at the limiting transient statepoint. The limiting transient

]

j

statepoint is usually the time of the transient at which the DNBR reaches its minimum value.
This evaluation is necessary when the core power distribution changes from the initial power
distribution due to the effects of the transient on the core conditions. These effects can include
both changes in moderation resulting from the thermal-hydraulic transient, and changes due to

]

j

control rod movements.

Effective Delayed Neutron Fractions and Decay Constants
The dynamic behavior of the reactor core is determined to a large degree by the presence of

J

delayed neutrons. The delayed neutron parameters are mainly important during rapid reactivity
excursion transients. 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 calculated at BOC and EOC conditions. The values of the fractions and decay
constants for each delayed neutron precursor group are not key parameters, and typical values are
sufficient.

Prompt Neutron Lifetime
The prompt neutron lifetime is mainly important during rapid reactivity excursion transients.

J

This parameter is not a key parameter, and so typical beginning and end-of-cycle values are used
consistent with the limiting core condition for the transient.

|
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Control Rod Worths

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 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 rods out (ARO) position during full power operation and are
normally only used to compensate for rapid reactivity changes.
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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:
* 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
*

Stuck rod worth

Shutdown MarIin
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, and rod worth uncertainty.
Control Rod Insertion Limits
Control rod insertion limits serve several functions and are dependent upon the acceptable results
of the 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. 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. Rod insertion limits also impact the ejected rod worth and the
amount of worth available for withdrawal for accidents sensitive to this parameter.
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Maximum Differential Rod Withdrawal from Power

J

The maximum differential rod worth at power is calculated for each reload core at BOC and
EOC. This calculation is performed to assure that inputs to the uncontrolled bank withdrawal at

j

power accident are bounded. The maximum differential rod worth of any two control banks is
calculated assuming normal overlap, while adhering to the power dependent rod insertion limits.

Maximum Differential Rod Withdrawal from Subcritical

j

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 startup accident are bounded.

j

The calculation of this parameter assumes that control banks move in 25% overlap with the
reactor at HZP.

a

Dropped Rod Worth

]

The maximum allowed dropped rod worth is calculated at both BOC and EOC. 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 dropped from the HFP ARO condition.

Eiected Rod Worth
Ejected rod worths are calculated at BOC and EOC for both HZP and HFP conditions. Initial
conditions for the ejected rod worth calculation are established by assuming that the control rods
are at their rod insertion limit. The rod worth calculation is performed by ejecting the control rod

J
j

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.

j
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Reactivity Coefficients and Kinetics Parameters

The dynamic behavior of a reactor core during load following 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
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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.
The statepoints at which reactivity coefficients are evaluated are chosen to ensure that the
assumptions made in the specific accident analysis remain bounded. For example, the moderator
dilution accident at power is sensitive to the least negative moderator coefficient and the steam
line break accident is sensitive to the most negative isothermal temperature coefficient. The
calculation of the moderator temperature coefficient, the Doppler temperature coefficient, 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 MTC to ensure that conservative results are obtained.
*

Soluble boron

*

Cycle exposure

*

Control rods

*

Moderator temperature

The MTC is calculated by inducing a change in moderator temperature (and therefore, density)
and dividing the resulting reactivity change by the change in moderator temperature.
Doppler Temperature Coefficient
The Doppler temperature coefficient is defined as the change in core reactivity resulting from a
change in fuel temperature. The least and most negative Doppler temperature coefficients are
calculated for each reload core considering the core burnup and power level. The Doppler
temperature coefficient is calculated by performing a set of two cases which vary the fuel
temperature. The reactivity difference between the two fuel temperatures divided by the change
in fuel temperature is the definition of the Doppler temperature coefficient. Doppler temperature
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coefficients are often quoted at various power levels by equating changes in reactor power to

|

changes in mean fuel temperature.

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.

|

3.4

3

Reload Cycle Specific Evaluation

The important physics parameters in Table 3-1 will be 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 re-evaluated to ensure acceptable accident
consequences or the core would be redesigned to obtain acceptable results.
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Table 3-1
Summary of Safetv Analysis Physics Parameters
Report Section
3.0

Transient or Accident
Generic

FSAR Section
N/A

Key Parameters

Conservative Direction

*

Reactivity insertion following
reactor trip

*
*

Initial core power distribution
Power distribution at limiting
transient statepoint
Effective delayed neutron
fraction and decay constants

- Minimum worth less stuck rod not to
exceed the 1%Ak/k shutdown margin
- Slowest insertion
- Maximum power peaking per Tech Specs
- Maximum power peaking

*

5.0

Startup Accident
R
t

15.2

6.0

Rod Withdrawal at Power

15.3

00

*
*
*

MTC
DTC
Reactivity insertion rate

- Most positive
- Least negative - Maximum

0

MTC
DTC
Reactivity insertion rate

- Most positive/least negative
- Least negative
- Minimum and Maximum

Critical boron concentration
Initial boron concentration

- Highest
- Closest to critical concentration

0

7.0

Moderator Dilution Accident

15.4

- Minimum for rapid reactivity transient
- Maximum for all other transients
- Nominal precursor group fractions and
decay constants

0
0

8.0

Cold Water Accident

15.5

0

MTC
DTC

- Most negative
- Least negative

9.0

Loss of Coolant Flow

15.6

0

MTC
DTC

- Most positive
- Least negative

0

I ---

Table 3-1 (continued)
Report Section

Transient or Accident

10.0

FSAR Section

Locked Rotor

Key Parameters

15.6
0

11.0

Control Rod Misalignment

15.7

*
*
*

12.0

Turbine Trip

15.8

0

13.0

Steam Generator Tube

15.9

*

Conservative Direction
- Most positive/least negative
- Least negative

MTC
DTC
MTC
DTC
Maximum available Group 7 rod
worth curve for withdrawal

- Bounding vs. burnup
- Bounding vs. burnup

MTC
DTC

- Most positive
- Least negative

Boron worth

- Minimum

MTC
DTC
Ejected rod worth

- Most positive/least negative
- Least negative

MTC
DTC
ECCS boron concentration
Boron worth

- Most negative
- Most negative
- Minimum
- Minimum

MTC
DTC

- Least negative
- Least negative

- Maximum

Rupture

Rod Ejection

14.0

15.12

0
0
0

15.0

Steam Line Break (offsite
power available)

15.13

0
0
0

Steam Line Break (offsite
power not available)

_

15.13

a
0

-

- Maximum

-
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Table 3-1 (continued)
Report Section
16.0

Transient or Accident
Small Steam Line Break

FSAR Section
15.17

Key Parameters
*

MTC

* DTC

0

Conservative Direction
- Bound BOC to EOC
- Least negative

A-

I'
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4.0

SAFETY ANALYSIS SETPOINT METHODOLOGY

|

4.1

Overview

|

Oconee UFSAR Chapter 15 analyses introduce conservatism by assuming a bounding
conservative value for various key initial conditions. These key initial conditions are chosen to
bound the expected operating range for that particular parameter. Once the bounding initial

|

condition value is determined, an uncertainty is conservatively applied to give an uncertaintyadjusted initial condition. This leads to differentiating between a true, or actual, value of an

j

initial condition (uncertainty-adjusted) and the indicated value (non-uncertainty-adjusted). The
indicated value is important since it determines when a particular safety or control feature is
actuated. The actual value is important since it determines, or is input to a calculation that
determines, the success of the transient. As a transient progresses, a particular indicated
parameter, or parameters, will approach an actuation setpoint, either a Reactor Protective System
(RPS), Engineered Safeguards Protective System (ESPS), or some auxiliary control function.
These actuation setpoints are also uncertainty-adjusted such that an earlier or later actuation is
achieved, depending on the conservative timing of the actuating function.

By differentiating between an initial condition uncertainty and a setpoint uncertainty, both DNB
and non-DNB analyses can be simulated with the same methodology. DNB analyses are
typically performed using the statistical core design (SCD) methodology (Reference 4-1). This
methodology was approved by the NRC in Reference 4-2. The SCD methodology includes
uncertainties on the following initial conditions: core average power, core inlet temperature, core
exit pressure, and core inlet flow. Therefore, when performing an SCD analysis, initial condition
uncertainties are not included in those parameters as they are already included in the SCD DNBR
limit. When non-DNB analyses are being performed, the uncertainties are included. For either
type of analysis (DNB or non-DNB), the uncertainty in the timing of a particular action is
accounted for by uncertainty-adjusting the actuation setpoints. The combination of the initial
condition value along with the initial and setpoint uncertainty adjustments leads to an overall
conservative system response for a given transient analysis.

4-1
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4.2

Initial Condition Uncertainties

Oconee operates with nominal setpoints for various parameters bounded by a specified range.
These ranges are usually prescribed by the UFSAR Chapter 15 analyses and can be included in
various licensing documents. These are best characterized as initial condition ranges. Some
parameters, like RCS average temperature, are not allowed to deviate from their nominal
setpoint, while others, like RCS pressure, are allowed to deviate a small amount, and still others,
like RCS flow, cannot be controlled at all but still must lie within the prescribed initial condition
ranges. A table of the key parameters and their current ranges is included in Table 4-1.
The key parameters, with the exception of core bypass flow and core average fuel temperature,
are process indications in the control room. As long as the indicated value lies within the
prescribed range, no action is required. The value of the key parameter at the start of the
transient is termed the initial condition. It is therefore important that the initial condition lie
within the initial condition range. About each indicated parameter lies the actual value of that
parameter. The amount by which the actual value deviates from the indicated value is termed the
initial condition uncertainty. If the indicated value is controlled to a nominal setpoint or within
the initial condition range, then the safety analyses must consider that the actual value of that
parameter may be different and may exceed that setpoint or range. The SCD includes the initial
condition uncertainty for core average power, core inlet temperature, core exit pressure, and core
inlet flow. Some of these (core inlet temperature, core inlet flow, and core exit pressure) are not
directly measurable. However, for each of these parameters, there is a measurable key system
parameter. This methodology makes the assumption that if the key system parameter is chosen
conservatively, then the non-measurable parameter is also conservative.
The initial condition uncertainties are calculated with the square root sum-of-the-squares (SRSS)
method. The total uncertainty includes the instrument uncertainty, the uncertainties in the
electronic components that make up the signal processing string, and the uncertainty in any
device that supplies a readout of that parameter. The total uncertainty also includes any biases
that may characterize a particular component. -Not included are uncertainties in the reactor trip
module or actuation setpoint drift. Controller deadbands are typically not included in the
uncertainty but are rather included in the initial condition ranges.
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RPS and ESPS Setpoints

The RPS and ESPS systems are relied upon to mitigate the consequences of licensing basis

|

transients and accidents. It is therefore important to represent these systems in a conservative
manner. Since this methodology separates the initial condition uncertainty from the setpoint drift

|

and reactor trip module uncertainty, it is straightforward to derive an uncertainty-adjusted
setpoint. If there is only one uncertainty to include in the setpoint, it is a straight algebraic

|

process. If there are two or more and the uncertainties are independent of each other, the SRSS

J

method is employed. In this manner, the setpoint is either increased or decreased in the
conservative direction and the timing of the actuation is conservatively accounted for. This is
true whether an SCD analysis is being performed or not. The various current actuation setpoints,

|

both nominal and uncertainty-adjusted, are included in Table 4-2.

Additionally, the high flux trip presents a special situation in that the effects of changes in
reactor vessel downcomer water temperature and control rod movements on the excore flux
indications are not included in the adjusted setpoint. This methodology necessitates inclusion of
these effects in the nuclear instrumentation (NI) signal that is compared to the uncertainty
adjusted setpoint. The NI signals are therefore adjusted for each transient for which these effects
are important.

4.4

Methodology Application

The general application of the methodology is described in this section. Typically, it is
conservative to delay safety system actuation as long as possible. To maximize the time to

]

actuation on a particular parameter, the indicated value is chosen to be at the edge of the
indicated parameter range that will maximize this time. If a non-SCD analysis is being

J

performed, the actual value of that particular parameter is adjusted by the initial condition
uncertainty and is adjusted in the conservative direction. If an SCD analysis is being performed,
then no initial condition uncertainty is applied to those parameters that are statistically combined
in the SCD DNBR limit. The uncertainty-adjusted actuation setpoint is then determined by
applying the setpoint uncertainty to the setpoint value in the conservative direction (both SCD
and non-SCD). As the transient progresses, the indicated value will approach the uncertaintyadjusted actuation setpoint and the actual value will lead or lag the indicated value, depending on
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the direction of the initial condition uncertainty. Once the indicated value reaches the setpoint,
the safety feature is actuated. It is noted that the timing of this actuation is independent of
whether an SCD analysis is being performed or not. However, the actual value of the particular
parameter at the time of actuation does depend on whether it is an SCD analysis. If it is' an SCD
analysis, the initial conditions uncertainty is included in the DNBR limit and does not need to be
explicitly included in the DNB analysis. Thus, margin is gained due to the SCD while
conservatism is maintained through the timing of the actuation. If it is a non-SCD analysis, then
the actual parameter will lie in the conservative direction and conservatism is maintained in that
both the timing of the actuation and the actual value of that parameter are both conservatively
modeled.
The above discussion considers that only one parameter is important to the results of the
analysis. This method is applied to all key parameters to ensure that the overall system response
is conservative. If a particular parameter will not actuate a safety function, then the initial
condition and its uncertainty are chosen to yield a conservative result.
4.5

Summary

The setpoint methodology outlined in this chapter is both flexible and conservative. It is flexible
in that it allows both SCD and non-SCD analyses to be performed, and it is conservative in that it
differentiates and explicitly accounts for uncertainties on initial conditions and actuation
setpoints. This methodology simulates the initial condition ranges observed during normal plant
operations and appropriately accounts for normal operational deviations in the various initial
conditions. It differentiates between the actual value and the indicated value of a particular
parameter such that the timing of a particular actuation is modeled conservatively while at the
same time, maintaining conservatism in the magnitude of the actual value for that particular
parameter.
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Table 4-1
Current Initial Condition Ranges and Uncertainties

Key Parameter
Reactor Power #
RCS Avg.
Temperature #
NR RCS Pressure #
RCS Flow #

Core Bypass Flow
Pressurizer Level
Core Avg. Fuel
Temperature
SG Level

Nominal Value
100 %FP (4 RCP)
75 %FP (3 RCP)
579 0 F for > 15 %FP
532 OF at HZP
2155 psig
-112 %df (4 RCP)
0.747 x 112 %df (3 RCP)
0.49 x 112 %df (2 RCP)

Initial Condition Range
98 - 100 %FP
78 - 80 %FP **
578 - 580OF
527 - 537 OF
2125 - 2155 psig
107.5 - 115 %df
74.7 % of 4 RCP range
49 % of 4 RCP range

±IOF
+ 3 OF, - 2 OF
30 psig

NA **
+ 25 inches
NA **

CFT Inventory

5 -7 %
220 inches
1075 - 1250 OF (BOC)
950 - 1150 OF (EOC)
55 - 98 %OR
- 60 %OR (HFP)
- 69/19 %OR (2/1 RCP)
67-98/18-38 %OR
25 inches XSUR MFW at 25 inches XSUR MFW
HZP
910 psig
This value is chosen to
maintain the proper
heat balance
-1500 lbm/sec/SG
This value is chosen to
maintain the proper
system heat balance
1040 ft3
1070 - 1010 ft 3

CFT Pressure

600 psig

- 25 psi *

SG Pressure

5.3 %
220 inches
NA **

Initial Condition
Uncertainty
± 2 %RTP

,system

MFWV Flow

625 - 575 psig

+ 3 %OR, - 5 %OR
+ 3 %OR, - 5 %OR
± 12.1 inches
Included in any safety
system actuation
setpoints
Included in any safety
system actuation
setpoints
-40 3ft****

#

Indicates that the initial condition uncertainty in this parameter is included in the SCD.

*

[

I %df uncertainty applicable for I pump in each loop. [

I
I
I

I

I
I
I1

I %df uncertainty applicable

for 2 pumps in one loop and zero pumps in the other loop.
** NA denotes that this value is not applicable since there is not one value that is either
repeatable (nominal fuel temperature) or measured (uncertainties).
***The initial condition range for the 3 RCP UFSAR Chapter 15 analyses assumes that the
initial indicated power level is 78-80 % FP
**** These values are for steam line break and not LOCA

I
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(Table 4-1 cont.)
NOTE: The above values are current values and may change in the future. If future values lie
outside the analyzed values, then the UFSAR Chapter 15 analyses will be re-evaluated or
reanalyzed as appropriate.
Actual values can be derived from the above values by adding or subtracting the initial
condition uncertainty from the upper or lower bound on the initial condition range,
depending on the conservative direction of the indicated and actual values.
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Table 4-2
Current RPS and ESPS Actuation Setpoints

Nominal Setpoint

Uncertainty Adjusted
Setpoint

Maximum
Response Time *

106.5 %FP
2362 psig
1793 psig
trip if: (P is psig)
P< 11.14(Thot)4716
trip if:
0>109.4 x Fm + 2.2 %FP
618.85 OF
NA

0.4
0.5
0.5
0.7

High Temperature
Pump Monitor

105.5 %FP
2355 psig
1800 psig
trip if: (P is psig)
P< 11.14(Thot)4706
trip if.
_>109.4
x Fm **
618 OF
NA

ESF'S:
HPI

1590 psig

CFT ***

2.0 psid

1480 psig #
1400 psig ##
+ 6.5 psid (CFT A) ###
- 2.5 psid (CFT B)

15 sec (no-LOOP)
38 sec (LOOP)
NA

Safety Function
RPS:
High Flux
High Pressure
Low Pressure
Variable Low
Pressure-Temperature
Flux/Flow

sec
sec
sec
sec

I
.1

1.2 sec
0.7 sec
0.6 sec

I

I.
*

Note that the RPS trip response times include a minimum 0.14 sec delay for the control rod
gripper coils to de-energize.

** Fm is measured flow. 109.4 is in units %FP/flow
*** The nominal actuation setpoint is based on a AP across the CFT check valve. The RETRAN
values assume the nominal value, but account for the RETRAN modeling to obtain the
nominal AP. Since this is a passive safety system, no response times are applicable.
#

Includes 50 psi uncertainty and 60 psi margin

## For large steam line break only due to harsh containment environment allowance
### These setpoints are adjusted to account for elevation differences
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5.0

STARTUP ACCIDENT

5.1

Overview

5.1.1

Description

The objective of a normal startup is to bring a subcritical reactor to the critical or slightly
supercritical condition, and then increase power in a controlled manner until the desired power
level and system operating temperature are obtained. During a startup, an uncontrolled reactivity
addition could cause a nuclear power excursion. Since the heat removal capability of the
secondary is not increased during the excursion, the resultant power mismatch would cause an

j

increase in the primary system temperatures and pressures. Because of the relatively short
duration of the power excursion, the effect on the secondary system pressure and temperature
would be minimal. The rod motion and core temperature feedback would also cause the core
power peaking to change. With the change in core power peaking and the changes in system
thermal-hydraulics, a departure from nucleate boiling (DNB) condition could occur.

The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators. Figure 5-1 is the RETRAN-02 nodalization, and Figure B-2 of
Reference 5-3 is the replacement steam generator nodalization.

5.1.2

j

Acceptance Criteria

The acceptance criteria for the startup accident are that the peak RCS pressure remains below
110% of the design pressure of 2500 psig, and that no fuel failures will result as demonstrated by
not exceeding the DNBR limit.

5.1.3

Analytical Approach

The startup accident requires a limiting set of physics parameters to be determined for use as
initial and boundary conditions. These parameters are input to the Oconee RETRAN-02

5-1

(Reference 5-1) model for the system thermal-hydraulic analysis. The RETRAN-02 analysis
generates the peak transient primary system pressure, and the transient core boundary conditions
for detailed core DNB modeling. If the peak heat flux for the peak primary pressure analysis
remains below the maximum allowed steady-state value, then DNB will not be of concern, and
detailed core thermal-hydraulic modeling using the VIPRE-01 (Reference 5-2) code will not be
necessary. This conclusion includes the consideration of changes in the core radial power
distribution during the rod group withdrawal. Otherwise, the Oconee VIPRE-01 model will be
used to calculate a set of maximum allowable radial peaking (MARP) curves as core power
peaking limits such that DNB will not occur. -The MARP curves will be compared against
SIMULATE-3P core power distributions to determine if any of the fuel rods exceed the DNBR
limit.
5.2

Simulation Codes and Models

5.2.1

RETRAN-02

The Oconee two-loop base model described in Reference 5-3 serves as the basis of the
RETRAN-02 model utilized in this analysis. Since the impact of the number of operating reactor
coolant pumps is to be examined, a RETRAN model that represents the four cold legs is desired.
The RETRAN-02 model that is used in this analysis is shown in Figure 5-1. The two loop base
model is modified such that the [

].
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During three-pump operation, the loop with two active RCPs is at a slightly lower hot leg
pressure than the loop with one active RCP. As a result, if the pressurizer is attached to the loop
with two active RCPs, the pressurizer safety valves (PSVs) will lift at a later time. Delaying

J
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PSV lift is conservative with respect to maximizing the RCS pressure. Therefore, the pressurizer
is assumed to be attached to the loop with two RCPs in operation.
5.2.2

|

]

VIPRE-1

Should a DNB analysis become necessary, the VIPRE-01 code is used to calculate the minimum

]

DNBR for the startup accident. VIPRE thermal-hydraulic boundary conditions (core heat flux,
core inlet flow, core inlet temperature and core exit pressure) are obtained from the RETRAN
simulation. The [ 1channel VIPRE model described in Section 2.3 of Reference 5-3 is used to
calculate the limiting statepoint local properties and DNBR. The VIPRE analysis will employ
the SCD methodology for the startup accident.
5.2.3

J

SIMULATE-3P

SIMULATE-3P is a core neutronics code used to generate safety analysis physics parameters and

J

three-dimensional core pin power distributions for the startup accident. The conservatism of the
physics parameters will be confirmed each cycle as described in Section 5.4 SIMULATE-3P

J

will also be used to calculate the pin power distributions for the accident conditions if a DNBR

I

analysis is necessary. The pin power distributions will then be used to determine if any fuel
failures occur.
5.3

Peak Primary System Pressure and Core Cooling Capability Analysis

The startup accident analysis presented herein is concerned with maximizing the core heat flux,
which therefore maximizes the RCS pressure response. If the predicted heat flux for the peak
RCS pressure analysis does not exceed the allowable steady-state heat flux for three-pump
operation, then DNB is not of concern for this event. Otherwise a VIPRE-O1 analysis is
performed to calculate the minimum DNBR.
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5.3.1

Initial Conditions

Power Level
An initial critical power level of IE-9 of the nominal full power level is assumed. This very low
initial power level maximizes the power excursion.

RCS Pressure
A high initial pressure is generally conservative for peak RCS pressure analyses. However, a
low initial indicated pressure will maximize the time from the start of the transient until a high
pressure reactor trip actuates. This will maximize the power level if the trip occurs on high
pressure, and thus will maximize the peak pressure. Sensitivity studies have determined that a
low initial indicated RCS pressure is the most conservative assumption.
Pressurizer Level
A high initial pressurizer level minimizes the volume of the pressurizer steam bubble. This
maximizes the pressure increase following an insurge (i.e., heatup), which is conservative for
peak RCS pressure analyses.
RCS Temperature
Initial RCS temperature is not expected to be an important parameter in the peak RCS pressure
analysis, and thus a nominal HZP average temperature of 532 'F is assumed.
RCS Flow
A low initial flow will maximize the core heatup, and thereby maximize the positive reactivity
inserted by an assumed BOC most positive MTC. Maximizing the positive reactivity insertion
will maximize the core heat flux,-and thereby maximize the RCS pressure response. Preliminary
analyses indicated that acceptable results could not be obtained with an assumed two-pump
initial condition. Therefore, the analysis will assume a conservatively low three RCP initial flow
condition.
Core Bypass Flow
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A high core bypass flow is assumed. This is an important parameter for the DNB analysis since

it minimizes the core flow. It also maximizes the positive reactivity insertion and core heat flux,
thereby maximizing the RCS pressure response

J

Fuel Temperature

]

A high fuel rod gap conductivity will maximize the heat transfer (i.e., heat flux) from the fuel
into the coolant during the power excursion. This is conservative with respect to maximizing the

_

RCS pressure response. Fuel rod gap conductivity is maximized by assuming low initial fuel
temperatures. Lower transient fuel temperatures will insert less Doppler feedback, which will
maximize the power excursion. At HZP, the initial fuel temperature is equal to the coolant

j

temperature. Gap conductivity is known to increase as power increases. Therefore, it is
conservative to use low fuel temperatures at an assumed high power level in determining an
appropriate gap conductivity.
Steam Generator Mass
Sensitivity studies have determined that initial SG mass is not an important parameter for the
startup accident. This is due to the rapid nature of the power excursion, which does not allow
enough time for much primary-to-secondary heat transfer during the time frame of interest.

I

Steam Generator Pressure
The initial SG pressure is determined by the initialization such that the SG saturation temperature
is approximately equal to the initial ETW RCS temperature.

L

Steam Generator Tube Plugging

J

A high SG tube plugging percentage will degrade any primary-to-secondary heat transfer. A high
tube plugging percentage will also minimize the RCS inventory. Both of these effects will

|

maximize the RCS pressure increase. A low SG tube plugging percentage slows the

J

pressurization rate and delays the high pressure trip. This also could maximize the RCS pressure
increase. Which assumption is more conservative is determined by a sensitivity study.
5.3.2

Boundary Conditions

Control Rod Group Withdrawal Rate and Worth
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The Oconee control rod configuration consists of eight groups. Banks 1-4 are the safety groups,
and are fully withdrawn during power operation and during an approach to criticality. Groups 57 are the control groups, and are partially withdrawn in sequence to approach criticality after the
RCS has been diluted to an estimated critical boron concentration. After reaching criticality,
Groups 5-7 are further withdrawn to increase power. Group 8 rods are part-length rods used for
axial power distribution control.
The analysis will assume that Groups 14 are fully withdrawn at the start of the event. A range
of withdrawal rates (i.e., reactivity insertion rate) for any of Groups 5-7 is examined. The rods
are assumed to be moving along the steepest part of the integral rod worth curve, with nominal
assumptions for control rod speed, overlap and withdrawal sequence. The maximum withdrawal
rate that delays reactor trip the longest will result in the most heat transferred into the reactor
coolant, and thereby maximize the coolant'expansion.
Pressurizer Safety Valves
The pressurizer code safety valves are modeled with conservative assumptions for drift,
blowdown and relief capacity such that the RCS pressure is maximized during the transient.
Pressurizer Inter-Reizion Heat Transfer Coefficient
For this analysis, a conservatively low pressurizer inter-region heat transfer coefficient is
assumed. This will maximize the rate of RCS pressurization and worsen the approach to the high
pressure acceptance criterion.
Secondary Heat Removal
Steam generator heat removal does not have a significant effect on the transient RCS temperature
and pressure. This is due to the short duration of the transient which does not allow enough time
for the heat added to be transported to the steam generator during the time frame of interest. For
this reason, secondary side heat removal is not modeled in detail. No feedwater is modeled. No
main steam dump or relief capacity is modeled. [

.

.
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Single Failure
The loop with two reactor coolant pumps in operation will indicate a lower hot leg pressure than
the loop with only one active reactor coolant pump. Therefore, the analysis assumes a single

]

failure of one of the narrow range pressure channels on the loop with only one active RCP. This
requires the high pressure reactor trip to be generated by the loop with the lower RCS pressure,

]

which is conservative for a later reactor trip.

5.3.3

Physics Parameters

I

Moderator Temperature Coefficient
The peak core power response is achieved using BOC feedback parameters. At BOC the
moderator temperature coefficient is most positive. A table of reactivity as a function of

j

moderator density is input to account for moderator reactivity effects.
Doppler Temperature Coefficient
At BOC the Doppler temperature coefficient is least negative. A table of reactivity as a function

J

of fuel temperature is input to model Doppler reactivity effects.
Beta-effective and Neutron Lifetime
The effective delayed neutron fraction

(Jeff)

is also largest at BOC. A large

Jeff will

result in a

J

slower power decrease upon reactor trip for a given rod worth. A large prompt neutron lifetime
will also result in a slower power decrease upon reactor trip. However, a large Deff and a large

J

prompt neutron lifetime will tend to retard the transient power increase. Sensitivity studies
indicate that large values of Jeff and prompt neutron lifetime produce the highest core power
response, and thus maximize the peak RCS pressure. Typical BOC decay constants and delayed
neutron precursor fractions are also utilized in the analysis.

J

Scram Curve and Worth
A slow control rod drop time consistent with the Technical Specification value is assumed. This
delays the core power decrease, leading to higher RCS pressures. A conservatively bottom

J

peaked normalized rod worth versus position curve is also assumed. A minimum trippable

5-7

J

worth, including an allowance for the most reactive stuck rod out of the core, is utilized in the
analysis. The worth of the control rods inadvertently withdrawn is credited for insertion on
reactor trip.
5.3.4

Control, Protection, and Safeguards Systems

Reactor Trip
For the startup accident, a late reactor trip is conservative in that the energy addition to the RCS
is maximized. Reactor trip is expected to occur on the high pressure, high power, or the
flux/flow imbalance trip functions. Control rod shadowing and nuclear instrumentation
calibration errors present at HZP are accounted for. Conservative setpoints are assumed for all
credited trip functions with the appropriate conservative trip delay times.
RCS Pressure Control
The pressurizer spray and PORV are assumed inoperable, and the pressurizer heaters are
assumed to be operable.
Pressurizer Level Control

-

No charging/letdown flow is modeled. It is assumed there would be no affect on the results of
the analysis if charging/letdown was explicitly modeled due to the short duration of the transient.
5.3.5

Results

The startup accident models three reactor coolant pumps in operation and a maximum reactivity
addition rate of 11.5 pcm/sec. Table 5-1 gives the sequence of events for this case. Figure 5-2
shows the neutron and thermal power as a function of time. Neutron power does not begin to
appreciably increase until the inserted reactivity begins to approach $1. This occurs
approximately 45 seconds into the rod withdrawal. Reactor trip occurs on high RCS pressure at
51.9 seconds with neutron power at approximately 125 % FP. After reactor trip, neutron power
decreases rapidly as the control rods are inserted, and then decreases slowly due to delayed
neutron fissions. The shape of the core thermal power response is similar to the neutron power
response, but lags the neutron power peak by approximately 0.5 seconds. The core thermal
power rises to a peak value of 73 % FP at 52 sec. Since the peak core thermal power is below the
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permissible power level with three RCPs in operation, DNB is not a concern for this transient

J

and no VIPRE analysis is required for the assumed core physics parameters.
Figure 5-3 shows the kinetics response for this case. The reactivity insertion due to rod
withdrawal is linear with time until reactor trip, when rod withdrawal ceases. Fuel heatup causes
negative reactivity insertion due to the negative Doppler temperature feedback until reactor trip,
which then causes a fuel temperature decrease and positive reactivity insertion. System heatup

]

j

prior to reactor trip causes the moderator temperature to increase, which inserts positive
reactivity due to the positive moderator temperature feedback assumed. As the negative
reactivity insertion due to the Doppler feedback becomes significant, the total reactivity increases
more slowly, and actually begins to decrease prior to reactor trip. Upon reactor trip, total

i

reactivity decreases rapidly in response to control rod insertion.
Figures 54 and 5-5 show the cold leg and hot leg temperatures as a function of time. Because of
the reduced flow due to an inactive RCP, the loop B cold leg temperature response lags the loop
A cold leg temperature response. After reactor trip the temperatures in both loops decrease.
Figure 5-6 shows the RCS pressure as a function of time. RCS pressure rises to a maximum
value of approximately 2640 psig at 54.7 seconds, and then decreases due to pressurizer safety
valve lift and blowdown. The peak RCS pressure of 2727 psig occurs at the bottom of the

J
J

reactor vessel. The peak pressure remains below the 2750 psig acceptance criterion.
Figure 5-7 shows the pressurizer level response. During the thermal power excursion and
associated RCS pressurization, level rises quickly due to the insurge of liquid into the

J

pressurizer. After reactor trip and the opening of the pressurizer safety valves, the pressurizer

J

level rises more slowly and begins to stabilize.
5.3.6

RETRAN-3D Comparison

|

In addition to the results described above, simulation results using the RETRAN-3D code are
also provided on Figures 5-2 through 5-6. It is apparent from these figures that the RETRAN-02
and RETRAN-3D predictions are in very good agreement for the startup accident.
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5.4

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core are:
*

Moderator temperature coefficient

*

Doppler temperature coefficient

*

Minimum scram curve worth

*

Maximum reactivity insertion rate
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Table 5-1
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Sequence of Events

J

Startup Accident - Peak RCS Pressure
Time (sec)

I Evenit Description

l

0.0

Rod )Withdrawal Begins

49.6

Pressiurizer Control Heaters De-energize

51.4

High RCS Pressure Reactor Trip Setpoint Reached

51.9

Contr 'ol Rod Insertion Begins

54.1

Pressi urizer Safety Valves Open

54.7

Peak RCS Pressure Occurs
Pressiarizer Safety Valves Reseat

57.0
.
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Figure 5-4
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Figure 5-6
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6.0

ROD WITHDRAWAL AT POWER

The rod withdrawal accident initiates with an operator error or an equipment failure which

J
J

results in accidental withdrawal of a control rod group while the reactor is at power. The rod
withdrawal causes a reactor power excursion and a resultant heatup of both the Reactor Coolant

|

System and the secondary system. If the accident is not adequately mitigated by the Reactor
|

Protective System, the power excursion could lead to fuel rod failure or the overpressurization of
the primary system. The peak primary pressure case is analyzed with the RETRAN-02 code

|

(Reference 6-1). The acceptance criterion is that the peak RCS pressure remains below 110% of
design pressure.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators

a

For the DNB analysis the RETRAN system transient response is utilized as input to a detailed
core thermal-hydraulic analysis using the VIPRE-01 code (Reference 6-2). The core power
distribution is analyzed with the SIMULATE-3P code (Reference 6-3). It is expected that the
thermal-hydraulic conditions at the limiting DNB statepoint are within the ranges covered by the
statistical core design (SCD) methodology, so the RETRAN DNB cases will use nominal initial
conditions where appropriate.

J
J

6.1

Peak Primary System Pressure Analysis

J

6.1.1

Nodalization

]

Since the analysis includes both four and three reactor coolant pump operation, the two-loop

J

RETRAN-02 Oconee base model as described in Section 2.2 of Reference 6-4 is used.

6-1
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6.1.2

Initial Conditions

Power Level
Lower initial power is expected to be limiting with respect to peak RCS pressure since the initial
margin to a high flux reactor trip is greater. The startup accident is analyzed starting from HZP.
Therefore this analysis will initiate from full power to cover the range of possible initial power
levels.
RCS Pressure
High initial RCS pressure is generally conservative with respect to peak RCS pressure analyses.
However, low initial indicated RCS pressure will maximize the margin to a high pressure reactor
trip. If the reactor trip occurs on high pressure, this could maximize the peak reactor thermal
power level, and consequently the peak RCS pressure. Therefore, sensitivity cases are performed
concerning initial RCS pressure.
Pressurizer Level
A high initial pressurizer level minimizes the volume of the steam bubble and therefore
maximizes the RCS pressure increase following an insurge.
RCS Temperature
High initial RCS average temperature is assumed in order to maximize the primary coolant stored
energy and minimize the primary system mass.
RCS Flow
Low flow is expected to be conservative with respect to peak RCS pressure since this minimizes
the primary-to-secondary heat transfer.
Core Bypass Flow
A low core bypass flow is assumed in order to maximize the coolant flow along the fuel rods.
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I
Fuel Temperature

J

Sensitivity cases are analyzed using both high and low initial fuel temperatures to determine
whether high or low initial fuel temperature is more conservative. The more conservative initial

]

temperature is then assumed.
Steam Generator Mass
A low initial steam generator mass is assumed since this will minimize the primary-to-secondary
heat transfer, and thus maximize the primary system heatup/pressurization.

|

Steam Generator Tube Plugging

j

A high SG tube plugging percentage will degrade primary-to-secondary heat transfer and also
minimize RCS inventory. Both of these effects will maximize the RCS pressure increase.
6.1.3

]

Boundary Conditions

Control Rod Group Withdrawal Rate
Sensitivity cases are performed on the withdrawal rate between the physical limits such that the
most severe challenge to the respective acceptance criterion is obtained. Nominal assumptions

J

are made for control rod speed, overlap and withdrawal sequence.
Pressurizer Safety Valves
The pressurizer code safety valves are modeled using conservative assumptions for drift,
blowdown and valve capacity that minimize relief flow.
Main Steam Safety Valves
The main steam safety valves are modeled using conservative assumptions for drift, blowdown
and valve capacity that minimize relief flow and maximize the secondary side pressure response.
The increased secondary side temperatures associated with the higher pressure will yield reduced
primary-to-secondary heat transfer, which is conservative for peak primary pressure.
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Pressurizer Inter-Reizion Heat Transfer Coefficient
For this analysis, a conservatively low pressurizer inter-region heat transfer coefficient is
assumed. This will maximize the rate of RCS pressurization and worsen the approach to the high
pressure acceptance criterion.
Single Failure
No credible single failure has been identified which adversely impacts the results of the cases
initiated from four-pump operation.
6.1.4

Physics Parameters

Moderator Temperature Coefficient
The BOC most positive/least negative values are used. This conservatively minimizes the
negative reactivity feedback resulting from the coolant heatup during the power increase.
Although this negative feedback could potentially delay reactor trip on high flux, this effect is
compensated for in the withdrawal rate sensitivity.
Doppler Temperature Coefficient
The BOC least negative Doppler temperature coefficient values are used. This conservatively
minimizes the negative reactivity feedback resulting from the fuel heatup during the power
increase. Although this negative feedback could potentially delay reactor trip on high flux, this
effect is compensated for in the withdrawal rate sensitivity.
,.A... . .

Beta-effective and Neutron Lifetime

For a given withdrawal rate, a large Deff will moderate the neutron power increase and therefore
delay reactor trip on high flux. Also, a large Peff will slow the post-trip neutron power decrease.
Therefore, since the critical point for both'acceptance criteria is reached shortly after reactor trip,
the maximum value for Peff is used in this analysis. Similarly, a maximum value for the prompt
neutron lifetime is used, although this parameter has been found to have little impact on
RETRAN results. Nominal BOC delayed neutron fractions and decay constants are assumed
since these are insensitive parameters.
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Scram Curve and Worth
A conservatively slow BOC scram curve along with a minimum BOC at power scram worth is
used.

6.1.5

I
|

Control, Protection, and Safeguards Systems

]

Reactor Trip
Delaying reactor trip will increase the duration of the core power excursion, which will increase
the peak power and the amount of RCS heatup and ultimately lead to a greater pressure increase.

|

Reactor trip is expected to occur on high flux or high pressure for this transient. Conservative

j

setpoints are assumed for all credited trip functions with the appropriate conservative trip delay
times.

l

RCS Pressure Control
The pressurizer spray and PORV are assumed inoperable, and the pressurizer heaters are
assumed operable. These assumptions will maximize the RCS pressure increase.

I

Pressurizer Level Control
No charging/letdown flow is modeled. It is assumed there would be no affect on the results of
the analysis if charging/letdown was explicitly modeled due to the short duration of the transient.

_

Main Feedwater System

J

Feedwater flow is held constant until the time of reactor trip. This is conservative since the ICS
cross limits would increase feedwater flow in an attempt to match the increase in reactor power.

|

After trip, feedwater flow is assumed to be lost, running back to zero flow in a conservatively
short period of time. Lack of feedwater flow is expected to maximize the secondary side

|

pressurization. The increased secondary side temperatures associated with the higher pressure

I

will yield reduced primary-to-secondary heat transfer, which is conservative for the peak primary
pressure.

l
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Turbine Control
Prior to reactor trip, the turbine is under manual control. Turbine trip is assumed to occur
coincident with reactor trip with no response time delay. The turbine stop valves are assumed to
close rapidly.
Turbine Bypass System
The Turbine Bypass System is assumed to be inoperable to maximize peak secondary pressure.
The increased secondary side temperatures associated with higher pressure will yield reduced
primary-to-secondary heat transfer, which is also conservative for peak primary pressure.
Emergency Feedwater System
No credit is taken for emergency feedwater flow. The acceptance criteria for this transient are
challenged within seconds of reactor trip, well before emergency feedwater initiation could
occur.
6.2

Core Cooling Capability Analysis

6.2.1

Nodalization

Since the scope of this analysis encompasses both four and three reactor coolant pump operation,
a two-loop RETRAN-02 Oconee base model as described in Section 2.2 of Reference 6-4 is used.
6.2.2

Initial Conditions

Power Level
The uncontrolled bank withdrawal event is analyzed with a set of initial power levels that covers
the range of permissible power levels given the number of operating RCPs. Initial power levels
below 15% are considered to be bounded by the startup accident. The uncertainty between
actual and indicated power is included in the DNB limit (SCD).
RCS Pressure
Low RCS pressure is conservative with respect to DNB. The instrument uncertainty associated
with the pressure indication is accounted for in the SCD limit. For the three-pump cases, the
pressure in the loop with only one operating pump is set to the target value. Due to the impact of
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the lower loop flow rate on the pressure drop between the core exit and the hot leg pressure taps,

J

the pressure in this loop is higher than that in the loop with two operating pumps. Coupled with
the single failure discussed below, this will conservatively delay reactor trip on high RCS

|

pressure.
Pressurizer Level
A low initial pressurizer level maximizes the volume of the steam bubble and therefore

1

minimizes the pressure increase following an insurge. Low pressure is conservative with respect
to DNB.

j

RCS Temperature

j

Between 15% and 100% FP, the Integrated Control System controls the RCS average
temperature indication to a constant value. The instrument uncertainty associated with RCS Tave is included in the DNB limit (SCD).
RCS Flow

_|

Low flow is conservative with respect to DNB. Since the uncertainty in the RCS flow indication
is accounted for in the SCD limit, the actual RCS flow is assumed to be equal to the minimum
indicated value.
Core Bypass Flow
A high core bypass flow is assumed to minimize the coolant flow along the fuel rods.

|

Fuel Temperature

|

Sensitivity cases are analyzed using both high and low initial fuel temperatures to determine
whether high or low initial fuel temperature is more conservative. The more conservative initial

|

temperature is then assumed.
Steam Generator Mass
A high initial steam generator mass maximizes the available heat sink which should slow the

|

primary system pressurization.

l
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Steam Generator Tube Plungeinge
The minimum actual SG tube plugging is assumed. Low tube plugging will lessen the rate of
RCS heatup/pressurization and delay reactor trip on high pressure. Following reactor trip, the
lower tube plugging will help the Turbine Bypass System minimize the RCS pressurization.
Both of these effects are conservative with respect to DNB.
6.2.3

Boundary Conditions

Control Rod Group Withdrawal Rate
Sensitivity cases are performed on the withdrawal rate between the physical limits such that the
most severe challenge to the acceptance criterion is obtained. Nominal assumptions are made for
control rod speed, overlap and withdrawal sequence.
Pressurizer Safety Valves
The pressurizer code safety valves are modeled using conservative assumptions for drift,
blowdown and valve capacity that maximize relief flow.
Main Steam Safety Valves
The DNBR acceptance criterion is challenged within two seconds of reactor trip, so the MSSV
modeling will have no impact on the transient results.
Pressurizer Inter-Reizion Heat Transfer Coefficient
For this analysis, a conservatively high pressurizer inter-region heat transfer coefficient is
assumed. This will decrease the rate of RCS pressurization, which will both delay (or avoid)
reactor trip on high pressure and minimize the core exit pressure at the DNB statepoint.
Single Failure
No credible single failure has been identified which adversely impacts the results of the cases
initiated from four-pump operation. For the cases initiated from three-pump operation, the
failure of one of the RCS pressure transmitters on the loop with only one pump in operation is
assumed. Due to the 2/4 coincidence logic, this requires that the high pressure reactor trip be
generated in the loop reading a lower RCS pressure, which conservatively delays reactor trip.

6-8

Physics Parameters

J

Moderator Temperature Coefficient

]

6.2.4

The BOC most positive/least negative moderator temperature coefficient values are used. This
conservatively minimizes the negative reactivity feedback resulting from the coolant heatup

_

during the power increase. Although this negative feedback could potentially delay reactor trip
on high flux, this effect is compensated for in the withdrawal rate sensitivity.

|

Doppler Temperature Coefficient
The BOC most positive Doppler temperature coefficient values are used. This conservatively
minimizes the negative reactivity feedback resulting from the fuel heatup during the power
increase. Although this negative feedback could potentially delay reactor trip on high flux, this
effect is compensated for in the withdrawal rate sensitivity.

!
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Beta-effective and Neutron Lifetime
For a given withdrawal rate, a large Deff will moderate the neutron power increase and therefore
delay reactor trip on high flux. Also, a large Jeff will slow the post-trip neutron power decrease.
Therefore, since the critical point for both acceptance criteria is reached shortly after reactor trip,
the maximum value for Peff is used in this analysis. Similarly, a maximum value for the prompt
neutron lifetime is used, although this parameter has been found to have little impact on
RETRAN results. Nominal BOC delayed neutron fractions and decay constants are assumed

l

4
4

since these are insensitive parameters.
Scram Curve and Worth
A conservatively slow BOC scram curve along with a minimum BOC at power scram worth is

4

used.
6.2.5

Control, Protection and Safeguards Systems

Reactor Trip
Delaying reactor trip will increase the duration of the core power excursion, which will increase
the peak power and the amount of RCS heatup. Reactor trip is expected to occur on high flux or
high pressure for this transient, although the high coolant temperature and flux/flow/imbalance
6-9
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trips may also provide protection. Conservative setpoints are assumed for all credited trip
functions with the appropriate conservative trip delay times.
RCS Pressure Control
The pressurizer spray and PORV are assumed to be operable. The pressurizer heaters are
assumed to be inoperable. Conservative assumptions are made for the PORV opening and
closing times with respect to maximizing relief flow, although PORV lift is not expected. These
assumptions will minimize the pressure increase, which is conservative with respect to DNB.
Pressurizer Level Control
No charging/letdown flow is modeled. It is assumed there would be no affect on the results of
the analysis if charging/letdown was explicitly modeled due to the short duration of the transient.
Main Feedwater System
Sensitivities on feedwater control are peiforrmed. To maximize the RCS heatup, feedwater is
assumed to be under manual control and held constant until the time of reactor trip. To
maximize the duration of the reactor power excursion, and thus the peak power, feedwater is
assumed to be under Integrated Control System (ICS) control with the reactor-to-feedwater cross
limits active. As reactor power increases, the cross limits will increase feedwater flow, which
will delay reactor trip on high pressure. Under manual control, feedwater is not isolated at
reactor trip. Under automatic control, feedwater would be throttled by the ICS to achieve the
post-trip steam generator level setpoint.
Turbine Control
Prior to reactor trip, if main feedwater is under ICS control, the turbine will also be controlled
via the ICS. Similarly, if main feedwater is under manual control, the turbine is under manual
control. Turbine trip is assumed to occur on reactor trip with a conservatively long response time
delay. This modeling will minimize the post-trip RCS pressurization.
Turbine Bvpass System
The Turbine Bypass System is assumed to be operable and controlling pre-trip and post-trip
steam generator pressure. This minimizes'steiam generator pressure and increases primary-tosecondary heat transfer. This is conservative since it will minimize the RCS pressurization. The
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reduction in RCS temperature will not reach the core inlet prior to the minimum DNBR
statepoint.
Emergency Feedwater System
No credit is taken for emergency feedwater flow. The acceptance criteria for this transient are

|

challenged within seconds of reactor trip, well before emergency feedwater initiation could

]

occur.
6.3

j

VIPRE-01 Analysis

The forcing functions necessary to perform the DNB analysis (core average heat flux, core inlet

for determining if the DNBR limit is exceeded.

J
J
J

6.4

J

flow and temperature, core exit pressure) are obtained from the RETRAN-02 analysis results and
input to VIPRE-01. The VIPRE-01 [ ] channel model (Reference 6-4) is then used to
determine the time of the minimum DNBR statepoint for the transient conditions analyzed. At
these statepoint conditions a set of maximum allowable radial peak (MARP) curves is developed

Results

The peak primary pressure reached in the limiting case is approximately 2600 psig. This is well
below the acceptance criterion of 2750 psig. The results of the DNBR analysis have
demonstrated that the power peaking predicted by SIMULATE-3P will remain below the DNBR

J
J

limits.
6.5

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core are:
*

Moderator temperature coefficient

*

Doppler temperature coefficient

J

* Minimum scram worth curve
* Minimum and maximum reactivity insertion rates
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7.0

MODERATOR DILUTION ACCIDENT

7.1

Description

|
|

A Reactor Coolant System moderator dilution event occurs when the soluble boric acid
concentration of makeup water supplied to the RCS is less than the concentration of the existing
reactor coolant. The moderator dilution accident postulates that such a dilution occurs,
potentially resulting in a loss of shutdown margin, approaching the DNBR limit, or challenging
the peak primary pressure limit. This accident is conservatively analyzed to ensure that the

|

]
]

boron dilution is terminated by the operator such that these criteria are not exceeded. The
acceptance criteria for manual operator action is at least 15 minutes during power operation and

J

at least 30 minutes during refueling following the actuation of the alarm credited for alerting the
operator of a moderator dilution event.
This accident is analyzed at the conditions of power operation (Mode 1) and refueling (Mode 6).
Manual operator action is relied on to terminate the dilution in both modes. Mode I is analyzed

J

to demonstrate that there is adequate time for the operator to terminate the dilution when
maximum dilution source flowrates are assumed. Mode 6 is analyzed assuming administrative
controls on potential dilution sources such that the results of the accident analysis give exactly
the 30 minute operator response time. Flowrates are restricted through administrative controls to
values which are less than these analyzed flowrates. This results in actual longer operator
response times. Additional operator response time margin is provided by the margin between the

J

j

J

assumed boron concentrations for Mode 6 and the actual concentrations for the reload core.
7.2

Initial Conditions

Dilution Volume
A dilution event progresses faster for smaller RCS water volumes. Therefore, the analysis

J

considers the smallest RCS water volume in which the unborated water is mixed. For Mode 1,
the forced circulation provided by the reactor coolant pumps will mix the RCS inventory in the

|

reactor vessel and each of the reactor coolant loops. The pressurizer and the pressurizer surge

J

line are not included in the volume available for dilution in Mode 1. For Mode 6, the reactor
coolant water level may be drained to the top of the main coolant loop piping, with at least one

J
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train of the Low Pressure Injection (LPI) system in operation. The volume available for dilution
in this mode is limited to the smaller volume LPI train plus the portions of the reactor vessel and
reactor coolant loop piping below the minimum water level.
Boron Concentrations
The Technical Specifications require that the shutdown margin in the various modes be above a
certain minimum value. The difference in boron concentration between the value at which an
alarm function is actuated and alerts the operator, and the value at which the reactor is just
critical, determines the time available to mitigate a dilution event. This time is a function of the
ratio of these two concentrations, where a large ratio corresponds to a longer time. During the
reload safety analysis for each reload core, the above concentrations are checked to ensure that
the value of this ratio for each mode is larger than the corresponding ratio assumed in the
accident analysis. For the Mode I initial conditions in which the control rods are withdrawn, it is
conservatively assumed when calculating the critical boron concentration that the most reactive
rod does not fall into the core at reactor trip.
7.3

Boundary Conditions

In the absence of administrative flowrate restrictions, the dilution flowrate assumed to enter the
RCS is greater than or equal to the maximum volumetric flowrate of those pumps supplying the
dilution flow. In a dilution event, these pumps are assumed to deliver unborated water to the
suction of the HPI pumps. Since the water delivered by these pumps is typically colder than the
RCS, the unborated water expands within the RCS, causing a volumetric flowrate measured at
the colder temperature to correspond to a higher effective volumetric dilution flowrate. This
density difference in the dilution flowrate is accounted for in the analysis. For Mode 6, the
maximum permissible dilution flowrate is determined in the manner previously discussed.
7.4

Control. Protection, and Safeguards Systems

Mitigation of a boron dilution accident is not assumed to begin until an alarm has alerted the
operator to the abnormal circumstances caused by the event. For Mode I with manual rod
control, the alarm function is provided by the earliest reactor trip setpoint reached. During Mode
I with automatic rod control, the alarm function is provided by the alarm which occurs when the
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control rods reach their insertion limits. This alarm is monitored by the plant computer. For
Mode 6, the alarm function is provided by the source range high-flux-at-shutdown alarm
exceeding its setpoint. This alarm is provided by the source range stripchart recorder, and is
manually set by the operator. The alarm setpoints are determined by analysis to ensure that the
acceptance criteria are met.
7.5

I
J
J
|

]

Reload Cycle-Specific Evaluation

The highest critical boron concentration and the initial boron concentration closest to the critical
concentration must be checked on a cycle-specific basis.
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8.0

|

COLD WATER ACCIDENT

The cold water accident initiates with an inadvertent startup of the fourth reactor coolant pump

J

(RCP) from an initial three-pump operating condition. This event will cause a reduction in
|

moderator temperature, which will result in a power excursion due to the moderator feedback
effect. If the power increase is large enough, DNB may result with subsequent fuel damage. The

|

cold water accident is analyzed with the RETRAN-02 code (Reference 8-1).
The acceptance criteria for this analysis are to ensure that there is adequate core cooling
capability and that the pressure in the Reactor Coolant System (RCS) remains below 110% of
design pressure. The core cooling capability analysis demonstrates that fuel cladding integrity is

j

J

maintained by ensuring that the minimum DNBR remains above the DNBR limit. The minimum
DNBR can be determined using the statistical core design (SCD) methodology. The peak RCS
pressure limit is not approached during this event. The initial conditions and boundary
conditions chosen for this analysis are therefore those that will result in the lowest DNBR.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other

-I

changes in the methodology that follows are associated with this change in code version or the

I

replacement steam generators.
8.1

|

Nodalization

This asymmetric transient is analyzed using the two-loop RETRAN-02 Oconee base model

|

(Reference 8-2). A junction is added to the base model to connect the steam lines since an
asymmetric steam generator response will occur during this event.

|

8.2

I

Initial Conditions

J

Power Level
A high initial power level for three-pump operation maximizes the primary system heat flux.
The uncertainty for this parameter is incorporated in the SCD methodology.
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RCS Pressure
Low initial RCS pressure is conservative for DNBR. The uncertainty for this parameter is
incorporated in the SCD methodology.

Pressurizer Level
Low initial pressurizer level increases the volume of the pressurizer steam space which
minimizes the pressure increase resulting from the power increase and subsequent insurge.
RCS Temperature
The nominal temperature is assumed, with the uncertainty for this parameter incorporated in the
SCD methodology.
RCS Flow
Low initial RCS flow is conservative for DNB analyses. The uncertainty associated with this
parameter is incorporated in the SCD methodology.
Core Bypass Flow
A high core bypass flow is assumed to minimize the coolant flow across the fuel rods.
Fuel Temperature
A smaller increase in fuel temperature is seen during this transient when starting from a lower
initial fuel temperature. With a negative Doppler coefficient, this results in a smaller negative
reactivity insertion which will result in a higher peak power. Therefore, a low initial fuel
temperature is assumed.
Steam Generator Mass
A high initial steam generator mass is assumed to maximize primary-to-secondary heat transfer.
Steam Generator Tube Piu2ging
Low steam generator tube plugging is assumed to maximize primary-to-secondary heat transfer.
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8.3

J

Boundary Conditions

]

RCP Operation
Three RCPs are initially operating with the fourth RCP being started from this condition. A
range of RCP start times are assumed which bound the nominal RCP start time.

]

Pressurizer Inter-Region Heat Transfer Coefficient

]

A high inter-region heat transfer coefficient is assumed to maximize the heat transfer rate at the
liquid-steam interface of the pressurizer. This will minimize RCS pressurization due to the

j

power increase and subsequent pressurizer insurge.

J

Single Failure
No credible single failure has been identified which adversely impacts this transient.
8.4

Physics Parameters

Moderator Temperature Coefficient
The EOC most negative moderator temperature coefficient value is used. This conservatively
maximizes the positive reactivity feedback resulting from the coolant temperature decrease after
the fourth RCP is started.

J

Doppler Temperature Coefficient

|

The EOC least negative Doppler temperature coefficient value is used. This conservatively
|

minimizes the negative reactivity feedback resulting from the fuel heatup during the power
increase.
Beta-Effective and Neutron Lifetime
Beff impacts both the moderator and Doppler reactivity feedback during the transient. Since

_

positive moderator feedback and negative Doppler feedback occur, a sensitivity study must be
performed on this parameter to determine if a minimum or maximum value should be used. The

|

prompt neutron lifetime associated with the minimum and maximum Beff values are used.
Nominal EOC delayed neutron fractions and decay constants are assumed since these are
insensitive parameters.
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Scram Curve and Worth
A conservatively slow EOC scram curve along with a minimum EOC at power scram worth is
used.
8.5

Control. Protection, and Safeguards Systems

Reactor Control
The reactor control subsystem of the Integrated Control System (ICS) is assumed to be in
manual. A power increase would result in the ICS inserting rods to maintain the initial power
level, so the ICS is not credited.
Reactor Trip
The reactor trip function credited is the high flux trip. A conservative trip delay time is assumed.
A penalty for a reduction in the excore flux signal due to a decrease in the reactor vessel
downcomer temperature is modeled.
RCS Pressure Control
Pressurizer spray is assumed to be operable to minimize the pressure increase resulting from the
power increase. Pressurizer heaters are assumed to be inoperable.
Pressurizer Level Control
No net charging/letdown flow is modeled. It is assumed there would be no affect on the results
of the analysis if charging/letdown was explicitly modeled due to the short duration of the
transient.
Main Feedwater System
The Main Feedwater System is assumed to be in automatic control. As reactor power increases,
the ICS will increase flow to the steam generators. This will maximize primary-to-secondary
heat transfer which will limit RCS heatup.
Turbine Control
The turbine control subsystem of the ICS is assumed to be in automatic. As the power increases
and additional steam generator inventory boils off, the ICS will attempt to prevent the increase in
8-4

steam line pressure by opening the turbine control valves. This will maximize primary-to-

J

secondary heat transfer and limit RCS heatup.
8.6

Results

The results of the RETRAN-02 analysis are that the peak heat flux is 96.7% of the full power
heat flux, and that the flow has reached the four-pump full power flowrate. Therefore a detailed

j

analysis of DNB is not required since the DNBR is greater than the full power steady-state

j

DNBR.

8.7

]

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core are:

a

* Moderator temperature coefficient
* Doppler temperature coefficient
* Minimum scram worth curve
8.8
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9.0

LOSS OF COOLANT FLOW

9.1

Overview

j

9.1.1

Description

|
|

The loss of coolant flow accident is the result of an electrical failure to the reactor coolant pumps
(RCPs) and results in one or more RCPs coasting down. Depending on the assumed single
failure, either the pump monitor trip or the fluxlflow/imbalance trip will trip the reactor. The

|

major concern in the loss of coolant flow accident is the potential for departure from nucleate

j

boiling (DNB).
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators.
9.1.2

J

Acceptance Criteria

J

The acceptance criterion for the loss of flow accident is that no fuel failures will result as
demonstrated by not exceeding the DNBR limit.
9.1.3

-

Analytical Approach

The loss of flow transient requires a limiting set of physics parameters along with conservative
initial and boundary conditions. These parameters are input to the Oconee RETRAN-02 model

|

(References 9-1 and 9-2) for the system thermal-hydraulic analysis. The RETRAN-02 analysis
generates the transient forcing functions to be input to the Oconee VIPRE-01 model (References
9-2 and 9-3) to calculate the transient minimum DNBR.
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9.2

Simulation Codes and Models

9.2.1

RETRAN-02

The RETRAN-02 code is used for the loss of flow system analyses. The two-loop Oconee
RETRAN model is used for the loss of flow analysis. This two-loop model is used for its
capability to simulate all combinations of RCP coastdown events. RETRAN predicts core exit
pressure, core inlet temperature, core inlet flow, and core heat flux for the RCP coastdown
events. The RETRAN analysis initial conditions are based on the statistical core design (SCD)
methodology.
9.2.2

VIPRE-01

The VIPRE-01 code is used for the loss of flow core thermal-hydraulic analyses. VIPRE
thermal-hydraulic boundary conditions are obtained from the RETRAN system transient
simulation. The [ ] channel VIPRE model described in Section 2.3.2 of this report is used to
calculate the limiting statepoint local coolant properties and DNBR. Since the RETRAN surface
heat flux is used, the VIPRE conduction model is not used for the loss of flow analyses. The
critical heat flux (CHIF) correlations used are the BWC or BWU-Z CHIP correlations (References
9-4 and 9-5). The VIPRE analysis employsthe SCD methodology for the loss of flow core
thermal-hydraulic analyses.
9.2.3

SIMULATE-3P

SIMULATE-3P (Reference 9-6) is a core neutronics code used to generate the safety analysis
physics parameters and three-dimensional core pin power distributions for the loss of flow
transient.
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9.3

Core Cooling Capability Analysis

|

9.3.1

RETRAN-02 Analysis

J
l

The Reactor Protective System (RPS) includes a flux/flow/imbalance trip and a pump monitor
trip to provide DNB protection for RCP coastdown events. The flux/flow/imbalance trip trips
the reactor when the setpoint is reached, and the pump monitor trip trips the reactor when any

|

two of the four RCPs have tripped if the reactor power is greater than 2% FP. Either the
flux/flow/imbalance trip or the pump monitor trip will trip the reactor when different number of

j

RCPs coast down from either four or three-pump operation. Therefore, the possible RCP

J

coastdown events from initial four or three RCP operation are determined. Since some of these
RCP coastdown events are bounded by others, only the five RCP coastdown events shown
below need to be analyzed for the loss of flow transient.
Case Analyzed

RCP Coastdown

Power Level (% FP)

Trin Function

1

4/1

100

flux/flow

2

4/2*'

100

flux/flow

3

4/4

100

pump monitor

4

3/1"

80

flux/flow

5

3/3

80

pump monitor

*

4/1 means 1 RCP coasting down from an initial four RCP operation.

**

The RCPs can be in the same loop or different loops.

J
J

J

9.3.1.1 Initial Conditions

I

Core Power

|

Nominal rated thermal power is assumed for the four-pump initial condition and 80% FP for the
three-pump initial condition since the uncertainty in power is included in the DNB limit (SCD).
RCS Pressure
Low RCS pressure is conservative for the DNB analysis. The instrument uncertainty is included
in the SCD limit.
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Pressurizer level
Low pressurizer level is conservative to minimize the pressure increase during the insurge.
RCS Temperature
High RCS average temperature is conservative for the DNB analysis. The instrument uncertainty
is included in the SCD limit.
RCS Flow
Low flow is conservative for the DNB analysis. The instrument uncertainty is included in the
SCD limit.
Core Bypass Flow
Consistent with the RCS flow assumption, high bypass flow is assumed.
Fuel Temperature
Fuel temperature is chosen to maximize the heat flux which is conservative for the DNB
analysis. A high initial temperature is appropriate.
Steam Generator Mass
Steam generator mass has a negligible effect on the results of the analysis.
Steam Generator Tube PluaginE
Tube plugging has a negligible effect on the results of the analysis.
9.3.1.2 Boundarv Conditions
Reactor Coolant Pump Coastdown
Reactor coolant pumps are assumed to coast down at time zero.
Pressurizer Inter-Region Heat Transfer Coefficient
A conservatively large pressurizer inter-region heat transfer coefficient is assumed to decrease
the rate of RCS pressurization.

,i
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Main Steam Safety Valves

|

The main steam safety valves (MSSVs) are modeled with conservative assumptions for drift,

J

blowdown, and relief capacity to minimize the post-trip secondary pressure response, which in
turn will minimize the primary system pressure response.
Single Failure
A single failure of the pump monitor trip is assumed.

|

9.3.1.3 Physics Parameters

j

Moderator Temperature Coefficient

J

The most positivelleast negative BOC moderator temperature coefficient is assumed to minimize
feedback due to system heatup.
Doppler Temperature Coefficient
The least negative Doppler temperature coefficient minimizes the decrease in the pre-trip power
level and minimizes the post-trip power decrease.
Beta-Effective and Neutron Lifetime
The greater the delayed neutron fraction, the slower reactor power will decrease post-trip. Since
the point of minimum DNBR occurs after reactor trip, the maximum BOC value for Deff is
assumed. The prompt neutron lifetime is not a key parameter for this analysis.

J

J

Scram Curve and Worth
A conservatively slow BOC scram curve along with a minimum BOC at power scram worth are
|

used.
9.3.1.4 Control, Protection and Safeguards Systems

J

Reactor Trip

J

The Reactor Protective System (RPS) includes a flux/flow trip and a pump monitor trip to
provide DNB protection for RCP coastdown events. A conservative trip delay time is assumed.
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RCS Pressure Control
Since low pressure is conservative with respect to the DNB analysis result, pressurizer heaters
are assumed inoperable. Pressurizer spray is assumed operable for the same reason. The
pressurizer PORV and the pressurizer safety valves do not open during the transient.
Main Feedwater System
Main feedwater control is assumed to be in manual to minimize secondary temperature and thus
RCS pressure.
Turbine Control
A slow turbine stop valve stroke time (1.0 sec) is assumed to minimize secondary pressure,
thereby minimizing RCS pressure, which is conservative for DNB.
Turbine Bypass System
The Turbine Bypass System is assumed operable with the secondary pressure controlled to a low
post-trip value. This minimizes secondary pressure, thereby minimizing primary pressure, which
is conservative for DNB.
9.3.1.5 Results
The five RCP coastdown events described in Section 9.3.1 are analyzed. The maximum heat flux
to core inlet mass flow ratio during the transient is used as an indicator to determine which is the
worst coastdown event. Results show that for the four-pump initial condition from 100% power,
two RCPs in the same loop coasting down is the bounding event. For the three-pump initial
condition a loss of the RCP in the same loop as the initially idle RCP is the bounding event.
Two RCPs Trip From Four RCP Initial Condition
Two RCPs in the same loop trip at time zero' The duration of the simulation is 19 seconds. The
sequence of events is shown in Table 9-1. Prior to control rod motion, the reactor power (Figure
9-1) has already decreased because of the negative moderator temperature feedback as a result of
the increase in coolant temperature in the core due to the decrease in flow. The flux/flow trip
trips the reactor and the insertion of control rods begins following the delay time. The reactor
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power decreases rapidly as the control rods insert. The reactor core average heat flux (Figure 91) follows the trend of the reactor power with a thermal delay.
RCS pressure (Figure 9-2) increases initially due to the insurge of the reactor coolant into the
pressurizer as a result of the RCS average temperature increase due to the flow coastdown. After

|

the reactor trips, the RCS pressure decreases due to the post-trip shrinkage. The pressurizer level

]

(Figure 9-3) starts to increase after the RCPs trip due to the increase in the RCS average
temperature. The pressurizer level then decreases due to the decrease of the RCS average

j

temperature after the reactor trips.
The core flow (Figure 94) decreases after the RCPs trip, and approaches the equilibrium 2-pump
flowrate at the end of the simulation. The faulted loop flow decreases toward zero flow, while
the intact loop flow increases from its initial value at the end of the simulation.

l

J

The hot leg temperatures (Figure 9-5) increase initially due to the decrease of coolant flow.
After the reactor trips, the hot leg temperatures begin decreasing to the normal post-trip
temperature. After the RCPs trip, the cold leg temperature in the faulted loop decreases due to
the decrease in primary flow. After the turbine trips, the temperature starts to increase due to the
increase in steam pressure. The cold leg temperature of the intact loop remains stable after the
initiation of the RCP trip, then it increases due to the increase in steam pressure resulting from

l

the turbine trip.
One RCP Trip From Three RCP Initial Condition
The RCP in the same loop as the initially idle RCP trips at time zero. The duration of the
simulation is 19 seconds. The sequence of events is shown in Table 9-2.
Figures 9-6 to 9-10 show the key parameter trends for the 3/1 RCP coastdown transient. The
transient behavior of these parameters trend those of the 4/2 RCP transient. Therefore, no

]

l
|

discussion of the trends will be given with the exception of RCS flow. The RCS flow (Figure 99) is approaching the two RCP equilibrium flowrate at the end of the simulation. While the
faulted loop flow decreases and reverses direction, the intact loop flow increases from its initial

J

value.
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9.3.1.6 RETRAN-3D Comparison
The RETRAN-02 and RETRAN-3D results comparisons are shown in Figures 9-1 to 9-5. The
results are in good agreement with the exception of the primary system pressure. A difference of
10 psi (approximately 0.4%) between the RETRAN-02 and RETRAN-3D primary pressure
predictions develops in the first 10 seconds of the transient. Pressure is very sensitive to rapid
increases in pressurizer level, and in this case the deviation in the pressurizer level is 1 inch.
This level deviation results from a small difference in primary-to-secondary heat transfer
beginning at around 7 seconds when the main steam safety valves begin to lift. This is attributed
to small differences in the predicted critical flow through the main steam safety valves between
RETRAN-02 and RETRAN-3D. The critical flow at a junction is a function of the pressure and
enthalpy of the fluid. These properties are calculated in slightly different ways in RETRAN-02
and RETRAN-3D. Both calculation methods are appropriate approximations based on known
local fluid properties. These small differences are insignificant considering the much greater
effect of the numerous conservatisms included in the loss of flow analysis, and noting that the
time of minimum DNBR (5 seconds) precedes the onset of the deviation.
9.3.2

VIPRE-01 Analysis

Utilizing the VIPRE [ ] channel model described in Section 9.2.2 and the RETRAN boundary
conditions, VIPRE-O1 calculates the transient minimum DNBR.
9.3.2.1 Initial and Boundary Conditions
The RETRAN analyses generate the transient core exit pressure, core inlet temperature, core
inlet flow rate, and core average heat flux for the RCP coastdown events described in Section
9.3.1.3. These boundary conditions are input to the VIPRE [ ] channel model as transient
forcing functions.
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9.3.2.2 Axial and Radial Power Distributions
The axial power distribution is a chopped cosine shape with an axial peak of [Ipeaked at X/L

.The radial power distribution is the base model radial power distribution with a pin
I(Reference 9-2).
radial power of [
-

9.3.2.3 Conservative Factors
Since the SCD methodology is utilized for predicting the DNBR, the SDL accounts for most of
the uncertainties in key parameters. Based on the vessel model flow test and Oconee core
pressure drop measurement, the core inlet flow maldistribution is modeled as a reduction in the
hot assembly flow. The hot assembly flow reduction factor is shown below for different RCP
combinations.
# of RCPs

Flow Reduction Factor

4 RCPs

5%

3 RCPs

[
[

2 RCPs

I
I

9.3.2.4 Critical Heat Flux-Correlation
The critical heat flux (CHF) correlation used for the loss of flow transient DNB3R calculation is
the BWC CHF correlation (Reference 9-4). The range of applicability for the BWC CHF

I
I
I
I
I
I
I
I
I
I
-I
I

correlation is:
Pressure (psia)

1600 to 2600

Mass flux (Mlbmldhr-sqft)

0.43 to 3.8

Quality

-0.20 to 0.26

The BWC CHF correlation SCD limit for the loss of flow transient will be determined utilizing

-I

the minimum DNB3R statepoint boundary conditions described in Section 9.3.2.5.
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9.3.2.5 Results
The transient VIPRE minimum DNBR for the 4/2 and 3/1 RCP coastdown transients are shown
below:
RCP Coastdown Case
4/2

DNBR

Time of MDNBR (seconds)

1.69

5.3

2.02

4.8

'

3/1

Figures 9-11 and 9-12 show the transient minimum DNBR versus time for the two RCP
coastdown cases. The above statepoints at which the minimum DNBR occur are used to
determine the SCD limit for the RCP coastdown for four and three-pump initial conditions. The
minimum DNBR results are greater than the DNB limit, and therefore no fuel failure occurs.
The two-pump coastdown from four pumps in operation statepoint is then used in the
determination of the core power peaking limits for normal operation according to the
methodology described in Reference 9-7.
9.4

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core are:
*

Moderator temperature coefficient

*

Doppler temperature coefficient

*

Minimum scram worth curve
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Table 9-1

Four RCP Operation
Sequence of Events
Time (sec)

I Event Description

0.0

Two RCPs trip

3.51

Flux/flow reactor trip setpoint reached

4.71

Rod motion begins

4.87

Turbine trip on reactor trip

5.99

PZR spray initiates

7.15- 10.32
19.0

MSSVs lift
End of simulation

Table 9-2
...

.

.

Three RCP Operation
Sequence of Events
Time (sec)

Event Description

0.0

One RCP trips

3.05

Flux/flow reactor trip setpoint reached

4.25

Rod motion begins

4.41

Turbine trip on reactor trip

6.56 - 8.93
19.0

MSSVs lift
End of simulation
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Figure 9-1
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10.0

LOCKED ROTOR

10.1

Overview

I
]

10.1.1 Description

j

The locked rotor accident is the result of an instantaneous seizure of one reactor coolant pump

|

(RCP) rotor. Coolant flow in that loop rapidly decreases, causing the Reactor Protective System

J

(RPS) to initiate a reactor trip on flux/flow/imbalance. The mismatch between power generation
and heat removal capability due to the degraded flow condition causes a heatup of the primary
system. The major concern in the locked rotor accident is departure from nucleate boiling

j

(DNB). Based on the analysis results, peak RCS pressure is not a concern during this event.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators.

j

10.1.2 Acceptance Criteria
The acceptance criteria for the locked rotor accident are:
* Any fuel damage calculated to occur must be of a sufficiently limited extent that the
core will remain in place and intact with no loss of core cooling capability.
* Peak RCS pressure remains below 110% of design pressure
*

J
J

Any activity release must be such that the calculated doses at the site boundary are
less than 100% of the 10 CFR Part 100 guidelines.

|

10.1.3 Analytical Approach

|

The locked rotor accident requires a limiting set of physics parameters along with conservative

|

initial and boundary conditions. These parameters are input to the Oconee RETRAN-02 model
(References 10-1 and 10-2) for the system thermal-hydraulic analysis. The RETRAN-02 analysis
generates the transient forcing functions to be input to the Oconee VIPRE-01 (Reference 10-3)

10-1

l

model. The VIPRE-01 model calculates the maximum allowable radial peaking (MARP) limits
during the transient such that DNB will not occur. The MARP results are used to determine the
number of fuel pins in the core exceeding the DNB limit, which are considered to be failed fuel
pins.
10.2

Simulation Codes and Models

10.2.1 RETRAN-02
The RETRAN-02 code is used for the locked rotor system analyses. The two-loop Oconee
RETRAN model is used for the locked rotor analysis. This two-loop model is used due to the
asymmetric nature of the locked rotor accident. RETRAN predicts core exit pressure, core inlet
temperature, core inlet flow and neutron power for the locked rotor events. The RETRAN
analysis initial conditions are based on the statistical core design (SCD) methodology.
10.2.2 VIPRE-01
The VIPRE-01 code is used for the locked rotor core thermal-hydraulic analyses. VIPRE
thermnal-hydraulic boundary conditions are obtained from the RETRAN system transient
simulation. The [ ] channel VIPRE model with fuel conduction described in Section 2.3.2 of
this report is used to calculate the MARP limits. The critical heat flux (CHF) correlations used
to evaluate DNBR are the BWC or BWU-Z CHF correlations (References 104 and 10-5). The
VIPRE analysis employs the SCD methodology for the locked rotor core thermal-hydraulic
analyses.
10.2.3 SIMULATE-3P
SIMULATE-3P (Reference 10-6) is a core neutronics code used to generate safety analysis
physics parameters and three-dimensional core pin power distributions for the locked rotor
accident. The RETRAN predicted conditions of the locked rotor accident will be input to
SIMULATE-3P which is used to calculate the pin power distribution at these conditions. The
pin power distribution will then be compared to the MARP limits generated in the VIPRE
analysis to determine if DNB will occur during the transient, and the number of failed fuel pins.

10-2
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10.3

Core Cooling Capability Analysis

I

10.3.1 RETRAN-02 Analysis
The Reactor Protective System (RPS) includes a flux/flow/imbalance trip to provide DNB
protection for the locked rotor accident. For four-pump operation, a locked rotor in any loop

]

would have identical results. For three-pump operation, the locked rotor can be in the same loop
with the initially idle RCP, or the other loop, and the analysis results would be different.

]

Therefore, three locked rotor cases are analyzed as shown below:
Case 1: One locked rotor from four-pump operation.
Case 2: One locked rotor in the same loop with the initially idle RCP from three-

l

j

pump operation.
Case 3: One locked rotor in the loop without the initially idle RCP from threepump operation.

J

10.3.1.1 Initial Conditions

|

Core Power
Nominal rated thermal power is assumed for the four-pump initial condition and 80% FP for the
three-pump initial condition since the uncertainty in power is included in the DNB limit (SCD).

l

RCS Pressure
Low RCS pressure is conservative for the DNB analysis. The instrument uncertainty is included
in the SCD limit.

|

Pressurizer level

|

Low pressurizer level is conservative to minimize the pressure increase during the insurge.
RCS Temperature
High RCS average temperature is conservative for the DNB analysis. The instrument uncertainty
is included in the SCD limit.

10-3

|

RCS Flow
Low flow is conservative for the DNB analysis. The instrument uncertainty is included in the
SCD limit.
Core Bypass Flow
Consistent with the RCS flow assumption, high bypass flow is assumed.
Fuel Temperature
Fuel temperature is chosen to maximize the heat flux which is conservative for the DNB
analysis. A high initial temperature is appropriate.
Steam Generator Mass
Steam generator mass has a negligible effect on the results of the analysis.
Steam Generator Tube Pluheinz
Tube plugging has a negligible effect on the results of the analysis.
10.3.1.2 Boundary Conditions
Reactor Coolant Pump Locked Rotor
One reactor coolant pump rotor is assumed to lock at time zero.
Pressurizer Inter-Region Heat Transfer Coefficient
A conservatively large pressurizer inter-region heat transfer coefficient is assumed to decrease
the rate of RCS pressurization
Main Steam Safety Valves
The main steam safety valves (MSSVs) are modeled with conservative assumptions for drift,
blowdown, and relief capacity to minimize the post-trip secondary pressure response, which in
turn will minimize the primary system pressure response.
Single Failure
A single failure of the pump monitor trip is assumed.
10-4
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l
10.3.1.3 Physics Parameters
Moderator Temperature Coefficient
The most positive /least negative BOC moderator temperature coefficient is assumed to minimize

|

feedback due to system heatup.
Doppler Temperature Coefficient
The least negative Doppler temperature coefficient minimizes the decrease in the pre-trip power

j

level and minimizes the post-trip power decrease.
Beta-Effective and Neutron Lifetime
The greater the delayed neutron fraction, the slower reactor power will decrease post-trip. Since
the point of minimum DNBR occurs after reactor trip, the maximum BOC value for betaeffective is assumed. The prompt neutron lifetime is not a key parameter for this analysis.
Scram Curve and Worth
A conservatively slow BOC scram curve along with a minimum BOC at power scram worth is

J

used.
10.3.1.4 Control, Protection and Safeguards Systems
Reactor Trip
The Reactor Protective System (RPS) includes a flux/flow trip to provide DNB protection for

]

RCP locked rotor events. A conservative trip delay time is assumed.
RCS Pressure Control
Since low pressure is conservative with respect to the DNB analysis result, pressurizer heaters
are assumed inoperable. Pressurizer spray is assumed operable for the same reason. The
pressurizer PORV and the pressurizer safety valves do not open during the transient.

10-5

J

J

I

Main Feedwater System
Main feedwater control is assumed in manual to minimize secondary temperature and thus RCS
pressure.
Turbine Control
A slow turbine stop valve stroke time (1.0 sec) is assumed to minimize secondary pressure,
thereby minimizing RCS pressure which is conservative for DNB.
Turbine Bypass System
The Turbine Bypass System is assumed operable. This minimizes secondary pressure, thereby
minimizing primary pressure, which is conservative for DNB.
10.3.1.5 Results
The three locked rotor cases described in Section 10.3.1 are analyzed. The maximum heat flux to
core inlet mass flow ratio during the transient is used as an indicator to determine the limiting
locked rotor event for the three-pump initial condition. Results show that the locked rotor in the
loop with two RCPs running is the limiting case for three-pump operation. Therefore, results for
that case are presented below.
Four RCP Initial Condition

;

The locked rotor occurs at time zero. The duration of the simulation is 9 seconds. The sequence
of events is shown in Table 10-1.
Prior to control rod motion, the reactor power (Figure 10-1) has already decreased because of the
negative moderator temperature feedback as a result of the increased coolant temperature in the
core due to the decrease in flow. The flux/flow trip trips the reactor and the insertion of control
rods begins following the delay time. The reactor power decreases quickly as the control rods
insert. The reactor core average heat flux (Figure' 10-1) follows the trend of the reactor power
with a thermal delay.

.,-

..

RCS pressure (Figure 10-2) increases initially due to the insurge of the reactor coolant into the
pressurizer as a result of the RCS average temperature increasing due to the flow decrease. After

'10-6

-I

the reactor trips, the RCS pressure begins to decrease due to the post-trip shrinkage. The

_

l
J

pressurizer level (Figure 10-3) response is similar to the pressure trend.
The core flow (Figure 10-4) rapidly decreases after the locked rotor occurs, and approaches the
equilibrium three-pump flow rate at the end of the simulation. The locked rotor loop cold leg
flow rapidly decreases to a negative value, and the other cold leg flow increases towards the

|

three-pump flowrate.

]

The hot leg temperatures (Figure 10-5) increase initially due to the decrease of coolant flow.

]

After the reactor trips, the hot leg temperatures begin to decrease. After the locked rotor occurs,
the cold leg temperature in the faulted loop decreases slightly due to the decrease in primary

]

flow. The cold leg temperature of the intact loop remains stable initially, and then increases due
to the increase in steam pressure resulting from the turbine trip.
Three RCP Initial Condition
A locked rotor occurs in the loop with two pumps running at time zero. The duration of the

J

simulation is 9 seconds. The sequence of events is shown in Table 10-2.
Figures 10-6 to 10-10 show the key parameter trends for the three-pump initial condition
analysis. The trends are similar to those of the four-pump analysis. Therefore, no discussion of
the trends will be given. The flows in the active loops and the core (Figure 10-9) approach the
two-pump equilibrium flowrates at the end of the simulation.
10.3.1.6 RETRAN-3D Comparison

J
J

The RETRAN-02 and RETRAN-3D results comparisons are shown in Figures 10-1 to 10-5. The

|

results are in good agreement with the exception of the primary system pressure. A difference
of 10 psi (approximately 0.4%) between the RETRAN-02 and RETRAN-3D primary pressure

|

predictions develops in the first 7 seconds of the transient. Pressure is very sensitive to rapid

J
J

increases in pressurizer level, and in this case the deviation in the pressurizer level is 1 inch.
This level deviation results from a small difference in primary-to-secondary heat transfer
beginning at around 5 seconds when the main steam safety valves begin to lift. This is attributed
to small differences in the predicted critical flow through the main steam safety valves between

10-7

RETRAN-02 and RETRAN-3D. The critical flow at a junction is a function of the pressure and
enthalpy of the fluid, These properties are calculated in slightly different ways in RETRAN-02
and RETRAN-3D. Both calculation methods are appropriate approximations based on known
local fluid properties. These small differences are insignificant considering the much greater
effect of the numerous conservatisms included in the locked rotor analysis, and noting that the
time of minimum DNBR precedes the onset of the deviation.
10.3.2 VIPRE-01 Analysis
Utilizing the VIPRE [ ] channel model described in Section 10.2.2 and the RETRAN boundary
conditions, VIPRE-01 is used to calculate the statepoint at which the transient minimum DNBR
occurs. The boundary conditions at this statepoint are used to determine the specific locked rotor
SCD limit. Then for a spectrum of axial peaks, the VIPRE [ ] channel model is utilized to
generate the MARP limits such that the SCD limit is not exceeded.
10.3.2.1 Initial and Boundary Conditions
The RETRAN analyses generate the transient core exit pressure, core inlet temperature, core
inlet flow rate, and core average heat flux for the locked rotor events described in Section
10.3.1.3. These boundary conditions are input to the VIPRE [ ] channel model as transient
forcing functions.
10.3.2.2 Axial and Radial Power Distributions
For the SCD limit statepoint analysis, the axial power distribution is a chopped cosine shape with
an axial peak of [

] peaked at X/L = [

]. The radial power distribution is the base model

radial power distribution with a pin radial power of [

) (Reference 10-2). For the MARP

limits, a spectrum of axial power distributions is analyzed. The magnitude and shape of the axial
profile is varied to cover the full range of profiles resulting from the nuclear design analysis.
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I
10.3.2.3 Conservative Factors

I

Since the SCD methodology is utilized for predicting the DNBR, the SCD limit accounts for

I

most of the uncertainties in key parameters. Based on the vessel model flow test and Oconee
core pressure drop measurement, the core inlet flow maldistribution is conservatively modeled as

l1

a reduction in the hot assembly flow. The hot assembly flow reduction factor is shown below for

I

different RCP combinations.
Operation

Flow Reduction Factor

4 RCP

5%

3 RCP

[

I
]

I

10.3.2.4 Critical Heat Flux Correlation
The critical heat flux (CHF) correlation utilized for the locked rotor transient DNBR calculation
results is the BWC CHE correlation (Reference 10-4). The range of applicability for the BWC
CHF correlation is:
Pressure (psia)

1600 to 2600

Mass flux (Mlbm/hr-sqft)

0.43 to 3.8

Quality

-0.20 to 0.26

I
I
I
I
I

The BWC CHF correlation SDL for the locked rotor transient will be determined utilizing the
minimum DNBR state point boundary conditions described in Section 10.3.2.5.

I

10.3.2.5 Fuel Conduction Model

l

The VIPRE fuel conduction model is utilized in the [ ] channel model. Sensitivity studies have
shown that a [
value. Thus, the [

] results in a conservative transient DNBR

-I
I

] is used for the analysis. The initial gap

conductivity is determined by [

] to the predicted fuel

temperature from TACO-3 (Reference 10-7) for different power levels. Since there is [ J

I
I

10-9
I

[
during the transient.
10.3.2.6 Heat Transfer Correlations
For the DNBR calculations, only the single-phase forced convection and nucleate boiling heat
transfer modes are applicable. The [

] is used for the single-phase

forced convection mode. The [

] is used for the nucleate

boiling region. The critical heat flux correlation used to define the peak of the boiling curve is
the same as that used to predict the DNBR.
10.3.2.7 Results
The transient VIPRE minimum DNBR for the RCP locked rotor from four and three-pump
operation are shown below (Figures 10-11 and 10-12):
RCP Locked Rotor Case

MDNBR

MDNBR at Time (seconds)

4-pump

1.50

2.1

3-pump

1.33

2.2

The above statepoints at which the minimum DNBR occur are used to determine the SCD limits
for the RCP locked rotor from four and three-pump initial conditions. The minimum DNBR
results shown in the above table are less than the respective SCD limits. MARP limits are
therefore generated such that the SDLs are not exceeded. The MARP results are shown in
Figures 10-13 and 10-14.
10.3.3 Fuel Pin Census
The MARP limits as a function of axial peak and location are used for the fuel pin census. When
the radial power peak of the fuel pin predicted by SIMULATE-3P exceeds the MARP limit
during the transient, DNB and cladding failure is assumed to occur. The fuel pin census is
performed to determine the number of failed fuel pins during the locked rotor accident. Results
are shown below.

*10-10

I
% of Fuel Pins

10.4

Operating Conditions

Experiencing DNB

4 RCP operation

0

3 RCP operation

0

I

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core are:
* Moderator temperature coefficient
* Doppler temperature coefficient
* Minimum scram worth curve
10.5
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Table 10-1
Four RCP Operation
Sequence of Events

I Event Description

Time (sec)
0.0

Locked rotor occurs

0.51

Flux/flow reactor trip setpoint reached

1.71

Rod motion begins

1.87

Turbine trip on reactor trip

3.01

Pressurizer spray initiates

4.18 -7.05

MSSVs lift

9.00

Simulation ends

Table 10-2
Three RCP Operation

I
l
-I
I

I

I
I
-I
I

Sequence of Events
-l

Time (sec)

I Event Description

4

0.0

Locked rotor occurs

0.13

Flux/flow reactor trip setpoint reached

1.33

Rod motion begins

1.49

Turbine trip on reactor trip

3.27

Pressurizer spray initiates

5.04 - 6.55

MSSVs lift

9.0

Simulation ends
J.
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Figure 10-1

LOCKED ROTOR
LOCKED ROTOR FROM 4 RCP OPERATION

1.2

_

I

,

_

11_-

Neutron

_

-

Power (RETRAN.02)

|

Neutron Power (RETRAN-3D)

-

Thermnal Power (RETRAN-02)

I ------ Thermal Power (RETRAN-3D)

~EO.

°E0.6
4-

0

0.4

0.2

0
0

8

7

6
5
4
-Time (Seconds)

3

2

1

9

10

Figure i0-2

LOCKED ROTOR
LOCKED ROTOR FROM 4 RCP OPERATION
2280
2260
2240
.2220
22200
0

02180
CL

0~

02160
2140
2120
2100
0

1

2

3

5
4
Time (Seconds)

10-14

6

7

8

9

JL-

_l

l1

Figure 10-3
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11.0

CONTROL ROD MISALIGNMENT ACCIDENT

|

11.1

Dropped Control Rod

|

Control rods are normally grouped into patterns which maintain a symmetric core power
distribution. A mechanical or electrical failure can cause a control rod to drop partially or fully
into the core. The resulting transient causes a rapid reduction in power and moderator

|

j

temperature which is followed by an increase in power due to the negative moderator
temperature coefficient. If control rods are withdrawn by the Integrated Control System (ICS)

|

during the transient response, they will add to the increase in power. The magnitude of the
power increase may exceed the initial power level. This elevated power level, with consideration
for the asymmetric power distribution, has the potential for the DNBR and centerline fuel melt
(CFM) limits to be exceeded.

]

j

The general response of the analog ICS to a dropped rod event is as follows, assuming no credit
for the asymmetric rod indication generating either an ICS runback signal or a control rod
withdrawal inhibit signal. This conservative assumption is in addition to the normal assumption
that control systems either function as designed or do not respond, whichever results in the worst
transient response. The plant is assumed to be initially at 100% full power conditions with the
ICS in automatic. The initiating event is a control rod dropping into the core. The negative
reactivity inserted into the core causes an immediate drop in core power and is assumed to
produce a significant quadrant tilt. The difference between the reactor demand and indicated
core power signals (neutron error) causes the Group 7 control rods to be withdrawn. A neutron
cross limit signal is generated when the neutron error signal reaches 5%, causing the unit to go

J
J

into tracking mode. In tracking mode, the ULD follows generated megawatts. Turbine control
will try to maintain turbine header pressure at its nominal setpoint of 885 psig. The neutron

|

cross limit will also impact the feedwater demand signal to keep core power and feedwater flow
coordinated. As Group 7 is withdrawn, actual core power may increase above the initial power

|

level resulting in an increase in steam pressure. The turbine control response will be to open the
turbine control valves to maintain header pressure. If the assumed quadrant tilt is large enough,

|

the unit will remain in track for the duration of the transient. If no quadrant tilt is assumed, the
unit will come out of track when the neutron cross limit clears and will hold at the then current
demand set value.

11-1

|

The analog ICS has been replaced by an advanced digital ICS. The same modeling philosophy
presented for the analog ICS will be used in analyzing the plant response to a dropped rod event
with the digital ICS.
The transient response is analyzed with the RETRAN-02 code (Reference 11-1). The DNB
analysis is performed with the VIPRE-01 code (Reference 11-2). The core power distribution is
analyzed with the SIMULATE-3P code (Reference 11-3). The acceptance criteria for this
analysis are to ensure that the minimum DNBR remains above the DNBR limit, the CFM limits
are not exceeded, and that the pressure in the Reactor Coolant System (RCS) remains below
110% of design pressure. The minimum DNBR is determined using the statistical core design
(SCD) methodology. Based on the analysis results, peak RCS pressure is not a concern during
this event. The initial conditions and boundary conditions chosen for this analysis are therefore
those that will result in the lowest DNBR and the highest linear heat rates.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators.
11.1.1 Nodalization
This transient is analyzed using the Oconee two-loop RETRAN model (Reference 11-4). This
permits the evaluation of cases with both three and four-pump operation. [

,]
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11.1.2 Initial Conditions

_

Core Power Level
A high initial power level for both three and four RCP operation maximizes the primary system
heat flux. The uncertainty for this parameter is incorporated in the SCD methodology in the

|

DNBR analysis, but is applied to the initial condition in the CFM analysis.
RCS Pressure
Low initial RCS pressure is conservative for DNBR. The SCD accounts for instrument
uncertainty in the pressure indication, but does not account for a controller deadband bias.
Nominal pressure less the controller deadband bias is therefore assumed for the initial RCS

|

J

pressure.

]

Pressurizer Level
Low initial level increases the volume of the pressurizer steam space which minimizes the
pressure increase resulting from the power increase and subsequent insurge.

J

RCS Temperature
The nominal average temperature is assumed, with the uncertainty for this parameter

J

incorporated in the SCD methodology.

RCS Flow

|

Low initial flow is conservative for DNB analyses. The uncertainty associated with this
parameter is incorporated in the SCD methodology.

Core Bypass Flow

]
I

A high core bypass flow is assumed to minimize the coolant flow along the fuel rods.
Fuel Temperature
A smaller increase in fuel temperature results during this transient when starting from a lower

|

initial fuel temperature. With a negative Doppler coefficient, this results in a smaller negative
reactivity insertion which will result in a higher peak power. Therefore, a low initial fuel

|

temperature is assumed.
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Steam Generator Mass
High initial steam generator mass is assumed to minimize the increase in average moderator
temperature. With a negative moderator temperature coefficient, this results in a smaller
negative reactivity insertion which will result in a higher peak power.
Steam Generator Tube Plugging
Low steam generator tube plugging is assumed to maximize primary-to-secondary heat transfer
which will limit RCS heatup.
11.1.3 Boundary Conditions
Dropped Rod
A range of dropped rod worths and core locations are analyzed to bound all possible single
dropped rods at full power for four pumps in operation, and at 80% power for three pumps in
operation.
Pressurizer Inter-Region Heat Transfer Coefficient
A high inter-region heat transfer coefficient is assumed to maximize the heat transfer rate at the
liquid-steam interface of the pressurizer. This will minimize RCS pressurization as power
increases.
Single Failure
The excore power range flux detector in the quadrant with the highest neutron flux response is
assumed to fail.
11.1.4 Physics Parameters
Moderator Temperature Coefficient
At BOC a most positive/least negative moderator temperature coefficient is assumed to minimize
the negative reactivity feedback during the power increase. At EOC a most negative moderator
temperature coefficient is assumed to maximize the positive reactivity feedback during the
cooldown.
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Doppler Temperature Coefficient
At BOC a least negative Doppler temperature coefficient is assumed to minimize the negative
reactivity feedback during the power increase. At EOC a most negative Doppler temperature
coefficient is assumed to maximize the positive reactivity feedback during the cooldown.

I
I
J

Beta-Effective and Neutron Lifetime
Maximum and minimum values at both BOC and EOC are assumed in sensitivity analyses to
determine the most conservative assumption.

j

Scram Curve and Worth

J

A conservatively slow BOC and EOC scram curve along with a minimum scram worth are

J

assumed.
11.1.5 Control, Protection, and Safeguards Systems
Reactor Trip
A reactor trip signal may not occur as a result of this event. The reactor trip functions credited

j

are the high flux trip, the flux/flow/imbalance trip, and the high RCS pressure trip. The effect of
reactor vessel downcomer temperature decrease and rod motion on the excore flux signal is

_

considered. A conservative trip delay time is assumed.
Reactor Control
The reactor control subsystem of the ICS is assumed to be in automatic. A decrease in indicated

|

power results in the ICS withdrawing rods to maintain the initial power level.
Excore Flux Instrumentation
The excore flux instrumentation is simulated to conservatively model two process effects

|

characteristic of a dropped rod transient. The largest effect is the indicated quadrant tilt caused
by the asymmetric power distribution resulting from the dropped rod. The second effect is

|

attenuation of the flux signal on the excore detectors as the reactor vessel downcomer
temperature decreases. The flux signal is compared to the ICS reactor demand signal to obtain a
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neutron error signal. This signal is input to the ICS rod control subsystem and used to determine
the neutron cross-limit which is input to the ICS main feedwater subsystem.
The effect of a change in reactor vessel downcomer water temperature on the excore flux
detector signal is based on one of two methods. The first method, used through Revision 1 of the
methodology, is a synthesis of plant data and analysis results obtained from Framatome
Advanced Nuclear Products. The second method, submitted with Revision 2 of the
methodology, is described in the following paragraphs. Either method may be used in the
application of the methodology.
The effect of Reactor Coolant System temperature on the excore power range neutron detectors
is modeled by consideration of the relevant source, material composition, and detector geometry
details. The fuel region is considered as a homogeneous mixture inside a cylinder of equivalent
volume as the core region inside the baffle plates. The balance of the geometry is modeled as a
series of concentric cylinders, representing the baffle plates, flow channel, core barrel, thermal
shield, downcomer region, and reactor vessel. Particle tallies at the detector account for the
details of detector geometry and design.
Fuel characterization is performed with the SAS2H/ORIGEN-S modules of the SCALE Code
System, as necessary (References 11-5 and 11-6). Transport and tallying of particles is
performed with the MCNP computer code (Reference 11-7). Variance reduction is performed in
MCNP as necessary to achieve reliable statistics for the tallies. The particle tally results are used
to characterize the relative effects of Reactor Coolant System temperature on detector response.
RCS Pressure Control
Pressurizer spray is assumed to be operable to minimize the pressure increase resulting from the
power increase. Pressurizer heaters are assumed to be inoperable.
Pressurizer Level Control
RCS makeup and letdown have a negligible impact on the results of this analysis.
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Main Feedwater System
The main feedwater (MFW) subsystem of the ICS is assumed to be in automatic control. The
ICS will adjust the MFW flow to the steam generators according to changes in the demand

I

signal.
Turbine Control
The turbine control subsystem of the ICS is assumed to be in automatic. The ICS will attempt to

]

maintain steam line pressure by opening or closing the turbine control valves. This action will

]

tend to minimize temperature decreases, and maximize primary-to-secondary heat transfer and
limit RCS heatup.
11.1.6 VIPRE-01 Analysis
The forcing functions necessary to perform the DNB analysis (core average heat flux, core inlet
flow and temperature, core exit pressure) are obtained from the RETRAN-02 analysis results and
input to VIPRE-01. The VIPRE-01 [ ] channel model (Reference 11-4) is then used to
determine the time of the minimum DNBR statepoint for the transient conditions analyzed. At
these statepoint conditions a set of maximum allowable radial peak (MARP) curves is developed

I
J
J

for determining if the DNBR limit is exceeded.
11.1.7 Results
The peak power levels for a dropped rod transient as predicted by RETRAN are 116.6% for the
four-pump initial condition, and 93.6% for the three-pump initial condition. The results of the

I
J

DNBR analysis have demonstrated that the power peaking will remain below the DNBR limit.
The results of the CFM analysis have demonstrated that the maximum linear heat rate is less than

|

the CFM liniit.
11.1.8 Reload Cycle-Specific Evaluation
Physics parameters that are checked for each reload core are:
*

|

J

Moderator temperature coefficient

* Doppler temperature coefficient

l
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*

Minimum scram worth curve

* Maximum withdrawable Group 7 control rod worth curve
11.2

Statically Misaligned Rod

The statically misaligned rod event considers the situation where a control rod is misaligned from
the remainder of its bank. A rod misalignment may produce an increase in core peaking which
decreases the margin to DNB. Steady-state three-dimensional power peaking analyses are
performed with SIMULATE-3P to confirm that the asymmetric power distributions resulting
from the rod misalignment will not result in DNB. There is no system transient associated with
the analysis of the statically misaligned rod case. The reactor is assumed to remain at its initial
power level.
The statically misaligned rod evaluation is performed at nominal hot full power conditions.
Axial shapes allowed by the power dependent axial offset limits are considered in the evaluation.
Two specific cases are analyzed which characterize the worst case misalignments. The first case
considers the full insertion of any one rod within Group 7 positioned anywhere within the full
power rod insertion limits. The second case considers the misalignment of a single Group 7 rod
at its fully withdrawn position, with the remainder of Group 7 positioned at the full power rod
insertion limit. A rod position uncertainty of 2% is considered.
The results of the generic evaluation of the statically misaligned rod event show that this event is
bounded by the dropped rod event. Therefore, power distributions from the statically misaligned
rod accident are not analyzed for each reload core.
11.3
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12.0

TURBINE TRIP

12.1

Overview

|
|

12.1.1 Description
A turbine trip can result from any one of the following conditions: generator trip, low condenser

J

vacuum, loss of lubrication oil, turbine thrust bearing failure, turbine overspeed, reactor trip, or a
manual trip. If the reactor does not trip on turbine trip, the mismatch between the power

]

generated in the primary system and the heat removed by the secondary system results in an
increase in the primary system and secondary system temperatures and pressures. The
temperatures and pressures will continue to increase until the reactor trips on high Reactor
Coolant System (RCS) pressure.

j

The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the
replacement steam generators.
12.1.2 Acceptance Criteria
The heatup and pressurization that result following the turbine trip event lead to concerns

I
J

regarding peak primary system pressure and core cooling capability (or DNB). The acceptance
criteria for the turbine trip event are that the peak primary system pressure shall not exceed 110%

|

of the design pressure, and the DNBR limit shall not be exceeded. The DNB acceptance
criterion is not challenged during a turbine trip transient.

|

12.1.3 Analytical Approach

|

The turbine trip event is analyzed with the RETRAN-02 code (Reference 12-1) for the full power
four-pump operating condition. The peak primary system pressure response with three RCPs in
operation is not analyzed because it is bounded by the four RCP operation case. Initial and
boundary conditions are assumed to maximize the primary system pressure response. These
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parameters are input to the Oconee RETRAN-02 model (Reference 12-2) for the system thermalhydraulic analysis.

12.2

Simulation Code and Model

The turbine trip analysis employs RETRAN-02 and the Oconee RETRAN two-loop base model
(Reference 12-2) to simulate the plant response during the turbine trip event.
12.3

Peak Primary System Pressure Analysis

12.3.1 Initial Conditions
The initial conditions are chosen to maximize heat input to the primary system and to minimize
heat transfer to the secondary system, thereby maximizing the heat-up and pressurization of the
primary system.
Power Level
A high initial power level plus uncertainty is assumed to maximize the heat addition to the
primary system and thus maximize the primary system pressure response.
RCS Pressure
A high initial pressure maximizes the actual pressure at the time of the reactor trip. A low initial
pressure, however, maximizes the time from the start of the transient until the high RCS pressure
reactor trip setpoint is reached. Delaying reactor trip will maximize heat input to the primary
system. A high initial pressure plus uncertainty is assumed because it yields the most limiting
peak primary pressure response.
Pressurizer Level
A high initial pressurizer level plus uncertainty is assumed to minimize the size of the steam
bubble. A smaller steam bubble will lead to a more rapid pressurization than a larger steam
bubble.
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RCS Temperature
A high initial average temperature plus uncertainty is assumed to maximize the primary system
stored energy, and thus maximize the transient primary system pressure response.
RCS Flow
A low initial flow less uncertainty is assumed to minimize the primary-to-secondary heat transfer
so as to maximize the primary system pressurization.

|

Core Bypass Flow
A low core bypass flow is assumed to maximize the heat addition to the primary system and thus
maximize the primary system pressure response.
Fuel Temperature
A bounding high initial fuel temperature is assumed to maximize the initial stored energy in the
reactor core and thus maximize the transient primary system pressure response.

j

Steam Generator Mass

1

A low initial mass is assumed to minimize the secondary heat sink, thus maximizing the primary
system heatup and pressure response.
Steam Generator Tube Plugging
A bounding high tube plugging level is assumed to minimize the primary system mass and the

j

primary-to-secondary heat transfer. This will maximize the primary system pressure response.
12.3.2 Boundary Conditions
Turbine Stop Valves
A conservatively fast turbine stop valve closure stroke time is assumed.

|

Pressurizer Safety Valves
To maximize the primary system pressure response the pressurizer safety valves are modeled
with conservative assumptions for drift, blowdown, and relief capacity.
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Pressurizer Jnter-Region Heat Transfer Coefficient
A conservatively low pressurizer inter-region heat transfer coefficient is assumed. This will
result in a larger pressurization of the steam bubble thus maximizing the primary system pressure
response
Main Steam Safety Valves
In order to maximize the primary system pressure response the main steam safety valves
(MSSVs) are modeled with conservative assumptions for drift, blowdown, and relief capacity to
minimize steam relief. A higher secondary side pressure will reduce primary-to-secondary heat
transfer, thereby maximizing the primary system pressure response.
Decay Heat
High post-trip decay heat maximizes the primary and secondary system pressure responses.
Therefore, bounding high EOC decay heat values predicted by the 1979 ANS Standard 5.1 decay
heat curve is assumed.
Single Failure
No credible single failure has been identified which adversely impacts the transient.
12.3.3 Physics Parameters
Moderator Temperature Coefficient
A least negative moderator temperature coefficient is assumed to minimize the negative
reactivity feedback prior to reactor trip, thereby maximizing the integrated core power, and
maximizing the system pressurization.
Doppler Temperature Coefficient
Prior to the reactor trip the fuel temperature increases slightly; therefore the least negative
Doppler temperature coefficient is assumed to minimize the negative reactivity feedback, thereby
maximizing the integrated core power and maximizing the system pressurization.
Beta-Effective and Neutron Lifetime
To minimize negative reactivity feedback prior to the reactor trip, it is conservative to use the
largest Deff. Also, a large Jeff will slow the post-trip neutron power decrease. Similarly, a
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maximum value for the prompt neutron lifetime is used, although this parameter has been found
to have little impact on the results.
Normalized Scram Curve
A conservatively slow scram curve along with a minimum scram worth is used.

j

12.3.4 Control, Protection, and Safeguards Systems

]

Reactor Trip

]

The reactor trips on the high RCS pressure trip. A conservative trip delay time is assumed. The
reactor trip on turbine trip above 28% full power is defeated. This is an additional conservative

I

assumption that is not necessary but is assumed. Future analyses may elect to delete this
assumption.
RCS Pressure Control

J

To maximize the primary system pressure response the pressurizer spray and the PORV are
assumed inoperable, and the pressurizer heaters are assumed operable.

I

Pressurizer Level Control
Due to the short duration of the transient, modeling of makeup/letdown will not significantly
affect the results of the analysis, and therefore is not modeled.
Main Feedwater System

-

Continued post-trip main feedwater flow tends to reduce the secondary system pressure and
temperature which results in more primary-to-secondary heat transfer leading to a lower primary
system pressure response. Therefore, main feedwater is isolated on turbine trip to maximize the
primary system pressure.

I
I
J
|

Emergencv Feedwater System
No credit is taken for emergency feedwater flow. The limiting conditions for the transient occur
within seconds of the turbine trip before the Emergency Feedwater System can actuate.
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Turbine Bypass System
The TBS is assumed to be inoperable to maximize the secondary system pressure and
temperature. This will result in reduced primary-to-secondary heat transfer, thus maximizing the
primary system pressure response.
12.3.5 Results
The peak primary system pressure case is analyzed for 40 seconds. The sequence of events is
shown in Table 12.1. The turbine trip occurs at 0.1 seconds. Following the turbine trip, steam
flow to the turbine stops abruptly due to the immediate closure of the turbine stop valves. The
mismatch between power generated in the primary system and heat removed by the secondary
system results in an increase in the secondary system temperature and pressure. As a result the
primary system pressure and temperature increase. The neutron power (Figure 12-1) initially
increases slightly due to the positive reactivity feedback associated with the increasing RCS
pressure, which exceeds the negative reactivity feedback associated with the increasing RCS
temperature. The RCS pressure (Figure 12-2) and the hot and cold leg temperatures (Figure 123) increase almost instantly due to the reduction in primary-to-secondary heat transfer. The
pressurizer level (Figure 12-4) increases due to the expansion of the coolant.
The high RCS pressure trip setpoint is reached at 3.49 seconds after turbine trip, with the actual
reactor trip occurring at 3.99 seconds including the RPS delay time. The RCS pressure continues
to increase following the reactor trip and reaches a maximum actual pressure of 2503 psig at 7.5
seconds after the turbine trips. The PSVs do not lift. A few seconds after the reactor trips on
high RCS pressure the RCS pressure begins to decrease. This results from decreasing reactor
power and decreasing main steam pressure (Figure 12-5) resulting from the lifting of the main
steam safety valves. The peak primary pressure occurs at the bottom of the reactor vessel (Figure
12-6). At 7.4 seconds after turbine trip, the pressure at the bottom of the reactor vessel reaches a
maximum value of 2590.4 psig. This is within the acceptance criterion of 2750 psig.
12.3.6 RETRAN-3D Comparison
The RETRAN-02 and RETRAN-3D results comparisons are shown in Figures 12-1 to 12-6. The
results are in good agreement with the exception of the primary system pressure. A difference of
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13 psi (approximately 4%) between the RETRAN-02 and RETRAN-3D primary pressure
predictions develops in the first 8 seconds of the transient. Pressure is very sensitive to rapid
increases in pressurizer level, and in this case the deviation in the pressurizer level is less than 2

j

1

inches. This level deviation results from a small difference in primary-to-secondary heat transfer
beginning at around 3 seconds when the main steam safety valves begin to lift. This is attributed

|

to small differences in the predicted critical flow through the main steam safety valves between
RETRAN-02 and RETRAN-3D. The critical flow at a junction is a function of the pressure and
enthalpy of the fluid. These properties are calculated in slightly different ways in RETRAN-02
and RETRAN-3D. Both calculation methods are appropriate approximations based on known

]

]

local fluid properties. These small differences are insignificant considering the much greater
effect of the numerous conservatisms included in the turbine trip analysis, and the large margin
to the acceptance criterion.
12.4

Reload Cycle-Specific Evaluation

l

The key parameters that are checked for each reload core are:
*

Moderator temperature coefficient

*

Doppler temperature coefficient

*

Minimum scram worth curve
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Table 12-1
Sequence of Events
Time (sect
.

I---I

0.1

I Event Descrintion
i -,

---- - --

Turbine trip
MFW assumed lost

3.06 - 4.20

MSSVs lift

4.09

Reactor trips on high RCS pressure

7.50

Peak RCS pressure of 2590.4 psig occurs at bottom of reactor vessel

17.10

MSSV begin to reseat

40.00

End of simulation
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Figure 12-1
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13.0

STEAM GENERATOR TUBE RUPTURE

|

The steam generator tube rupture (SGTR) event analyzed is a double-ended rupture of a single

l

tube. This transient is analyzed to provide input data for a separate analysis of the fission

]

product release to the environment. The key results are the primary-to-secondary leak rate
through the ruptured tube and the secondary steaming rates.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other

|

changes in the methodology that follows are associated with this change in code version or the
replacement steam generators.

|

The acceptance criterion for this event is that the offsite radiological doses will be less than
100% of the limits established in IOCFR100.

13.1

J

Nodalization

This asymmetric transient is analyzed using the two-loop Oconee RETRAN model (Reference

|

13-1). A junction is added to the base model to connect the steam lines together, which better

j

represents the actual plant design prior to turbine trip. This base model addition is necessary
since an asymmetric steam generator response will occur prior to turbine trip during this event.

-1l

[

13-1
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13.2

Initial Conditions

Core Power Level
High initial core power with a positive uncertainty is assumed to maximize the primary system
heat load.
RCS Pressure
Nominal pressure with a positive uncertainty maximizes the pressure difference across the
ruptured tube, thus maximizing break flow and the offsite dose release.
Pressurizer Level
Nominal level with a positive uncertainty maximizes the post-trip energy content of the RCS that
must be removed during the cooldown.
RCS Temperature
Nominal RCS average temperature with negative uncertainty is assumed to minimize the primary
fluid temperature at the break location, thus maximizing the mass flow rate through the ruptured
tube.
RCS Flow
Nominal RCS flow with a negative uncertainty is assumed to minimize frictional and form losses
between the reactor coolant pump discharge and the break location. For a given initial RCS
pressure, this will maximize the pressure at the break location and thus break flow.
Core Bypass Flow
Core bypass flow is not an important parameter for this transient.
Fuel Temperature
High initial fuel temperature is assumed to maximize the stored energy in the RCS which must be
removed during the post-trip cooldown.

13-2
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j

Steam Generator Mass
Low initial steam generator mass reduces the initial secondary inventory available to mix with
and dilute the primary-to-secondary leakage, which is conservative for the offsite dose

|

calculation.

Steam Generator Tube Pluggging
A high steam generator tube plugging level is assumed to minimize the initial steam generator

j

steam pressure and maximize the pressure differential across the ruptured tube. High tube
plugging can also reduce the post-trip cool down rate.

13.3

]

Boundary Conditions

J

Break Model
The break is assumed to be a double-ended rupture of a single steam generator tube at the bottom
tube sheet surface. This location maximizes the mass flow through the break.

a

RCP Operation

J

Reactor coolant pumps (RCPs) are assumed to be available and operate manually during this
event. It is assumed that operators have the ability to trip RCPs during the unit cooldown to
assist in reducing the RCS heat load.

I

Ambient Heat Loss From the RCS
A non-conducting heat exchanger is used to model ambient heat loss from the RCS following

reactor trip.

|

Pressurizer Inter-Region Heat Transfer Coefficient

|

No credit is taken for liquid-steam interface heat transfer in the pressurizer until pressurizer level
recovers to its post-trip setpoint. During pressurizer insurges, this will maximize RCS

|

pressurization and hence primary-to-secondary leakage.

Atmospheric Dump Valves
The atmospheric dump valves are modeled to minimize their steaming capacity, which will slow

|

the post-trip cooldown.
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Main Steam Safety Valves
The main steam safety valves are modeled with conservative lift, blowdown, and relief capacity
assumptions which minimize secondary pressure and maximize atmospheric steam releases.
Decay Heat
High decay heat is assumed to miximize the post-trip steaming rates. Bounding high EOC decay
heat values predicted by the 1979 ANS Standard 5.1 decay heat curve are assumed.
Ruptured Steam Generator Level Control
After operators isolate the ruptured steam generator, break flow will gradually fill the ruptured
steam generator. Upon reaching a high level setpoint which is below the elevation at which
water will spill into the main steam lines, operators will control the level by steaming to the
atmosphere and/or draining.
Single Failure
The single failure identified for maximizing offsite dose is the failure of the emergency
feedwater (EFW) control valve on the intact steam generator to open following reactor trip. This
results in the ruptured steam generator providing all post-trip heat removal until operator action
corrects the problem.
Manual Operator Actions
*

Immediate action to initiate flow from the High Pressure Injection (HPI) System.

*

Identify the failed-closed position of the EFW control valve and restore EFW to the
intact steam generator. An operator action delay time of 23 minutes after reactor trip
is assumed.

*

Identification of the ruptured steam generator is determined by the EFW flow
imbalance between the intact steam generator and the ruptured steam generator. An
operator action delay time of 10 minutes after flow has been restored to the intact
steam generator is assumed.

13-4

* RCS subcooled margin is minimized after identification of the tube rupture. This is

J

accomplished by using pressurizer spray to depressurize the RCS. An operator
action delay time of 12 minutes following identification of the tube rupture is

]

assumed.
* An operator action delay time is assumed from the time RCS subcooled margin is
minimized to the time that a cooldown of the RCS to 5320 F begins. Operator action

]

delay times of 5 minutes for control room actions, and 40 minutes for local action are
assumed.
* Isolate the ruptured steam generator after reaching 532TF. This includes isolation of

]

steam loads and isolation of EFW to this steam generator. An operator action delay
time of 20 minutes after reaching 532F is assumed.
* One RCP in the loop without the pressurizer is tripped off after the RCS has cooled

|

J

down to 532TF. A 20 minute operator action delay time is assumed for this after
reaching 532T. One RCP in the loop with the pressurizer is tripped at 400'F.
*

j

A shift changeover delay of one hour is assumed. The RCS is held at a stable
condition during this time.

*

Cooldown of the RCS to 450 0 F occurs after shift changeover is completed. An

1

operator action delay time of 5 minutes is assumed.
* Cooldown of the RCS is halted upon reaching 450TF. RCS boron sampling is
completed at this time. An operator action delay time of 90 minutes is assumed.
* Boration of the RCS is performed to reach the cold shutdown boron concentration

_1

]

requirement. An operator action delay time of 30 minutes is assumed.
*

Cooldown to decay heat removal conditions resumes after the cold shutdown boron
concentration has been achieved. An operator action delay time of 5 minutes is
assumed.
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*

During the cooldown the ruptured steam generator is periodically steamed to the
atmosphere and/or drained to prevent water from entering the steam lines. A
conservatively low steam generator level setpoint corresponding to an elevation
below that of the steam line is assumed for this action.

* A delay time is assumed to align the decay heat removal system. An operator action
delay time of 90 minutes is assumed.
13.4

Physics Parameters

Credit for pre-trip negative reactivity addition from HPI System boron injection using the
generalized transport model and a conservatively low value of differential boron worth is
credited in the methodology. The analysis presented in this report does not include the pre-trip
effect of boron injection.
13.5

Control, Protection, and Safeguards Systems

Reactor Control
Reactor power does not change prior to reactor trip, thus the reactor control subsystem of the
Integrated Control System (ICS) is assumed to be in manual.
Reactor Trip
The Reactor Protective System is assumed to trip the reactor 20 minutes after the tube rupture
occurs.
RCS Pressure Control
Pressurizer heaters are assumed to be operable during this event. Pressurizer spray is 'also
assumed to be operable since it is the limitilg'means of minimizing the RCS subcooled margin
after identification of the tube rupture.
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Pressurizer Level Control
ECCS injection is manually throttled after the tube rupture occurs to control pressurizer level to a
high setpoint.

_

ECCS Injection

L

Maximum ECCS injection flow is assumed to be available coincident with the tube rupture. This
maximizes primary-to-secondary leakage and lengthens the time to reactor trip. [

Main Feedwater System
The main feedwater subsystem of the ICS is assumed to be in automatic control prior to reactor
trip. This will throttle main feedwater to the ruptured steam generator due to the break flow
entering it. Main feedwater flow is assumed to be terminated after reactor trip. This minimizes
the secondary inventory available to mix with and dilute primary-to-secondary leakage. This
also reduces the ability to cool the unit down.
Turbine Control

i

The turbine control subsystem of the ICS is assumed to be in automatic to prevent steam

L

generator pressure from increasing before the reactor is tripped. This will maximize primary-tosecondary leakage.
Emergency Feedwater System
EFW initiation occurs on the loss of MEW with a long delay. A single failure of the EFW
control valve on the intact steam generator to open results in the ruptured steam generator
providing all post-trip heat removal until operator action corrects the problem. Minimum flow
rates are assumed to minimize primary-to-secondary heat transfer.
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13.6

Results

The thermal-hydraulic response resulting from this event is provided as input to a separate
analysis which determines the fission product release to the environment.
13.7

Reload Cycle-Specific Evaluation

The reload physics parameter that must be checked is a minimum boron worth.
13.8
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14.0

ROD EJECTION

J

14.1

Overview

]
]

14.1.1 Description
The rod ejection accident is initiated by a failure of a 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 Protective System trips the
reactor on high neutron flux and the remaining control rods fall into the core. 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.
The methodology that follows is applicable to the analysis for the original steam generators. The
replacement steam generators are analyzed with RETRAN-3D instead of RETRAN-02. No other
changes in the methodology that follows are associated with this change in code version or the

L

replacement steam generators.
14.1.2 Acceptance Criteria
The acceptance criteria for the rod ejection accident analysis are:
* The accident will not further damage the RCS and,
* The offsite dose will be less than 100% of the IOCFR100 limits.

I
J
LI

The first criterion of no further damage to the RCS is interpreted to mean that the peak primary
pressure and the peak pellet radial average enthalpy both remain below a specified limit. The

|

peak primary pressure limit is to remain within Service Limit C as defined by the ASME Code
(Reference 14-1), which is 120% of the 2500 psig design pressure, or 3000 psig. The peak

l

enthalpy limit is such that the radially averaged fuel pellet enthalpy shall not exceed 280 cal/gm
at any location. To evaluate the second criterion of offsite dose being with the I0CFR100 limits,

|

the extent of fuel failures are quantified with the assumption that any fuel pin that exceeds the

I
14-1

DNB limit is considered failed. The fuel failure results are used in the offsite dose calculations
to verify that the offsite dose criterion is satisfied.
14.1.3 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 threedimensional transient neutronic and thermal-hydraulic model using the ARROTTA code
(Reference 14-2) or SIMULATE-3K (Reference 14-3). A pin-to-assembly factor from
SIMULATE-3P (Reference 144) is used to expand ARROTTA assembly peaks to pin peaks.
The resulting transient core power distribution results are then input to VIPRE-01 (Reference 145) core thermal-hydraulic models. The VIPRE models calculate the fuel temperatures, 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 14-6) model of the Reactor Coolant System to determine
the peak pressure resulting from the core power excursion.
14.2

Simulation Codes and Models

14.2.1 ARROTTA
The ARROTTA code described in Section 2.6 is used to calculate core power response and
three-dimensional power distribution.

Modifications are made to the model to ensure

conservative results. Each of these are discussed in Section 14.3.
14.2.2 SIMULATE-3K
The SIMULATE-3K code described in Section 2.7 is also used to calculate core power response
and three-dimensional power distribution. SIMULATE-3K includes a prediction of individual
pin powers. Modifications are made to the model to ensure conservative results. These changes
produce a rod ejection model which is functionally equivalent to the ARROTTA model.
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14.2.3 SIMULATE-3P

J

The SIMULATE-3P code described in Section 2.5 is used to calculate a pin-to-assembly factor to

j

apply to the ARROTTA averaged assembly results.
14.2.4 VIPRE-01
The VIPRE-01 code described in Section 2.3 is used in the calculations of peak fuel enthalpy,
DNBR, and the coolant expansion rates for various initial and boundary conditions postulated for

|

this transient. Any changes to the Oconee VIPRE model (Reference 14-9) are described in the
following subsections.
i

14.2.4.1 Peak Pellet Enthalpy
To show that the peak fuel enthalpy acceptance criterion is met, a [

] channel VIPRE model

with fuel conduction is used to calculate the maximum hot spot fuel temperature during the
transient. Given the ARROTTA predicted [

l

], VIPRE calculates the transient
maximum hot spot average fuel temperature. This fuel temperature is then used in the
calculation of the maximum radial average fuel enthalpy. Details regarding the [

] channel

VIPRE model and initial and boundary conditions follow.

-

Model Description
A[

] channel model with fuel conduction is constructed to simulate the peak fuel pin in the

I channel model
and the [ ] channel model yield nearly identical fuel temperature results. The [
] channel
hot assembly during the transient. Sensitivity studies have shown that a [

J
J

model consists of a [

J

Power Distributions
During the transient, the hot assembly axial power distributions change mainly due to the ejected
control rod and to the insertion of control rods as the reactor trips. [
l. For hot-
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J

zero-power (HZP) conditions, the [

Fuel Conduction Model
The VIPRE fuel conduction model is used. A [

results in

-

conservative fuel temperatures and is used in the fuel temperature calculations. During the
transient, core average power will increase as will the hot fuel assembly power. Above a certain
power level, [

Heat Transfer Correlations
Heat transfer correlations used for the four major segments of the boiling curve are as shown
below.
Single-phase forced convection:

[

]

Saturated nucleate boiling regime: [
Transition boiling regime:
Film boiling regime:

]

[
[

]
]

The critical heat flux correlation used to define the peak of the boiling curve is the BWC
(Reference 14-7) correlation (the same correlation will be used that is used to predict the
DNBR). The minimum DNBR value for the peak of the curve is set to 1.24, which is the
correlation limit of 1.18 plus 5% margin.

7

Flow Correlations
For the rod ejection analysis, the subcooled void, the bulk void, and the two-phase friction
multiplier are modeled by using the [
correlations, respectively.
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.I
Conservative Factors

I

I is applied to the hot rod. This factor accounts

An engineering hot channel factor (Fq) of [

for the increase in rod power due to manufacturing tolerances such as differences in the number
of U-235 grams per rod, loading tolerances of U-235 per stack, and variations on the powder lot
mean enrichment.
The hot subchannel flow area is reduced to account for variations in the as-built dimensions of
the subchannel. The following flow area reductions are assumed.
Unit channel:

[

] flow area reduction

Thimble channel:

[

I flow area reduction

A core inlet flow maldistribution penalty is assumed depending upon the pump configuration.
This inlet flow reduction is applied to the hot assembly and the [

] channel model and is as

follows:
4 reactor coolant pumps:

5% inlet flow reduction

3 reactor coolant pumps:

[

I inlet flow reduction

2 reactor coolant pumps:

[

I inlet flow reduction

I

I
I
j
I
L

LI

L
L
L
L
I

I
lI
Direct Moderator Heating
The amount of heat generated in the coolant is 2.7% of the total power.

-l

Fuel Enthalpy Calculation

L

VIPRE-01 does not perform fuel enthalpy calculations. Thus, the fuel enthalpy for a given fuel
temperature during the transient is calculated separately from VIPRE based on the equation
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I
I

obtained from MATPRO (Reference 14-8).;
FENTHL

=

FENTHL (T)

-

FENTHL (Tref)

with
FENT

-L

e

Kle

eT-

+

K2T2
2

YK3

+-

exp(-ED/RT)

where
FENTHL

= fuel enthalpy (J/kg)

T = temperature (0K)
Y = oxygen to metal ratio

2.0

R = 8.3143 (J/mol- 0 K)
e

= Einstein Temperature (0K)
=

535.285 for U0 2

K, = 296.7 (J/kg-0 K)
K2 = 0.0243 (J/lg-oK2 )
K3 = 8.745 E+7 (J/kg)
ED =

1.577 E+5 (J/mol)

FENTHL (Tref)

=

fuel enthalpy at any desired reference temperature

The above fuel enthalpy correlation is only valid for a fuel temperature greater than about 300 0K
(80.3 TF). Thus, the reference temperature is 300 'K. To convert J/kg to callg, FENTHL is
multiplied by 0.23889/1000.0.
14.2.4.2 DNBR Evaluation
Utilizing the ARROTTA or SIMULATE-3K transient [
] the Oconee [ ] channel VIPRE model (Reference
14-9) or the [

]-channel model described in Section 14.2.4.1 are used to determine

acceptable power peaking limits. 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. The CHF correlation used for
14-6

the results presented is the BWC correlation and the DNBR limit is 1.24, which is the correlation

J

design limit of 1.18 plus 5 % margin. A fuel pin census is then performed to determine the
number of fuel pins in the core that exceed the power peaking limit.

|

The number of pins exceeding the DNB limit during the transient is determined by first

|

combining the ARROTTA [
1 The radial peak for each pin is then compared to the radial peak DNB limit

I

based on the axial peak and location of the peak. The total number of pins exceeding the DNB
peaking limit is then calculated for use in the offsite dose analysis.
Due to the severity of the power excursions observed for this transient, a non-statistical core
design (SCD) analysis is performed for the DNB calculations. Thus, various conservative factors
included in the SCD must be included in this analysis, as discussed below.
Model Description
The model used for the DNBR evaluation is the previously approved [ 1channel model or the

[

1channel model.

J

Power Distributions
A spectrum of axial power distributions is analyzed for each rod ejection case. The magnitude of
the axial peaks are varied to bound the range of peaks observed from the ARROTTA or

_

SIMULATE-3K analyses. For each axial peak value and location described above, the pin radial
peak is varied until the DNB limit is obtained. This pin radial peak is held constant throughout

|

the transient.
Fuel Conduction Model
A[

] is assumed to generate conservative DNB results.

|

Since the MARP limits are applied to every pin in the core but generated only for the hot
assembly, two different assumptions are made 1

J

1,resulting in two different

sets of MARP limits for each rod ejection case. The first set is for [

]J
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Heat Transfer Correlations
For the DNBR calculations, only the single-phase forced convection and nucleate boiling heat
transfer modes are applicable. The [

] is used for the single-phase

forced convection mode. The [

] is used for the nucleate

boiling regime. The critical heat flux correlation used to define the peak of the boiling curve is
the BWC correlation. The minimum DNBR value for which transition boiling occurs is set to
1.24.
Flow Correlations
The [
] for the two-phase friction multiplier.
Other Thermal-Hydraulic Correlations
In addition to those correlations discussed in Section 14.2.4.1, turbulent mixing is also calculated
by VIPRE for the flow and energy solutions in the DNBR calculations. The single phase mixing
correlation used is shown below and is used for both single and two-phase mixing.

w' =

ASG

where: A = [
S

= gap width, feet

G = average mass velocity in the channels connected by gap K, lbm/sec-ft2
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Conservative Factors
The conservative factors used in the DNBR calculations are identical to those used in Section

]

14.2.4.1.
14.2.4.3 Coolant Expansion Rate
If the peak fuel enthalpy criterion is met, there is no 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

J

any location in the reactor core, depends on the initial amount of subcooling and the heat transfer
rate. A [ ] channel VIPRE model (refer to Section 2.3.2) is constructed for this purpose. Using

-

the ARROTTA or SIMULATE-3K [

] the
Oconee RETRAN plant transient model for simulating the resulting pressure response.

J

Model Description
A [ ] channel model with fuel conduction is constructed to calculate the reactor coolant
expansion rate during the transient. ARROTTA results show that the [

Axial Power Distributions

J

|

ARROTTA or SIMULATE-3K generate assembly axial power distributions for each assembly
during the transient. [

_
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I
Radial Power Distributions
The transient assembly radial power distributions generated by ARROTTA or SIMULATE-3K
are used for the analysis. [

I
Fuel Conduction Model
] is used to provide for a conservative calculation of

A[
the channel local fluid conditions. [

I

Heat Transfer Correlations
For conservatism, only the first two segments of the boiling curve are used in the coolant

I

expansion rate calculation. This forces VIPRE to use the [

for post-DNB conditions. This results in a conservatively large heat flux post-DNB and thus a
conservatively high coolant expansion rate.
Single-phase forced convection:

I

Saturated nucleate boiling regime:

[

I
I

The critical heat flux correlation used to define the peak of the boiling curve is the BWC
correlation for the results presented (the same correlation used to predict the DNBR). The
minimum DNBR value for the peak of the curve is set to 1.24, which is the correlation limit of
1.18 plus 5% margin.
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J
Flow Correlations
For the coolant expansion rate calculations, the subcooled void, the bulk void, and the two-phase

J
J

friction multiplier are modeled by using the [

]

J

Other Thermal-Hydraulic Correlations

i
1

{

Conservative Factors
Only the core inlet flow maldistribution penalties discussed in Section 14.2.4.1 are assumed in
the coolant expansion rate calculation. [

�
J
J
J

Calculation of the Reactor Coolant Expansion Rate [

[

1

J
J
J
J
J
J
J
J
J
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14.2.5 System Thermal-Hydraulic Analysis
The RCS response to a rod ejection accident is primarily a rapid pressurization due to the
increase in heat transfer associated with the power excursion. The [

] boundary condition.
The RETRAN-02 model is the single-loop base model described in detail in Reference 14-9.
14.3

Nuclear Analysis

The response of the reactor core to the rapid reactivity insertion from a control rod ejection is
simulated with two independent models, ARROTTA and SIMULATE-3K. Model geometry is
typically one node per fuel assembly in the radial direction. The radial and axial nodalization
depends on the fuel assembly design, such as whether or not axial blanket fuel is being modeled.
For the analysis presented, a typical axial nodalization of 23 equal length fuel nodes in the axial
direction is used. Beyond the fuel nodes, both models explicitly calculate 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.
The SIMULATE-3K three dimensional neutron kinetics model used in this analysis is
functionally equivalent to the ARROTTA model. Thus the analyses documented in this report
provide a benchmark of the SIMUTLATE-3K model relative to ARROITA, with ARROTTA
having been previously reviewed and approved by the NRC for rod ejection analysis.
ARROTTA and SIMJLATE-3K are used to calculate the core power level and nodal power
distribution versus time during the rod ejection transient. SIMULATE-3K includes pin power
reconstruction capability. I

] This information is used by VIPRE to determine the fuel enthalpy, the
percentage of the fuel pins exceeding the DNB limit, and the coolant expansion rate.
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14.3.1 ARROTTA Analysis
The control rod ejection transient is analyzed for the following six initial conditions.
*

BOC at maximum allowable core power level with 4 RCPs operating

*

BOC at maximum allowable core power level with 3 RCPs operating

*

BOC at HZP (two RCPs in the analysis presented, three in the future)

*

EOC at maximum allowable core power level with 4 RCPs operating

*

EOC at maximum allowable core power level with 3 RCPs operating

*

EOC at HZP (two RCPs in the analysis presented, three in the future)

Because of the modifications to the ARROTTA model which are described below, the analyses
performed are expected to bound all future Oconee reload core designs.

J
J

I
j

Ejected Rod Location and Velocity
The core location of the ejected control rod is chosen specifically for each analysis to produce
the most conservative results. Figure 14-1 shows the core configuration and location of the

]

ejected control rod for the various analyses. For both HZP transients the control rod in core
location L-10 is ejected from a fully inserted position in 0.15 seconds at constant velocity. The
time required for rod ejection is consistent with the original FSAR analysis. It assumes that the
pressure barrier has failed in such a way that it no longer offers any restriction to the ejection and
that there is no viscous drag force limiting the rate of ejection. The analyses performed with 3
RCPs operating eject the control rod from core location H-12. The initial position of the ejected
rod, including uncertainty, is 38% withdrawn which corresponds to the maximum insertion limit
allowed for this condition. The time required to eject the rod is determined by proportionally
reducing the 0.15 seconds required for full length ejection by the fraction of control rod inserted.

J

Thus the conservative assumptions previously stated are preserved. For the transients performed
with 4 RCPs operating, the control rod in location H-12 is ejected from an initial position of 58%

J

withdrawn. As before this corresponds to the maximum insertion limit allowed for this condition
and dictates a proportional reduction in ejection time.
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Eiected Rod Worth
The worth of the ejected rod is the key parameter which drives the core power excursion in these
transients. Adjustments are made to the worth of the ejected control rod to ensure a conservative
analysis that is expected to bound future reload core designs. The ejected control rod worth is
] for fuel compositions

[
in the appropriate core locations.
Initial Power Distribution

[

Beta-Effective
The core response to this transient is sensitive to the effective delayed neutron fraction (Jeff).
Since

Jeff

is dependent on enrichment and burnup, there will be some cycle-to-cycle variation

caused by changing feed enrichments and discharge batch size. ARROTTA input includes Iudr
for six delayed groups for each unique fuel composition in the core. [

. .I .

. .

Moderator Temperature Coefficient
The initial condition moderator temperature coefficient is [
] While this coefficient has
little effect on the peak power response of this transient, this conservative adjustment is made to
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ensure consistency with other postulated transients which are limited by the moderator
temperature coefficient.
Doppler Temperature Coefficient
The Doppler temperature coefficient is important to this transient because the negative reactivity

I
J

feedback from increased fuel temperature is the initial effect that limits the power excursion and

]

begins to shut down the reactor. [

Reactor Trip and Single Failure
The reactor trip signal is generated for all six transients when three of four excore detectors

|

exceed the high flux trip setpoint used during cycle operation. This conservative modeling
assumes that the detector which would indicate the highest flux level has failed and that a two
out of the remaining three logic is required to generate a trip signal. The excore signals are
synthesized from a conservative combination of power densities of several assemblies in the
proximity of each excore detector. A conservative trip delay time is assumed.

J

Scram Curve and Worth
The reactor scram assumes that the ejected rod, part length axial power shaping rods, and the
remaining rod with the highest worth do not fall into the core. The remaining scrammed rod
worth is reduced to ensure that only the minimum net shutdown margin is achieved. Additional
conservatism is applied by limiting the rate at which the scrammed rods are allowed to fall into

j

J

the core such that the reactivity inserted is bounded by the limiting curves.
The total effect of all these conservatisms is to create an ARROTTA rod ejection model that will
provide results which bound all future reload cycles. Table 14-1 identifies the conservative core

|

parameters used in each analysis.

I
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14.3.2 SIMULATE-3K Analysis
The SIMULATE-3K analyses utilize the same methodology as previously described for
ARROTTA. The conservatisms required by the rod ejection analysis and described above for the
ARROTTA analysis are implemented using SIMULATE-3K user features.
14.3.3 Results
ARROTTA results from each of the six cases are summarized in Table 14-2. Results from the
SIMULATE-3K cases are provided in Table 14-3. Core power versus time for each model is
shown in Figures 14-2 through 14-7.
For the 4 and 3 RCP transients, which begin at 102% and 82% power, respectively, core power
increases rapidly as the control rod is ejected. The ejected rod worth in these transients is not
sufficient to achieve a prompt critical state. Power increases until Doppler feedback from
increasing fuel temperature begins to turn the excursion around. Core power level continues to
decrease as the fuel temperature approaches an equilibrium value. A reactor trip signal on high
flux occurs very early in these transients but the conservative trip delay time prevents rod motion
until after the peak core power occurs. Additional conservatisms applied to the rate of rod
insertion and scram worth minimizes the effect of the reactor trip until the rods approach the
bottom of the reactor core.
The transients initiated from HZP differ from the at power initial conditions in that the ejected
rod worth is large enough to achieve a prompt critical core. Power increase continues long after
the control rod is fully ejected until the fuel heats up enough for Doppler feedback to turn the
excursion around. Conservatisms on trip delay time, rate of rod insertion, and scram worth
minimize the impact of the reactor trip.
Core power level and [

] are key inputs to the

thermal hydraulic analyses discussed below. Figures 14-8 and 14-9 provide full core maps of the
ARROTTA assembly averaged power distribution at the time of peak core power during the two
most limiting rod ejection transients. This data is input to the VIPRE analysis described below to
determine the number of pin failures due to DNB.
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14.3.4 Fuel Pin Census for DNBR Evaluation

J

DNBR calculations are performed with VIPRE for each of the six rod ejection cases. The results
are expressed as a family of curves of maximum allowed radial peak (MARP) versus assembly
axial peak and location. When the radial pin power of a fuel pin exceeds the appropriate MARP
during a transient, DNB is assumed to occur and that pin is assumed to fail. A utility code
compares the pin power distributions generated by the core neutronics calculations to the MARP

j

limits generated during the VIPRE analysis and accumulates the number of failed fuel pins by
assembly and total core. Table 14-4 summarizes the results of the fuel pin census for each case

]

modeled. Figures 14-10 and 14-11 provide core maps showing distribution of pin failures for the
two most limiting cases analyzed. It is noted that HZP cases do not result in as many fuel

]

failures as the at power cases, and therefore the fuel pin census need not be checked in future

]

reload cores unless any of the other key parameters fail the reload check.
14.4

Thermal-Hydraulic Analysis

14.4.1 VIPRE-01 Analysis and Results
The four key initial conditions assumed for each VIPRE calculation are the core inlet flow, core

conditions by initializing RETRAN to a conservative value for each parameter. This allows

I
I

VIPRE and RETRAN to be coupled via the initial conditions. [

I

exit pressure, core inlet temperature and core average power. These conditions will vary
depending on the power/pump combination. RETRAN-02 is used to generate these initial

I The transient core average power forcing functions are shown in Figures 14-2
through 14-7.
During the rod ejection accident RCS pressure increases due to the coolant expansion as a result
of the reactor power excursion. [
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|

The mechanical failure that results in the ejected rod also causes a hole to open in the reactor
vessel head. In order for the hole to permit the ejection of a control rod, it must be at least 1.5
inches in diameter. This hole will provide a pressure-relief path for the RCS and is credited in
the RETRAN peak pressure analysis.
14.4.1.1 Peak Fuel EnthalpY
The fuel temperatures and enthalpies are calculated for the various power/pumplburnup
combinations. The maximum fuel temperature and radial averaged enthalpy during the transient
are dependent on the initial radial pin power. The results tabulated below assume an initial pin
power well above what could be expected in future cores.
Maximum

Maximum Fuel

Maximum Clad

Maximum Fuel

Centerline Fuel

Average Fuel

Surface

Average

Temperature

Temperature

Temperature

Enthalpy

Case

(F)

(F)

(F)

(cal/gm)

HFP, BOL

4776.4

3217.4

785.0

132.8

82 %FP, BOL

4645.3

3143.0

1077.3

129.0

HZP, BOL

1871.8

1495.9

707.8

55.1

HFP, EOL

4347.5

2739.5

772.2

109.7

82 %FP,EOL

4577.3

2921.9

785.2

118.3

HZP, EOL

1954.3

1578.0

733.4

58.5

The above results show that during the transient, the maximum fuel average enthalpy is well
below the acceptance criterion of 280 callgm. The HZP cases presented were analyzed with 2
RCPs when 3 RCPs could have been credited. Future analyses will credit 3 RCPs. It is noted
that EOL and HZP conditions do not yield pellet enthalpies as high as the BOL HFP and 82 %
FP cases.
14.4.1.2 DNBR Evaluation
The DNBR calculations are performed for the various power/pump/bumup combinations. The
DNBR results are expressed as a family of curves of maximum allowed radial power (MARP)
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3

versus assembly axial peak and location. Representative MARP curves are presented in Figures
14-12 through 14-14 for BOC conditions, with the HZP cases assuming 2 RCPs in operation
when 3 RCPs could have been credited. EOC conditions yield similar, though higher, MARP
curves which translates into fewer pin failures. 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

J
J

fuel pin census results resulting from the use of these MARP curves are given in Table 14-4.
14.4.1.3 Coolant Expansion Rate
The BOC 3 RCP rod ejection transient results in the highest coolant expansion rate. Figure 1415 shows the instantaneous core coolant expansion rate in 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
], the expansion rate has

expansion rate of [

L

nearly decreased back to its initial value as power decreases due to reactor trip.
14.4.2 RETRAN Peak Primary Pressure Analysis
14.4.2.1 Initial Conditions
The RETRAN model pressure response to the rod ejection transient is primarily a function of the
coolant expansion rate, which is input as a boundary condition. Most parameters such as initial

_

primary temperature have little impact on the pressure response due to the [
1 which results in minimizing temperature transport effects.
However, since the results of these initializations are used to generate the initial conditions for
the VIPRE analyses, the transient is evaluated as if temperature transport effects do play an

|

important role in the pressurization. Each initial condition is discussed below.
Only the maximum power levels at 4 and 3 RCP conditions are analyzed for the peak primary

l
|

pressure.
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Power Level
The pressure response is insensitive to the initial core power level. However, for input to the
VIPRE analyses, a high core power level is assumed that includes uncertainty.
RCS Temperature
A high initial RCS average temperature will not significantly affect the results of this transient.
However, a high initial RCS average temperature, including uncertainty, will maximize the core
inlet temperature and therefore be conservative as an initial condition to the VIPRE analysis.
RCS Pressure
Sensitivity cases indicate that a low initial RCS pressure, including uncertainty, is conservative
in that VIPRE will predict a higher coolant expansion rate and thus a greater peak primary
pressure. For 3 RCP operation, one loop will be higher in pressure than the other loop. Since
low RCS pressure is conservative, the highest loop pressure will be initialized to the target
pressure.
Pressurizer Level
A high initial pressurizer level decreases the volume of the steam bubble thereby increasing the
pressurization effect. Nominal pressurizer level plus uncertainty is assumed.
RCS Flow
A high RCS flow is conservative to maximize the loop AP. However, since the RETRAN and
VIPRE analyses are coupled via the initial conditions and a low RCS flow will yield a greater
coolant expansion rate, a low RCS flow, including uncertainties, is assumed.
Core Bvpass Flow

To obtain a conservatively low core inlet flow for input to VIPRE, a high bypass flow is
assumed.
SG Tube Pluiging
High tube plugging will minimize the primary-to-secondary heat transfer and thus maximize the
primary system pressurization. Furthermore, high tube plugging will minimize the RCS
inventory. Therefore, a high tube plugging level is assumed.
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I
SG Level
Secondary side conditions have little impact on the primary side pressurization due to the short

-I

duration of the transient.
Pressurizer Inter-Region Heat Transfer Coefficient
A conservatively low inter-region heat transfer coefficient is assumed to maximize the
pressurization due to pressurizer insurges.

I
I

I
I
Ii
I
I
I

14.4.2.2 Boundary Conditions
Reactor Coolant Volume Expansion Rate

I
Reactor Power
Although reactor trip occurs within the first second of the rod ejection transient, reactor power is

I

maintained at its initial value for the duration of the RETRAN simulation. This is necessary to
maintain the initial (steady-state) coolant expansion rate. This technique ensures an accurate
coolant volume expansion boundary condition.
Small Break LOCA
The mechanical failure that results in the ejected rod also causes a hole to develop in the reactor
vessel head. Based on control rod drive drawings, the minimum hole size that will accept the
control rod drive shaft is 1.5 inches in diameter. Even though the small break LOCA is present

I

I
I
I
I
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at the start of the transient, it is not assumed to occur until 0.1 sec to allow time for the rod to
completely eject from the vessel.
RCS Pressure Control
In order to conservatively bound the pressure response, the pressurizer PORVs and spray are
defeated.
Pressurizer Safety Valves
The pressurizer code safety valves function as overpressure mitigation equipment. Conservative
assumptions are made in regard to drift, blowdown, and relief capacity.
Main Feedwater System
Main feedwater is ramped to zero flow immediately following turbine trip to simulate Integrated
Control System actions and steam generator pressurization effects on MFW flow.
Turbine Control
The turbine is assumed to trip immediately upon reactor trip.
Main Steam Safety Valves
The main steam safety valves are drifted high to minimize the secondary side pressure relief.
Single Failure
The single failure is described in Section 14.3.1.
14.4.2.3 Results
The Reactor Coolant System pressure response to the rod ejection is shown in Figure 14-16. The
pressure plotted represents the pressure at the bottom of the reactor vessel where the highest
system pressure occurs. Figure 14-16 shows that a peak system pressure of 2885 psig is reached
in 2.3 seconds. The peak pressure is within the acceptance criterion of 3000 psig.
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14.5

Reload Cycle-Specific Evaluation

|

The failed fuel pin census results from Section 14.3.4 are used in the determination of the offsite

J

dose consequences. In addition to the calculated pin census results, a maximum allowable
number of failed pins is determined in the offsite dose calculation. Each reload core design then
verifies that this maximum allowable limit is not exceeded. A cycle- specific check will be made
for those key physics parameters which most significantly determine the response of the rod

|

J

ejection transient. These key physics parameters are listed in Table 14-5.
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Table 14-1
Rod Ejection Accident Parameters

EOC

BOC

Parameter
Initial Core Power, %FP
Initial Core Avg TMOD, 'F
Reactor Pressure, psia
Core Flow, gpm X 10+5
Delayed Neutron Fraction
MTC, pcm /IF
DTC, pcm / OF
Ejected Rod Worth, pcm
* At

4 RCP
102
581
2200
3.71
0.0058
-3.00
-1.25
200

3 RCP I HZP
IE-7
82
581
540
2200
2200
2.73
1.73
0.0058 0.0058
-2.20
+7.00 *
-1.65
-1.30
800
400

4 RCP
102
581
2200
3.71
0.0049
-25.0
-1.35
200

3 RCP
82
581
2200
2.73
0.0049
-25.0
-1.38
400

HZP
IE-7
540
2200
1.73
0.0049
-15.0
-1.75
800

ARO conditions

Table 14-2
ARROTTA Rod Ejection Results

Parameter
Initial Ejt Rod Position, %WD
Begin Rod Ejection, sec
End Rod Ejection, sec
Maximum Core Power, %FP
Time of Max Core Power, sec
Peak Assembly Power
Peak Nodal Power
Trip Signal Generation, sec
Begin Scram Rod Motion, sec
End Scram Rod Motion, sec

4 RCP
58
0
0.063
144
0.076
2.38
3.33
0.054
0.454
2.854

3 RCP
38
0
0.093
195
0.106
3.01
4.37
0.082
0.482
2.882
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HZP
0
0
0.150
2098
0.270
4.28
6.66
0.248
0.648
3.048

|

EOC

|

BOC

4 RCP
58
0
0.063
148
0.079
2.45
3.44
0.057
0.457
2.857

3 RCP
38
0
0.093
223
0.112
3.12
4.77
0.083
0.483
2.883

HZP
0
0
0.150
1918
0.262
4.51
9.99
0.245
0.645
3.045

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 14-3
SIMULATE-3K Rod Ejection Results

BOC

Parameter
Initial Ejt Rod Position, %WD
Begin Rod Ejection, sec
End Rod Ejection, sec
Maximum Core Power, %FP
Time of Max Core Power, sec
Peak Assembly Power
Peak Nodal Power
Trip Signal Generation, sec
Begin Scram Rod Motion, sec
End Scram Rod Motion, sec

4 RCP
58

3 RCP
38

0
0.063 - 0.093
-194
140
0.076 -0.109
2.93
2.29
3.14 -. 4.20
0.054.- >0.082
0.482
0.454
2.882
2.854

|

4 RCP
HZP
58
0
0
0
0.063
0.150
137
1841
0.081
0.288
2.25
4.17
3.09
6.40
0.057
0.248
0.6480.457
2.857
3.048

:3 RCP
38
0
0.093
.214
0.117
3.00
4.81
0.083
0.483
2.883

Table 14-4
Total Pins Achieving DNB During Rod Ejection Accident (ARROTTA)
Transient
4 RCP
3 RCP
HZP

BOC
40.6%
39.2%
I
<
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EOC
27.6%
36.3%
2.1%

|

EOC

HZP
0
0
.0.150
1752
0.277
4.33
10.5
0.245
0.645
3.045

Table 14-5
Rod Ejection Accident
Reload Cycle Key Parameter Checklist

Parameter
Max Ejected Rod Worth, $
MTC, pcm / 0F
DTC, pcm I0 F
F Ah (at full power)
Fq (at peak power)
1Fuel Failures, %

*

**

"***

•
•
•5
•5
•9

___

BOC

4 RCP
0.345
-3.00
-1.25
1.80
4.17

3 RCP
0.690
-2.20
-1.30
1.80
6.30

___

HZP
1.38
+7.00 *
-1.65
1.80
8.01
N/*

_

___

EOC

4 RCP 3 RCP
0.408
0.8 16
-25.0
-25.0
-1.35
-1.38
1.80
1.80
4.03 16.20
**I

*

HZP
1.63
-15.0
-1.75
1.80
13.8
NIA**

At ARO conditions
The HZP cases are non-limiting in terms of fuel failure and do not need to be checked unless
any of the other key parameters are violated
The percentage of fuel failures must be less than the percentage assumed in the dose
analysis.
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Figure 14-1

ROD EJECTION ACCIDENT

L

Oconee Core Configuration
1

2

3

4

5

6

7
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9

10

11

L
L
L
L
L
L

F = Fresh fuel location

4RCP = Ejected rod location for transients with 4 RCPs
3RCP = Ejected rod location for transients with 3 RCPs

HZP = Ejected rod location for transients at HZP
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Figure 14-2

ROD EJECTION ACCIDENT
BOC 4 RCP Core Power Versus Time
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Figure 14-3

ROD EJECTION ACCIDENT
BOC 3 RCP Core Power Versus Time
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Figure 144

ROD EJECTION ACCIDENT
BOC HZP Core Power Versus Time
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Figure 14-5

ROD EJECTION ACCIDENT
EOC 4 RCP Core Power Versus Time
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Figure 14-6

ROD EJECTION ACCIDENT
EOC 3 RCP Core Power Versus Time
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ROD EJECTION ACCIDENT
EOC HZP Core Power Versus Time
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Figure 14-8

ROD EJECTION ACCIDENT
Assembly Power Distribution at Maximum Core Power
BOC with 4 RCP
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ROD EJECTION ACCIDENT
Assembly Power Distribution at Maximum Core Power
BOC with 3 RCP
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ROD EJECTION ACCIDENT
Accumiulated Pins in DNB
BOC with 4 RCP
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ROD EJECTION ACCIDENT
Accumulated Pins in DNB
BOC with 3 RCP
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15.0

STEAM LINE BREAK

15.1

Overview

15.1.1 Description

I
I

The steam line break accident initiates with a double-ended rupture of one of the two main steam

I

lines. Since the two steam lines are connected in the steam chest between the turbine stop valves
and the control valves, the break initially results in a rapid blowdown of both steam generators.
The steam generator depressurization initiates a rapid Reactor Coolant System (RCS) cooldown
leading to a reactor trip on low RCS pressure or variable low RCS pressure within the first few
seconds of the accident. The reactor trip causes the turbine stop valves to close, isolating the
affected steam generator from the unaffected steam generator. Main feedwater flow to each

L

J
J

steam generator will be controlled by the Integrated Control System (ICS) by maintaining a
minimum post trip steam generator level. If main feedwater is available and controlling steam

J

generator level to the ICS setpoint, emergency feedwater will not be actuated. If main feedwater
is lost, or if the ICS fails to control feedwater flow to the affected steam generator, emergency

J

feedwater is likely to be actuated. The affected steam generator continues to depressurize, while
the pressure in the isolated steam generator repressurizes and is controlled by the turbine bypass

|

valves and possibly the main steam safety valves. Auxiliary steam loads may also depressurize

J
J

the isolated steam generator. The cooldown of the RCS continues, resulting in reverse heat
transfer in the isolated steam generator. The cooldown of the RCS caused by the continued
addition of main and/or emergency feedwater to the depressurized steam generator may lead to a
loss of shutdown margin and a return-to-power. Any retum-to-power is eventually shut down by
the boron injected from the High Pressure Injection (HPI) System and core flood tanks (CFTs).

l

The methodology that follows, unless specified otherwise, is applicable to both the analysis of
the original steam generators with RETRAN-02 and the analysis of the replacement steam

-l

generators with RETRAN-3D. The following changes in the methodology are specific to

l

RETRAN-3D:
*

Steam generator modeling differences in Section 15.2.1.5

*

Steam generator water carryout control differences in Section 15.2.1.6

*

Reactor coolant pump modeling differences in Section 15.3.1.1.2
15-1

15.1.2 Acceptance Criteria
The acceptance criteria for the steam line break accident are as follows:
* The core will remain intact for effective core cooling, assuming minimum tripped
rod worth with a stuck rod.
* Doses will be within 100% of 10CFR100 limits.
The steam line break analysis is performed assuming a stuck control rod, a single failure in the
Engineered Safety Features or the Emergency Feedwater System, and with consideration of both
offsite power maintained and offsite power lost. Fuel failure will be assumed for any fuel pin
that exceeds the DNBR limit.
15.1.3 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 the Oconee RETRAN-02
model (References 15-1 and 15-2) for the system thermal-hydraulic analysis. The with offsite
power RETRAN-02 analysis generates the transient core thermal-hydraulic boundary conditions
(core heat flux, core inlet flow, core inlet temperature and core exit pressure). The steam line
break with offsite power is a severe overcooling transient which results in a return-to-power
condition. The affected loop cold leg temperatures are much colder than the unaffected loop and
cause asymmetric core inlet temperature conditions. To simulate this asymmetric condition
properly, a [ ] channel VIPRE-01 (Reference 15-3) model is used (Figure 15-1). A statepoint
DNBR calculation is performed since the return-to-power during the steam line break accident is
slow and a statepoint analysis provides conservative DNBR results. The RETRAN-02 thermalhydraulic statepoint is analyzed using the S1M4ULATE-3P (Reference 154) code to determine a
detailed core power distribution including a stuck rod. The detailed core power distribution and
the statepoint conditions are then analyzed with the VIPRE-01 code to determine the minimum
DNBR.

15-2

For the without offsite power case, the core thermal-hydraulic boundary conditions from the
RETRAN-02 analysis are input to the Oconee VIPRE-01[

]

] channel model (Reference 15-2) to

determine the DNBR statepoint. The VIPRE-01 model is then utilized to calculate a set of

_

maximum allowable radial peaking (MARP) limits such that DNB will not occur. The MARP
limits are compared against the SIMULATE-3P core power distribution to determine the number

J

of fuel pins exceeding the DNB limit and therefore assumed to fail.
15.2

Simulation Codes and Models

15.2.1 RETRAN-02
The RETRAN-02 Oconee base model described in Section 2.2.1 of Reference 15-2 is utilized for
the steam line break analysis except as described below. The steam line break model has been

J

previously submitted (Reference 15-5) and approved by the NRC for the Oconee steam line
break accident mass and energy release modeling.
15.2.1.1 Nodalization of Reactor Vessel

15-3

}

]

15.2.1.2 Transport Delay Model
The transport delay model is known to produce'anomalous predictions if flow reversals occur.
This model is turned off in the primary loop piping volumes if flow reversals are predicted in
those volumes.
15.2.1.3 Condensate/Feedwater System Model
A Condensate/Feedwater System model is added to the RETRAN base deck to accurately predict
the feedwater flow boundary condition during the steam line break accident. The
Condensate/Feedwater System model contains fill tables to simulate the condensate booster
pumps and the D heater drain pumps. Homologous pump curves are included to accurately
model the main feedwater pumps. Non-conducting heat exchangers are used to model all of the
feedwater heaters.
15.2.1.4 Original Steam Generator RETRAN-02 Model
Low steam generator tube plugging will maximize the transient primary-to-secondary heat
transfer. The assumption of low steam generator tube plugging also maximizes the RCS volume,
which slightly increases the overall heat capacity of the RCS. Sensitivity studies have been
performed and have determined that the impact of the tube plugging on the heat transfer area is
the 'dominant effect. Based upon plant data, a lower bound of 1% tube plugging is modeled.

15-4

The vertical junction option is used for the aspirator junctions to smooth the enthalpy and mass

J

flow rate predictions through the aspirator port during the accident. This is necessary due to the
reverse flow predicted through these junctions during the accident. The inertia for these

]

junctions is also increased in order to minimize the rate of change in flow through the aspirator
ports. The choking option (Extended Henry and Moody) is turned on at the steam generator exit

]

nozzle junction, which is reasonable given the high steam velocities. The choking option is
turned off at the feedwater nozzle junction, which will result in more feedwater entering the
faulted steam generator. The isoenthalpic expansion choked flow option is utilized for Junctions
126, 134, 225, 226 and 234. This avoids junction enthalpy errors when the enthalpy decreases
below 170 Btu/lbm (Moody limit). In addition, dynamic slip is modeled in Junctions 136 and

j

137. This is done in an attempt to minimize the liquid carried into the steam line.

J

15.2.1.5 Replacement Steam Generator RETRAN-3D Model

a

Zero steam generator tube plugging is assumed to maximize the primary-to-secondary heat
transfer. The choking option (Extended Henry and Moody) is turned on at the steam outlet
nozzle to account for the flow restricting orifice. The vertical junction option is used and the
inertia is increased for the aspirator junctions to smooth the enthalpy and mass flow rate
predictions. The isoenthalpic expansion choked flow option is used at the aspirator junctions to
avoid junction enthalpy errors should the enthalpy decrease to below 170 Btulbm, which is the
Moody model limit. The junction flow area for the steam generator cold leg outlet nozzle in the
unaffected loop is increased if a code abort occurs.
15.2.1.6 Steam Generator Water Carrvout Control
Water carryout during blowdown of the affected steam generator can have the effect of reducing

J

J
J
J
|

the rate of overcooling, since water that does not boil in the tube bundle region will not absorb
the heat of vaporization. A secondary concern with water carryout in a steam line break analysis

J

is that the break flow with two-phase conditions will be considerably less on a volumetric basis
than single-phase steam flow, and will thus slow the rate of steam generator depressurization.
This in turn slows the decrease in steam generator saturation temperature and the primary-tosecondary heat transfer rate, which is non-conservative. However, with uncontrolled main and/or
emergency feedwater flow, steam generator overfill will eventually occur. Water carryout at that

15-5

]

time is realistic. Possible unrealistic or non-conservative water carryout is addressed in the
model.

'I

I

]

15.2.1.7 Break Model
The break is modeled by dividing the ruptured main steam line into two volumes with a
connecting junction, and by adding the two break junctions. The full cross-sectional area of the

15-6

I
34" main steam line is 6.3 ft2 . Thus, the double-ended break of the 34" main steam line results in
a total initial break flow area of 12.6

ft2 .

The replacement steam generators have flow restricting orifices in the steam outlet nozzles.
These reduce the critical flow area to 1.804 ft2 per steam generator, and decrease the blowdown
rate relative to the original steam generators.

[

15.2.2 VIPRE-01

The VIPRE-01 code is used for the steam line break core thermal-hydraulic analyses. VIPRE-01
thermal-hydraulic boundary conditions (core exit pressure, core inlet temperature, core inlet
flow, and heat flux) are obtained from the RETRAN-02 system transient simulation. Since the
[

I
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

] The modeling of conservative factors, direct

I

moderator heating, flow correlations, and other correlations is identical to that described in
Reference 15-2. The subcooled and bulk void correlations are different than those in Reference
15-2, and are described in Section 15.3.1.2.3. The critical heat flux (CHF) correlations used to
evaluate the DNBR are the Westinghouse W-3S (Reference 15-3, Appendix D) for the Mk-B10
or Mk-B 11 fuel types, and the BWU (References 15-7 and 15-8) correlations for Mark-B 11 fuel.
For the without offsite power analysis, the[ ] channel VIPRE-Ol model described in Reference
15-2 is used to calculate the transient local coolant properties and DNBR. The BWC (Reference
15-6) and BWU CHF correlations are used to perform the DNBR calculations for the Mk-B IOT
and Mk-B I 1 fuel assembly types, respectively. The VIPRE-0I analysis employs the SCD
methodology for the offsite power lost case.
15.2.3 SIMULATE-3P
SIMULATE-3P is used to generate safety analysis physics parameters and three-dimensional
core pin power distributions. The system transient response during a steam line break accident is
sensitive to core temperature feedback. The moderator reactivity versus temperature and the
Doppler reactivity versus fuel temperature curves are selected such that the most limiting
conditions, which occur at end-of-cycle (EOC), are predicted.
The asymmetric conditions for the with offsite power analysis require non-uniform core inlet
temperatures to be input to SIMULATE-3P. The maximum worth stuck rod is conservatively
assumed to be in the cold half of the core which will increase the local reactivity and power. A
10% reduction in the worth of the remaining control rods is also assumed. These assumptions
result in a conservative reactivity calculation and power distribution at the limiting RETRAN
statepoint. The SIMULATE-3P reactivity prediction is used to verify that the RETRAN kinetics
model is conservative. The SIMULATE-3P pin power distribution at the limiting RETRAN
statepoint is then input to VIPRE for the DNBR analysis.
For the without offsite power analysis, the stuck rod is conservatively assumed to be in the colder
half of the core since this will increase the local reactivity and power. SIMULATE-3P is used to
calculate the pin power distribution which is used to compare to the MARP limits generated in
the VIPRE analysis.
415-8

1
15.3

Transient Analysis

I

The steam line break analysis presented herein is divided into two sections. The first section
assumes that offsite power is available, and is concerned with the potential for a post-trip returnto-power and DNB. The second section assumes that offsite power is lost coincident with the
opening of the break, and is concerned with the flow coastdown and primary system

J

depressurization effects on DNB.
15.3.1 With Offsite Power
15.3.1.1 RETRAN-02 Analysis
15.3.1.1.1 Initial Conditions
The initial conditions for the steam line break analysis with offsite power are selected to

I
I

maximize the RCS cooldown and depressurization, and thereby maximize the potential for a
post-trip return-to-power and DNB. Since the SCD methodology does not cover the range of
RCS pressures expected for the cases that assume offsite power is available, a deterministic
approach will be utilized in the selection of the initial conditions.
Power Level

|

Full rated power plus uncertainty is assumed. High initial power level maximizes the initial

J

steam generator inventory and feedwater flow rate, both of which will maximize the primary-tosecondary heat transfer once the break occurs. A steam line break accident from hot zero power
(HZP) is not analyzed. At HZP, feedwater is aligned through the startup feedwater control
valves, which results in a much lower feedwater flow rate than at full power. Sensitivity studies

l

have been performed and have determined that the steam line break from HZP is bounded.

J

RCS Pressure

J

A low initial pressure minimizes the time to reactor trip. An earlier trip reduces the integrated
energy deposition into the RCS, leading to lower RCS temperatures. A lower initial pressure is
also conservative with respect to DNB. However, a lower initial pressure results in an earlier

15-9

J

actuation of the Engineered Safeguards Systems (HPI and CFTs) which inject boron into the
RCS and shut down the reactor if a retum-to-power occurs. Sensitivity studies have been
performed and have determined that a low initial RCS pressure is the most limiting assumption.
Pressurizer Level
A low initial pressurizer level minimizes the volume of relatively hot water that drains into the
RCS upon pressurizer outsurge, thereby maximizing the RCS cooldown and any return-to-power.
Thus, nominal pressurizer level less uncertainty is assumed.
RCS Temperature
The ICS controls the average coolant temperature at a constant value whenever power is greater
than 15%. For the steam line break accident, a lower initial average coolant temperature will
result in a greater cooldown of the primary system. This will result in more positive reactivity
addition due to the negative moderator temperature coefficient, and thus maximize any return-topower. Thus, nominal RCS average temperature less uncertainty is assumed.
RCS Flow
Since this transient is being evaluated for minimum DNBR, a low initial RCS flow is used.
Core Bypass Flow
High core bypass flow is assumed which minimizes core flow and is conservative for DNB.
Fuel Temperature
A low initial fuel temperature is used to minimize the stored energy in the fuel. A conservatively
low EOC fuel temperature is assumed.
Steam Generator Mass
A conservatively high steam generator mass is assumed to maximize the overcooling.
15.3.1.1.2 Boundary Conditions
The key boundary conditions for the steam line break with offsite power are as follows:

15-10

Break Opening Time

|

A break opening time of 0.1 seconds is assumed. Based on sensitivity studies performed, shorter
break opening times do not significantly alter the initial secondary side depressurization.
Reactor Coolant Pump Modeling
The RETRAN two-phase flow degradation model is used for the RCPs since significant voiding
is predicted in the unaffected loop. In the RETRAN-02 analysis for the original steam

J
J
J

generators, the RCPs in the unaffected loop are tripped at 100 seconds to avoid a code error
associated with pressure oscillations in this loop due to two-phase performance. Tripping the

J

RCPs in the unaffected loop has a conservative impact on the cooldown of the RCS since there is
reverse heat transfer taking place in the steam generator." In the RETRAN-3D analysis for the

J

replacement steam generators this code error does not occur and the RCPs are not tripped.
Turbine Stop Valves
A slow turbine stop valve stroke time (1.0 second) is assumed to isolate the unaffected steam
generator from the affected steam generator. This maximizes the overcooling.
Main Steam Safety Valves
The main steam safety valves are modeled using conservative assumptions for drift, blowdown
and valve capacity that maximize relief flow and minimize the secondary pressure response in

I

the unaffected steam generator. A lower pressure will minimize the reverse primary-tosecondary heat transfer in this steam generator, and maximize the RCS cooldown.

|

J

Extraction Steam
To maximize the cooldown of the RCS, it is conservative to model the steam loads on the
isolated steam generator. A conservatively high extraction steam flow rate is assumed.

|

Decay Heat

|

To maximize the RCS cooldown, a low decay heat power level assuming a multiplier of 0.9 is
applied to the 1979 ANS Standard 5.1 decay heat power.
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Single Failure
The analysis examines a single failure of the EFW control valve to the affected steam generator
or a single failure of the Engineered Safeguards that results in only one train of HPI.
15.3.1.1.3 Physics Parameters
Moderator Temperature Feedback
A table of reactivity as a function of moderator density is input to account for moderator
reactivity effects. The consequences of a steam line break accident are more severe at EOC due
to the more negative moderator temperature coefficient. The most negative EOC moderator
temperature feedback curve is used in the analysis.
Doppler Temperature Feedback
A table of reactivity as a function of fuel temperature is input to model Doppler reactivity effects.
A typical EOC Doppler curve is used in the analysis, which adds positive reactivity due to the
decrease in fuel temperature. The total reactivity check at the limiting statepoint (see Section
15.4) confirms that the assumed Doppler feedback is conservative.
Reactivity Weighting

Beta-effective and Neutron Lifetime
A small value of Pef and prompt neutron lifetime are chosen to maximize the power decrease on
reactor trip. Small values of these parameters will also enhance any return-to-power. EOC
decay constants and delayed neutron precursor fractions are also assumed.

.15-12

Scram Curve and Worth
The control rods are inserted when the reactor trips. For this analysis, a top-peaked scram curve

|

and a lower bound on the rod insertion time are assumed. These assumptions minimize the posttrip energy addition to the RCS, leading to a greater cooldown. A scram worth is selected which

|

maintains a reactivity margin between the RETRAN-02 and SIMULATE-3P reactivity
predictions at the limiting RETRAN statepoint.

|

Boron Reactivity

]

Differential Boron Worth

I

A differential boron worth is used to model the reactivity addition from the boron injected by the
HPI pumps and the CFTs. A low differential boron worth (% Ak/k/ppm) is conservative in that it
will minimize the negative reactivity added by these systems.
15.3.1.1.4 Control, Protection, and Safeguards Systems

A

Reactor Control

J

Following the steam line break, the combined effect of decreasing turbine header pressure and
T-ave would result in an increase in reactor demand to the high limit. Since a reactor trip will

|

occur within the first few seconds of the accident, it is reasonable to make the simplifying
assumption that the control rods are in manual control.

|

Reactor Trip
An early reactor trip is conservative in that it minimizes the integrated energy transferred into the
RCS, leading to a more severe cooldown. Thus, the variable low pressure trip and low RCS
pressure trip setpoints are adjusted to ensure an early reactor trip occurs. A lower bound on the
delay time for both trip functions is used.
15-13
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RCS Pressure Control
No credit is taken for pressurizer heater operation. Due to the rapid depressurization of the RCS,
the pressurizer sprays, PORV, and safety valves are not actuated.
Pressurizer Level Control
No credit is taken for the automatic operation of makeup and letdown to attempt to maintain
pressurizer level. The makeup and letdown flows are assumed to isolate simultaneously and to
be balanced prior to isolation. Not taking credit for the makeup and letdown is conservative for
the evaluation of minimum DNBR.
Emergency Core Cooling System
Minimum HPI flow is conservative for the steam line break, since the injected borated water
from this system helps to prevent or terminate any return-to-power as well as repressurize the
RCS. The HPI system is simulated using fill tables that model the A and B HPI pumps injecting
through the A train and the C HPI pump injecting through the B train. Sensitivity studies have
examined the effect of a failure in the 4160V switchgear or the failure of the EFW control valve
to the affected steam generator. For the cases that assume an EFW control valve single failure,
three HPI pump minimum flow is credited. Since reverse flow is established in the unaffected
loop, the A and B pump flow is injected in the unaffected loop. This maximizes the flowpath the
injected boron must take to reach the core inlet, which delays the boron negative reactivity
addition. For cases that assume the failure of one of the three available 4160V switchgear, the A
train of HPI is assumed to be lost. This results in the C pump injecting through the B train for
the first 10 minutes. The C pump injected flow occurs in the unaffected loop to maximize the
delay in the boron negative reactivity addition. The presence of any unborated water initially in
the HPI piping is modeled. A conservative minimum boron concentration is also assumed.
Similarly, the boron concentration in the CFTs is assumed to be a conservative minimum value.
Lower bounds on the initial CFT1 inventory, pressure and temperature are also assumed. These
assumptions will delay CFT injection, minimize the available inventory of borated water and
maximize the RCS cooldown.
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Main Feedwater System

l

Since a reactor trip occurs within the first few seconds of the accident, changes in feedwater
control over this period of time will have a negligible impact on the accident. Following reactor
trip, the ICS rapidly decreases feedwater demand to zero, and then feedwater flow is restored
when steam generator level drops below the minimum level control setpoint. With the ICS in
manual MFW flow will continue and, assuming no credit for ICS control or operator action,
steam generator overfill will occur. The limiting assumption with respect to maximizing the
overcooling and reactivity addition has been determined by analysis to be the case with the ICS
controlling MFW to the minimum steam generator level setpoint including uncertainty.

I

I

I
I
I
I
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I
I
I
Emergencv Feedwater System

l1

The three emergency feedwater (EFW) pumps automatically start upon a loss of both main
feedwater pumps, and the two motor-driven pumps also start on a low steam generator level.
Low main feedwater pump discharge pressure (ATWS Mitigation System Actuation Circuit) can
also result in actuation of all three EFW pumps. If the ICS is functioning to throttle MFW flow
by controlling on steam generator level, EFW is not modeled. For the cases that assume the ICS
does not throttle MFW flow, EFW is actuated when the low MFW pump discharge pressure
setpoint plus uncertainty is satisfied. Maximum EFW flow is assumed to maximize the
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cooldown. Nominally, the EFW flow is controlled to maintain a minimum steam generator level.
The analysis assumes the EFW level control setpoint is higher and includes uncertainty. For the
cases assuming a single failure in the EFW System, the EFW control valve to the affected steam
generator is assumed to fail full-open. A conservatively low temperature is assumed for the
EFW.
Feedwater Isolation
The steam line break analyses do not credit automatic isolation of main feedwater or emergency
feedwater by the Automatic Feedwater Isolation System (AFIS)."
Turbine Control
The steam line break causes a rapid decrease in steam generator pressure. Thus, the ICS will
attempt to close the turbine control valves in order to restore turbine header pressure to its
setpoint. Since steam flow to the turbine is maximized if the turbine control valves remain open,
it is conservative to assume that turbine control is in manual.
Turbine Bypass System
The Turbine Bypass System is assumed operable to limit the post-trip pressure in the unaffected
steam generator, thereby minimizing the secondary-to-primary heat transfer from the unaffected
steam generator to the RCS. This is conservative for maximizing the RCS cooldown.
15.3.1.1.5 With Offsite Power Results
The steam line break with offsite power analysis assumes the ICS controls the post-trip SG level
to an uncertainty adjusted setpoint of 100 inches. The single failure is assumed to be a train of
Engineered Safety Features that results in only one train of BPI for the first 10 minutes. Table
15-1 gives the sequence of events for this case.
The steam line break initially causes the pressure to decrease in both steam generators (Figure
15-3). Break flowrates (Figure 15-4) for both steam generators rapidly increase. After the
turbine stop valves close, break flow from the unaffected steam generator stops. Beyond this
point, break flow from the affected steam generator decreases with decreasing pressure, and the
unaffected steam generator repressurizes and opens the turbine bypass valves and the first bank
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of main steam safety valves for a short period of time. The unaffected steam generator gradually
depressurizes due to reverse heat transfer and extraction steam loads. Both steam generators are
nearly fully depressurized by the end of the simulation.

J
J

The cooldown in the affected loop is initially much more severe than in the unaffected loop, as
shown in the cold leg and hot leg temperature responses (Figure 15-5). The cold leg temperature
in the unaffected loop increases once the turbine stop valves close. A fairly large AT initially
develops in the affected loop. The AT in the affected loop decreases over the course of the
simulation as the RCS is cooled. The unaffected loop AT remains fairly small until this loop
begins to void and the flow degrades. At about 30 seconds the unaffected loop cold leg
temperature exceeds the hot leg temperature. This is the result of reverse heat transfer in the

|

]
]
j

unaffected loop and the beginning of flow degradation in the unaffected loop. At approximately
140 seconds, the unaffected loop hot leg temperature exceeds the unaffected loop cold leg

|

temperature. This is a result of the RCP trip in the unaffected loop at 100 seconds. After the

J

RCPs coast down, the flow reverses in the unaffected loop. Due to flow stagnation and the
injection of cold HPI inventory, the unaffected loop cold leg temperature falls below the affected
loop cold leg temperature at approximately 170 seconds. The bulk of the RCS has cooled to

j

approximately 270 'F by the end of the simulation.
The total, moderator, Doppler, boron and control rod reactivities are presented in Figure 15-6.

J

The negative reactivity insertion at the beginning of the transient is due to the reactor trip and
control rod insertion. The cooldown causes positive reactivity insertion due to the negative
moderator and Doppler coefficients. The core returns to a critical condition at approximately
140 seconds. Injected boron from the HPI system and the CFTs reaches the core at
approximately 160 seconds. The negative reactivity inserted by the boron returns the core to a
subcritical condition by approximately 200 seconds. Subcriticality is maintained for the

J

remainder of the simulation.
The reactor power (Figure 15-7) decreases rapidly on reactor trip. The thermal power generally
follows the neutron power response. The fluctuations in the heat flux are caused by flow surges
in the core which result from flow degradation due to two-phase conditions in the unaffected
loop. A peak return-to-power of 13.09 %FP heat flux occurs at approximately 160 seconds.

J
j

RCS pressure (Figure 15-8) rapidly decreases until the affected loop and reactor vessel head
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begin to saturate at approximately 4 seconds. After this time, RCS pressure continues to
decrease for the remainder of the simulation.
Core inlet mass flow (Figure 15-9) initially increases with time following the steam line break.
Since the reactor coolant pumps provide essentially constant volumetric flow, the decreasing
RCS temperatures initially result in an increase in mass flow. However, as the unaffected loop
begins to void and RCP performance degrades as predicted by the RETRAN two-phase pump
degradation model, core inlet flow decreases to approximately half of the initial flow. After the
RCPs in the unaffected loop are tripped at 100 seconds, the flow oscillations diminish.
15.3.1.2 VIPRE-01 Analysis
15.3.1.2.1 Initial and Boundary Conditions
The RETRAN-02 analyses provide the limiting statepoint core exit pressure, core inlet
temperature, core inlet flow rate, and core average heat flux for [
] These boundary conditions are input to VIPRE-01 as steady state boundary

conditions.
15.3.1.2.2 Axial and Radial Power Distributions;
Axial Power Distributions

Radial Power Distributions
The maximum pin radial power peak in the hot assembly is calculated explicitly by SIMULATE.
Also, utilizing the hot assembly pin radial power distributions as described in Reference 15-2, the
hot assembly pin radial power distributions for the return-to-power situation can be derived. For
[

.
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[
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15.3.1.2.3 Flow Correlations
For the steam line break with offsite power case, subcooled and bulk voids are modeled with the

] Sensitivity studies have shown that using this combination of void
correlations results in an acceptable prediction of DNBR.

]

15.3.1.2.4 Conservative Factors
Conservative factors described in Reference 15.2 are applied to the [ ] channel VIPRE-01
model. These conservative factors are the hot channel area reduction factors (2% for the hot unit
subchannel and 3% for the hot instrumentation subchannel), the engineering hot channel factor
(Fq) of 1.013, and the core inlet flow maldistribution factor. Based on the vessel model flow test
and Oconee core pressure drop measurement, the core inlet flow maldistribution is
conservatively modeled as a reduction in the hot assembly flow. Since in the with offsite power
RETRAN-02 analysis two RCPs are assumed to trip, the hot assembly flow reduction factor for
the VIPRE-01 DNB analysis is therefore [

J
J
]
J

] as described in Section 9.3.2.3.

15.3.1.2.5 Critical Heat Flux Correlation
The W-3S CHF correlation is used for the with offsite power steam line break DNBR analysis.
The historical range of applicability for the W-3S correlation is (Reference 15-3):
Pressure (psia)

1000 to 2300

Mass flux (106 lbm/hr-ft 2 )

1.0 to 5.0

Quality (equilibrium)

-0.15 to 0.15

The W-3S CHF correlation has been approved by the NRC for analysis with system pressures as

J
J
]
|

low as 500 psia and mass flux as low as 0.5 x 106 Ibm/hr-ft2 (References 15-9 and 15-10).

J
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The BWU-Z CHF correlation with the 0.98 Mk-B 11 multiplier is also used for the with offsite
power steam line break DNBR analysis for Mk-B 11 fuel only. The minimum DNBR design
limits are as follows for the following parameter ranges of applicability for this correlation and
design limit:
Design DNBR

;
Pressure (psia)

315 to 700

1.59

*700 to 1000

1.20

1000 to 2465
Mass flux (106

Jbnmhr-ft 2 )

Quality

1.19

0.36 to 3.55
less than 0.74

15.3.1.2.6 Results
Using the limiting statepoint from the RETRAN-02 analysis discussed in Section 15.3.1.1.5,
together with the power distributions discussed in Section 15.3.1.2.2, the VIPRE-01 [ I channel
model is used to calculate the core local fluid properties and MDNBR. For the with offsite
power analysis the MDNBR predicted by the W-3S CHF correlation is 3.28, which is much
greater than 1.45. Therefore, the acceptance criterion discussed in Section 15.1.2, is met.
15.3.1.3 SIMULATE-3P Analysis
The limiting RETRAN statepoint conditions for the steam line break analysis with offsite power
are input to SIMULATE-3P. The SIMULATE analysis demonstrates that a reactivity margin is
maintained between the RETRAN prediction and the SIMULATE prediction. Therefore, the
RETRAN reactivity prediction is conservative. The SIMULATE core power distribution at the
limiting RETRAN statepoint (Figure 15-10) is input to VIPRE for the DNBR analysis.
15.3.2 Without Offsite Power
15.3.2.1 RETRAN-02 Analysis
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15.3.2.1.1

Initial Conditions

The initial conditions for the steam line break analysis without offsite power are selected to
maximize the RCS depressurization and maximize the post-trip core power response. The steam
line break analysis without offsite power is very similar to a loss of coolant flow analysis
(Chapter 9.0). Thus, sensitivity study results from the loss of coolant flow analysis are utilized to
select appropriate initial conditions. The transient RCS conditions for the steam line break

J
J
J

without offsite power are within the ranges covered by the statistical core design (SCD)
approach. Therefore, the analysis will utilize the SCD approach.

|

Power Level

]

Nominal full power will be assumed since the uncertainty in power is accounted for in the SCD
limit.
RCS Pressure
Low initial pressure is generally conservative for DNB calculations. The SCD limit accounts for

J

the uncertainty in indicated pressure.
Pressurizer Level
Sensitivity studies have concluded that initial pressurizer level is not an important parameter with

]

respect to DNB for the steam line break with offsite power lost analysis.
RCS Temperature
Nominal RCS average temperature will be assumed. The indication uncertainty and ICS
deadband associated with T-ave are accounted for in the SCD limit.
RCS Flow
A low initial flow rate is conservative with respect to DNB calculations. The uncertainty in RCS

J
l
J

flow is accounted for in the SCD limit.
Core Bypass Flow
A high core bypass flow is assumed to minimize the coolant flow along the fuel rods.
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Fuel Temperature
A high initial fuel temperature is conservative with respect to DNB calculations for loss of flow
analyses. Since BOC kinetics parameters are assumed, a maximum BOC fuel temperature is
assumed.
Steam Generator Mass
A conservatively high steam generator mass is assumed to maximize the overcooling.
15.3.2.1.2

Boundary Conditions

For a steam line break with coincident loss of offsite power, the reactor will trip and the RCPs
will begin to coast down. For this scenario the accident resembles a loss of flow accident with a
coincident depressurization. For a loss of flow accident, the minimum DNBR statepoint is
expected within the first few seconds 6f the RCP coastdown. Therefore, detailed modeling of
many boundary conditions that would not occur until after the limiting statepoint are
unnecessary. The boundary conditions for the steam line break with offsite power lost which
differ from the with offsite power case are as follows:
Loss of Offsite Power
The loss of offsite power occurs coincident with the break. The control rods are assumed to lose
power coincident with the loss of offsite'power. Upon losing power, control rod insertion is
delayed to account for gripper coil release delay. The loss of offsite power also initiates a
coastdown of the RCPs.
Decay Heat
A decay heat multiplier curve is applied to the 1979 ANS Standard 5.1 decay heat power to
ensure that the RETRAN prediction of decay heat is conservatively maximized. Maximum
decay heat is conservative for loss of flow DNB analyses.
Single Failure
No single failure could be identified which affects the results.
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15.3.2.1.3 Physics Parameters
Moderator Temperature Coefficient
Reactivity insertion curves as a function of temperature are used to model moderator temperature
feedback. BOC least negative values are conservative. This assumption minimizes the negative
feedback associated with any core moderator heatup that occurs with a loss of flow.
Doppler Temperature Coefficient
Reactivity insertion curves as a function of temperature are used to model Doppler temperature
feedback. BOC least negative values are conservative. This assumption minimizes the negative

I
I

feedback associated with any fuel heatup that occurs with a loss of flow.
Beta-effective and Neutron Lifetime
A large

Jeff

and prompt neutron lifetime are chosen to slow the core power decrease on control

j

rod insertion. BOC decay constants and delayed neutron precursor fractions are also utilized.
Scram Curve and Worth
The control rods are inserted when offsite power is lost. For this analysis, a bottom-peaked

J

scram curve and an upper bound on the rod insertion time are assumed. These assumptions
maximize the post-trip energy addition, which is conservative for the DNB prediction. A

|

minimum trippable worth (not to exceed a 1%A/k subcritical margin), including an allowance
for the most reactive rod stuck out of the core, is utilized in the analysis.

j

15.3.2.1.4 Control, Protection, and Safeguards Systems

|

Main Feedwater System

J

On a loss of offsite power, the hotwell pumps and condensate booster pumps will trip, resulting
in a trip of the main feedwater pumps on low suction pressure. With the suction head

j

diminishing, the MFW pumps will rapidly coast down. A maximum coastdown time is assumed

j

for the MFW pumps.
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Emergencv Feedwater System
The Emergency Feedwater System cannot start and deliver flow in the short duration of this
analysis and is not modeled.

Feedwater Isolation
The steam line break analyses do not credit automatic isolation of main feedwater or emergency
feedwater by the Automatic Feedwater Isolation System (AFIS).
15.3.2.1.5 Results
The steam line break without offsite power case assumes offsite power is lost coincident with the
opening of the steam line break. Thus, an RCS flow coastdown also begins with the opening of
the break. Table 15-2 gives the sequence of events for this case.
The steam line break initially causes the pressure to decrease in both steam generators (Figure
15-1 1). Once the turbine stop valves close, the unaffected steam generator repressurizes and
opens the turbine bypass valves. The affected steam generator has depressurized to about 400
psig by the end of the simulation. The break flow response is similar to what has been discussed
for the with offsite power analysis. The cooldown in the affected loop is much more severe than
in the unaffected loop, as shown in the cold leg temperature response (Figure 15-12). The
affected loop hot leg temperature is slightly higher than the unaffected loop hot leg temperature
due to the outsurge of hot liquid from the pressurizer. The slight increase in hot leg temperatures
from 2 to 5 seconds can be attributed to the RCS flow coastdown.
The RCS volumetric flow decreases for the duration of the simulation (Figure 15-13). This is the
result of the loss of offsite power. The loss of offsite power also results in control rod insertion,
which drives the core kinetics response (Figure 15-14). Due to control rod insertion, the core
average fuel temperature begins to decrease. However, due to the relatively slow changes in the
moderator and fuel temperatures, and given that the time period of interest for DNB is within the
first 1-2 seconds of the flow coastdown, the moderator and Doppler feedback for the offsite
power lost analysis are generally negligible.'
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The reactor power decreases rapidly on reactor trip (Figure 15-15). The core thermal power also
decreases after reactor trip, but does not decrease as fast as neutron power. RCS pressure (Figure
15-16) initially decreases due to the effects of the steam line break and control rod insertion. As

J

flow and primary-to-secondary heat transfer begin to degrade, the RCS pressure increases briefly
between 2 to 5 seconds. The brief RCS pressure increase is also a result of the closure of the

|

turbine stop valves. After this time, RCS pressure decreases for the remainder of the simulation.
15.3.2.2

VIPRE-01 Analysis

15.3.2.2.1 Initial and Boundary Conditions
The RETRAN analyses provide the transient core exit pressure, core inlet temperature, core inlet
flow rate, and core average heat flux for both core halves of the split reactor vessel model. For

J

the without offsite power analysis, both core halves have identical transient boundary conditions
for the duration of the analysis. These boundary conditions are input to VIPRE as transient
forcing functions.
15.3.2.2.2 Axial and Radial Power Distributions

J

For the SCD statepoint analysis, the axial power distribution is a chopped cosine shape with an

_|

axial peak of f

] peaked at X/L = [

], and the radial power distribution is the base model

radial power distribution with a hot pin radial power of [

] (Reference 15-3). For the

I

maximum allowable radial peak (MARP) analyses, a set of axial power shapes are analyzed. The
magnitude and elevation of the axial shape is varied to cover the full range of shapes resulting
from the nuclear design analysis.
15.3.2.2.3

Conservative Factors

Since the SCD methodology is utilized for predicting the DNBR, the SCD limit accounts for
most of the uncertainties in key parameters. Based on the vessel model flow tests and Oconee
core pressure drop measurement, the core inlet flow maldistribution is conservatively modeled as
a reduction in the hot assembly flow. The hot assembly flow reduction factor for four-pump
operation is 5%.
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15.3.2.2.4 Critical Heat Flux Correlation
The BWC critical heat flux (CHF) correlation is used for the steam line break transient DNBR
analysis for the results presented. The range of applicability for the BWC CHF correlation is:
Pressure (psia)

1600 to 2600

Mass flux (Mlbm/hr-sqft)

0.43 to 3.8

Quality

-0.20 to 0.26

The BWC CHF correlation SCD limit for the steam line break transient is determined utilizing
the minimum DNBR statepoint boundary conditions described in Section 15.3.2.2.5.
15.3.2.2.5 Results
The transient VIPRE DNBR results are shown in Figure 15-17, with a minimum DNBR of 1.51
at 1.90 seconds. This statepoint is used to determine the SCD limit for the steam line break
transient. The MARP results are shown in Figure 15-18.
15.3.2.3 Fuel Pin Census
The MARPs are used for the fuel pin census. When the radial power peak of the fuel pin
exceeds the MARP limit during the transient, DNB and cladding failure are assumed to occur.
The fuel pin census is performed to determine the number of failed fuel pins during the steam
line break accident. The results of the fuel pin census indicate that no peaks exceed the MARP
limits, and therefore no cladding failure occurs for the steam line break accident. Based on this
result the core will remain intact for effective core cooling.
15.3.3 Without Offsite Power (Using The RETRAN Point and 1-D Kinetics Models)
15.3.3.1 RETRAN-02 Analysis
The large steam line break accident without offsite power case, as described in Section 15.3.2, is
simulated using both the RETRAN point kinetics and the RETRAN 1-D kinetics models in a
consistent manner in order to demonstrate the 1-D kinetics methodology and to demonstrate the
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ability to modify reactivity feedback effects and control rod reactivity via cross section

J

adjustments.
For both cases the initial and boundary conditions are as specified in Sections 15.3.2.1.1 and
15.3.2.1.2, respectively, with the following exceptions. In the point kinetics case the minimum

|

control rod worth is allowed to be inserted (as opposed to limiting the inserted worth to not
exceed a 1%A/k/k subcritical margin). In addition, core power fraction and reactivity weighting

]

are changed to be bottom peaked to be consistent with the power shape that was used to generate
the scram curve used in this model. In the l-D kinetics case adjustments are made to cross

|

sections to yield the same initial physics parameters (i.e. least negative moderator and Doppler
temperature coefficients and the minimum scram worth) assumed in the point kinetics analysis
case. The cross sections are generated using a bottom peaked core, thus yielding a conservative
bottom peaked scram curve consistent with the point kinetics case. In addition, the cross sections

j

j

include the effect of the most reactive rod stuck out of the core. A bottom-peaked scram curve
and an upper bound on the rod insertion time maximizes the post-trip energy addition, which is
conservative for the DNB prediction.

J

15.3.3.2 Results
In general the system thermal-hydraulic response of the 1-D kinetics case is very similar to the
system response of the point kinetics case. The small difference in the neutron power shape
(which is influenced by the scram curve shape) is attributed to the spatial effect that is captured
by the 1-D kinetics model and not by the point kinetics case. The neutron power decreases
rapidly on reactor trip (Figure 15-19). The core thermal power also decreases after reactor trip,
but does not decrease as fast as neutron power.
The loss of offsite power also results in control rod insertion, which drives the core kinetics
response (Figure 15-20). The core reactivity response of the 1-D kinetics case is very similar to
the core reactivity response of the point kinetics case except for the scram curve shape as
explained above. Due to control rod insertion, the core average fuel temperature begins to

J
J
J
J
J
J

decrease. However, due to the relatively slow changes in the moderator and fuel temperatures,
and given that the time period of interest for DNB is within the first 1-2 seconds of the flow
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coastdown, the moderator and Doppler feedback for the without offsite power analysis are
generally negligible.
The comparison of the point and 1-D kinetics analyses of the steam line break without offsite
power illustrates that the methodology for developing cross sections for the RETRAN 1-D model
compares well with the point kinetics model. -The spatial effect of control rod insertion as
simulated with the I-D model is well-predicted, while the components of the total reactivity
effect are maintained with the cross section adjustments.
15.4

Reload Cycle-Specific Evaluation

To verify that the steam line break analysis is being performed conservatively, a reactivity
margin which includes the maximum worth stuck rod and a 10% reduction in scram worth will
be maintained between the RETRAN model and the SIMULATE-3P model at the limiting
RETRAN statepoint for the with offsite power analysis. Each reload cycle also confirms the
following core physics parameters are bounded.
Moderator temperature coefficient (without offsie power)

*

Doppler temperature coefficient '(without offsite power)

*

Minimum scram worth curve (without offsite power)

*

Differential boron worth (with offsite power)
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Table 15-1
Sequence of Events
Steam Line Break - With Offsite Power

Event

Time (sec)

Break opens

0.0

Reactor trip on variable low pressure-temperature

0.7

Control rod insertion begins

0.8

Third CBP starts

1.5

Turbine stop valves closed
Control rods fully inserted

1.8

MSSV opens on unaffected SG

6.9

HPI actuates

20.8

MSSV closes on unaffected SG

26.9

Boron injection from HPI begins

103.4

CFT injection begins

131.5

Boron from CFT B starts

152.0

Boron from CFT A starts

157.2

Peak return-to-power occurs

160.0

Simulation ends

600.0
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Table 15-2
Sequence of Events
Steam Line Break - Without Offsite Power

Event

Time (sec)

Break Opens, LOOP Occuirs

0.0

J

RCPs Begin Coastdown

j

Condensate Booster and D Heater Drain Pumps Begin Coastdown
MFW Pumps Begin Coast(lown
Control Rod Insertion Begiins

0.14

Turbine Stop Valves Closezd

1.76

Control Rods Fully Inserte, d

2.54

MFW Pumps Stop

5.o0

Condensate Booster and D Heater Drain Pumps Stop

10.0

Simulation Ends

10.1
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Table 15-3
Sequence of Events
Steam Line Break - Without Offsite Power (I-D Kinetics)
.

L

Event

Time (sec)

Break Opens, LOOP Occurs

0.0

RCPs Begin Coastdown
Condensate Booster and D Heater Drain Pumps Begin Coastdown
MFW Pumps Begin Coastdown

L

L

K

Control Rod Insertion Begins

0.14

Turbine Stop Valves Closed

1.72

Control Rods Fully Inserted

2.54

MFW Pumps Stop

5.0

Condensate Booster and D Heater Drain Pumps Stop

10.0

Simulation Ends

10.1

L
L
L
L
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Figure 15-1
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Figure 15-2
Large Steam Line Break
Vessel Model
Split Core ..Reactor
1
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Figure 15-3
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Figure 15-5
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SMALL STEAM LINE BREAK

A small steam line break can be initiated by either a control system failure in which valves in the
main steam line fail open or a mechanical failure of the steam line piping itself. Regardless of
which type of failure occurs, the increased steam flow will cause both steam generators to
depressurize until they are separated by turbine stop valve closure on turbine trip. The transient

J

response is an overcooling event that results in an increase in power level. The system response
is determined by the break size, the moderator temperature coefficient, and the Integrated Control
System (ICS) assumption (manual or automatic). The most adverse combination of these
conditions is analyzed to determine the worst RCS overcooling and power excursion, which
should be the limiting case for DNB and centerline fuel melt (CFM). The limiting cases do not
result in a reactor trip due to the reduction in reactor vessel downcomer temperature affecting the
excore flux channels. Without a reactor trip a new steady-state condition at an elevated power
level will result. The system response is simulated with RETRAN-02 (Reference 16-1). Both
full power four-pump and part-power three-pump cases are analyzed. The RETRAN analysis

j

1

provides the input for the DNB and CFM analyses.
The methodology that follows, unless noted otherwise, is applicable to the analysis for the
original steam generators. The replacement steam generators are analyzed with RETRAN-3D

]

instead of RETRAN-02. The modeling of the aspirator port in the steam generator secondary has

J
J

been revised in the ROTSG methodology. A RETRAN control system is used to stop steam flow
through the aspirator port when the downcomer floods, since this is judged to be non-physical.
Also, the methodology for selection of physics parameter values has been changed to maintain
consistency with the time in core life. No other changes in the methodology that follows are
associated with this change in code version or the replacement steam generators.

|

The acceptance criteria for this analysis are that no fuel damage will occur, and that the offsite

|

doses will be within 10% of the 1OCFRlOO limits. The fuel damage evaluation includes both

I

DNB and CFM. The minimum DNBR is determined using the Statistical Core Design (SCD)
methodology and the VIPRE-01 core thermal-hydraulic code (Reference 16-2).

16-1

J

16.1

RETRAN-02 Analysis

16.1.1 Nodalization
For the four-pump operating condition, the system response is symmetric and can be analyzed
using either the single-loop or two-loop RETRAN-02 Oconee base model (Reference 16-3). The
three-pump operating condition is asymmetric and requires the use of the two-loop RETRAN-02
Oconee base model. A steam chest junction is added to the two-loop base model to connect the
steam lines upstream of the turbine for modeling the simultaneous depressurization of both
generators prior to turbine trip. This junction closes on turbine trip when the turbine stop valves
close. [

16.1.2 Initial Conditions
Power Level
A high initial power level for four- and three-pump operation maximizes the primary system heat
flux. The uncertainty for this parameter is incorporated in the SCD limit methodology in the
DNBR analysis, but is applied to the initial conditions in the CFM analysis.
RCS Pressure
Low initial RCS pressure is conservative. The uncertainty for this parameter is incorporated in
the SCD limit.
Pressurizer Level
Sensitivity cases are performed to ensure that a conservative pressurizer level is assumed for the
conditions analyzed.
RCS Temperature
High initial average temperature is conservative with the uncertainty for this parameter
incorporated in the SCD limit.

' 1&2

RCS Flow
Low initial flow is conservative. The uncertainty associated with this parameter is incorporated

j

in the SCD limit.
Core Bypass Flow
A high core bypass flow is assumed to minimize the coolant flow along the fuel rods.

J

Fuel Temperature

J

A low initial fuel temperature will result in a higher gap conductivity which will result in a
higher heat flux. Maximizing heat flux is conservative for both DNB and CFM.
Steam Generator Mass
A low initial steam generator mass is assumed to allow more cold MFW to enter the generators
thereby maximizing RCS overcooling.
Steam Generator Tube Plugging
Low steam generator tube plugging is assumed to maximize primary-to-secondary heat transfer.

I

16.1.3 Boundary Conditions

Break Size
A range of break sizes is analyzed in combination with a range of moderator temperature

J

coefficients to determine the most severe RCS overcooling transient which does not result in a
reactor trip. This set of analyses will determine the limiting cases for DNB and CFM.

|

Excore Flux Detector Error Due To Overcooling

I

As the steam generators depressurize, the saturation temperature decreases and causes excessive
primary-to-secondary heat transfer. The resulting decrease in cold leg temperature upon entering

J

the reactor vessel downcomer attenuates the neutron flux leakage exiting the reactor. This
attenuation effect reduces the flux incident on the excore neutron detectors, thereby creating an
error in the indicated flux value (indicated excore detector power less than true reactor power).

16-3

1

A conservative attenuation factor is assumed as a function of the change in reactor vessel
downcomer temperature.
The effect of a change in reactor vessel dowhcomer water temperature on the excore flux
detector signal is based on one of two methods. The first method, used through Revision 1 of the
methodology, is a synthesis of plant data and analysis results obtained from Framatome
Advanced Nuclear Products. The second method, submitted with Revision 2 of the
methodology, is described in the following paragraphs. Either method may be used in the
application of the methodology.
The effect of Reactor Coolant System temperature on the excore power range neutron detectors
is modeled by consideration of the relevant source, material composition, and detector geometry
details. The fuel region is considered as a homogeneous mixture inside a cylinder of equivalent
volume as the core region inside the baffle plates. The balance of the geometry is modeled as a
series of concentric cylinders, representing the baffle plates, flow channel, core barrel, thermal
shield, downcomer region, and reactor vessel. Particle tallies at the detector account for the
details of detector geometry and design.
Fuel characterization is performed with the SAS2HiORIGEN-S modules of the SCALE Code
System, as necessary (References 16-4 and 16-5). Transport and tallying of particles is
performed with the MCNP computer code (Reference 16-6). Variance reduction is performned in
MCNP as necessary to achieve reliable statistics for the tallies. The particle tally results are used
to characterize the relative effects of Reactor Coolant System temperature on detector response.
Pressurizer Inter-Region Heat Transfer Coefficient
Sensitivity cases are performed to ensure that'a conservative inter-region heat transfer coefficient
is assumed for the conditions analyzed.'
Single Failure
No single failure has been identified which adversely affects this transient.

16-4

A-_

Aspirator Port Modeling During Downcomer Flooding (RETRAN-3D only)
The small steam line break scenario, as modeled, can result in flooding of the steam generator
downcomer due to excessive main feedwater flow. The RETRAN-3D prediction of aspirator

J
J

flow appears anomalous when the downcomer overfills and floods the aspirator port. Continued
steam flow into the aspirator is predicted, which is not physical. A control system is added that

]

increases the aspirator junction loss coefficient as downcomer flooding is approached. This also

J

forces the feedwater to flow up the entire length of the steam generator tube bundle, which
maximizes heat transfer

16.1.4 Physics Parameters
Moderator Temperature Coefficient
A full range of moderator temperature coefficients are considered from the BOC most positive

j

value to the EOC most negative value.
Doppler Temperature Coefficient
The least negative Doppler temperature coefficient value is assumed consistent with the time in

J

core life. This conservatively minimizes the negative reactivity feedback resulting from the fuel
heatup during the power increase.

J

Beta-Effective and Neutron Lifetime
Oieff affects both the moderator and Doppler reactivity feedback during the transient. However,
since the moderator temperature coefficient assumption is variable, Oeff is conservatively chosen

J

to minimize the Doppler feedback. Thus, a maximum value is assumed consistent with the timein-core-life. The prompt neutron lifetime consistent with the maximum ,Be1 value is assumed.

l

The delayed neutron fractions and decay constants are insensitive parameters. Therefore, values
consistent with the time in core life are used.

|

Scram Curve and Worth
Since the critical point of this transient occurs during steady-state operation at elevated power
levels, the scram curve and worth are unimportant.

16-5

J

16.1.5 Control, Protection, and Safeguards Systems
Reactor Control
The reactor control subsystem of the ICS is assumed to be in manual. A power increase would
result in the ICS inserting rods to maintain the initial power level, so the ICS is not credited.
Reactor Trip

All RPS trip functions are credited during this transient to identify which analyses do not result
in a reactor trip. Conservative trip delay times are assumed. A penalty for a reduction in the
excore flux signal due to a decrease in the reactor vessel downcomer temperature is modeled.
RCS Pressure Control
Generally, minimizing RCS pressure is conservative for DNB. However, sensitivity cases on
pressurizer heaters and spray are performed to ensure that a conservative result is obtained for
the conditions analyzed.
Pressurizer Level Control

Sensitivity cases are performed on net makeup/letdown to ensure that a conservative result is
obtained for the conditions analyzed.
Main Feedwater System
The main feedwater subsystem of the ICS is assumed to be in manual control. As the SGs
depressurize the feedwater flowrate increases. Also, as steam is lost out the break, there is less
steam flow to the turbine, less steam flow to the feedwater heaters, and a reduction in feedwater
temperature. These assumptions are conservative for maximizing the overcooling of the RCS
and the increase in power level.
Turbine Control
The turbine control subsystem of the ICS is assumed to be in manual. As the steam generators
depressurize, the turbine control valves would normally close to raise steam line pressure back to
the controlling setpoint. Since it is conservative to maximize the depressurization of the steam
generators, the initial turbine control valve position is unchanged for the duration of the transient.

16-6

Feedwater Isolation
The small steam line break analyses do not credit automatic isolation of main feedwater or
emergency feedwater by the Automatic Feedwater Isolation System (AFIS).

16.2

J

VIPRE-Ol Analysis

The forcing functions necessary to perform the DNB analysis (core average heat flux, core inlet

]

flow and temperature, core exit pressure) are obtained from the RETRAN-02 analysis results and
input to VIPRE-Ol. The VIPRE-0 I

] channel model (Reference 16-3) is then used to

]

determine the time of the minimum DNBR statepoint for the transient conditions analyzed. At
these statepoint conditions a set of maximum allowable radial peak (MARP) curves is developed

]

for determining if the DNBR limit is exceeded.
16.3

Results

The peak power levels predicted by RETRAN are 126% for the full power initial condition, and
113% for the three-pump initial condition. These power levels are in excess of the RPS high flux

l

and flux/flow/imbalance trip setpoints due to the attenuation of the flux signal by the cooldown
of the reactor vessel downcomer water. The results of the analyses show that the core power
peaking and core thermal-hydraulic conditions at these power levels will not exceed the DNB or
CFM limits.

16.4

Reload Cycle-Specific Evaluation

Physics parameters that are checked for each reload core include the following:
*

Moderator temperature coefficient

*

Doppler temperature coefficient

J
|

* Maximum allowable radial peak limits

]

* Centerline fuel melt limits

16-7
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APPENDIX A

J

EVALUATION OF RETRAN-3D SER CONDITIONS AND LIMITATIONS
FOR THE OCONEE RETRAN MODEL WITH ROTSGs

I

Purpose
This appendix evaluates the conditions and limitations in the RETRAN-3D SER (Reference A-1)
for the application of RETRAN-3D to the Oconee Nuclear Station with replacement steam
generators (ROTSGs). The results of this evaluation demonstrate that the use of the RETRAN3D code for this application has been appropriately justified and is within the SER conditions and
limitations. Therefore, the approval for use of RETRAN-3D as stated in the SER for the scope of
approval specified in the SER can be credited. The Duke version of the RETRAN-3D code
actually used is described first, including details on the custom code modifications that have been
incorporated.
Description of the RETRAN-3D Code Version Used and Duke Code Modifications
RETRAN-3D MOD003.1DKE is the current Duke Power version of the standard Electric Power
Research Institute (EPRI) RETRAN-3D MOD003. 1 code, the NRC-approved code. This EPRI
version includes the revisions agreed to during the SER review process. The Duke Power
version, designated by the suffix "DKE", consists of two types of revisions to the standard EPRI
version. The first type of revision is code error corrections. Duke periodically updates the code
version in use to include error corrections obtained from Computer Simulation & Analysis, Inc.
(CSA), the EPRI contractor for the RETRAN-3D code. The second type of revision is Duke
custom code modifications purchased from CSA to address Duke-specific modeling needs. Each
of these custom code changes are described in detail for NRC review and approval. The error
corrections are not presented. All error corrections and code modifications are developed and
controlled under CSA's Appendix B QA program. All Duke RETRAN-3D versions used for
safety-related applications are certified and controlled under Duke's Appendix B software quality
assurance program (Reference A-2). Any future modifications to the RETRAN-3D code versions
used by Duke for safety-related applications that constitute significant model revisions or new
models will be submitted for NRC review and approval. Code modifications that consist of error
corrections or user features will be implemented under QA processes, but will not be submitted
for NRC review.
Duke Code Modification #1

Allow Access to the Condensation Heat Transfer Correlations
With the Forced Convection Heat Transfer Map

Initialization of the ROTSGs using RETRAN-3D uses the forced convection heat transfer map.
This is selected by setting variable IHTMAP on the 01000Y card to a value of zero. This
standard forced convection option does not allow access to the condensation heat transfer
correlations in RETRAN-3D. A code modification was implemented to allow access to the
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condensation heat transfer correlations by setting IHTMAP to a value of 2. This option gives the
forced heat transfer map, but allows condensation heat transfer to be modeled when appropriate
for the local conditions present. This can be important in several transient conditions, such as
when the primary water flowing through the steam generator tubes cools to below the secondary
saturation temperature. In this situation an appropriate condensation heat transfer coefficient will
be selected from the heat transfer correlation set. The technical justification for this code
modification is that it allows a correct heat transfer correlation to be used for situations when
condensation heat transfer occurs. This modification is functionally equivalent to a similar
update made to RETRAN-02, which has been reviewed and approved for use by the NRC.
Duke Code Modification #2

Allow the User to Specify the Dittus-Boelter Heat Transfer
Correlation for a Specific Conductor

The RETRAN-3D heat transfer correlation package selects an appropriate heat transfer
correlation for each conductor surface based on fluid conditions in adjacent volumes. Under
some conditions it is useful to be able to select a specific correlation for a given conductor surface
rather than using the code-selected correlation. This code modification allows the user to specify
either the Dittus-Boelter liquid or vapor correlation for the left surface of a particular conductor.
This will then override the code-selected correlation. Word IMCL on Card 15XXXY is set to a
value of 41 to specify the liquid correlation, and to a value of 48 to specify the vapor correlation
at the left surface of a conductor. The need for this modeling capability arose during analyses of
the ROTSG upper shell heat transfer following a steam line break. Due to water carryout into the
steam outlet annulus (the volume adjacent to the upper shell), the heat transfer was potentially too
high for an analysis in which less heat transfer was conservative. This code modification allowed
specifying use of the Dittus-Boelter correlation for vapor to conservatively model the heat
transfer to the shell conductor. The code modification also allows specification of the DittusBoelter correlation for liquid as another modeling option. The technical justification for this code
modification is that a capability to specify a heat transfer correlation for specific applications is
appropriate.
Duke Code Modification #3
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Duke Code Modification #5

Evaluation or RETRAN-3D SER Conditions and Limitations

I
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1.

Multidimensional neutronic space-time effects cannot be simulated as the maximum

number of dimensions is one. Conservative usage has to be demonstrated.
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Staff Position: RETRAN-3D has been modified to include a 3-dimensional nodal kinetics model
based on the analytic nodalization method similar to accepted codes. The code has been assessed
by calculation of the response of the SPERT prompt-critical tests and has been confirmed by the
staff by comparisons with calculations performed with the NESTLE and TORT codes. The staff
concludes that the code can adequately predict the response to prompt-critical events such as the
PWR rod ejection accident and the BWR rod drop accident. If void generation occurs from an
initially un-voided case, the user will have tojustify crediting this negative feedback in the
analysis.
The code was used by a participant in the Nuclear Energy Agency's International Standard
Problem calculation of a hypothetical main stearri line break (MSLB) at the Three Mile Island
Unit 1 plant. The results of the calculation comparison indicates that RETRAN-3D is comparable
to any of the other participating codes.
RETRAN-3D is approved for main steam line break analyses subject to the following conditions.
Thermal-hydraulic effects can have a large impact on the cross section evaluation and thus on the
resulting power distribution and magnitude. Therefore, the licensee must justify the primary side
nodalization for mixing in the vessel and core. The licensee must also evaluate the uncertainties
in the modeling.
Duke Position: The RETRAN-3D three-dimensional kinetics model is not used.
2.

There is no source term in the neutronics and the maximum number of energy groups is
two. The space-time options assume an initially critical system. Initial conditions with
zero fission power cannot be simulated by the kinetics. The neutronic models should not
be started from subcritical or with zero fission power without further justification.

Staff Position: The basic models in RETPAN-3D are unchanged and, therefore, this condition of
use applies.
Duke Position: Duke does not analyze from subcritical or zero fission power initial conditions.
3.

A boron transport model is unavailable. User input models will have to be reviewed on an
individual basis.

Staff Position: As noted previously in this report, boron transport is handled as a "contaminant"
by the "general transport model." This model uses first order accurate upwind difference scheme
with an implicit temporal differencing. This approach is well known for being highly diffusive,
especially if the Courant limit is exceeded. Since RETRAN-3D has the same model as RETRAN02 MOD003 and subsequent versions that have been approved for use, the RETRAN-3D model
is also approved with the caveat that the potential to produce misleading results with this scheme
necessitates careful review of the results for any case where boron transport/dilution is important.
Duke Position: Previously approved in RETRAN-02 and for Duke applications using RETRAN02.
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4.

Moving control rod banks are assumed to travel together The BWR plant qualification
work shows that this is an acceptable approximation.

Staff Position: The control bank limitation is applied only to the one-dimensional kinetics model.
The staff agrees that the 3-dimensional kinetics model need not be restricted in this way.
Duke Position: Resolved per the Staff Position
5.

The metal-water heat generation model is for slab geometry The reaction rate is therefore
under-predicted for cylindrical cladding. Justification will have to be provided for
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specific analyses.

Staff Position: The basic models in RETRAN-3D are unchanged and, therefore, this condition of
use applies. However, since RETRAN-3D is not being reviewed for loss-of-coolant accident
analysis, where core uncovery and heatup are significant, this condition does not occur in the
transients for which application of RETRAN-3D has been reviewed.
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Duke Position: Duke does not use the metal-water heat generation model.
6.

Equilibrium thermodynamics is assumed for the thermal-hydraulics field equations although
there are nonequilibrium models for the pressurizer and the subcooled boiling region.

Staff Position: The RETRAN-3D five equation model permits thermal-hydraulic nonequilibrium
between the liquid and vapor phases. While it allows subcooled liquid and saturated steam to be
concurrently present, it does not account for subcooled liquid and superheated vapor being
concurrently present. Use of the code is not approved for LOCA. Also, the user must be aware of
this limitation and avoid conditions which will place subcooled liquid and superheated vapor in
contact.

]
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Duke Position: Duke does not use the RETRAN-3D five equation model.
7. While the vector momentum model allows the simulation of some vector momentum flux
effects in complex geometry the thermal-hydraulics are basically one-dimensional.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this comment still
applies.
Duke Position: As described in Appendix B, Duke is proposing to use the vector momentum
option with junction angle input for certain junctions where the momentum flux terms are
considered to be potentially important. It is acknowledged that the thermal-hydraulics are
basically one-dimensional. Duke's use of this model is based on vendor recommendations.

J
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8. Further justification is required for the use of the homogeneous slip options with BWRs.
Staff Position: RETRAN-3D has five slip equation options for the user to choose from, three of
which are retained from RETRAN-02 for compatibility. The recommended model options are
based on the Chexal-Lellouche drift flux correlation. The first is the algebraic slip model, which
A-5
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is approved for use with BWR bundle geometry as given in condition (9). The second is a form of
the dynamic slip model that uses the Chexal-Lellouche drift flux correlation to evaluate the
interfacial friction approved in condition (10). The user must justify the use of any other slip
options.
Duke Position: Duke is not modeling BWRs.
9. The drift flux correlation used was originally calibrated to BWR situations and the
qualification work for both this option and for the dynamic slip option only cover BWRs.
The drift flux option can be approved for BWR bundle geometry if the conditions of (16)
are met.
Staff Position: The Chexal-Lellouche drift flux model has been used in comparisons with
FRIGG-2 and FRIGG4 void fraction data and is acceptable for use in BWR bundle geometry.
Duke Position: Duke is not modeling BWRs.
10. The profile effect on the interphase drag (among all the profile effects) is neglected in the
dynamic slip option. Form loss is also neglected for the slip velocity. For the
acceptability of these approximations refer to (17).
Staff Position: Form loss terms have been included in the RETRAN-3D dynamic slip model. The
Taugl form of the dynamic slip equation also' includes profile effects in the interphase drag
model. These RETRAN-3D model improvements adequately address the concerns and the model
is approved for use when the Chexal-Lellouche model is used to compute the interphase friction.
Approval is subject to the conditions given in (16) for the Chexal-Lellouche drift flux correlation.
Users must justify use of any other dynamic slip option.
Duke Position: Duke is not using the dynamic slip option.
11. Only one-dimensional heat conduction is modeled. The use of the optional gap linear
thermal expansion model requires further justification.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use still applies.
Duke Position: Duke is not using the optional linear gap thermal expansion model.
12. Air is assumed to be an ideal gas with a constant specific heat representative of that at
containment conditions. It is restricted to separated and single-phase vapor volumes.
There are no other noncondensables.
Staff Position: RETRAN-3D has been extended to include a general noncondensable gas
capability which resolves the original concern. However, the noncondensable gas flow model is
approved for use subject to the following restriction.
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As noted in Section 111.3.0 of the RETRAN-3D Theory Manual (Reference 4), none of the
models available for calculating critical flow are appropriate when noncondensable gases are
present. Consequently, the code automatically bypasses the critical flow model when
noncondensable gases are present in a junction. Users must confirm that noncondensable flows do
not exceed appropriate critical flow values or justify use of values that may exceed critical flow

values.

L

Duke Position: Duke is not using the noncondensable gas flow model.
13. The use of the water properties polynomials should be restricted to the subcritical region.
Further justification is required for other regions.
Staff Position: For enthalpies less than approximately 820 Btullbm, the difference between the
ASME and RETRAN-3D curve fit values of the specific volume range from less than 0.2 percent
to approximately 1.3 percent for pressures ranging from 0.1 to 6,000 psia. Further, for enthalpies
greater than 820 Btuflbm and pressures greater than 4200 psia, the differences in specific volume
are also less than 1.0 percent. RETRAN-3D is approved for use with PWR ATWS analyses
where the peak pressure resides in the regions described above.
For enthalpies greater than 820 Btullbm and pressures between 3200 and 4200 psia, the
differences in specific volume increase as the enthalpy increases and the pressure decreases. The
maximum error of approximately 3.8 percent occurs at the critical point. PWR ATWS analysis
using RETRAN-3D in this region will require additional justification that the difference in
specific volume does not adversely affect the calculation of the peak pressure.
Duke Position: Duke will address the above condition if an application encounters conditions in
the region of concern.
14. A number of regime-dependent minimum and maximum heat fluxes are hardwired. The use
of the heat transfer correlations should be restricted to situations where the pre-CHF heat
transfer or single-phase heat transfer dominates.

L

Staff Position: RETRAN-3D contains both the "forced convection option" contained in
RETRAN-02 which is the basis for this restriction, and a second option referred to as the
"combination heat transfer map." If the first option is chosen, the "forced convection option,"
approval is granted only for use in pre-CHF and single-phase heat transfer regimes. If the second
option is chosen, the "combination heat transfer map," then there are no discontinuities between
successive heat transfer regimes and the appropriate heat transfer value should result. Therefore,
the combination heat transfer option is approved for use.

L
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Duke Position:

_
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15. The Bennett flow map should only be used for vertical flow within the conditions of the data
base and the Beattie two-phase multiplier option requires qualification work
Staff Position: The Beattie two-phase multiplier has been removed from RETRAN-3D. The
Govier horizontal flow map has been added to supplement the Bennett map for vertical flow and
is acceptable.
Duke Position: Resolved per the Staff Position.
16. No separate effects comparison have been presented for the algebraic slip option and it
would be prudent to request comparisons with the FRIGG tests before the approval of the
algebraic slip option.
Staff Position: The algebraic slip option has been modified to include the Chexal-Lellouche drift
flux model. Use of the Chexal-Lellouche drift flux model for BWR and PWR applications within
the range of conditions covered by the steam-water database used to develop and validate the
model is approved. The model has been qualified with data from a number of steady-state and
two-component tests. While the small dimensions of the fuel assembly are covered, as noted
previously in this safety evaluation, the data for large pipe diameters, such as reactor coolant
system pipes, are not extensive and use of the Chexal-Lellouche model will need justification.
Assessment work indicates that the model tends to under-predict the void profile in the range of
12 to 17 MPa. In addition, the accuracy of the model in the range of 7.5 to 10 Mpa, which covers
BWR ATWS conditions, has not been fully demonstrated. Results of analyses using the model in
these ranges must be carefully reviewed.
The Chexal-Lellouche correlation cannot be used in situations where CCFL is important unless
validation for appropriate geometry and expected flow conditions is provided.
Duke Position:(

3This use is consistent with the Staff Position.

17. While FRIGG test comparisons have been presented for the dynamic slip option the issues
concerning the Schrock-Grossman round tube data comparisons should be resolved
before the dynamic slip option is approved. Plant comparisons using the option should
also be required.
Staff Position: Assessment analyses (Reference 4), have shown that "the issues concerning the
Schrock-Grossman round tube data comparisons" (actually the Bennett round tube data) are due
to early prediction of CHF, which is nearly independent of the slip model used. Since the issue
raised in the limitation is not related to the dynamic slip model, the limitation is considered to be
resolved. The dynamic slip model is approved for use as given in condition (10).
Duke Position: Resolved per the Staff Position.
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18. The nonequilibrium pressurizer model has no fluid boundary heat losses, cannot treat
thermal stratification in the liquid region and assumes instantaneous spray effectiveness
and a constant rainout velocity. A constant UA is used and flow detail within the
component cannot be simulated. There will be a numerical drift in energy due to the
inconsistency between the two-region and the mixture energy equations but it should be
small. No comparisons were presented involving a full or empty pressurizer. Specific
application of this model should justify the lack of fluid boundary heat transfer on a
conservative basis.

|

Staff Position: The concern raised in this limitation of use is partially resolved in RETRAN-3D.
Wall heat transfer can be included in the RETRAN-3D pressurizer model. Including wall heat
transfer resolves this concern.
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While the model does not directly account for thermal stratification, its effects can be included by
use of normal nodes below the pressurizer volume. The user will have to justify the lack of
thermal stratification or the use of normal nodes below the pressurizer should there be an
indication that it would be important in the analysis.
The mixture and two-region energy equations are consistent for the implicit solution method
where the mixture energy equation is used with the vapor-region energy equation. This eliminates
inconsistency between the two-region and mixture energy equations and the concern regarding a

potential drift in the region energies.
The staff notes that when a pressurizer fills or drains, a single region exists for which the normal
pressure equation of state is used. Lack of numerical discontinuities in validation analyses of
filling and draining pressurizers indicates that the model is functioning properly. It is the
responsibility of the code user to justify any numerical discontinuity in the pressurizer during a
filling or draining event.

The pressurizer model has options that require user-supplied parameters. Users must provide
justification for these model parameters.
Duke Position: Duke is not proposing any changes in modeling the pressurizer with RETRAN3D relative to the previous NRC-approved RETRAN-02 modeling in DPC-NE-3000-PA. The
good modeling practices in the Staff Position are noted.
19. The non-mechanistic separator model assumes quasi-statics (time constant approximately
few tenths of seconds) and uses GE BWR6 carryover/carryunder curves for default
values. Use of default curves has to be justified for specific applications. As with the
pressurizer a constant LUA is used. The treatment in the off normal flow quadrant is
limited and those quadrants should be avoided. Attenuation of pressure waves at low
flow/low quality conditions are not simulated well. Specific applications to BWR
pressurization transients under those conditions should be justified.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
Duke Position: Duke does not use the separator model.
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20. The centrifugal pump head is divided equally between the two junctions of the pump
volume. Bingham pump and Westinghouse pump data are used for the default singlephase homologous curves. The SEMISCALE MOD-I pump and Westinghouse Canada
data are for the degradation multiplier approach in the two-phase regime. Use of the
default curves has to be justified for specific applications. Pump simulation should be
restricted to single-phase conditions.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
Duke Position: As noted in the Staff Position, the basic model in RETRAN-3D is unchanged
from RETRAN-02. Duke is not proposing any changes in modeling the reactor coolant pumps
with RETRAN-3D relative to the previous NRC-approved RETRAN-02 modeling in DPC-NE3000-PA, Section 2.2.6.2.
21. The jet pump model should be restricted to the forward flow quadrant as the treatment in the
other quadrants is conceptually not well founded. Specific modeling of the pump in terms
of volumes and junctions is at the user's discretion and should therefore be reviewed with
the specific application.
Staff Position: Subsequent revisions of RETRAN-02 addressed this limitation. Since RETRAN3D has the same model as RETRAN-02 MOD003, and subsequent versions, their acceptance
applies to RETRAN-3D.
Duke Position: Duke does not model BWR jet pumps.
22. The non-mechanistic turbine model assumes symmetrical reaction staging, maximum stage
efficiency at design conditions, a constant UA and a pressure behavior dictated by a
constant loss coefficient It should only be used for quasi-static conditions and in the
normal operating quadrant.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
Duke Position: Duke does not use the turbine model.
23. The subcooled void model is a nonmechanistic profile fit using a modification of EPRI
recommendations for the bubble departure point It is used only for the void reactivity
computation and has no direct effect on the thermal-hydraulics. Comparisons have only
been presented for BWR situations. The model should be restricted to the conditions of
the qualification data base. Sensitivity studies should be requested for specific
applications. The profile blending algorithm used will be reviewed when submitted as
part of the new manual (MOD003) modifications.
Staff Position: The profile blending algorithm approved for RETRAN-02 MOD003 is used in
RETRAN-3D therefore this condition has been satisfied.
Duke Position: Resolved per the Staff Position.
A-10

24. The bubble rise model assumes a linear void profile, a constant rise velocity (but adjustable
through the control system), a constant UA, thermodynamic equilibrium, and makes no
attempt to mitigate layering effects. The bubble mass equation assumes zero junction slip
which is contrary to the dynamic and algebraic slip model. The model has limited
application and each application must be separately justified.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies. However, the layering effects encountered in RETRAN-02 can be eliminated using
the RETRAN-3D stack model. This partially resolves the concern by resolving the layering
limitation through use of the stack model.

L

Duke Position: As noted in the Staff Position, the basic model in RETRAN-3D is unchanged
from RETRAN-02. Duke is not proposing any changes in using the bubble rise model with
RETRAN-3D relative to the previous NRC-approved RETRAN-02 modeling in DPC-NE-3000PA, Section 2.2.6.4. Duke does not currently stack bubble rise volumes, but if future modeling
does, the stack model will be used.

L

25. The transport delay model should be restricted to situations with a dominant flow direction.

L

Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies. The appropriate application of the model is for one-dimensional flow. The user will
have to justify use of this option in the absence of a dominant flow direction.

J

Duke Position: As noted in the Staff Position, the basic model in RETRAN-3D is unchanged
from RETRAN-02. Duke is not proposing any changes in using the transport delay model with
RETRAN-3D relative to the previous NRC-approved RETRAN-02 modeling in DPC-NE-3000PA, Section 2.2.7.4. The limitation with applying this model without a dominant flow direction
is well known and is avoided.
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26. The stand-alone auxiliary DNBR model is very approximate and is limited to solving a onedimensional steady-state simplified HEM energy equation. It should be restricted to
indicating trends.

|

Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
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Duke Position: Duke does not use the auxiliary DNBR model.
27. Phase separation and heat addition cannot be treated simultaneously in the enthalpy transport
model For heat addition with multidirectional, multifunction volumes the enthalpy
transport model should not be used without further justification. Approval of this model
will require submittal of the new manual (MOD003) modifications.
Staff Position: A number of the simplifying assumptions in the RETRAN-02 enthalpy transport
model have been eliminated in RETRAN-3D which now allows multiple inlet and outlet flows
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and eliminates the simplifying assumptions related to mass distribution and pressure change
effects. This condition has been adequately addressed.
Duke Position: Resolved per the Staff Position
28. The local conditions heat transfer model assumes saturated fluid conditions, onedimensional heat conduction and a linear void profile. If the heat transfer is from a local
condition volume to another fluid volume, that fluid volume should be restricted to a nonseparated volume. There is no qualification work for this model and its use will therefore
require further justification.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
Duke Position:

29. The initializer does not absolutely eliminate all ill-posed data and could have differences
with the algorithm used for transient calculations. A null transient computation is
recommended. A heat transfer surface area adjustment is made and biases are added to
feedwater inlet enthalpies in order to justify steady-state heat balances. These adjustments
should be reviewed on a specific application basis.
Staff Position: The over-specified condition is identified by the RETRAN-3D steady-state input
checking, resolving the concern regarding ill-posed data. The user must still run null transients to
ensure that unwanted control or trip actions are not affecting the transient solution.
RETRAN-3D has available a low power steady-state steam generator initialization option that
eliminates the heat conductor area change used in the RETRAN-02 initialization scheme. When
this option is used, no adjustments are made to the heat transfer area and this specific concern is
resolved. However, either the pressure or temperature is adjusted on the secondary side. These
adjustments should be reviewed by the user on a specific application basis. The low power
steady-state initialization option is approved for use.
Duke Position: Resolved per the Staff Position.
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30. Justification of the extrapolation of FRIGG data or other data to secondary-side conditions
for PWRs should be provided. Transient analysis of the secondary side must be
substantiated. For any transients in which two-phase flow is encountered in the primary
all the two-phase flow models must be justified.
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Staff Position: The Chexal-Lellouche correlation is approved for use with PWR applications as
stated in conditions (10) and (16). The user must justify choosing any other two-phase flow
correlation.

.3

Duke Position:|

Resolved per the Staff Position.
31. The pressurizer model requires model qualification work for the situations where the
pressurizer either goes solid or completely empties.

I
,

Staff Position: The pressurizer model is approved for use with filling and draining events as given
in condition (18).
Duke Position: Resolved per the Staff Position

J

32. Transients which involve three-dimensional space-time effects such as rod ejection
transients would have to be justified on a conservative basis.

I

Staff Position: The 3-dimensional kinetics model, as noted in limitation 1 above, satisfies this
limitation.

I

Duke Position: Resolved per the Staff Position. Duke is not using the three-dimensional model.
33. Transients from subcritical, such as those associated with reactivity anomalies should not be
run.

Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.

I
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Duke Position: Duke is not running any transients from subcritical.
34. Transients where boron injection is important, such as steamline break will require separate
justification for the user-specified boron transport model.
Staff Position: The generalized transport model was added to RETRAN-3D to provide the
capability to track materials such as boron. Specific application of the model to steam line break
transients must be justified by the user. The model is approved for use as given in
condition (3).
Duke Position: The generalized transport model is unchanged from RETRAN-02 relative to its
use for modeling boron transport. The generalized transport model was approved in the SER for
RETRAN-02 MOD005.0 dated November 1, 1991. Duke's use of this model for Oconee
A-13
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emergency boron injection is documented in topical report DPC-NE-3005-PA, "UFSAR Chapter
15 Transient Analysis Methodology," Revision 1, Section 15.3.1.1.3. This topical report was
approved by the NRC with SERs dated October 1, 1998 and May 25, 1999. No further NRC
review is necessary.

35. For transients where mixing and cross flow are important, the use of various cross flow loss
coefficients has to be justified on a conservative basis.
Staff Position: The basic model in RETRAN-3D is unchanged and, therefore, this condition of
use applies.
Duke Position: Duke models mixing and cross flow in the reactor vessel during transients and
accidents in which loop asymmetry is important. Duke's modeling for Oconee is documented in
topical report DPC-NE-3005-PA, "UFSAR Chapter 15 Transient Analysis Methodology,"
Revision 1,Section 15.2.1.1. This topical report was approved by the NRC with SERs dated
October 1, 1998 and May 25, 1999. No further NRC review is necessary.
36. ATWS events will require additional submittals.
Staff Position: RETRAN-3D is approved for PWR ATWS analyses as given in condition (13).
Duke Position: Resolved per the Staff Position.
37. For PWR transients where the pressurizer goes solid or completely drains, the pressurizer
behavior will require comparison against real plant or appropriate experimental data.
Staff Position: The pressurizer model is approved for use with filling and draining events as noted
in the discussion of conditions (18) and (31).
Duke Position: Resolved per the Staff Position
38. PWR transients, such as steam generator tube rupture, should not be analyzed for two-phase
conditions beyond the point where significant voiding occurs on the primary side.
Staff Position: The use of slip models for PWR applications is approved for use as given in
conditions (16) and (30).
Duke Position: In the Oconee steam generator tube rupture UFSAR Chapter 15 analysis
significant voiding does not occur on the primary side. However, significant voiding can occur
on the primary side for steam line break events. Duke's UFSAR Chapter 15 steam line break
modeling for Oconee is documented in topical report DPC-NE-3005-PA, "UFSAR Chapter 15
Transient Analysis Methodology," Revision 1, Chapter 15. This topical report was approved by
the NRC with SERs dated October 1, 1998 and May 25, 1999. Duke's UFSAR Chapter 6 steam
line break mass and energy release modeling for Oconee is documented in topical report DPCNE-3003-PA, "Mass and Energy Release and Containment Response Methodology," Chapter 5.
This topical report was approved by the NRC with SER dated March 15, 1995. Modeling of two-
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No further NRC review is necessary.
39. BWR transients were asymmetry leads to reverse jet pump flow such as the one recirculation
pump trip, should be avoided.
Staff Position: As noted in the discussion of condition (21), this is resolved.

l

Duke Position: Duke does not model BWRs.
40. Organizations with NRC-approved RETRAN-02 methodologies can use the RETRAN-3D1
code in the RETRAN-02 mode without additional NRC approval, provided that none of the new
RETRAN-3D models listed in the definition are used. Organizations with NRC-approved
RETRAN-02 methodologies must obtain NRC approval prior to applying any of the new
RETRAN-3D models listed above for UFSAR Chapter 15 licensing basis applications.
Organizations without NRC-approved RETRAN-02 methodologies must obtain NRC approval
for such methodologies or a specific application before applying the RETRAN-02 code or the
RETRAN-3D code for UFSAR Chapter 15 licensing basis applications. Generic Letter 83-1 1
provides additional guidance in this area. Licensees who specifically reference RETRAN-02 in
their technical specifications will have to request a Technical Specification change to use
RETRAN-3D.
Duke Position: The submittal of DPC-NE-3000-P, Revision 3, includes the use of thet

]The SER on p. 33 also states
that use of the "new control blocks added to improve functionality" requires NRC review and
approval. The new control blocks in RETRAN-3D are the following:
ABS - Absolute value

L
_

F2D - Two-dimensional interpolation
RAT - Rate

STF - Second-order transfer function

L

None of these new control block models have yet been incorporated into any of the Duke
RETRAN models used for licensing basis applications. However, use of some of these new
control block models in the future is likely to enhance and simplify applications. Since all of
these new control blocks consist of well-founded arithmetic and mathematical formulas, similar
to the control blocks included in RETRAN-02, it is not understood why NRC approval prior to
their use is necessary. Duke requests NRC approval to use the new RETRAN-3D control blocks
for future applications consistent with their formulation.
41. RETRAN may be used for BWR ATWS subject to the following restrictions: The licensee
must validate the chosen void model over the range of pressure, channel inlet flow, and inlet
subcooling encountered during the transient that are outside the range of conditions for which
assessment is available. Furthermore, the licensee should validate the choice of steam separator
model and evaluate its use relative to steam separator performance data relevant to the conditions
A-15
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present during the ATWS simulation. The licensee must also evaluate the uncertainties in the
modeling. See Condition (16) and the Staff Position for related information.
Duke Position: Duke does not model BWRs.
42. The RETRAN-3D five-equation, or nonequilibrium, model uses flow regime maps and flow
pattern dependent heat transfer and interfacial area models to simulate the heat and mass transfer
processes between phases. A licensee wishing to apply the five-equation model will have to
justify its use outside areas of operation where assessment has been documented. This may
include either separate effects or integral systems assessment that cover the range of conditions
encountered by the application of interest. An assessment of the uncertainties must also be
provided. The model is approved subject to these conditions.
Duke Position: Duke does not use the five-equation model for licensing basis applications.
43. Assessment performed in support of use of RETRAN-3D must also address consistency
between the RETRAN-3D calculations and any auxiliary calculations that are a part of the overall
methodology, such as, departure from nucleate boiling or critical power ratio.
Duke Position: Duke uses results from RETRAN-3D analyses for input to other codes to perform
core power distribution analyses, detailed core thermal-hydraulic analysis of the departure from
nucleate boiling phenomenon, fuel rod and pellet thermal and mechanical behavior analyses, and
containment thermal and structural response to high-energy line breaks. The details of these
other methodologies have been submitted and approved by the NRC as appropriate. Any
revisions to these methodologies, including any changes due to the use of RETRAN-3D in place
of RETRAN-02, will be submitted for NRC review prior to their use for licensing basis
applications.
44. The staff concludes that the lack of a detailed RETRAN-3D specific user guideline
document mandates a statement on the user's experience and qualification with the code when
analyses are submitted in support of licensing actions. This statement is expected to be consistent
with the guidance of Generic Letter 83-11.
Duke Position: It is noted that Volume 3 of the EPRI RETRAN-3D documentation set has been
enhanced subsequent to the NRC SER to include a significant amount of user guidelines
regarding modeling option selection, in particular for the new RETRAN-3D models and options.
Revision 3 to DPC-NE-3000-P fully describes Duke's use of the RETRAN-3D code for
simulating the Oconee Nuclear Station with replacement steam generators. This revision is
submitted for NRC review with the intent of maintaining the documentation of the Duke
RETRAN methodology current, along with the main purpose of obtaining NRC review and
approval for the transition from RETRAN-02 to RETRAN-3D for Oconee. This topical report
revision extends Duke's response to Generic Letter 83-1 1. Duke's current level of RETRAN user
experience is 15 engineers with a total of 144 years of experience with RETRAN-02 and
RETRAN-03/-3D.
45. Assessment of the RETRAN-3D code for the models not explicitly approved in this safety
evaluation will be the responsibility of the licensee or applicant. In addition, application of the
A-16

RETRAN-02 or RETRAN-3D codes for best estimate analysis of UFSAR Chapter 15 licensing
basis events may require additional code and model assessment, and an evaluation of
uncertainties to assure accurate prediction of best estimate response. This condition is based on
the absence, in the best estimate analysis approach, of the conservative assumptions in traditional
UFSAR Chapter 15 licensing basis analyses. For each use of RETRAN-3D in a licensing
calculation, it will be necessary for a valid approach to assessment to be submitted, which is
expected to include a PIRT for each use of the code and the appropriate assessment cases and
their results. The scope of the PIRT and validation/assessment will be commensurate with the
complexity of the application.
Duke Position: Duke has previously received NRC review and approval for application of the
RETRAN-02 code to the licensing basis applications for non-LOCA transients and accidents for
the Oconee Nuclear Station. The three RETRAN-related topical reports and associated NRC
SERs supporting Oconee are:
DPC-NE-3000-PA, Revision 2, "Thermal-Hydraulic Transient Analysis Methodology",
December 2000. SERs are dated 11/15/91 (Revision 0), 8/8/94 (Revision 1), and
12/27/95 (Revision 2)

DPC-NE-3003-PA, "Mass and Energy Release and Containment Response
Methodology", November 1997. SER is dated 3/15/95
DPC-NE-3005-PA, Revision 1, "UFSAR Chapter 15 Transient Analysis Methodology,
August 1999. SERs are dated 10/1/98 (Revision 0) and 5/25/99 (Revision 1)
These topical reports have all being revised and submitted for NRC review to address the Oconee
replacement steam generators and use of the RETRAN-3D code for Oconee non-LOCA transient
and accident analyses. Based on the close similarity of the replacement and original steam
generators, the transient therimal-hydraulic behavior will be very similar. The only significant
difference will be for the main steam line break analysis, in which the flow restricting orifices in
the replacement steam generators steam outlet nozzles will effectively reduce the maximum break
size and the blowdown rate.

A- 17
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L

activity was presented and reviewed by the NRC during the review of earlier revisions of DPCNE-3000. f
Jhas been
incorporated into the Duke version of the RETRAN-3D code as described in Revision 3 to DPCNE-3000-P.

In summary, Duke has previously obtained NRC review for RETRAN-02 modeling of Oconee
with the original steam generators. Substantial validation and assessments comparisons were
associated with the previous revisions to DPC-NE-3000. The designs of the original and
replacement steam generators are very similar, and the transient performance will be very similar
except for the response to large steam line break accidents. Revision 3 describes the use of
RETRAN-3D for modeling Oconee with replacement steam generators. |:
-Duke is not proposing to use this
model for best-estimate licensing applications. The traditional conservative approach will
continue to be used for licensing applicationis: A PIRT is not being submitted due to the previous
NRC approval of the Duke RETRAN methodology topical reports, the limited scope of changes
in the methodologies, the similarity of the designs of the new and replacement Oconee steam
generators, the use of only one new RETRAN-3D model, and the assessment that has been
performed to justify use of the one new model.'
References
A-I Letter, S. A. Richards (NRC), to G. L. Vine (EPRI), Safety Evaluation Report on EPRI
Topical Report NP-7450(P), Revision 4, "RETRAN-3D - A Program for Transient ThermalHydraulic Analysis of Complex Fluid Flow Systems", January 25, 2001
A-2 RETRAN-3D MOD003.1DKE, SDQA-30218-NGO, Duke Power, October 30,2001
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DPC-NE-3005-PA
Revision2

]

List of Changes to DPC-NE-3005-PA Revision I

The following is the complete list of changes made in the conversion of DPC-NE-3005-PA
Revision 1 (August 1999) to DPC-NE-3005-PA Revision 2 (May 2005). The significant
methodology changes have been reviewed and approved by the NRC. None of the other topical
report changes are considered to be significant changes, and therefore do not require NRC review.
With steam generator replacement having been completed at all three Oconee units as of 2004,
the RETRAN code version used for all analyses with ROTSGs is changed to RETRAN-3D per
Revision 2. Therefore, RETRAN-02 is applicable to the methodology as applied to the OTSGs,
and RETRAN-3D is applicable for the methodology as applied to the ROTSGs. However,
"RETRAN-02" has not been replaced with 'RETRAN-3D" throughout the report to avoid
confusion, since the demonstration analysis results presented are for the OTSGs with RETRAN02, and the OTSG RETRAN-3D comparisons are with RETRAN-3D being run in the RETRAN02 mode consistent with Revision 0.

a

LI
L]

List of Chances from Revision I to Revision 2
1. The title pages were revised to Revision 2 and dated May 2005

|

2. The Revision 2 SER dated September 24, 2003 was included at the front

a

3. The abstract was updated to include Revision 2
4. The table of contents was revised to add, re-title, or re-sequence the following sections
1.4 Interface with Duke Oconee Reload Design Methodology Topical Report
1.5 Appendix A
1.6 Summary
1.7 References
2.1 RETRAN-02/MOD5.2DKE"
2.2 RETRAN-3D/MOD3.lDKE"
15.2.1.4 Original Steam Generator RETRAN-02 Model
15.2.1.5 Replacement Steam Generator RETRAN-3D Model
15.2.1.6 Steam Generator Water Carryout Control
15.2.1.7 Break Model

j

|

Appendix A - Evaluation of RETRAN-3D SER Conditions and Limitations for the
Oconee RETRAN Model with ROTSGs

I

Chapter I
5. Section 1.1, p. 1-1, second paragraph, correct a sentence that had a publishing error in
Revision 1.(editorial)
Change: "The application of these models for UFSAR Chapter 15 non-LOCA analyses
for McGuire 1-11."
To: "The application of these models for UFSAR Chapter 15 non-LOCA analyses for
McGuire and Catawba was submitted to the NRC in References 1-10 and
I1-11."
6. Section 1.1, p. 1-2, insert two new paragraphs at the bottom of the section to describe
Revisions I and 2. (editorial)
Insert the following two new paragraphs at the bottom:
"Revision 1 was submitted in 1999 (Reference 1-33) in response to open issues in the
NRC SER for Revision 0 (Reference 1-34). The main elements of the revision were, 1) a
110% of design pressure acceptance criterion for the locked rotor accident, 2) not credit
operator action to trip the reactor following a SGTR, 3) not credit automatic main
feedwater isolation for steam line break, 4) a new VIPRE-01 model for steam line break,
5) added the BWU-N CHF correlation for the Mk-B 11 fuel assembly below the mixing
vanes, and 6) added centerline fuel melt as a fuel damage criterion for the dropped rod
analysis.
Revision 2 was submitted in 2002 (Reference 1-35) and includes methodology changes
related to the replacement once-through steam generators, use of the RETRAN-3D code,
minor technical methodology revisions, error corrections, and editorial changes."
7. Section 1.2, Computer Codes, p. 1-3, the RETRAN-02 code version used is updated to
RETRAN-021MOD5.2DKE. (editorial)
Change: ".. . uses the RETRAN-02/M0D5.1 code, which..."
To: ". . . uses the RETRAN-021M0D5.2 code, which is an error-corrected version of the
RETRAN-02/M0D5.1 code that ... .. " i

8. Section 1.2, Computer Codes, p. 1-3, the RETRAN-3D code description is updated and the
previous description is noted as being associated with the Revision 0 methodology.
(editorial)
Insert the following new text in front of the existing RETRAN-3D text:
"RETRAN-3D: RETRAN-3D (Reference 1-19) was developed by Computer Simulation
& Analysis, Inc. for EPRI to enhance and extend the simulation capabilities of the
RETRAN-02 code. RETRAN-3D has many new and enhanced capabilities relative to
RETRAN-02, in particular, a 3-D kinetics core model, improved two-phase models, an
improved heat transfer correlation package, and an implicit numerical solution method.
Most of the capabilities of the RETRAN-02 code have been retained within RETRAN3D as options, except for a limited number of models and correlations that were not in
-2

use. The NRC SER for RETRAN-3D is dated January 25, 2001 (Reference 1-36). The
SER includes limitations and conditions on the use of the code for licensing applications.

a

The following paragraph is from the Revision 0 methodology, and is retained for
historical purposes only:"

J

9. Section 1.3, p. 1-7, Credit for Control Systems and Non-Safety Components and Systems,
Item 7, change this item due to a design modification. (plant design change)
Change: "7) The turbine trip circuitry has two channels, one with a one second response
time, and one with a fifteen second response time. The faster response time is credited in
the current UFSAR Chapter 15 analyses and will be credited in the methodology. A
station modification is planned to upgrade the second channel to a one second response
time. The turbine trip circuitry is not completely safety-grade."L
To: 7) The turbine trip circuitry is not completely safety-grade."
10.

Section 1.3, p. 1-7, Credit for Control Systems and Non-Safety Components and
Systems, Item 7, add a new item on post-trip main feedwater control. (design
description)
Insert the following at the bottom: "11) Control of the Main Feedwater System by the
Integrated Control System is assumed to be in either the automatic or the manual mode of
control initially, whichever is more conservative. The Integrated Control System
transfers from manual to automatic control on reactor trip. Post-trip control is therefore
in the automatic mode of control regardless of whether the event starts with the Main
Feedwater System in manual or automatic control."

11.

Section 1.3, p. 1-7, Main Feedwater Isolation, change this item due to a design
modification. (plant design change)
Change: "The large and small steam line break analyses do not credit automatic isolation
of main feedwater by the main steam line break detection and main feedwater isolation
instrumentation."

To: "The large and small steam line break analyses do not credit automatic isolation of
main feedwater or emergency feedwater by the Automatic Feedwater Isolation System
(AFIS)."
12.

New Section 1.4 "Interface with Duke Oconee Reload Design Methodology Topical
Report" (editorial)
1.4

J
J
1

Interface with Duke Oconee Reload Design Methodology Topical Report

This report is referenced by NFS-1OO1A, "Duke Power Company Oconee Nuclear
Station Reload Design Methodology" (Reference 1-2). Chapters 1 and 8 of NFS-100A|
describe how the UFSAR Chapter 15 non-LOCA transient and accident analysis
methodology of DPC-NE-3005 are integrated into the reload design process.

3

LI

13.

New Section 1.5 "Appendix A" (editorial)
1.5

Appendix A

Appendix A was added in Revision 2 to address the RETRAN-3D SER conditions and
limitations as relates to the modeling for Oconee.
14.

Section 1.5, References: References updated and new references added. (editorial)
1-2 Duke Power Company Oconee Nuclear Station Reload Design Methodology, NFS1001A, Revision 5, January 2001
1-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company, September 2004
1-10 Multidimensional Reactor Transients and Safety Analysis Physics Parameters
Methodology, DPC-NE-3001-PA, Duke Power Company, December 2000
1-11 FSAR Chapter 15 System Transient Analysis Methodology, DPC-NE-3002-A,
Revision 3, Duke Power Company, May 1999
1-18 Mass and Energy Release and Containment Response Methodology, DPC-NE3003-PA, Revision 1,Duke Power Company, September 2004
1-19 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRI, NP-7450(A), Volumes 1-4, Revision 5, July 2001
1-22 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 1, Duke Power Company, April 26, 1996
1-26 SIMULATE-3 Kinetics Theory and Model Description, SOA-96/26, Studsvik of
America, April 1996
1-33 Letter, M. S. Tuckman (Duke) to NRC, February 1, 1999 (Letter submitting
Revision 1 to DPC-NE-3005)
1-34 Letter, D. E. LaBarge (NRC) to W. R. McCollum (Duke), October 1, 1998 (NRC
SER on DPC-NE-3005, Revision 0)
1-35 Letter, M. S. Tuckman (Duke) to NRC, June 13, 2002 (Letter submitting Revision 2
to DPC-NE-3005)
1-36 Letter, S. A. Richards (NRC), to G. L. Vine (EPRI), Safety Evaluation Report on
EPRI Topical Report NP-7450(P), Revision 4, "RETRAN-3D - A Program for
Transient Thermal-Hydraulic Analysis of Complex Fluid Flow Systems", January
25,2001

15.

Renumbered Chapter 1 sections (editorial)

4

Chapter 2

]

16.

L|

Section 2.1, RETRAN-021MOD5.1, p. 2-1, is updated to RETRAN-02/MOD5.2DKE,
and Section 2.1.1, Code Description, is replaced to describe the current version of
RETRAN-02. (model revision)

Change: "2.1

RETRAN-02MOD5.1"

|

To: "2.1 RETRAN-02MOD5.2DKE"
Change: " The RETRAN-02/MOD5.1 DKE code is a modified version of the NRCapproved RETRAN-02/MODOO5.1 code (References 2-1 and 2-2). The version used in
this topical report differs from the NRC-approved version in that two error corrections to

the MOD5.1 version have been inserted to obtain the MOD5.IDKE version. These two
error corrections, which will be included in future versions of the RETRAN code are:

L

* Parameter LPOOL in subroutine INPUT was changed from 125,000 to
175,000. This modification was necessary to allow a large RETRAN input deck

to execute.
* The DO statement in loop 920 of subroutine GENTRN is changed from "DO
920 IGS = 1,10" to "DO 920 IGS = 1,30". This correction enhances convergence
in the generalized transport model.
Since the RETRAN version used is NRC-approved with the exception of error
corrections, it is concluded that this report need not justify the validity of the RETRAN
code itself. Therefore, details regarding the theory of the RETRAN code are left to the
references."
To: "The RETRAN-02/MOD5.2DKE code is a modified version of the NRC-approved
RETRAN-02/MOD005.1 code (References 2-1 and 2-2). The EPRI released MOD5.2
version contains user features and error corrections to the NRC-approved MOD 5.1
version - but no new models. The MOD5.2 version used in this topical report differs
from the EPRI-released version in that three additional changes to the MOD5.2 version
have been made to obtain the MOD5.2DKE version. These three changes are as follows:

|

L

* Parameter LPOOL was changed from 200,000 to 400,000 to allow larger
problems to run. This modification was necessary only to allow a large

RETRAN input deck to execute.
*

|

A custom code modification was added to allow access to the condensation
heat transfer correlations with the forced convection heat transfer map. This
was necessary since the forced convection heat transfer map is used, and
condensation heat transfer will occur during some applications.

* An error in the calculation of the liquid region work term in the pressurizer
model was corrected.

5L

I

L

The first change is a problem execution change only. The second change was described
in the Reference 2-3 methodology that has been approved by the NRC. The third change
is an error correction. None of these changes require NRC review."
17.

Section 2.2, RETRAN-3DIMOD00IF, p. 2-9, is updated to RETRAN-3DIMOD3.IDKE.
Section 2.2.1, Code Description, is replaced to describe the version of RETRAN-3D used
by Duke. Section 2.2.2, Simulation Model, is revised to refer to Reference 2-3. Section
2.2.3, Validation of Code and Model, is revised to refer to Reference 2-3. (model
revision)
Change: "2.2
To: "2.2

RETRAN-3DMOD001F"

RETRAN-3DIMOD3.IDKE"

Change: "2.2.1 Code Description The RETRAN-3D/MODOO1F code (Reference 27) is a recent version of the EPRI RETRAN family of codes. RETRAN-3D was
developed to provide analysis capabilities for LWR transients, small-break loss-ofcoolant accidents, anticipated transients without scram, natural circulation events, longterm transients, and transients with thermodynamic non-equilibrium phenomena. New
fully implicit numerical solution schemes have been provided for both fluid states,
including additional balance equations to better predict non-equilibrium phenomena. The
code user has the ability to run RETRAN-3D in several modes. The application of
RETRAN-3D in this report is limited to the "RETRAN-02 mode", which does not
include any of the non-equilibrium, flowing non-condensible gas capability, or threedimensional core modeling unique to RETRAN-3D. The advanced solution scheme and
correlations are used in the analyses in this report."
To: "2.2.1 Code Description RETRAN-3D (Reference 2-7) was developed by
Computer Simulation & Analysis, Inc. for EPRI to enhance and extend the simulation
capabilities of the RETRAN-02 code. RETRAN-3D has many new and enhanced
capabilities relative to RETRAN-02, in particular, a 3-D kinetics core model, improved
two-phase models, an improved heat transfer correlation package, and an implicit
numerical solution method. Most of the capabilities of the RETRAN-02 code have been
retained within RETRAN-3D as options, except for a limited number of models and
correlations that were not in use. The only new RETRAN-3D model used in the Revision
2 methodology is in the [

] All of the details of
the transition to using RETRAN-3D instead of RETRAN-02 for Oconee modeling are
presented in DPC-NE-3000-P, Revision 3 (Reference 2-3). The NRC SER for RETRAN3D is dated January 25, 2001 (Reference 2-23). The SER includes limitations and
conditions on the use of the code for licensing applications. Reference 2-3 describes the
Duke code modifications to the EPRI-released version. Appendix A of this report
addresses compliance with the SER limitations and conditions."
Change: "2.2.2 Simulation Model The Oconee RETRAN Model discussed in Section
2.1.2 is used with the RETRAN-3DIMODOOIF code. Appropriate input deck changes
are made to account for the relocation of certain parameters in the RETRAN-3D input
6

deck, including additional input requirements. The transient-specific modeling
revisions/additions required for each transient modeled with RETRAN-3D are the same
as those made for the RETRAN-02 analysis. Other than these modifications, the
RETRAN model used for this report is the same as that reviewed by the NRC per
Reference 2-3."

j

1

To: "2.2.2 Simulation Model The Oconee RETRAN model is described in Reference
2-3.
Change: "Validation of Code and Model Validation of the Oconee RETRAN Model
for transient analysis is documented in References 2-3 and 2-4 for use with the
RETRAN-02 code. Four of the transients simulated with RETRAN-02 in this topical
report are also simulated with the RETRAN-3D code. The RETRAN-3D code is run in
the "RETRAN-02 mode" to show that application of RETRAN-3D gives very similar
results to the NRC-approved RETRAN-02 code. Generic validation of RETRAN-3D
was performed by EPRI and is documented in the RETRAN-3D manuals (Reference 2-

L

7).

To: "2.2.3 Validation of Code and Model
described in References 2-3 and 2-7.
18.

Validation of the code and model is

j

Section 2.8, References: References updated and one new reference added. (editorial)
2-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company, September 2004
2-7 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRI, NP-7450(A), Volumes 1-4, Revision 5, July 2001
2-10 Multidimensional Reactor Transients and Safety Analysis Physics Parameters
Methodology, DPC-NE-3001-PA, Duke Power Company, December 2000

L
L
J

2-15 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 1, Duke Power Company, April 26, 1996
2-23 Letter, S. A. Richards (NRC), to G. L. Vine (EPRI), Safety Evaluation Report on
EPRI Topical Report NP-7450(P), Revision 4, "RETRAN-3D - A Program for
Transient Thermal-Hydraulic Analysis of Complex Fluid Flow Systems", January
25, 2001
Chapter 3
19.

|
i

J

Section 3.5, References: Reference 3-1 updated. (editorial)
3-1 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 1, Duke Power Company, April 26, 1996

J

Chapter 4
20.

Section 4.6, References, Reference 4-1 updated. (editorial)
4-1 Thermal-Hydraulic Statistical Core Design Methodology, DPC-NE-2005P-A,
Revision 3, Duke Power Company, September 2002

Chapter 5
21.

Section 5.1.1, p. 5-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam-generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators. Figure 5-1 is the REIRAN02 nodalization, and Figure B-2 of Reference 5-3 is the replacement steam generator
nodalization."

22.

,

Section 5.3.1, p. 5-5, the steam generator tube plugging assumption is revised from high
plugging level to a sensitivity parameter (error correction)
Change: "Therefore, a conservatively high SG tube plugging level is modeled."
To: "A low SG tube plugging percentage slows the pressurization rate and delays the
high pressure trip. This also could maximize the RCS pressure increase. Which
assumption is more conservative is determined by a sensitivity study."

23.

Section 5.3.2, p. 5-5, the maximum withdrawal rate is revised to a range of withdrawal
rates to ensure the limiting case is identified (error correction)
Change: "The maximum withdrawal rate..."
To: "A range of withdrawal rates'.. .
Change: "The maximum withdrawal rate will result in the largest core power excursion,
which will maximize the heat flux..."
To: "The maximum withdrawal rate that delays reactor trip the longest will result in the
most heat transferred . .

24.

"

-

Section 5.5, References, Reference 5-3 updated. (editorial)
5-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company,'September 2004

8

Chapter 6
25.

Section 6.0, p. 6-1, the following text will be inserted as a new second paragraph to

clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."
26.

Section 6.5, p. 6-1 lfifth bullet says that we check each reload core for the maximum
allowable radial peak limits. This will be deleted since this event is non-limiting. (model

revision)

L

Delete: " o Maximum allowable radial peak limits"
27.

Section 6.6, References, Reference 6-4 updated. (editorial)

l

6-4 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company, September 2004

j

Chapter 8
28.

Section 8.0, p. 8-1, the following text will be inserted as a new second paragraph to

clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."
29.

a

Section 8.8, References, Reference 8-2 updated. (editorial)

J

8-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company, September 2004

j

Chapter99

30.

31.

Section 9.1.1, p. 9-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)

J

Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."

J

Section 9.3.2.5, p. 9-9 is revised to clarify that only the two-pump coastdown from four
pumps in operation (not also the one-pump coastdown from three pumps in operation

9

j

statepoint) statepoint is used in the determination of core power peaking limits.
(editorial)
Change: "These statepoints are then used . . ."
To: "The two-pump coastdown from four pumps in operation statepoint is then used ..
32.

Section 9.4, References, references updated. (editorial)
9-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA, Revision
3, Duke Power Company, September 2004
9-4 BWC Correlation of Critical Heat Flux, BAW-10143-PA, Babcock & Wilcox,
April 1985
9-5

The BWU Critical Heat Flux Correlations, BAW-10199P-A, Framatome Cogema
Fuels, August 1996

9-6 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 1,Duke Power Company, April 26, 1996
9-7

Core Thermal-Hydraulic Methodology Using VIPRE-01, DPC-NE-2003P-A,
Revision 1, Duke Power Cdmpany, September 2000

Chapter 10
33.

Section 10.1.1, p. 10-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."

34.

Section 10.5, References, references updated. (editorial)
10-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA,
Revision 3, Duke Power Company, September 2004
10-4 BWC Correlation of Critical Heat Flux, BAW-10143-PA, Babcock & Wilcox,
April 1985
10-5 The BWU Critical Heat Flux Correlations, BAW-10199-PA, Framatome Cogema
Fuels, April 1996
10-6

Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE1004A, Revision 1, Duke Power Company, April 26, 1996

'10
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Chapter 11I
35.

Section 11.1, p. 11-2, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)

]

Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."
36.

I

Section 11.1.1, Nodalization, is revised to describe additional modeling details for the
main steam lines and condenser. (model revision)

l

Change: "A junction is added to the base model to connect the steam lines since an
asymmetric steam generator response will occur during cases with three-pump

operation."

_

To: [

LI

I
37.

Section 11.1.2, Initial Conditions, the core power level initial condition is revised to
clarify how the uncertainty in power level is addressed. (error correction)

J

Change: "The uncertainty in this parameter is incorporated in the SCD methodology."
To: "The uncertainty in this parameter is incorporated in the SCD methodology in the
DNBR analysis, but is applied to the initial condition in the CFM analysis."
38.

Section 11.1.5, Control, Protection, and Safeguards Systems, Reactor Trip, the
flux/flow/imbalance trip was inadvertently missing from the text. (editorial)

|
|

Change: "The reactor trip functions credited are the high flux trip and the high RCS

pressure trip."
To: "The reactor trip functions credited are the high flux trip, the flux/flow/imbalance

trip, and the high RCS pressure trip."
39.

Section 11.1.5, Control, Protection, and Safeguards Systems, Excore Flux
Instrumentation, a new methodology is proposed to model the effect of a change in
reactor vessel downcomer water temperature on the excore flux detector signal. (model

revision)
Insert the following new text at the bottom:
"The effect of a change in reactor vessel downcomer water temperature on the excore
flux detector signal is based on one of two methods. The first method, used through
Revision 1 of the methodology, is a synthesis of plant data and analysis results obtained
11

J

J

from Framatome Advanced Nuclear Products. The second method, submitted with
Revision 2 of the methodology, is described in the following paragraphs. Either method
may be used in the application of the methodology.
The effect of Reactor Coolant System temperature on the excore power range neutron
detectors is modeled by consideration of the relevant source, material composition, and
detector geometry details. The fuel region is considered as a homogeneous mixture
inside a cylinder of equivalent volume as the core region inside the baffle plates. The
balance of the geometry is modeled as a series of concentric cylinders, representing the
baffle plates, flow channel, core barrel, thermal shield, downcomer region, and reactor
vessel. Particle tallies at the detector account for the details of detector geometry and
design.
Fuel characterization is performed with the SAS2HIORIGEN-S modules of the SCALE
Code System, as necessary (References 11-5 and 11-6). Transport and tallying of
particles is performed with the MCNP computer code (Reference 11-7). Variance
reduction is performed in MCNP as necessary to achieve reliable statistics for the tallies.
The particle tally results are used to characterize the relative effects of Reactor Coolant
System temperature on detector response."
40.

Section 11.3, References, Reference 11-4 updated, and three new references are added.
(editorial)
11-4

Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA,
Revision 3, Duke Power Company, September 2004

11-5

0. W. Hermann and C. V. Parks, "SAS2H: A Coupled One-Dimensional
Depletion and Shielding Analysis Module," NUREG/CR-0200, Volume 1, Section
S2, March 2000

11-6 0. W. Hermann and R. M. Westfall, "ORIGEN-S: SCALE System Module to
Calculate Fuel Depletion, Actinide Transmutation, Fission Product Buildup and
Decay, and Associated Radiation Source Terms," NUTREG/CR-0200, Volume 2,
Section P7, March 2000
11-7 Judith F. Briesmeister, Ed., "MCNP - A General Monte Carlo N-Particle
Transport Code," Los Alamos National Laboratory Report, LA-13709-M, March
2000
Chapter 12
41.

Section 12.1.1, p. 12-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."
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42.

Section 12.5, References, references updated. (editorial)

j

12-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA,
Revision 3, Duke Power Company, September 2004
12-3 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRI, NP-7450(A), Volumes 14, Revision 5, July 2001
Chapter 13
43.

j
l

Section 13.0, p. 13-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."

44.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the first bullet is
moved up to be the fourth bullet on p. 134. This is necessary to keep the action in the
correct time sequence. (editorial)
Insert the first bulleted item on p. 13-5 after the third bulleted item on p. 13-4.

45.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 134, the fourth bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)

Change: "An operator action delay time is assumed from the time the ruptured steam
generator is identified to the time that a cooldown of the RCS to 5320 F begins."
To: "An operator action delay time is assumed from the time RCS subcooled margin is
minimized to the time that a cooldown of the RCS to 532 0F begins "
46.

1
I
|

4

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-4, the fifth bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)

Change: "An operator action delay time of 10 minutes after reaching 532 0 F is assumed."
To: "An operator action delay time of 20 minutes after reaching 5320 F is assumed "
47.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the second bullet
is revised for consistency with the Oconee emergency operating procedures. (model
revision)
Change: "One RCP per loop is tripped off after the RCS has cooled down to 5320 F. A
10 minute operator action delay time is assumed for this after reaching 532 0 F."

13
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To: "One RCP in the loop without the pressurizer is tripped off after the RCS has cooled
down to 5320 F. A 20 minute operator action delay time is assumed for this after reaching
532 0 F. One RCP in the loop with the pressurizer is tripped at 4000 F."
48.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the fifth bullet is
revised for clarification purposes. (editorial)
Change: "The RCS boron concentration is determined at this time."
To: "RCS boron sampling is completed at this time."

49.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the last bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)
Change: "An operator action delay time of 45 minutes is assumed."
To: "An operator action delay time of 90 minutes is assumed."

50.

Section 13.8, References, Reference 13-1 updated. (editorial)
13-1

Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, September 2004

Chapter 14
51.

Section 14.1.1, p. 14-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
Insert: "The methodology that follows is applicable to the analysis for the original steam
generators. The replacement steam generators are analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology that follows are associated with this
change in code version or the replacement steam generators."

52.

Section 14.6, References, references revised. (editorial)
14-7 BWC Correlation of Critical Heat Flux, BAW-10143P-A, Babcock & Wilcox,
April 1985
14-9 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, September 2004

Chapter 15
53.

Section 15.1.1, p. 15-1, the following text will be inserted as a new second paragraph to
clarify the transition to RETRAN-3D. (editorial)
"The methodology that follows, unless specified otherwise, is applicable to both the
analysis of the original steam generators with RETRAN-02 and the analysis of the
14

replacement steam generators with RETRAN-3D.. The following changes in the
methodology are specific to RETRAN-3D:
*
*
*
54.

Steam generator modeling differences in Section 15.2.1.5
Steam generator water carryout control differences in Section 15.2.1.6
Reactor coolant pump modeling differences in Section 15.3.1.1.2"

,
l

Section 15.2.1.2, Transport Delay Model, is revised to state that this model is only turned
off if reverse flow occurs in the primary loop piping. (model revision)
Replace all text with the following:
"The transport delay model is known to produce anomalous predictions if flow reversals
occur. This model is turned off in the primary loop piping volumes if flow reversals are
predicted in those volumes."

55.

New Section 15.2.1.5, Replacement Steam Generator RETRAN-3D Model, will be
inserted to describe all steam line break RETRAN-3D and ROTSG modeling differences
relative to the RETRAN-3D base model. (model revision)
Insert the following:

I

J

" 15.2.1.5 Replacement Steam Generator RETRAN-3D Model
Zero steam generator tube plugging is assumed to maximize the primary-to-secondary
heat transfer. The choking option (Extended Henry and Moody) is turned on at the steam
outlet nozzle to account for the flow restricting orifice. The vertical junction option is
used and the inertia is increased for the aspirator junctions to smooth the enthalpy and
mass flow rate predictions. The isoenthalpic expansion choked flow option is used at the
aspirator junctions to avoid junction enthalpy errors should the enthalpy decrease to
below 170 Btullbm, which is the Moody model limit. The junction flow area for the
steam generator cold leg outlet nozzle in the unaffected loop is increased if a code abort
occurs."56.

LI

Section 15.2.1.6, Steam Generator Water Carryout Control, has been revised for the main
steam line break modeling for the replacement steam generators using RETRAN-3D.
(model revision)
Insert the following at the beginning of the second paragraph:

J
I
|

"The following modeling approach is used for the RETRAN-02 analysis of the original

|

steam generators."
Insert the following new third paragraph:

]
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57.

Section 15.2.1.7, Break Model, p. 15-6, add text to discuss the flow restricting orifices in
the steam outlet nozzles that are part of the replacement steam generator design. (plant
design change).
Insert a new second paragraph:
"The replacement steam generators have flow restricting orifices in the steam outlet
nozzles. These reduce the critical flow area to 1.804 ft per steam generator, and
decrease the blowdown rate relative to the original steam generators."

58.

Section 15.3.1.1.2, Reactor Coolant Pump Modeling, the text is revised to describe the
current approach to tripping the reactor coolant pumps. (model revision)
Change: "The RCPs in the unaffected loop are tripped at 100 seconds to avoid a code
error associated with pressure oscillations in this loop due to two-phase performance.
Tripping the RCPs in the unaffected loop has a conservative impact on the cooldown of
the RCS since there is reverse heat transfer taking place in the steam generator."
To: "In the RETRAN-02 analysis for the original steam generators, the RCPs in the
unaffected loop are tripped at 100 seconds to avoid a code error associated with pressure
oscillations in this loop due to two-phase performance. Tripping the RCPs in the
unaffected loop has a conservative impact on the cooldown of the RCS since there is
reverse heat transfer taking place in the steam generator." In the RETRAN-3D analysis
for the replacement steam generators this code error does not occur and the RCPs are not
tripped."

59.

Section 15.3.1.1.3, Physics Parameters, p. 15-11, revise the text to correct the description
of the modeling of the Doppler coefficient to be consistent with the reactivity check that
is performed. (error correction)
Replace the following paragraph:
"A table of reactivity as a function of fuel temperature is input to model Doppler
reactivity effects. The most negative Doppler curve is used in the analysis. However, the
most negative Doppler curve will also result in the largest negative feedback during any
return-to-power. Since the boron injected by the HPI system and CFTs stops any power
increase (rather than the negative reactivity due to Doppler feedback) it is conservative to
assume a most negative Doppler curve."
With:
"A table of reactivity as a function of fuel temperature is input to model Doppler
reactivity effects. A typical EOC Doppler curve is used in the analysis, which adds
16

positive reactivity due to the decrease in fuel temperature. The total reactivity check at
the limiting statepoint (see Section 15.4) confirms that the assumed Doppler feedback is
conservative."
60.

Section 15.3.1.1.4, Control, Protection, and Safeguards Systems, p. 15-15, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)

.

,

Insert the following title and paragraph:
"Feedwater Isolation " The steam line break analyses do not credit automatic isolation
of main feedwater or emergency feedwater by the Automatic Feedwater Isolation System
(AFIS)."
61.

Section 15.3.1.2.5, Critical Heat Flux Correlations, is revised to add the BWU-Z CHF
correlation with an extended pressure range for the main steam line break with offsite
power case for Mk-B 11 fuel only. (model revision)
Insert the following text at the end of Section 15.3.1.2.5:
"The BWU-Z CHF correlation with the 0.98 Mk-B 11 multiplier is also used for the with
offsite power steam line break DNBR analysis for Mk-B 11 fuel only. The minimum
DNBR design limits are as follows for the following parameter ranges of applicability for
this correlation and design limit:
Design DNBRI
Pressure (psia)
315 to 700
1.59
700 to 1000
1.20
1000 to 2465
1.19
Mass flux (106 lbmlhr-ft2 )
0.36 to 3.55
Quality
less than 0.74"

62.

Section 15.3.2.1.4, Control, Protection, and Safeguards Systems, p. 15-22, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)

I
|

4
]
J
]

J

Insert the following title and paragraph:
"Feedwater Isolation
The steam line break analyses do not credit automatic isolation of main feedwater or
emergency feedwater by the Automatic Feedwater Isolation System (AFIS)."
63.

Section 15.4, Reload Cycle-Specific Evaluation, p. 15-27, revise the text to the correct
modeling of the Doppler temperature coefficient. (error correction)

J

J
j

Change: "Doppler temperature coefficient (with and without offsite power)
To: "Doppler temperature coefficient (without offsite power)

17
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64.

Section 15.5, References, references updated. (editorial)
15-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-PA,
Revision 3, Duke Power Company, September 2004
154 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE1004A, Revision 1,Duke Power Company, April 26, 1996
15-5

Mass and Energy Release and Containment Response Methodology, DPC-NE3003-PA, Revision 1, Duke Power Company, September 2004

Chapter 16
65.

Section 16.0, p. 16-1, the following text will be inserted as a new third paragraph in
Section 16.1.1 to clarify the transition to RETRAN-3D. (editorial)
Insert the following:
"The methodology that follows, unless noted otherwise, is applicable to the analysis for
the original steam generators. The replacement steam generators are analyzed with
RETRAN-3D instead of RETRAN.02. The modeling of the aspirator port in the steam
generator secondary has been revised in the ROTSG methodology. A RETRAN control
system is used to stop steam flow through the aspirator port when the downcomer floods,
since this is judged to be non-physical. Also, the methodology for selection of physics
parameter values has been changed to maintain consistency with the time in core life. No
other changes in the methodology that follows are associated with this change in code
version or the replacement steam generators."

66.

Section 16.1.2, Initial Conditions, the core power level initial condition is revised to
clarify how the uncertainty in power level is addressed. (error correction)
Change: "The uncertainty for this parameter is incorporated in the SCD limit."

To: "The uncertainty in this parameter is incorporated in the SCD methodology in the
DNBR analysis, but is applied to the initial condition in the CFM analysis."
67.

Section 16.1.3, Boundary Conditions, Excore Flux Detector Error Due To Overcooling, a
new methodology is proposed to model the effect of a change in reactor vessel
downcomer water temperature on the excore flux detector signal. (model revision)
Insert the following new text at the bottom:
"The effect of a change in reactor vessel downcomer water temperature on the excore
flux detector signal is based on one of two methods. The first method, used through
Revision 1 of the methodology, is a synthesis of plant data and analysis results obtained
from Framatome Advanced Nuclear Products. The second method, submitted with
Revision 2 of the methodology, is described in the following paragraphs. Either method
may be used in the application of the methodology.

18

The effect of Reactor Coolant System temperature on the excore power range neutron
detectors is modeled by consideration of the relevant source, material composition, and
detector geometry details. The fuel region is considered as a homogeneous mixture
inside a cylinder of equivalent volume as the core region inside the baffle plates. The
balance of the geometry is modeled as a series of concentric cylinders, representing the
baffle plates, flow channel, core barrel, thermal shield, downcomer region, and reactor
vessel. Particle tallies at the detector account for the details of detector geometry and
design.
Fuel characterization is performed with the SAS2HIORIGEN-S modules of the SCALE
Code System, as necessary (References 16-4 and 16-5). Transport and tallying of
particles is performed with the MCNP computer code (Reference 16-6). Variance
reduction is performed in MCNP as necessary to achieve reliable statistics for the tallies.
The particle tally results are used to characterize the relative effects of Reactor Coolant
System temperature on detector response."
68.

Section 16.1.3, Boundary Conditions, is revised to include new modeling for the steam
generator aspirator port. (model revision)
Insert the following at the end of Section 16.1.3

]
.

LI

J
]

"Aspirator Port Modeling During Downcomer Flooding (RETRAN-3D only)
The small steam line break scenario, as modeled, can result in flooding of the steam
generator downcomer due to excessive main feedwater flow. The RETRAN-3D
prediction of aspirator flow appears anomalous when the downcomer overfills and floods
the aspirator port. Continued steam flow into the aspirator is predicted, which is not
physical. A control system is added that increases the aspirator junction loss coefficient
as downcomer flooding is approached. This also forces the feedwater to flow up the
entire length of the steam generator tube bundle, which maximizes heat transfer."
69.

70.

I
J

Change: "The EOC least negative Doppler temperature coefficient value is assumed."

I
]

To: "The least negative Doppler temperature coefficient value is assumed consistent with
the time in core life."

J

Section 16.1.4, Physics Parameters, the Doppler temperature coefficient text is corrected
to clarify that this coefficient is modeled depending on time-in-core-life consistent with
the MTC modeling. (error correction)

Section 16.1.4, Physics Parameters, the beta-effective and neutron lifetime text is
corrected to clarify that these parameters are modeled depending on time-in-core-life
consistent with the MTC modeling. (error correction)
Change: "Thus, an EOC maximum value is assumed. The prompt neutron lifetime
associated with the maximum .eff value is assumed. The delayed neutron fractions and
decay constants are insensitive parameters. Therefore, typical EOC values are used."
To: "Thus, a maximum value is assumed consistent with the time-in-core-life. The
prompt neutron lifetime consistent with the maximum OW value is assumed. The delayed
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neutron fractions and decay constants are insensitive parameters. Therefore, values
consistent with the time in core life are used."
71.

Section 16.1.5, Control, Protection, and Safeguards Systems, p. 16-5, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)
Insert the following title and paragraph:
"Feedwater Isolation
The small steam line break analyses do not credit automatic isolation of main feedwater
or emergency feedwater by the Automatic Feedwater Isolation System (AFIS)."

72.

Section 16.5, References, Reference 16-3 updated and three new references added.
(editorial)
16-3

Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, September 2004

16-4

0. W. Hermann and C. V. Parks, "SAS2H: A Coupled One-Dimensional
Depletion and Shielding Analysis Module," NUREG/CR-0200, Volume 1, Section
S2, March 2000

16-5

0. W. Hermann and R. M; Westfall, "ORIGEN-S: SCALE System Module to
Calculate Fuel Depletion, Actinide Transmutation, Fission Product Buildup and
Decay, and Associated Radiation Source Terms," NUREG/CR-0200, Volume 2,
Section F7, March 2000

16-6 Judith F. Briesmeister,-Ed., "MCNP - A General Monte Carlo N-Particle
Transport Code," Los Alamos National Laboratory Report, LA-13709-M, March
2000
73.

Appendix A, Evaluation of RETRAN-3D SER Conditions and Limitations for the
Oconee RETRAN Model with ROTSGs was inserted

74.

The List of Docketed Correspondence was revised to include Items 9 and 10

75.

This list was included
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DPC-NE-3005-A, Revision 1
August 1999
The following is the list of changes in converting
Revisions 0 and 1, versions, to the Revision I -A version
Item

Page

1.
2.
3.
4.

front
front
5-8

5.

8-5

6.
7.
8.

12-1
16-1
back
back
back

9.
10.

LI
LI

Description
New title page with -PA and dated August 1999
Inserted all Revision I pages without margin bars
Inserted the Revision 0 and Revision I SERs
The following text: "However, preliminaryanalyses indicate that the
reactortripfiinctions that rely on an indicatedflux signal will not occur.
This is because of the large controlrod shadowing effect and the large
nuclearinstrumentation calibrationerrorspotentially present at HZP.
Therefore, only the high pressure tripfunction is creditedin the
analysis." is replaced with "Control rod shadowing and nuclear
instrumentationcalibrationerrorspresent at HZP are accountedfor."

This change is based on additional experience analyzing the startup
accident, and corrects the original text. The new information is that the
reactor can trip on indicated flux, not just on high pressure. The
methodology is not changed.
Change "less" to "greater" to correct obvious incorrect sentence
regarding the DNBR limit.
Change "trust" to "thrust" to correct mispelling
Revised acceptance criteria wording per 5/5/99 letter
Inserted list of and copies of all documented correspondence
Inserted this list of changes
Inserted list of changes from Revision 0 to Revision I that was submitted
to the NRC in the 2/1/99 letter

I
I
I
I
I
I
-I
I
I
I
I
I

DPC-NE-3005, Rcvision 1
-January 1999
The following is a list of changes which are included in Revision I
.

Item

Page

1.
2.
3.

iii
Vi

4.
5.

vii

6.
7.

1-1

xi

12.
13.
14.
15.
16.

1-4
1-6
1-6
1-7
1-8
1-9
1-10
1-11
1-11

17.

2-11

18.

2-11

19.

2-12

20.
21
22.
23.
24.
25.
26.
27.
28.
29.
30.

2-16
3-10
4-7
5-3
5-8

8.
9.
10.
11.

5-10

6-3
6-7
6-11
10-1
10-1

.

Description
Editorial: Replaced "DNB" with "Core Cooling Capability"
Deleted Section 10.3.4 Offsite Dose Analysis Results
Deleted Section 14.4.1.3 Offsite Dose Analysis Results, renumbered
14.4.1.4 to 14.4.1.3
Section 15.2.1.4 added*
Section 15.3.1 revised and Section 15.3.2 subsection details deleted
Figures 15-1 and 15-10 added, other figures renumbered
Added references for Revisions I and 2 to DPC-NE-3000 and related
SERs
Added references for SERs for Revisions I and 2 to DPC-NE-3000
Added references for SERs for Revisions I and 2 to DPC-NE-3000
Added a statement identifying a new steam line break VIPRE model
Deleted credit for main feedwater isolation in steam line break analyses
Revised to note that the digital ICS has been installed
Reference 1-6 updated to Revision 3
Reference 1-19 updated to Revision 3
Reference 1-30 deleted (related to main feedwater isolation)
References 30, 31, and 32 added for submittal letters and SERs related to
DPC-NE-3000 Revisions I and 2
Revised description of the VIPRE-Ol/MOD2 Duke internal version used
from "MOD2F' to "a Duke version".
Added BWU-N CHF correlation to note that this version of the BWU
CHF correlation is used in the lower part of the Mk-B 11 fuel assemblies
below the mixing vane grids
Added a reference to Section 15.2.2 for the VIPRE steam line break
model
Reference 2-7 and Reference 2-8 updated to Revision 3
Add small steam line break to Table 3-1
Updated HPI setpoints and related footnotes to current values
Editorial: Replaced "DNB" with "Core Cooling Capability"
Added the maximum reactivity insertion rate of 11.5 pcm/sec
Reference 5-2 updated to Revision 3
Deleted "and Worth" which is incorrect
Deleted "and Worth" which is incorrect
Reference 6-2 updated to Revision 3
Revised to state that peak RCS pressure is not a concern
Revised to include 110% of RCS design pressure as an acceptance
criterion for the locked rotor accident
(cont.)

(List of Changes (cont.))
31.
32.

10-11
11-1

33.
34.
35.
36.
37.
38.

11-2
11-2
11-6
11-7
12-7
13-4

39.
40.

13-4
13-5

41.

13-5

42.

13-6

43.
44.

13-7
14-19

45.
46.
47.
48.
49.

14-23
14-25
14-25
14-26
14-27

50.

15-1 to -43

51.

16-i to -7

Deleted Section 10.3.4 Offsite Dose Analysis Results
Added centerline fuel melt as a fuel damage criterion for the dropped rod
accident
Revised to note that the digital ICS has been installed
Added centerline fuel melt as a fuel damage criterion
Added results of centerline fuel melt analysis
Reference 11-2 updated to Revision 3
Reference 12-3 updated to Revision 3
Revised "maximize ECCS injection" to "initiate flow from the High
Pressure Injection (HPI) System"
Deleted operator action to manually trip the reactor for SGTR
Revised to state that the cooldown to 450'F occurs after shift changeover
is completed (rather than after one RCP per loop is tripped off)
Revised to include steam generator draining as an operator action to be
consistent with the preceeding text
Revised to state that the Reactor Protective System is assumed to trip the
reactor at 20 minutes (rather than manual trip)
Deleted statement regarding the results of the offsite dose analysis
Deleted Section 14.4.1.3 Offsite Dose Analysis Results, renumbered
Section 14.4.1.4
Reference 14-5 updated to Revision 3
Added a footnote to Table 14-1
Corrected some rod ejection analysis results in Table 14-2
Corrected some rod ejection anlaysis results in Table 14-3
Corrected some rod ejection analysis results in Table 14-5 and added
some details and footnotes for clarity
Large steam line break with offsite power reanalyzed to not credit main
feedwater isolation. New VIPRE model for DNBR analysis described.
The entire steam line break section including unrevised pages is included
for continuity. The offsite dose analysis results are deleted.
Small steam line break reanalyzed to not credit main feedwater isolation.
The offsite dose acceptance criterion was revised to 10% of 10 CFR Part
100. The offsite dose analysis results are deleted.

j
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DPC-NE-3005-PA
Revision 2
List of Attached Docketed Correspondence

1. 7/30/97 original submittal letter, M. S. Tuckmnan to NRC

K

2.4/13/98 NRC RAI letter, D. E. LaBarge to M. S. Tuckman

l

3. 7/23/98 letter responding to NRC RAI, M.S. Tuckman to NRC
4. 8/28/98 NRC letter acknowledging proprietary information

L

5. 2/1/99 letter submitting Revision 1, M. S. Tuckman to NRC
6. 3/17/99 NRC RAI letter on Revision 1, D. E. LaBarge to M. S.Tuckman
7. 4/19/99 letter responding to NRC RAI, M. S. Tuckman to NRC
8. 5/5/99 letter with minor text revision, M. S. Tuckman to NRC
9. 6/13/02 letter submitting Revision 2, M. S. Tuckmnan to NRC
10. 5/23/03 letter responding to NRC RAI, K. S. Canady to NRC
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NUCLEAR ENGINEERING

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

Subject:

Oconee Nuclear Station

i

Docket Numbers 50-269, -270, and -287
UFSAR Chapter 15 Transient Analysis Methodology,
DPC-NE-3005-P

Gentlemen:
Please find enclosed proprietary topical report DPC-NE-3005P, "UFSAR Chapter 15 Transient Analysis Methodology," which
is submitted for NRC review and approval. A non-proprietary
version is also enclosed. This report describes the Duke
Energy Corporation (at the time the report was written, Duke
Power Company) methodology for analyzing the non-LOCA UFSAR
Chapter 15 transients and accidents for the Oconee Nuclear

Station.
The objective of this report is to implement a modern nonLOCA transient and accident analysis methodology to enable a
complete revision to the 1970s vintage analyses in Chapter
15 of the Oconee UFSAR. Reanalysis using this methodology
will establish a new licensing basis which will
significantly improve the knowledge of the design
requirements, assumptions, and inputs used in the analyses.
As a result, the quality and thoroughness of safety

evaluations conducted in support of operations and

|

I
J

I
_|

resolution of regulatory issues will be enhanced. Most of
the computer codes and simulation models used in this

topical report have been previously reviewed and approved by
the NRC for application to Oconee reload design and in
response to Generic Letter 83-11. This topical report is a
specific application of those models to the analysis of
Oconee UFSAR Chapter 15 transients and accidents. Duke
Power previously received NRC approval for a similar
methodology that is applicable to the McGuire and Catawba
Nuclear Stations.

|
|

U. S. Nuclear Regulatory Commission
July 30, 1997
Page 2
In addition to the above objective, a new fuel assembly
design designated as the Mk-B1l will be phased into core
reload designs beginning with Oconee Unit 3 Cycle 19, with
This new fuel design will
startup scheduled for March 2000.
incorporate mixing vane grids and an improved CHF
correlation. These changes require reanalysis of many of
the UFSAR Chapter 15 events.
To support the schedule for fabrication and design of the
fuel for Oconee Unit 3 Cycle 19, review of this topical
report is requested by October 1998.
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.
If there are any questions, or additional information is
needed, please call Scott Gewehr at (704) 382-7581.

M. S. Tuckman
cc:

Mr. D. E. LaBarge, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 0-14 H25
Washington, D. C. 20555
Mr. L. A. Reyes, Regional Administrator
U.S. Nuclear Regulatory Commission - Region II
101 Marietta Street, NW - Suite 2900

Atlanta, Georgia

30323

M. A. Scott
Senior Resident Inspector
Oconee Nuclear Station

U. S. Nuclear Regulatory Commission
July 30, i997
Page 3
bxc (w/o enclosures):
G. A. Copp
G. B. Swindlehurst
J. E. Burchfield (ONS)
(w/ Enclosure 1)
ELL
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AFFIDAVIT OF M. S. TUCKMAN
1.

I am Executive Vice President, Nuclear Generation Department,
Duke Energy Corporation'("Duke't ), and as such have the
responsibility of reviewing the proprietary information
sought to be
withheld'from public disclosure in connection
with nuclear plant licensing, and am authorized to apply
for its withholding on behalf of Duke.

2

I am making this affidavit :in conformance with the provisions
of 10 CFR 2.790 of the regulations of the Nuclear Regulatory
Commission ("NRC") and in conjunction with Duke's
application for withholding which accompanies this affidavit.

3.

I have knowledge of the criteria used by Duke in designating
information as proprietary or confidential.

4.

Pursuant to the provisions of paragraph (b)(4) of 10 CFR
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.
(ii) The information islof 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 10 CFR 2.790, it
is to be received in confidence by the NRC.
(iv) The information sought to be protected is not available
in public to the best of our knowledge and belief.

M. S. Tuckman
(continued)

I
AFFIDAVIT OF M. S. TUCKMAN (Page 2)
(v)

The proprietary information sought to be withheld in
this submittal is that which is marked in the
proprietary version of the report DPC-NE-3005-P,"UFSAR
Chapter 15 Transient Analysis Methodology" and
supporting documentation, and omitted from the nonproprietary versions. This information enables Duke to:
(a) Respond to Generic Letter 83-11, "Licensee
Qualification for Performing Safety Analyses in
Support of Licensing Actions."
(b) Simulate UFSAR Chapter 15 transients and accidents
for the Oconee Nuclear Station and other PWRs.

I
[

I

(c) Perform safety reviews per 10 CFR 50.59.

(vi)

The proprietary information sought to be withheld
from public disclosure has substantial commercial value
to Duke.
(a) It allows Duke to reduce vendor and consultant
expenses associated with supporting the operation
and licensing of nuclear power plants.
(b) 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.
(c) The subject information could only be duplicated
by competitors at similar expense to that incurred
by Duke.

M. S. Tuckman
(continued)

I
J

AFFIDAVIT OF M. S. TUCKMAN (Page 3)
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 a commensurate expense
or allowing Duke to recoup a portion of its expenditures or
benefit from the sale of the information.

M. S. Tuckman, being duly sworn, on his oath deposes and says that
he is the person who subscribed his name to the foregoing
statement, and that the matters.and facts set forth in the
statement are true.

M. S. Tuckman

day of
§@
Sworn to and subscribed before me this
1997. Witness my hand and official seal.

ot

expires

My commission expires
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UNITED STATES
REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

April 13, 1998|
Mr. M. S. Tuckman
Executive Vice President
Nuclear Generation
Duke Energy Corporation
P. 0. Box 1006
Charlotte, NC 28201-1006
SUBJECT:

REQUEST FOR ADDITIONAL INFORMATION - REVIEW OF OCONEE
NUCLEAR STATION UNITS 1, 2, AND 3 UPDATED FINAL SAFETY ANALYSIS
REPORT (UFSAR) CHAPTER 15 TRANSIENT ANALYSIS METHODOLOGY,
DPC-NE-3005-P (TAC NOS. M99349, M99350, AND M99351)

L

Dear Mr. Tuckman:
By letter dated July 30, 1997, Duke Energy Corporation (DEC) submitted Topical Report
DPC-NE-3005-P, "UFSAR Chapter 15 Transient Analysis Methodology," for NRC review and
approval. It describes the DEC methodology for analyzing the non-Loss-of-Coolant Accident
UFSAR Chapter 15 transients and accidents for the Oconee Nuclear Station.

Li

In order to continue its review of the document, the staff has determined that additional
information is needed as described in the enclosure.
Sincerely,

David E. LaBarge, Senior Project Manager
Project Directorate 11-2
Division of Reactor Projects -111
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287

J
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Enclosure: As stated
cc w/encl: See next page

l
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Oconee Nuclear Station

cc:

Mr. J. E. Burchfield
Compliance Manager
Duke Energy Corporation
Oconee Nuclear Site
P. 0. Box 1439
Seneca, South Carolina 29679

Mr. Paul R. Newton
Legal Department (PBO5E)
Duke Energy Corporation
422 South Church Street
Charlotte, North Carolina 28242
J. Michael McGarry, Ill, Esquire
Winston and Strawn
1400 L Street, NW.
Washington, DC 20005

Ms. Karen E. Long
Assistant Attorney General
North Carolina Department of
Justice
P. 0. Box 629
Raleigh, North Carolina 27602

Mr. Robert B. Borsum
Framatome Technologies
Suite 525
1700 Rockville Pike
Rockville, Maryland 20852-1631

L. A. Keller
Manager - Nuclear Regulatory
Licensing
Duke Energy Corporation
526 South Church Street
Charlotte, North Carolina 28242-0001

Manager, LIS
NUS Corporation
2650 McCormick Drive, 3rd Floor
Clearwater, Florida 34619-1035
Senior Resident Inspector
U. S. Nuclear Regulatory
Commission
7812B Rochester Highway
Seneca, South Carolina 29672
I :.' '.

Regional Administrator, Region II
U. S. Nuclear Regulatory Commission
Atlanta Federal Center
61 Forsyth Street, S.W., Suite 23T85
Atlanta, Georgia 30303
Max Batavia, Chief
Bureau of Radiological Health
South Carolina Department of Health
and Environmental Control
2600 Bull Street
Columbia, South Carolina 29201
County Supervisor of Oconee County
Walhalla, South Carolina 29621

,:-,
.
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Mr. Richard M. Fry, Director
Division of Radiation Protection
North Carolina Department of
Environment, Health, and
Natural Resources
3825 Barrett Drive
Raleigh, North Carolina 27609-7721

REQUEST FOR ADDITIONAL INFORMATION
TOPICAL REPORT DPC-NE-3005-P
Please explain why there are two options available for input of the nodal axial power
profile to the computer code VIPRE-01.
a)

What differences result between the use of a linear interpolation compared to a
spline fit?

b)

How does the user determine which option to use?

j

LI

2.

When will the power hot channel factor and the local heat flux hot channel factor be
input to VIPRE-01 to calculate the departure from nucleate boiling ratio (DNBR) in a
subchannel? How will this cause the results of a DNBR calculation to differ from what is
currently obtained?

3.

The Babcock and Wilcox (B&W) Correlation (BWC) and the BWC mixing vane critical
heat flux correlations have been previously approved for use in VIPRE-01. Why are
these considered additional features to be added to VIPRE-01/MOD2F?

4.

Briefly describe the enhanced iteration logic used by VIPRE-01 to converge to a
minimum DNBR (MDNBR) limit.

5.

The moderator (boron) dilution accident for Oconee is analyzed only from conditions of
power operation (Mode 1) and refueling (Mode 6). Provide analyses for Modes 2
through 5 and demonstrate that the results conform to those specified in Standard
Review Plan 15.4.6.

6.

The acceptance criterion for the Oconee analysis of the rod ejection accident is that the
offsite dose will be less than 100 percent of the 10 CFR Part 100 limits. However, NRC
Regulatory Guide 1.77 and Standard Review Plan 15.4.8 specify that calculated doses
should be well within 10 CFR Part 100 limits, where 'well within" is defined as
25 percent of the 10 CFR Part 100 exposure guideline values. Please modify the
Oconee dose acceptance criterion accordingly.

I
J

7.

Section 1.3 - Describe the Emergency Operating Procedures (EOPs) available at
Oconee that will manually start the Emergency Feedwater (EFW) System to backup the
nonsafety grade equipment in mitigating the loss of reactor coolant flow transient.
Confirm that the operator actions could be taken in time to bound the results of the
analysis.

l

8.

Section 1.3 - It is stated that for certain failures in the safety grade EFW System, credit
is taken for realigning EFW flow through the nonsafety Main Feedwater System and this
design aspect has been reviewed and approved by the NRC. Provide the
documentation for this issue.
Enclosure

L
I
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-29.

Section 1.3 - One of the turbine trip circuitry channels has a slower response time than
the value assumed in the analysis methodology. Confirm that the required modification
will be completed prior to the approval of the proposed methodology.

10.

Section 1.3 - Confirm that the use of the nonsafety grade turbine trip circuitry in the
transient analysis is consistent with the Oconee current licensing basis.

11.

Section 1.3 - It is stated that the capability to remotely throttle certain nonsafety grade
valves (including the steam generator drain lines) is credited in the analysis
methodology. Identify the areas that are affected by this assumption and confirm that
they are within the Oconee current licensing basis.

12.

Section 2.2 - It is indicated that the advanced solution scheme and correlations of the
RETRAN-3D computer code are used in the proposed analysis methodology. Provide
further discussions on how the proposed methodology could be approved without a
detailed review of the RETRAN-3D code.-

13.

Section 9.3 - Assuming a single failure of the pump monitor trip, will Cases 3 and 5
become more limiting than Cases 2 and 4 due to a reactor trip from flux/flow?

14.

Section 9.3.1.4 - Discuss the assumed delay time of the reactor trip.

15.

Section 10 (Locked Rotorj - Provide a revised analysis methodology to incorporate the
following:
a)

Assume a loss of offsite power with this event.

b)

Include peak system pressure as a part of the acceptance criteria for this event.

c)

Since a flux/flow is the trip function for this event, a single failure of the pump
monitor trip becomes a nonlimiting failure. Identify the most limiting single failure
for this event.

16.

Section 12.0 (Turbine Trip) - It is indicated that no credit is taken for EFW flow in this
event since the peak reactor coolant system (RCS) pressure will occur prior to the EFW
actuation. The staff does not agree with this approach. We will require an analysis that
shows there will not be a second peak pressure higher than the first peak during this
transient. With an insufficient EFW flow rate, the RCS pressure could become the
problem later in the transient. Also, the concern of the solid pressurizer should be
addressed during the longer-term with respect to EFW flow.

17.

Section 13.0 (Steam Generator Tube Rupture (SGTR)) - Provide the results of a revised
analysis methodology to incorporate the following:

-3 -

18.
19.

20.

21.

a)

Assume a loss of offsite power with this event.

j

b)

Assume a stuck-open atmospheric dump valve to maximize the radiological
consequences.

J

Section 13.0 - Discuss the consequences of the SGTR event assuming the nonsafety
grade pressurizer heater and spray systems become inoperable.

a

Section 13.0 - Discuss the EOPs available at Oconee that affect the following:
a)

Operator isolation of the ruptured steam generator following the SGTR event.

b)

Prevention of steam generator overfill, assuming the maximum EFW flow rate.

4

Section 15.0 (Large Steamline Break (SLB)) - Provide discussion in the following areas:

]

a)

Why is the SLB with loss of offsite power very similar to a loss of RCS flow event.
Should an SLB with rapid RCS cooldown lead to a more severe DNBR transient?

b)

Should a low initial pressurizer level lead to a lower transient pressure and lower
DNBR?

J

c)

If a single failure of the EFW control valve is assumed, will a second MDNBR
occur later into the transient due to further cooldown of the RCS?

J

Section 16.0 (Small SLB) - Provide discussion in the following areas:
a)

b)

Explain why the acceptance criteria allow fuel failure and the offsite dose within
100 percent of 10 CFR Part 100 limits for a small SLB (including an inadvertent
opening of a main steam relief valve), which is an incident of moderate frequency.
Discuss the consequences of the event assuming failure of the nonsafety grade
main feedwater system and EFW is needed.

J
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Nuclear Generation

July 23, 1998
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555-0001
Attention: Document'Control Desk
Subject:

Duke Energy Corporation
Oconee'Nuclear'Station, Units 1, 2 and 3
Docket Numbers 50-269, 50-270, and 50-287
Response to'NRC Request for Additional Information
on Topical Report DPC-NE-3005-P, "UFSAR Chapter 15
Transient Analysis Methodology.'

This submittal contains information that Duke Energy
Corporation considers PROPRIETARY and is being made pursuant
to 10CFR 2.790.
By letter dated April 13, 1998 the NRC requested additional
information on Topical Report DPC-NE-3005P, "UFSAR Chapter 15
Transient Analysis Methodology.' This topical report had been
previously submitted for NRC review by Duke letter dated July
30, 1997.
The questions contained in the April 13 NRC letter, and the
corresponding Duke answers, are provided in Attachment 1 to
this letter.
Additionally, Attachment 2 provides editorial corrections and
minor revisions to Topical Report DPC-NE-3005-P. These changes
to this topical report have been identified since the July 30,
i997 submittal of this document. Attachment 3 provides the
non-proprietary version6of these changes.
Some of the informatioh'contained'in Attachment 2 is
considered proprietary. In accordance with 10CFR 2.790, Duke
requests that this information be withheld from public
disclosure. An affidavit which attests to the proprietary
nature of the affected information is included with this
letter.

U. S. Nuclear Regulatory Commission
July 23, 1998
Page22
In the response to Question 9 (see Attachment 1), Duke
provides the schedule for implementing station modifications
to correct slow response time associated with the turbine trip
circuitry channels. Oconee has preliminarily scheduled the
turbine stop valve closure circuitry modification beginning
with the Unit 3 End-of-cycle 18 outage, currently scheduled
for March 2000. Implementation for Unit 1 would be in
September 2000, and Unit 2 would be in April 2001. If the
modification process alters the preliminary schedule, Duke
will notify the NRC of this change by the end of 1997.
Please address any comments or questions regarding this matter
to J. S. Warren at (704) 382-4986.

j

j

I

Very truly yours,

I

M. S. Tuckman

J

Attachments
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L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission - Region II
Atlanta Federal Center
61 Forsyth St., SW, Suite 23T85
Atlanta, Georgia 30303

1

D. E. LaBarge, Senior Project Manager (ONS)
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop O-14H25
Washington, D. C. 20555-0001
M. A. Scott
NRC Senior Resident Inspector
Oconee Nuclear Station

I
J

U. S. Nuclear Regulatory-Commission
July 23, 1998
Page 3

'AFFIDAVIT
1.

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.

2.

I am making this affidavit in conformance with the
provisions of 1OCFR 2.790 of the regulations of the
Nuclear Regulatory Commission (NRC) and in conjunction
with Duke's application for withholding, which
accompanies this affidavit.

3.

I have knowledge of the criteria used by Duke in
designating information as proprietary or confidential.

4.

Pursuant to the provisions of paragraph (b)(4) of 1OCFR
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.
(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.

M.S.n
M. S. Tuckman
(Continued)

I

U. S. Nuclear Regulatory Commission
July 23,

1998

Page 4

(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.
(iv) The information sought to be protected is not
available in public to the best of our knowledge
and belief.
(v)

J
j

The proprietary information sought to be withheld
in this submittal is that which is marked in
Attachment 2 to Duke Energy Corporation letter
dated July 23,

1998; SUBJECT: Response to NRC

Request for Additional Information on Topical
Report DPC-NE-3005P,

"UFSAR Chapter 15 Transient

Analysis Methodology.' This information enables
Duke to:

L
j

(a) Respond to NRC requests for information
regarding transient response of Babcock &
Wilcox PWRs.
(b)

Simulate UFSAR Chapter 15 transients and
accidents for Oconee Nuclear Station.

(c)

Perform safety evaluations per 10CFR50.59.

(d)

Support Facility Operating Licenses/Technical
Specifications amendments for Oconee Nuclear
Station.

M. S. Tuckman

(Continued)

j

L
j

U. S. Nuclear Regulatory Commission
July 23, 1998
Page 5
(vi) The proprietary information sought to be withheld
from public disclosure has substantial commercial
value to Duke.-

(a)

It allows Duke to reduce vendor and consultant
expenses associated with supporting the
operation and licensing of nuclear power
plants.

(b) 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.
(c) 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.

(Continued)

Tuckman

ML

I

U. S. Nuclear Regulatory Commission
July 23, 1998
Page 6
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.

,

___

My Commission Expires:

-Jcp Z22

A

3

day of

j

1998

Jb

Notary

SEAL

I

Tuckman, Executive Vice President

Subscribed and sworn to before me this
__

L

2001/

U. S. Nuclear Regulatory Commission
July 23, 1998
Page 7
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Attachment 1

]
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Question1
Please explain why there are two options available for input
of the nodal axial power profile to the computer code VIPREa) What differences result between the use of a linear
interpolation compared to a spline fit?
b) How does the user determine which option to use?

l

Response to Question 1
Originally, the spline fit was developed to replace the
linear interpolation routine because it was recognized that
linear interpolation did not conserve area under the curve
(straight line from point to point), and would therefore
under-predict the axial shape uniformly (non-conservative
Furthermore, the linear interpolation
for DNB predictions).
routine would grossly under-normalize unless the user
specifically input data at the endpoints (if not, linear
default
to
zero
values
at
the
interpolation would
fit,
Duke
the
spline
developing
After
endpoints).
recognized the need to be able to duplicate prerious
analyses that used linear interpolation; so, instead of
replacing linear interpolation with the spline fit, an
additional option was added.
Like
linear
interpolation,
the
spline
fit also
has
limitations at the endpoints. The spline fit conserves area
under the curve at all locations except the endpoints, for
which it makes an estimate. For this reason, the spline fit
also does not normalize to 1.0 unless the user specifies
endpoints.
Sensitivity studies have shown that, unlike
linear interpolation, specifying endpoints to force the
spline fit to normalize to 1.0 has negligible effect on DNBR
predictions, since the spline fit makes an estimate at the

endpoints (as opposed to defaulting to a zero value as with
the linear interpolation routine). Generally, bottom peaked
spline fit shapes slightly under-normalize, and top peaked
spline fit shapes slightly over-normalize.
When comparing
the two options directly, the spline fit (without specifying
endpoints that force normalization to 1.0) will usually give
an equal or slightly more conservative DNBR prediction than
the linear interpolation routine (with or without specifying
endpoints that force it to normalize to 1.0).

If the user is duplicating analyses that have previously
been performed with linear interpolation, then the linear

1-1

I
j

J
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interpolation option should be selected for consistency. If
the user is performing an analysis for which axial shape
input must be generated for. a large number of axial levels,
the spline fit should be selected for the reasons stated
above.
Question 2
When will the power hot channel factor and the local heat
flux hot channel factor be input to VIPRE-01 to calculate
the departure from nucleate boiling ratio (DNBR) in a
subchannel? How will this cause the results of a DNBR
calculation to differ from what is currently obtained?
Response to Question 2
The local heat flux hot channel factor has not been applied
in Oconee DNBR analyses beginning with the Oconee Unit 1
Cycle 14 reload (Reference the Oconee 1 Cycle 14 Reload
Report, Letter, M. S. Tuckman (Duke) to NRC Document Control
Desk, May 7, 1991)
The power hot channel factor is input to VIPRE-01 to
calculate the DNBR when the DNBR analysis accounts for
uncertainties directly, i.e. when the Statistical Core
Design (SCD) methodology is not used. The rod ejection DNB
analysis is the only transient DNB analysis in DPC-NE-3005-P
not employing the SCD methodology. This is due to the core
power level exceeding the range of the SCD methodology
during the rod ejection analysis.
The power hot channel factor has been applied during the
entire operating history of Oconee. The application of the
power hot channel factor is not new to the Oconee licensing
basis, therefore-there is :no difference being introduced in
the proposed methodology.
Question 3
The Babcock and Wilcox (BMW) Correlation (BWC) and the BWC
mixing vane critical heat flux correlations have been
previously approved for use in VIPRE-01. Why are these
considered additional features to be added to VIPRE01/MOD2F?
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Response to Question 3
Section 2.3.1 of DPC-NE-3005-P shows a summary of additional
features and editorial changes existing in the Duke VIPREO1/MOD2F code version relative to the standard EPRI VIPRE01/MOD2 version. With the exception of adding the BWU-Z CHF
correlation, all other features and changes listed in
Section 2.3.1 were added and made in the previous Duke
versions (MOD2A to MOD2E).
Therefore, the BWC and BWC
mixing vane critical heat flux correlations are not
considered as additional features to be added to VIPRE01/MOD2F. They are listed only to distinguish from the
standard EPRI code version.

A

Question4

J

Briefly describe the enhanced iteration logic used by VIPRE01 to converge to a minimum DNBR (MDNBR) limit.

J

Response to Question 4
The VIPRE-01 code uses the secant method to perform the
option to iterate on a specified parameter to an MDNBR
limit. The logic in the original VIPRE-01/MOD2 code did not
always cause the iteration to converge when the input
parameter yielded a MDNBR value significantly different from
the target MDNBR limit. Logic was therefore added such that
if the MDNBR resulting from the parameter input value is
different from the target MDNBR limit by a value of 0.75,
the first guess at the iterated parameter would increase the
input value by 10% instead of the 1% as in the original code
version.
Additionally, each iteration of the specified parameter is
used to calculate a MDNBR in the secant method. The
calculated MDNBR is then compared to the target MDNBR limit
to generate a delta-difference MDNBR value. The next guess
of the parameter value is based on this delta-difference
MDNBR value. In the original code version, if the next
iteration yielded the same delta-difference MDNBR value, the
logic would not increase the parameter value and the
iteration process would stall. This problem is circumvented
by increasing the specified parameter value by an amount of
0.01 when the delta-difference MDNBR does not change between
iterations.

I
I
J
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Question 5
The moderator (boron) dilution accident for Oconee is
analyzed only from conditions of power operation (Mode 1)
and refueling (Mode 6).
Provide analyses for Modes 2
through 5 and demonstrate that the results conform to those
specified in SRP 15.4.6.Response to Question 5
The analysis methodology and acceptance criteria that were
utilized in the original UFSAR Chapter 15 analyses
constitute, in part, the design basis of the plant on which
the issuance of the operating license was based. Oconee's
operating license was issued prior to the Standard Review
Plan. Therefore,' the Standard Review Plan is not applicable
to Oconee. Duke is not proposing to adopt the Standard
Review Plan guidelines for including moderator dilution
accident analyses for Modes 2 through 5. Duke is upgrading
the Modes 1 and 6 analyses to be more representative of
modern analyses.
Question 6
The acceptance criterion for-the Oconee analysis of the rod
ejection accident is that the offsite dose will be less than
100 percent of the 10 CFR Part 100 limits. However, NRC
Regulatory Guide 1.77 and>Standard Review Plan 15.4.8
specify that calculated doses-should be well within 10 CFR
Part 100 limits, where "well within" is defined as 25
percent of the 10 CFR Part 100 exposure guidelines values.
Please modify the Oconee'dose acceptance criterion
accordingly.
Response to Question 6
The analysis methodology and acceptance criteria that were
utilized in the original-.UFSAR Chapter 15 analyses
constitute,-in part,'the design basis of the plant on which
the issuance of the operating license was based. Oconee's
operating license'was issuediprior to the Standard Review
Plan.' Therefore, the Standard Review Plan is not applicable
to Oconee. Duke is not proposing to adopt the Regulatory
Guide 1.77 or the Standard Review Plan guidelines for
offsite dose acceptance criteria being limited to a fraction
of the 10 CFR Part 100 limits. The Part 100 dose acceptance
criteria were the basis for'the.issuance of the Oconee
operating license, and-were accepted by the staff at that
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time. Duke's methodology will continue to comply with the
original licensing basis.

I

Question 7
Section 1.3 - Describe the Emergency Operating Procedures
(EOPs) available at Oconee that will manually start -the
Emergency Feedwater (EFW) System to back up the non-safety
grade equipment in mitigating the loss of reactor coolant
flow transient. Confirm that the operator actions could be
taken in time to bound the results of the analysis.

j

I

Response to Question77
The EFW System is a three pump/two train safety-grade system
designed to automatically start and feed both steam
generators on low main feedwater pump turbine hydraulic oil
pressure or low steam generator level. Either of these
start signals infers that a loss of the non-safety grade
main feedwater system has occurred. The multiple pump and
redundant train design of the EFW System ensures that at
least one steam generator will automatically be fed
following this event. EFW flow will be automatically
controlled to the appropriate minimum level (any RCPs on) or
the natural circulation level (all RCPs off).
The discussion in Section 1.3 (Credit for Control Systems
and Non-Safety Components and Systems) describes a scenario
where 1) a loss of all RCPs occurs, which requires that the
SG level be raised to the natural circulation setpoint, 2)
the MFW System continues to operate, 3) the non-safety
Integrated Control System (ICS) fails to raise the SG level
from the post-trip minimum level to the natural circulation
level setpoint, and 4) the EFW autostart setpoints are not
reached and EFW does not actuate. For this scenario
operator action is required to identify the ICS failure and
to respond by increasing SG levels to the natural
circulation setpoint with either MFW or EFW. In the Oconee
EOP, Step 5.3 (the third step) in the Subsequent Actions
section directs the operator to "Throttle Main or Emergency
FDW as required to control SG level(s) and RCS temperature.
Based on simulator experience, this step will be reached in
less than 5 minutes for this scenario. EOP Step 15.12
specifies "IF no RCPs are operating .

.

. Verify SG levels

approaching 50% OR" (50% OR is the natural circulation
setpoint). It is expected that this step will be reached in
10 minutes for this scenario. These steps clearly guide the
operator to address the ICS failure of concern.
Increasing
SG levels beginning at this time is very sufficient for
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establishing conditions for natural circulation and longterm decay heat removal.
The duration of the loss of-flow analysis is very short and
focuses on the approach to'the DNBR limit as a result of the
loss of some or all RCPs. MFW and EFW are not relied on to
demonstrate that the DNBR acceptance criterion is met.
Therefore, there is no explicit modeling of the MFW or EFW
Systems in the analysis other than the use of MFW to
establish the secondary heat sink at the initial conditions.
Question 8
Section 1.3 - It is stated that for certain failures in the
safety grade EFW System, credit is taken for realigning EFW
flow through the non-safety 'Main Feedwater System and this
design aspect has been reviewed and approved by the NRC.
Provide the documentation for this issue.
Response to Question 8
The documentation for this issue is the following
references:
1.

Letter, William 0. Parker. (Duke), to Harold R. Denton
(NRC), December 21, 1979,.Attachment 2 - Emergency
Feedwater System Reliability Analysis for the Oconee
Nuclear Generating Station. Refer to Section 2.1.3 on p.
6 for a docketed description of the EFW realignment.

2.

Letter, William 0. Parker (Duke), to Harold R. Denton
(NRC), July 23,'1980, Attachment 2 - Emergency Feedwater
System. Refer to Section 2.1.3 on p. 2-2 for a docketed
description of the EFW realignment.

3.

Letter, William 0.
(NRC), April 3, 1981,
- Auxiliary Feedwater
Refer to the response

4.

Letter, John F. Stolz (NRC) , to William 0. Parker
(Duke), August 25, 1981, SER for NUREG-0737 Item
II.E.l.l, "Auxiliary Feedwater System Evaluation" (Refer
to Item 6 on p. 18)..

Parker, (Duke), to Harold R. Denton
Response to NRC RAI Dated 11/14/80
System Reliability Evaluation.
to Question 14.
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Question 9
Section 1.3 - One of the turbine trip circuitry channels has
a slower response time than the value assumed in the
analysis methodology. Confirm that the required
modification will be completed prior to the approval of the
proposed methodology.

I

I

Response to Question 9
Oconee has preliminarily scheduled the turbine stop valve
closure circuitry modification for implementation beginning
with the Oconee Unit 3 end-of-cycle 18 outage, currently
scheduled for March 2000. Implementation for Unit 1 would
be in September 2000, and Unit 2 would be in April 2001
based on their respective refueling outages. The
modification process will finalize the scope and schedule
for this modification by the end of 1998.
If the
modification process alters the preliminary schedule, Duke
will notify the staff of this change by the end of the year.

I

Considering that the current design has been the licensing
basis since 1973, the above implementation plan, which is an
enhancement to the redundancy of the turbine stop valve
actuation circuitry, is considered sufficient. This is
supported by the excellent reliability data for the first
actuation channel, which has been credited in the current
UFSAR licensing basis analyses.
Implementation of the proposed methodology is planned
beginning with the startup of Oconee Unit 1 Cycle 18 in June
1999. This is desired in order to enable upgrading the
UFSAR Chapter 15 analyses to establish a new baseline for
safety reviews and UFSAR verification activities in
progress. With the proposed implementation plan, this
represents essentially one year of operation with the
proposed analysis methodology in place prior to the upgrade
of the turbine stop valve circuitry. NRC approval of this
implementation plan is requested.

J
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Question 10

Section 1.3 - Confirm that the use of the non-safety grade
turbine trip circuitry in the transient analysis is
consistent with the Oconee licensing basis.
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Response to Question 10
The UFSAR Chapter 15 analyses include an immediate turbine
trip following all reactor trip. This assumption is typical
of UFSAR Chapter 15 analyses, including other PWRs such as
Westinghouse plants. A failure of the turbine to trip is
considered as an initiating-event that causes an overcooling
event that is bounded by'the steam line-break analysis'.
Since this assumption has been in the Oconee UFSAR since the
operating'license was issued; it is the licensing basis
assumption.
Question 11
Section 1-3 - It is stated that the capability to remotely
throttle certain non-safety grade valves (including the
steam generator drain lines) is credited in the analysis
methodology. Identify the areas that are affected by this
assumption and confirm that they are within the Oconee
current licensing basis.
Response to Question 11
The non-safety grade valves credited in the analysis
methodology are the atmospheric dump valves (ADVs), the
turbine bypass valves (TBVs'), 'valves in the startup
feedwater flow path, the pressurizer spray valve, and valves
in the steam generator drain lines. The TBVs are remotely
controlled, while the remainder of these valves are manuallocal controlled valves.
The ADVs and TBVs are credited'in the proposed SGTR analysis
to both cool the unit down-to DHR system conditions and to
control level in the'ruptured SG. The TBVs are considered
part of the current'Oconee licensing basis since they are
credited in the current Ch'." 15 SGTR analysis for cooling the
plant down to DHR System conditions. The ADVs are not
considered part of the current-licensing basis with regard
to UFSAR Ch. 15.
The proposed SGTR analysis methodology credits bypassing a
stuck-closed EFW control valve via the alternate Main
Feedwater System'flowpath.- The use of this alternate
flowpath is part of the current licensing basis (References:
1) Letter, William 0. Parker (Duke), to Harold R. Denton
(NRC), December 21, 1979, Attachment 2 - Emergency Feedwater
System Reliability Analysis for the Oconee Nuclear
Generating Station. Refer to&Section 2.1.3 on p. 6 for a
docketed description of'thed'EFW realignment; 2) Letter,
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John F. Stolz (NRC) , to William 0. Parker (Duke), August
25, 1981, SER for NUREG-0737 Item II.E.1.1, "Auxiliary
Feedwater System Evaluationf" (Refer to Item 6 on p. 18)).
The pressurizer spray valve is assumed to be operable in the
The use of the spray
proposed SGTR analysis methodology.
valve during a SGTR event is part of the current licensing
1) Letter, M. S. Tuckman (Duke),- to NRC
basis (References:
2)
Document Control Desk, March 27, 1991, G. L. 90-06;
Letter, L. A. Wiens (NRC), to J. W. Hampton (Duke), June 9,
1994, SER regarding G. L. 90-06)
The SG drain lines are credited in the proposed SGTR
analysis methodology to control level in the ruptured SG
when steaming of this SG is no longer effective in
accomplishing this action (i.e., when SG pressure is very
low).
The use of these drain lines is not currently within
the licensing basis for ONS.

-
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Question 12
Section 2.2 - It is indicated that the advanced solution
scheme and correlations of the RETRAN-3D computer code are
used in the proposed analysis methodology.
Provide further
discussions on how the proposed methodology could be
approved without a detailed review of the RETRAN-3D code.

|

I
J

Response to Question 12
DPC-NE-3005-P includes several comparison analyses which
demonstrate similar transient results for RETRAN-02 and
RETRAN-3D.
In these analyses RETRAN-3D is used in the
"RETRAN-02 model, which refers to applying the code without
any of the significant new RETRAN-3D models (threedimensional core kinetics, non-equilibrium field equations,
non-condensible gas flow).
The new solution method (faster
execution time) and some improved correlations in RETRAN-3D
are the scope of the application of RETRAN-3D that is
The intent of the submittal
proposed in the topical report.
is to demonstrate by direct comparison of analysis results
that the improved RETRAN-3D code gives essentially identical
Comparing a new code version (RETRANresults as RETRAN-02.
3D) to an approved code version (RETRAN-02) is a logical
process for validating the new code, and has precedent in
the industry.
RETRAN-3D is maintained by EPRI as a quality-assured code
under EPRI's Appendix B program.
RETRAN-3D has been
submitted for NRC review and approval (Letter, G. B.
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Swindlehurst (Duke Power on behalf of RETRAN Maintenance
The details
Group) to T. E. Collins (NRC),-July 8, 1998).
of RETRAN-3D, including the new solution method and upgraded
The proposed approach
correlations are in this reference.
was intended as a first step in the NRC approval process for
RETRAN-3D.
Implementation of the DPC-NE-3005-P methodology does not
require NRC-approval of the RETRAN-3D scope of the
submittal.
Question 13

Section 9.3 - Assuming a single failure of the pump monitor
trip, will Cases 3 and 5 become more limiting than Cases 2
and 4 due to a reactor trip from flux/flow?
Response to Question 13
Case 3 is a loss of four RCPs from an initial condition that
assumes four RCPs are operating. Case 5 is a loss of three
RCPs from an initial condition that assumes three RCPs are
operating. The pump monit6r.trip is designed to trip the
reactor when two or more RCPs trip at power levels greater
than 2% rated thermal power. Assuming a single failure in
the pump monitor trip function results in a reactor trip
when three or more RCPs trip. For both Cases 3 and 5, a
single failure in the pump.monitor trip will not prevent a
pump monitor trip since the combination of the number of
pumps tripped and/or not operating is greater than or equal
to three. Therefore, the single failure of concern has no
effect on Cases 3 and 5.- Analyses have shown that Cases 2
and 4 result in more severe-transient results than Cases 3
and 5.
Question 14
Section 9.3.1.4
reactor trip.

-

Discuss the'assumed delay time of the

Response to Question 14The conservative trip delay time referred to in Section
9.3.1.4 actually refers to a conservative trip delay time
for each trip. Thus, the trip delay time assumed for the
pump monitor trip function conservatively bounds the
calculated pump monitor trip time delay, while the trip
delay time assumed for the flux/flow/imbalance trip function
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conservatively bounds the calculated flux/flow/imbalance
trip time delay. The delay times are given in Table 4-2.
Question 15
Section 10 (Locked Rotor) - Provide a revised analysis
methodology to incorporate the following:
a)

Assume a loss of offsite power with this event

b) Include peak system pressure as a part of the
acceptance criteria for this event
c) Since a flux/flow is the trip function for this
event, a single failure of the pump monitor trip
becomes a non-limiting failure. Identify the most
limiting single failure for this event.

]
]
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Response to Question 15
a) The assumption of a loss of offsite power concurrent
with the locked rotor event is not part of Oconee's current
licensing basis. The operating license was issued based on
the current assumption. Duke is not proposing to change
this assumption.
b) Duke will include a peak Reactor Coolant System pressure
acceptance criterion of 110% of design pressure for the
locked rotor accident. The results will be included in the
UFSAR.
c) For locked rotor, the case initiated from three RCPs in
operation is the limiting case in terms of approach to DNB.
Since the pump monitor trip normally actuates when two or
more pumps are in a tripped condition, it is normally
expected that a pump monitor trip would be actuated for this
case. By assuming a single failure in the pump monitor trip
function, the three RCP case becomes limiting due to the
longer trip time delay associated with the
flux/flow/imbalance trip. For the four RCPs in operation
initial condition, no single failure could be identified
which would affect the analysis results due to the short
duration of the event.
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Question 16
Section 12.0 (Turbine Trip) - It is indicated that no credit
is taken for EFW flow in this event since the peak reactor
coolant system (RCS) pressure will occur prior to the EFW
actuation. The staff does not agree with this approach. We
will require an analysis that shows there will not be a
second peak pressure higher than the first peak during this
transient. With an insufficient EFW flow rate, the RCS
pressure could become the problem later in the transient.
Also, the concern of the solid pressurizer should be
addressed during the longer-term with respect to EFW flow.
Response to Question 16
The analysis methodology for the turbine trip event was
intended to quantify the short-term Reactor Coolant System
peak pressure, which occurs at 7.5 seconds,
shortly after
the reactor trips. The results show that the pressurizer
code safety valves are not challenged during this short-term
pressure peak following a turbine trip event, and therefore
the turbine trip is non-limiting relative to other events
that do challenge the code safety valves. The turbine trip
event does not require an assumption of a loss of the Main
Feedwater System. That would constitute two initiating
events. On p. 12-5 of the topical report, it states,
"Therefore, main feedwater is isolated on turbine trip to
maximize the primary system pressure .
This statement
refers to the post-trip runback of Main Feedwater to control
to the minimum steam generator level setpoint. To reach
this setpoint, main feedwater flow is "isolated" until the
level setpoint is reached, and then flow is restored to the
steam generator. -Since the analysis is of short duration
and the low level setpoint is not reached, the main
feedwater flow remains isolated, With continued
availability of the Main Feedwater System, the high flow
capacity ensures that the long-term peak pressure will be
bounded by those events for-which the MFW System is not
available. The focus of the analysis was on the short-term
pressure peak, with the result being that this event did not
even lift the pressurizer code safety relief valves.- With
the Main Feedwater System still available to provide an
abundant heat sink, the turbine trip event is clearly nonlimiting in the long-term relative to other events in- which
only the small capacity Emergency Feedwater System is
available. For this reason, an extended analysis of the
turbine trip is not necessary. The report will be revised
(see Attachment 2) to state that the pressure peak is
bounded by other events which challenge the code safety
valves, and that the long-term response with continued main
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feedwater availability is also bounded by events with only
the Emergency Feedwater System in operation to provide a
secondary heat sink. The Oconee UFSAR does not include an
acceptance criterion related to overfilling the pressurizer.
The current acceptance criteria are the basis on which the
operating license was issued. Duke is not proposing adding
this new acceptance criterion.

L
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Question 17
Section 13.0 (Steam Generator Tube Rupture (SGTR)) - Provide
the results of a revised analysis methodology to incorporate
the following:
a) Assume a loss of offsite power with this event
b) Assume a stuck-open atmospheric dump valve to
maximize the radiological consequences.

L
L

Response to Question 17
a) The proposed SGTR analysis methodology is based on the
current licensing basis which does not assume a loss of
offsite power during this event. Duke is not proposing
to change the current licensing basis in regard to this
assumption.
b) The atmospheric dump valves at Oconee are manual-local
valves. Oconee's single failure philosophy was developed
prior to the issuance of most of the present day industry
standards, and is thus only partially based on the
present day standard. Only specific systems are
considered for the single failure criterion, and of these
systems, a single failure in the EFW system will result
in the highest offsite radiological releases during a
SGTR event. A failure of a manually-opened valve, such
as the atmospheric dump valve, is not in the current
licensing basis and is therefore not considered in the
proposed SGTR analysis methodology. Duke is not
proposing to change the current licensing basis in regard
to this assumption.

L

L
L

Question 18
Section 13.0 - Discuss the consequences of the SGTR event
assuming the non-safety grade pressurizer heater and spray
systems become inoperable.
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Response to Question 18
Assuming that the pressurizer heaters are inoperable during
an SGTR event will result inma slower repressurization of
the RCS following a reactor trip. This will reduce the
primary-to-secondary leakage during this portion of the
transient, resulting in lower offsite radiological releases.
It is therefore conservative to assume that the pressurizer
heaters are operable.
During the course of this transient, operators will minimize
the RCS subcooled margin to minimize primary-to-secondary
leakage. There are three methods that can be used to
depressurize the RCS: 1) normal pressurizer spray, 2)
auxiliary pressurizer spray,' and 3) manual actuation of the
pressurizer PORV. The availability of normal pressurizer
spray during an SGTR event has been reviewed and approved by
the NRC (References: 1) Letter, M. S. Tuckman (Duke), to
NRC Document Control Desk,rMarch 27, 1991, G. L. 90-06; 2)
Letter, L. A. Wiens (NRC), to J. W. Hampton (Duke), June 9,
1994, SER regarding G. L. 90-06). The least effective
method in depressurizing the'RCS is normal pressurizer
spray. The use of either auxiliary pressurizer spray or the
pressurizer PORV will result in a more rapid minimization of
the subcooled margin. This will reduce primary-to-secondary
leakage during this portion of the transient and result in
lower offsite radiological'releases. Therefore, the least
effective method of depressurizing the RCS, the pressurizer
spray valve, is credited.
Question 19
Section 13.0 - Discuss the EOPs available at Oconee that
affect the following:
a) Operator isolation of the ruptured steam generator
following the SGTR event.
b) Prevention of steam generator overfill, assuming the
maximum EFW flow rate.
Response to Question 19
a) The EOPs at Oconee will'have operators diagnose that a
tube leak has occurred-in either the Immediate Manual
Actions section or the Subsequent Actions section,
depending on whether or not the tube leak has resulted in
a reactor trip. This.diagnosis will require entry into
the SG tube leak section of the EOP, which provides the
1-14
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guidance to mitigate this event. The EOP requires that
the RCS be cooled down to a temperature < 5320 F. After
this has been completed the EOP provides guidance to
Isolation refers to
isolate the SG with the tube leak.
stopping both steaming and feeding of the SG with the
tube leak. Due to the design of the OTSGs, the tube leak
flow can only be minimized (not stopped) as the plant is
cooled down and depressurized. Steaming will
subsequently be used to prevent SG overfill and to
prevent exceeding the tube-to-shell AT limits, as
necessary. After completion of these initial isolation
steps, the EOP refers the operators to the procedure
"Control of Secondary Contamination' which will complete
the isolation of the SG with the tube leak. This
procedure addresses the isolation of drain lines and
other possible flowpaths from the secondary side of the
SG with the tube leak.
b)

EFW is automatically controlled by the safety-grade EFW
Control System to a low minimum level setpoint (any RCPs
on) once actuated. Manual operator control of EFW to
prevent SG overfill is not required, but is included as a
backup action in procedures should the control system
fail. Due to the SG tube leakage slowly filling the SG,
the SG level rapidly exceeds the minimum level setpoint,
and EFW is automatically isolated. SG overfill is then a
SG
result solely of the continuing SG tube leakage.
overfill is mitigated by steaming and draining once the
overfilled level setpoint is reached.

]
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Question 20

J

Section 15.0 (Large Steamline Break (SLB)) - Provide
discussion in the following areas:

1

a) Why is the SLB with loss of offsite power very
similar to a loss of RCS flow event? Should a SLB
with rapid RCS cooldown lead to a more severe DNBR
transient?
Response to Question 20 (a)
The SLB with loss of offsite power (LOOP) is very similar to
a loss of RCS flow event because in both events the reactor
coolant pumps (RCPs) lose power early in the transient.
Upon loss of power, the RCPs coast down, resulting in a
decrease in core flow. Decreased core flow when reactor
power is still high is a DNB concern.

j
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For the SLB with coincident LOOP, the LOOP is assumed to
result in the loss of power to the control rod drives,
resulting in control rod insertion. In a loss of flow
analysis, the initiating event that results in all RCPs
coasting down is not assumed to cause control rod insertion.
Control rod insertion relies on a reactor trip signal
initiated by the Reactor Protection System sometime after
the RCPs have actually begun to coast down.
W

:

In a loss of flow accident, the RCS pressure remains fairly
constant or increases due to the heatup.
In the SLB, the
cooldown results in the RCS pressure decreasing rapidly,
which is a DNB penalty. Due to a finite loop transport
time, the SLB induced cooldown of the RCS inventory in the
tube bundle does not reach 'the core before the minimum DNB
ratio occurs. Thus, the SLB'induced cooldown does not
influence the MDNBR during the time period of interest (core
inlet temperature remains 'fairly constant). However, the
pressure reduction is immediately sensed in the core region.
The combined effect of a flow coastdown and depressurization
is a DNB concern.
In summary, the loss of flow -event has a delayed insertion
of the control rods, and the SLB/LOOP event has a much lower
pressure. Both of these effects are DNB penalties, and the
limiting event can only be determined by analysis.
b) Should low initial pressurizer level lead to a lower
transient pressure and lower DNBR?
Response to Question -20 (b)

-

For the SLB with offsite power maintained, minimizing the
volume of relatively hot'pressurizer inventory that drains
into the hot leg is conservative with respect to maximizing
the cooldown of the core inlet temperature. With a negative
moderator temperature coefficient, a greater RCS cooldown
maximizes the chances of a post-trip return to power.
Sensitivity cases have investigated a high initial
pressurizer'level coupled with-a high initial RCS pressure
assumption. The results :of-,these sensitivities indicate
that a low initial level with a low initial pressure result
in a more severe challenge to DNB.
For the SLB with coincident LOOP, sensitivity cases have
been run assuming both-high and low initial pressurizer
levels. As discussed in the response above, the core inlet
temperature does not change before the .DNBR occurs. Thus,
system temperature effects associated with varying
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pressurizer levels do not affect the DNB results. The RCS
pressure response has also been shown to be approximately
the same regardless of the level assumption during the time
period of interest. Thus, the initial pressurizer level
assumption is not significant.

]

c) If a single failure of the EFW control valve is
assumed, will a second MDNBR occur later in the
transient due to further cooldown of the RCS?

J

Response to Question 20 (c)
A second MDNBR will not occur later in the transient since
there is no return-to-power. Once the High Pressure
Injection System (HPI) is actuated and injecting borated
water, subcriticality is assured. Boron injection from HPI
occurs approximately 85 seconds into the event. The core
flood tanks may also inject borated water to prevent a
return-to-criticality. The negative reactivity resulting
from control rod insertion on reactor trip is sufficient to
prevent a return to power in this time period.
SLB
sensitivity cases have been extended to 10 minutes and
confirmed no return to criticality will occur. At 10
minutes operator action to isolate the EFW flow to the
affected steam generator is credited to terminate the
cooldown.

I
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Question 21

-

Section 16.0 (Small SLB) - Provide discussion in the
following areas:

J

a) Explain why the acceptance criteria allow fuel failure
and the offsite dose within 100 percent of the 10 CFR
Part 100 limits for a small steam line break (including
an inadvertent opening of a main steam relief valve),
which is an incident of moderate frequency.

I

b) Discuss the consequences of the event assuming failure
of the non-safety grade main feedwater system and EFW
is needed.

|

Response to Question 21

j

a) The offsite dose acceptance criteria in the Oconee UFSAR
are the 10 CFR Part 100 dose limits. These were accepted by
the NRC when Oconee's operating license was issued. The
Standard Review Plan approach of restricting offsite doses

I
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Part 100 limits is not
for some events to a fraction of the
performed using the DPCapplicable to Oconee. The analyses
that no fuel failure
NE-3005-P methodology have-demonstrated
breaks, and therefore
will occur for all small steam line
of the
offsite doses will not be limiting regardless
acceptance criteria.
event that
b) The small SLB transient is an overpower
well in
flowrate,
relies on a continued high main feedwater
sink
heat
a
to provide
excess of the full power flowrate,
condition without
that can maintain the core overpower
Feedwater System
Main
the
resulting in a reactor trip.,:-If
between the core
is assumed to fail, then a:large mismatch capacity will
sink
power and the small EFW System heat
trip. In addition,
will-rapidly
develop, and the reactor
System along with the
assuming a loss of the Main Feedwater initiating events,
small steam line break constitutes two
SLB transient, it is
which is not required. For the.small
System which
the large capacity of the Main Feedwater and causes an
-aggravates the plant transient.-response
a loss of the nonapproach to the DNB limits...Assuming
result in a lesssafety grade Main Feedwater System would
limiting transient.
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Attachment 3
Revisions and Editorial Corrections to
DPC-NE-3005-P - July 1997

j

The following revisions and editorial corrections are
provided for clarification purposes, and to correct minor
errors that have been identified since the submittal of DPCNE-3005-P on July 30, 1997. One of these revisions is in
response to the NRC RAI letter dated April 13, 1998.
Editorial correction for consistency

1)

Page iii:

2)

Page 4-5: Corrected values in the table for the range
of initial pressurizer level.

3)

Page 5-3:

4)

Page 11-2: Added details of base model nodalization
changes to the main steam line and the feedwater
boundary condition.

5)

Page 12-5:
System.

6)

Page 12-6: Revised to state that the long-term response
of the turbine trip is bounded by other events.

7)

Pages 16-1 and 16-2:

Editorial correction for consistency

Revised to clarify the modeling of the MFW

Rewritten for clarity.

I
J
J

J

-

J
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UNITED STATES
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=

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 2085-0W1

August 28, 1998
Mr. M. S. Tuckman
Senior Vice President
Nuclear Generation
Duke Energy Corporation
P.O. Box 1006
Charlotte, NC 28201-1006
SUBJECT:

SEP 18 1990
;

DUKE POWER C0,
NUCLEAR ENGINEERING
-

REQUEST FOR WITHHOLDING INFORMATION FROM PUBLIC
DISCLOSURE- OCONEE NUCLEAR STATION, UNITS 1, 2, AND 3
(TAC NOS. M99349, M99350, AND M99351)

Dear Mr. Tuckman:
By letter dated July 23, 1998, Duke Energy Corporation (Duke) responded to an NRC request
for additional information on Topical Report DPC-NE-3005, "UFSAR [Updated Final Safety
Analysis Report] Chapter 15 Transient Analysis Methodology," and considered the information
proprietary. An affidavit dated July 23, 1998, was also included. As stated in the affidavit, the
information included in the submittal enables Duke to respond to NRC requests for information
regarding transient response of Babcock &Wilcox pressurized water reactors, simulate the
UFSAR Chapter 15 transients and accidents for the Oconee Nuclear Station (ONS), perform
safety evaluations in accordance with 10 CFR 50.59, and support Facility'Operating
License/Technical Specification amendments for the ONS. You requested that the information
be withheld from public disclosure pursuant to 10 CFR 2.790. A nonproprietary version of the
document was also included in the submittal for placement in the NRC's public document room.
You stated that the submitted information should be considered exempt from mandatory public
disclosure for the following reasons:
(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.
(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 10 CFR 2.790, it is to be received in confidence by the
NRC.
(iv) The information sought to be protected is not available in public to the best of
[Duke's] knowledge and belief.
We have reviewed your application and the material in accordance with the requirements of
10 CFR 2.790 and, on the basis of your statements, has determined that the submitted
information sought to be withheld contains proprietary commercial information.

M. S. Tuckman

- 2-

Therefore, the version of the submitted information marked as proprietary will be withheld from
the public disclosure pursuant to 10 CFR 2.790(b)(5) and Section 103(b) of the Atomic Energy
Act of 1954, as amended.
Withholding from public inspection shall not affect the right, if any, of persons properly and
directly concerned to inspect the documents. If the need arises, we may send copies of this
information to our consultants working in this area. We will, of course, ensure that the
consultants have signed the appropriate agreements for handling proprietary information.

|

If the basis for withholding this information from public inspection should change in the future
such that the information could then be made available for public inspection, you should
promptly notify the NRC. You also should understand that the NRC may have cause to review
this determination in the future, for example, if the scope of a Freedom of Information Act
request includes your information. In all review situations, if the NRC makes a determination
adverse to the above, you will be notified in advance of any public disclosure.
Sincerely,

David E. LaBarge, Senior Project Manager
Project Directorate 11-2
Division of Reactor Projects - I/li
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287
cc: See next page

|

Oconee Nuclear Station

cc:

Mr. J. E. Burchfield
Compliance Manager
Duke Energy Corporation
Oconee Nuclear Site
P. 0. Box 1439
Seneca, South Carolina 29679

Mr. Paul R. Newton
Legal Department (PBO5E)
Duke Energy Corporation
422 South Church Street
Charlotte, North Carolina 28201-1006
J. Michael McGarry, Ill, Esquire
Winston and Strawn
1400 L Street, NW.
Washington, DC 20005
Mr. Robert B. Borsum
Framatome Technologies
Suite 525
1700 Rockville Pike
Rockville, Maryland 20852-1631

Ms. Karen E. Long
Assistant Attorney General
North Carolina Department of
Justice
P. O. Box 629
Raleigh, North Carolina 27602
L. A. Keller
Manager - Nuclear Regulatory
Licensing
Duke Energy Corporation
-526 South Church Street
Charlotte, North Carolina 28201-1006

-

Manager, LIS
NUS Corporation
2650 McCormick Drive, 3rd Floor
Clearwater, Florida 34619-1035
Senior Resident Inspector
U. S. Nuclear Regulatory
Commission
7812B Rochester Highway
Seneca, South Carolina 29672
Regional Administrator, Region II
U. S. Nuclear Regulatory Commission
Atlanta Federal Center
61 Forsyth Street, S.W., Suite 23T85
Atlanta, Georgia 30303
Virgil R. Autry, Director
Division of Redioactive Waste Management
Bureau of Solid and Hazardous Waste
Department of Hejth arid Environmental
Control
2600 Bull Street
Columbia, South Carolina 29201
County Supervisor of Oconee County
Walhalla, South Carolina 29621

Mr. Richard M. Fry, Director
Division of Radiation Protection
North Carolina Department of
Environment, Health, and
Natural Resources
3825 Barrett Drive
Raleigh, North Carolina 27609-7721
Mr. William R. McCollum
Vice President - Oconee Site
Duke Energy Corporation
P.O. Box 1439
Seneca, South Carolina 29679

Duke Energy Corporation

Duke
IW Energy.

526 South Church Street
P.O. Box 1006 (EC07H)
Charloctce. NC 28201-1006
(704) 382-2200 OFFICE
(704) 3824360 FAx

M. S. Tuckman
&ecutive Vice Presient
Nuclear Generation

J
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February 1, 1999
U. S. Nuclear Regulatory Commission
Washington D. C. 20555

FEB
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1999

DUKE POWER CO.
ATTENTION: Document Control Desk

Subject:

NUCLEAR ENGINEERING

Oconee Nuclear Station
Docket Numbers 50-269, -270, -287
UFSAR Chapter 15 Transient Analysis Methodology,
Topical Report DPC-NE-3005-P, Revision 1
References: 1) Letter, M. S. Tuckman (Duke), to
NRC, July 30, 1997
2) D. E. LaBarge (NRC) to
W. R. McCollum (Duke),
October 1, 1998

Gentlemen:
By means of Reference 1, Duke Energy Corporation submitted
Topical Report DPC-NE-3005-P which describes the new Duke
methodology for analyzing the Oconee UFSAR Chapter 15 nonLOCA transients and accidents. NRC review and acceptance
of this topical report were documented in a SER forwarded
by Reference 2. Several issues requiring revisions to the
topical report methodology were identified in Reference 2
and in a meeting with the NRC staff in Rockville on
September 15, 1998. The requested revisions to the topical
report have been addressed in the attached Revision 1 to
DPC-NE-3005-P, dated January 1999. Several minor changes
in addition to those requested by the NRC are also included
in Revision 1. The following are the more significant
issues addressed in Revision 1.
* The locked rotor analysis has been revised to
include an acceptance criterion of 110% of design
pressure per the SER for Revision 0.

Li
Li
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L
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U. S. Nuclear Regulatory Commission
February 1, 1999
Page 2
* The SGTR methodology has been revised to not credit
operator action for tripping the reactor per the SER
for Revision 0. The''Reactor Protective System is
assumed to trip the reactor at 20 minutes.
* The large and small, steam line break methodology has
been revised to not credit the main feedwater
isolation system per the SER for Revision 0. This
methodology revision includes a new VIPRE-01 core
thermal-hydraulic model for predicting the DNBR.
* An acceptance criterion has been added to the small
steam line break analysis to require no fuel
failures per the SER for Revision 0. The offsite
dose acceptance criterion was changed to 10% of Part
100 based on NRC staff comments at the September 15,
1998 meeting.
* The text sections which state that the offsite dose
acceptance criteria have been met have been deleted
based on NRC staff comments at the September 15,
1998 meeting.
* Added the BWU-N critical heat flux correlation for
application to the Mk-B11 fuel assembly design'for
DNBR predictions below the mixing vanes and for the
steam line break analysis.
* Added centerline fuel melt as a fuel damage
criterion for the dropped rod analysis.
The above revisions and all minor changes are listed and
identified by margin bars in the attached Revision 1 to
DPC-NE-3005 (Attachment 1 - proprietary, and Attachment 2 non-proprietary versions).
The implementation of the DPCNE-3005-P Revision 1 methodology will be with the Oconee 2
Cycle 18 reload.
Submittal of the license amendment
request associated with the Oconee 2 Cycle 18 reload is
scheduled for February 1999. Approval of Revision 1 to
DPC-NE-3005-P is requested by April 1, 1999 to support
reload design activities for Oconee 2 Cycle 18, which is
scheduled for startup in the fall of 1999.

I

U. S. Nuclear Regulatory Commission
February 1, 1999
Page 3
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In accordance with 1OCFR 2.790, Duke Power requests that
Information
this report be considered proprietary.
attached
the
in
supporting this request is included
affidavit.
If there are any questions or if additional information is
needed, please.call J. S. Warren at (704) 382-4986.

I

LI
M.

S. Tuckman

Attachments

(2)

xc w/o Attacment 1:

L

L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
Atlanta Federal Center
61 Forsyth St., SW, Suite 23T85
Atlanta, GA 30303
D. E. Labarge, NRC Senior Project Manager
U. S. Nuclear Regulatory Commission
Mail Stop 0-14H25
Washington, DC 20555-0001
M. A. Scott
NRC Senior Resident Inspector (ONS)

|

(ONS)

I

U. S. Nuclear Regulatory Commission
February 1, 1999
Page 4
AFFIDAVIT

1.

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.

2.

I am making this affidavit in conformance with the
provisions of IOCFR 2.790 of the regulations of the
Nuclear Regulatory Commission (NRC) and in conjunction
with Duke's application for withholding, which
accompanies this affidavit.

3.

I have knowledge of the criteria used by Duke in
designating information as proprietary or
confidential.

4.

Pursuant to the provisions of paragraph (b)(4) of
1OCFR 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 toube withheld from public
disclosure is owned by Duke and has been held in
confidence by Duke and its consultants.
(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.

C C-UiL
M.
(Continued)

S. Tuckman

I

U. S. Nuclear Regulatory Commission
February 1, 1999
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(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.
(iv) The information sought to be protected is not
available in public to the best of our knowledge
and belief.
(v)

I

The proprietary information sought to be withheld
in this submittal is that which is marked in
Attachment 1 to Duke Energy Corporation letter
dated February 1, 1999; SUBJECT: UFSAR Chapter 15
Transient Analysis Methodology, Topical Report
DPC-NE-3005-P, Revision 1. This information
enables Duke to:
(a) Respond to NRC requests for additional
information regarding transient response of
Babcock & Wilcox PWRs.
(bc) Simulate UFSAR Chapter 15 transients and
accidents for Oconee Nuclear Station.

J
J

J

(cd) Perform safety evaluations per 10CFR50.59.
(de) Support Facility Operating
Licenses/Technical Specifications amendments
for Oconee Nuclear Station.

M. S. Tuckman
(Continued)

I
J

U. S. Nuclear Regulatory Commission
February 1, 1999
Page 6
(vi) The proprietary information sought to be withheld
from public disclosure has substantial commercial
value to Duke.
(a)

It allows Duke to reduce vendor and
consultant expenses associated with
supporting the operation and licensing of
nuclear power plants.

(b) 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.
(c) 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)

I

U. S. Nuclear Regulatory Commission
February 1, 1999
Page 7
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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.

L

L
M. S. Tuckman, Executive Vice President

Subscribed and sworn to before me this

AAatu
a

Notary PJblic

My Commission Expires:

SEAL

,

1999

.ZiL

day of

]
1
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U. S. Nuclear Regulatory Commission
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bxc:
w/Attachments:
G. B. Swindlehurst
J. E. Burchfield
J. A. Perry
R. R. St. Clair
J. S. Warren
w/o Attachments:
L. A. Keller
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UNITED STATES
REGULATORY
COMMISSION
NUCLEAR

J

WASHINGTON, D.C. 20555-001

Mar~ch 17, 1999
Mr. M. S. Tuckman
Executive Vice President
Nuclear Generation
Duke Energy Corporation
P. 0. Box 1006 (EC07H)
Charlotte, NC 28201-1006

t ev
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DUKE POWEzR CO.
NUCLEAR ENGiNTMRING

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - TRANSIENT ANALYSIS
METHODOLOGY, TOPICAL REPORT DPC-NE-3005P - OCONEE NUCLEAR
STATION, UNITS 1, 2, AND 3 (TAC NOS. MA4713, MA4714, AND MA4715)

j

Dear Mr. Tuckman:

|

By letter dated February 1, 1999, Duke Energy Corporation (Duke) submitted Revision 1 of
Topical Report DPC-NE-3005P, that describes the new Duke methodology for analyzing the
Oconee Updated Final Safety Analysis Report Chapter 15 Non-Loss-of-Coolant Accident
transients and accidents.

I

The principal issue remaining is that credit for main feedwater system isolation would no longer
be assumed in the analysis of main steam line breaks. Isolation of main feedwater is not
accomplished with safety related equipment. The staff, therefore, required that analyses be
performed assuming continued feedwater runout. The licensee performed the requested
analyses using the RETRAN code that was previously approved by the staff for Oconee.

|
|

In order to complete its review, the staff needs additional information, as shown in the
enclosure. We request that you respond by April 16, 1999, as discussed with Mr. Gregg
Swindlehurst of your staff.
Sincerely,

I

David E. LaBarge, Senior Project Manager
Project Directorate 11-2
Division Licensing Project Management
Office of Nuclear Reactor Regulation
Docket Nos. 50-269, 50-270, and 50-287
Enclosure: Request for Additional Information
cc w/encls: See next page

I

Oconee Nuclear Station
Mr. J. E. Burchfield
Compliance Manager
Duke Energy Corporation
Oconee Nuclear Site
P. 0. Box 1439
Seneca, South Carolina 29679

cc:

Ms. Lisa F. Vaughn
Legal Department (PBO5E)
Duke Energy Corporation
422 South Church Street
Charlotte, North Carolina 28201-1006
',

Anne Cottington, Esquire
Winston and Strawn
1400 L Street, NW.
Washington, DC 20005

Ms. Karen E. Long
Assistant Attorney General
North Carolina Department of
Justice
P. 0. Box 629
Raleigh, North Carolina 27602

-

Mr. Rick N. Edwards
Framatome Technologies
Suite 525
1700 Rockville Pike
Rockville, Maryland 20852-1631

L. A. Keller
Manager - Nuclear Regulatory
Licensing
Duke Energy Corporation
526 South Church Street
Charlotte, North Carolina 28201-1006

Manager, LIS
NUS Corporation
2650 McCormick Drive, 3rd Floor
Clearwater, Florida 34619-1035
Senior Resident Inspector

l

U. S. Nuclear Regulatory
Commission
7812B Rochester Highway
Seneca, South Carolina 29672
Virgil R. Autry, Director
Division of Radioactive Waste Management
Bureau of Land and Waste Management
Department of Health and Environmental
Control
2600 Bull Street
Columbia, South Carolina 29201-1708
County Supervisor of Oconee County
Walhalla, South Carolina 29621

:-

-

Mr. Richard M. Fry, Director
Division of Radiation Protection
North Carolina Department of
Environment, Health, and
Natural Resources
3825 Barrett Drive
Raleigh, North Carolina 27609-7721
Mr. Steven P. Shaver
Senior Sales Engineer
Westinghouse Electric Company
5929 Carnegie Blvd.
Suite 500
Charlotte, North Carolina 28209
Mr. William R. McCollum, Jr.
Vice President, Oconee Site
Duke Energy Corporation
P. 0. Box 1439
Seneca, SC 29679

Request for Additional Information
Topical Report DPC-NE3005-P. Revision 1
UFSAR Chapter 15 Transient and Accident Methodology
Oconee Nuclear Station. Units 1. 2. and 3

J

The following questions deal with the revised RETRAN analyses of a postulated main steam
line break (MSLB) described in Section 15 of DPC-NE-3005-P. The analyses include the
consequences of failures to isolate main feedwater.
1. Pages 15-3 and 15-4 state that an inlet core mixing fraction is of
percent was used with
the MSLB analyses and that the mixing fraction was obtained from tests performed on
Oconee Unit 1. Discuss the mixing tests and how the mixing fraction was derived. Justify
that this fraction is appropriate for MSLB analysis.
2. Page 15-4 states that the RETRAN transport delay model was disabled for the MSLB
analyses since flow in the intact loop becomes stagnant so that use of the model is
inappropriate. The staff understands that enthalpy transport was also disabled in the
affected coolant loop that would not become stagnant. Consideration of enthalpy transport
in the affected coolant loop might lead to an increased rate of core overcooling. Provide the
results of an evaluation showing the effect of considering enthalpy transport in the affected
loop on core power and the departure from nucleate boiling ratio (DNBR).
3. A postulated MSLB with off site power available would permit continued main feedwater flow
and reactor coolant pump operation. Page 15-10 states that the reactor coolant pumps in
the unaffected loop are assumed to trip at 100 seconds. This was stated to be conservative
since reverse heat transfer was occurring in the steam generator, which was minimizing
overcooling. Operators are trained to trip all reactor coolant pumps on loss of subcooling
margin. Evaluate the MSLB for the case of continued main feedwater flow but with operator
action to trip all reactor coolant pumps. Determine the effect on DNBR of any return to
power.

4. During a large main steam line break at Oconee the core flood tanks (CFTs) would be
expected to discharge and add boric acid, which would act to reduce core power production.
As the CFTs discharge, the cover gas will cool to a temperature lower than the liquid.
RETRAN does not have a non-equilibrium CFT model. To assume equilibrium might lead to
a higher CFT pressure and a greater discharge than would actually occur. Justify that the
CFT model in RETRAN is appropriate for analysis of main steam line breaks.

J

I

I
I
I

5. Page 15-12 states that the method of calculating boron reactivity feedback involves use of
the average core boron concentration and the average core boron worth. Boric acid from
the CFrs and safety injection would reach the bottom of the core first, which would have a
lower reactivity importance than the average core. Justify that using the average core
boron concentration and average core boron worth is appropriate.
6. Page 15-14 states that the limiting assumption with respect to maximizing overcooling and
reactivity addition has been determined by analysis to be the case when the Integrated

I

-2 Control System (ICS) is controlling main feedwater. This case was found to cause more
overcooling than the case that assumes failure of the ICS, which would permit unlimited
main feedwater addition to the affected steam generator. Provide comparisons of the
conditions within the affected steam generator secondary that would cause the ICS
operating case to be the worst case. Compare steam generator level, pressure,
temperature, and heat transfer coefficients that are calculated by the RETRAN code.
7. To enable the NRC staff to perform-audit calculations and sensitivity analyses if needed,
please provide electronic copies (on computer disks) of the RETRAN and VIPRE input
decks used for MSLB analysis.

I.

Duke Energy Corporation

Duke
Iw Energy.

526 South Church Street
P.O. Box 1006 (EC07H)

Charlotte, NC 28201-1006
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M. S. Tuckman
Executive ct Preident
Nuclear Generation
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U. S. Nuclear Regulatory Commission
Washington D. C. 20555
ATTENTION: Document Control Desk

Subject:

Oconee Nuclear Station
Docket Numbers 50-269, -270, -287
UFSAR Chapter 15 Transient Analysis Methodology,
Topical Report DPC-NE-3005-P, Revision 1
References:

1) Letter, M. S. Tuckman (Duke),
NRC, July 30, 1997

to

j
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2) D. E. LaBarge (NRC) to
W. R. McCollum (Duke),
October 1, 1998
3) Letter, M. S. Tuckman (Duke),
NRC, February 1, 1999

I
to

By means of Reference 1, Duke Energy Corporation submitted
Topical Report DPC-NE-3005-P which describes the new Duke
methodology for analyzing the Oconee UFSAR Chapter 15 nonNRC review and acceptance
LOCA transients and accidents.
of this topical report were documented in a SER forwarded
by Reference 2. Several issues requiring revisions to the
topical report methodology were identified in Reference 2
and in a meeting with the NRC staff in Rockville on
The requested revisions to the topical
September 15, 1998.
report were addressed by Duke in Revision 1 to DPC-NE-3005P, which was submitted to the NRC by Reference 3. NRC
letter dated March 17, 1999 contained seven questions on
DPC-NE-3005-P, Revision 1. The Duke responses to these
questions are contained in the attachments to this letter.

I
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U. S. Nuclear Regulatory Commission
April 19, 1999
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Some of the information contained in the attachments is
considered proprietary.
The proprietary information is
that which is indicated by the bold brackets shown in
Attachment 2. In accordance with 1OCFR 2.790, Duke Energy
Corporation requests that this information be considered
proprietary. An affidavit-supporting this request is
included with this letter. A non-proprietary version is
also included within as Attachment 1.
If there are any questions or if additional information is
needed on this matter , please call J. S. Warren at (704)
382-4986.

Id.S.4Zd

.

M. S. Tuckman

Attachments (2)

xc w/Attacment 1 only:
L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
Atlanta Federal Center
61 Forsyth St., SW, Suite'23T85
Atlanta, GA 30303
M. A. Scott
NRC Senior Resident Inspector (ONS)
xc w/Attachment 1, Attachment 2, and Diskette:
D. E. Labarge, NRC Senior. Project Manager (ONS)
U. S. Nuclear Regulatory Commission
Mail Stop 0-8 H12
Washington, DC 20555-0001

U. S. Nuclear Regulatory Commission
April 19, 1999
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AFFIDAVIT

I
1.

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.

2.

I am making this affidavit in conformance with the
provisions of 1OCFR 2.790 of the regulations of the
Nuclear Regulatory Commission (NRC) and in conjunction
with Duke's application for withholding, which
accompanies this affidavit.

3.

I have knowledge of the criteria used by Duke in
designating information as proprietary or
confidential.

4.

Pursuant to the provisions of paragraph (b)(4) of
1OCFR 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.

(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.

M. S. Tuckman
(Continued)
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U. S. Nuclear Regulatory Commission
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(iii)The information was transmitted to the NRC in
confidence and under the provisions of 1OCFR
2.790, it is to be received in confidence by the
NRC.
(iv) The information sought to be protected is not
available in public to the best of our knowledge
and belief.
(v) The proprietary information sought to be withheld
in this submittal-is that which is marked in
Attachment 2 to Duke Energy Corporation letter
dated April 19, 1999; SUBJECT: UFSAR Chapter 15
Transient Analysis Methodology, Topical Report
DPC-NE-3005-P, Revision 1. This information
enables Duke to:
(a) Respond to NRC requests for additional
information regarding transient response of
Babcock & Wilcox PWRs.
(bc) Simulate UFSAR Chapter 15 transients and
accidents for Oconee Nuclear Station.
(cd) Perform safety evaluations per 1OCFR50.59.
(de) Support Facility Operating
Licenses/Technical Specifications amendments
for Oconee Nuclear Station.

M. S. Tuckman
(Continued)

U. S. Nuclear Regulatory Commission
April 19, 1999
Page 5
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(vi) The proprietary information sought to be withheld
from public disclosure has substantial commercial
value to Duke.
(a)

It allows Duke to reduce vendor and
consultant expenses associated with
supporting the operation and licensing of
nuclear power plants.

(b) 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.

J

(c) 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)

j

U. S. Nuclear Regulatory Commission
April 19, 1999
Page 6

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.

Am

AAL

M. S. Tuckman, Executive Vice President

Subscribed and sworn to before me this
/__

_

o ary ,P
Notary P

1999

_

1/1'

~lic

My Commission Expires:

•W

SEAL

22, ZOO2/

tq__

day of

I
U. S. Nuclear Regulatory Commission
April 19, 1999
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Attachment I
Responses to Request For Additional Information
DPC-NE-3005P Revision I

Q1. Pages 15-3 and 15-4 state that an inlet core mixing fraction of E ]was used with the MSLB
analyses and that the mixing fraction was obtained from tests performed on Oconee Unit 1.
Discuss the mixing tests and how the mixing fraction was derived. Justify that this fraction
is appropriate for MSLB analysis.,
Al.

Q2. Page 15-4 states that the RETRAN transport delay model was disabled for the MSLB
analyses since flow in the intact loop becomes stagnant so that use of the model is
inappropriate. The staff understands that enthalpy transport was also disabled in the affected
coolant loop that would not become stagnant. Consideration of enthalpy transport in the
affected coolant loop might lead to an increased rate of core cooling. Provide the results of
an evaluation showing the effect of considering enthalpy transport in the affected loop on
core power and the departure from nucleate boiling ratio (DNBR). A2. The RETRAN temperature transport delay model is used to more mechanistically treat
temperature changes in piping volumes. The temperature transport delay option accounts
for the fact that temperature changes move through piping as a front, while the finite
difference homogeneous equilibrium model approach instantaneously mixes the incoming

fluid with the volume contents. The temperature transport delay option establishes a mesh
substructure with the volume to track temperature front movement. For the MSLB analysis,
the temperature transport delay option is disabled in the primary loop due to flow reversals
predicted in the intact loop. Experience with RETRAN has shown that the temperature
transport delay model can give anomalous predictions during flow reversals. Turning off the
temperature transport delay option in the affected loop will result in a more rapid
propagation of the fluid cooled in the steam generator tube bundle to the core due to
instantaneous mixing. This is conservative with respect to more rapidly decreasing the core
moderator temperature, and thereby more likely to result in an earlier core return-to-power.
Since boron injected by the ECCS systems terminates any return-to-power, and since ECCS
inventory addition is subject to physical delays, having the return-to-power occur earlier in
the event will lead to a more severe peak power statepoint. Sensitivity studies indicate that
turning off the temperature transport delay option in the primary loop is a small penalty to
the results of the MSLB analysis.
Q3. A postulated MSLB with off site power available would permit continued main feedwater
flow and reactor coolant pump operation. Page 15-10 states that the reactor coolant pumps
in the unaffected loop are assumed to trip at 100 seconds. This was stated to be conservative
since reverse heat transfer was occurring in the steam generator, which was minimizing
overcooling. Operators are trained to trip all reactor coolant pumps on loss of subcooling
margin. Evaluate the MSLB for the case of continued main feedwater flow but with
operator action to trip all reactor coolant pumps. Determine the effect on DNBR during any
return-to-power.

A3. As described in DPC-NE-3005, Revision 1, in the MSLB return-to-power case the reactor
coolant pumps (RCPs) in the unaffected loop are tripped at 100 seconds. To determine the
effect of manually tripping all RCPs on a loss of the subcooled margin, the case which
results in a return-to-power of approximately 13 %FP heat flux at 160 seconds, is
reanalyzed. The additional case trips the RCPs in the broken SG loop at 160 seconds. The
RETRAN boundary conditions for this additional case (core exit pressure, core inlet
temperature, core inlet flow rate, and core average heat flux) are input to the VIPRE code to
calculate the minimum DNBR. The minimum DNBR for this additional case is predicted to
be 3.15 using the W-3S CHF correlation. It is noted that the Oconee emergency operating
procedure does not allow the operators to trip the RCPs on loss of subcooled margin if the
reactor power level is greater than 5%.
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Q4. During a large main steam line break at Oconee the core flood tanks (CFTs) would be
expected to discharge and add boric acid, which would act to reduce core power production.
As the CFTs discharge, the cover gas will cool to a temperature lower than the liquid.
RETRAN does not have a non-equilibrium CFT model. To assume equilibrium might lead
to a higher CFT pressure and a greater discharge than would actually occur. Justify the CFT
model in RETRAN is appropriate for analysis of main steam line breaks.
A4. The MSLB analysis uses the RETRAN separated volume model with air above subcooled
liquid to model the CFTs. The initial conditions are 65 'F, 565 psia, 70.4% level and a
conservatively low initial boron concentration of 1817 ppm. At the time of the peak power
and minimum DNBR for the return-to-power case (approximately 160 seconds), the CFT
conditions are 65 TF, 474 psia, and approximately 64% level. Note that the CFT level
change is small due to the limited RCS depressurization below 565 psia. In reality the

j

I

nitrogen cover gas will cool as the CFT depressurizes, and the RETRAN equations do not
model this effect. However, since the initial temperature is assumed conservatively low at
65 IF, not much further temperature reduction is possible if this effect was accurately
modeled. It should also be noted that the CFT injection lines are initially modeled with zero
boron concentration.
Duke has benchmarked the RETRAN CFT model against Oconee CFT full blowdown tests
with good agreement with data. The blowdown test is more challenging than the limited
discharge transient that occurs during the MSLB. Based on the low initial CFT temperature,
the limited CFI discharge that occurs during the MSLB analysis, and the results of the
benchmarking analysis, the RETRAN CFI model is appropriate for MSLB analysis.
Q5. Page 15-12 states that the method of calculating boron reactivity feedback involves the use
of the average core boron concentration and the average core boron worth. Boric acid from
the CFTs and safety injection would reach the bottom of the core first, which would have a
lower reactivity importance than the average core. Justify that using the average core boron
concentration and average boron worth is appropriate.
A5. As described in DPC-NE-3005, Revision 1,in the MSLB return-to-power case the average
core boron concentration and a conservative boron worth are assumed in modeling the
reactivity due to ECCS boron injection. A differential boron worth of 120 ppm/%Ak/k is
selected as an upper bound over the.range of temperatures expected during the MSLB
accident. The fact that the boron worth decreases with decreasing temperature is
conservatively ignored. To determine the effect of assuming the core average boron
concentration vs. the slightly lower boron concentration in the upper part of the core, the
case which results in a return-to-power of approximately 13 %FP heat flux at 160 seconds, is
reanalyzed. The additional case uses the boron concentration from the top two core
volumes, rather than the core average';to determine the reactivity contribution from boron.
The results show an increase in the core heat flux from 13.09% to 13.12%, which is
essentially the same result.
Q6. Page 15-14 states that the limiting assumption with respect to maximizing overcooling and
reactivity addition has been determined by analysis to be the case when the Integrated
Control System (ICS) is controlling main feedwater. This case was found to cause more
overcooling than the case that assumes failure of the ICS, which would permit unlimited
main feedwater addition to the affected steam generator. Provide comparisons of the
conditions within the affected steam generator secondary that would cause the ICS operating
case to be the worst case. Compare steam generator level, pressure, temperature, and heat
transfer coefficients that are calculated by the RETRAN code.
A6. MSLB analysis results show that the highest return-to-power occurs for those cases in which
the ICS controls main feedwater (MFW) flow based on steam generator level, and that the
25 inch minimum post-trip level setpoint conservatively increased to 100 inches is the
limiting level setpoint. The peak return-to-power for this case bounds the return-to-power
predicted for the uncontrolled MFW case, in which it is assumed that the ICS fails to either
control MFW flow or to trip MFW pumps on high SG level. Without ICS control the
continued MFW flow results in steam generator overfill. The results of these two cases are
presented in the following figures and discussion.
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Figure I shows the feedwater flowrates to the affected steam generator. With the ICS
controlling level to 100 inches, the MFW flow is throttled, whereas for the ICS failed both
MFW and EFW flowrates are uncontrolled and much higher. Figure 2 shows the resulting
steam generator level. With level control the level is approximately controlled to 100
inches, although the dynamic behavior of the transient causes instability in feedwater control
and level response. Without level control the level continues to fill until going offscale at
approximately 250 seconds. Figure 3 shows the steam generator liquid mass. With ICS
level control the liquid mass is limited to 20,000-50,000 Ibm, whereas the overfilled
condition without ICS control reaches 180,000 Ibm. The significant difference in the
feedwater flow boundary condition for the two cases is evident.
Figure 4 shows the comparison of the steam generator pressures at the top of the tube
bundle. There is very little difference in these pressures, which indicates that the secondary
saturation temperatures are similar. Figure 5 shows the comparison of the total heat transfer
across the steam generator tubes. During the initial phase in which the steam generator is
blowing down, the heat transfer rates are the same or similar. Then the case with ICS
controlling level is somewhat higher in the period of 50-200 seconds. From 200-400
seconds the case without ICS control is somewhat higher. From Figures 1-5 it can be
concluded that the higher feedwater flow without ICS control is offset by the lower heat
transfer per Ibm of feedwater, since much of the feedwater exits the steam generator in the
liquid phase. Most of the feedwater in the case with the ICS controlling to 100 inches is
boiled before exiting the steam generator, and therefore a higher heat transfer per Ibm
occurs. Figure 6 shows the core neutron power response. The case with ICS feedwater
control peaks at 13.09% power at 160 seconds, and the case without ICS control peaks at
6.9% power. This occurs before the time period during which the case without ICS control
experiences higher heat transfer.

J
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Figures 7-16 show the heat transfer coefficient and the heat transfer rate forL
generator tube conductors. TheE ]were selected to show the axial variation
in the predictions. The elevation and height of each conductor above the lower tubesheet are
as follows:
Conductor
Elevation Span (ft)

J3steam

[
Under full power steady-state conditions, the SG tube bundle heat conductors exhibit well
defined heat transfer modes. The lower bundle region (Conductors[
]) contains a
relatively large amount of liquid, and is in the nucleate boiling heat transfer mode. The
]) contains a larger ratio of steam to liquid, and
middle bundle region (Conductors[
is in the forced convection vaporization heat transfer mode. The upper bundle region
(Conductors E
]) contains steam and is in the forced convection to superheated vapor
heat transfer mode. During the blowdown phase of the MSLB, conditions within the SG
undergo a violent change. The decompression of the steam generator causes liquid in the
lower region of the tube bundle and in the downcomer to be transported to higher elevations
within the tube bundle by entrainment in the high velocity steam flow. Due to the severe
pressure reduction, flashing occurs in the downcomer and results in reverse flow through the
aspirator port. The reverse aspirator port flow contributes to a second boiling region in the
upper tube bundle. Upper tube bundle conductors, which are at the hottest temperatures, are
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periodically quenched with slugs of entrained liquid. For the ICS failure case, the SG
gradually fills with liquid after the initial blowdown and experiences less boiling. The
accumulation of subcooled liquid as the overfill progresses results in RETRAN predicting
the forced convection to subcooled liquid heat transfer mode. For the ICS controlling to 100
inches case, MFW flow is unstable as the ICS attempts to maintain the level setpoint.
During periods of high MFW flowrates the liquid levels within the tube bundle increase,
causing heat transfer behavior similar to the initial blowdown. During periods of low MFW
flowrates, the hotter tube bundle regions dry out. As the temperature differences between
the primary and secondary decrease as the analysis progresses, heat transfer coefficients and
rates decrease for all conductors for both cases. The integral effect of the heat transfer
predicted for each tube bundle conductor is described in the preceeding paragraphs. The
overall heat transfer rate, and therefore the consequences of the two MSLB cases are quite
similar, with the case with ICS controlling to the level setpoint slightly more limiting.
Q7. To enable the NRC staff to perform audit calculations and sensitivity analyses if needed,
please provide electronic copies (on computer disks) of the RETRAN and VIPRE input
decks used for MSLB analysis.
A7. The RETRAN and VIPRE inputs decks on diskette have been mailed to the Oconee Project
Manager.
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U. S. Nuclear Regulatory commission
Washington D. C. 20555
ATTENTION: Document Control Desk
Subject:

Oconee Nuclear Station
Docket Numbers 50-269, -270, -287
UFSAR Chapter 15:Transient Analysis Methodology,
Topical Report DPC-NE-3005-P, Revision 1
References:

1) Letter, M. S.
NRC,-July 30,

Tuckman (Duke),
1997
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By means of the applicable reference documents listed
above, Duke Energy Corporation has previously submitted and
revised Topical Report DPC-NE-3005-P. This topical report
describes the new Duke methodology for analyzing the Oconee
UFSAR Chapter 15 non-LOCA transients and accidents. The NRC
review of DPC-NE-3005-P, Revision 1 is currently in
progress.
Based upon discussions between NRC officials and Duke
representatives held on May 3, 1999 the need for an

U. S. Nuclear Regulatory Commission
May 5, 1999
Page 2

additional change to DPC-NE-3005-P, Revision 1 was agreed
upon. Therefore, in the to-be-published approved
proprietary and the approved non-proprietary versions of
DPC-NE-3005, Revision 1, Duke will revise Chapter 16, Page
16-1, second paragraph, as follows:
"The acceptance criteria for this analysis
Current text:
are to ensure that acceptable fuel damage limits are not
exceeded, and that the offsite doses will be within 10% of
the 10CFR100 limits."
To-be-published text:
"The acceptance criteria for this
analysis are that no fuel damage will occur, and that the
offsite doses will be within 10% of the 10CFR100 limits."
If there are any questions or if additional information is
needed on this matter , please call J. S. Warren at (704)
382-4986.

||
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M. S. Tuckman

xc:

L. A. Reyes, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
Atlanta Federal Center
61 Forsyth St., SW, Suite 23T85
Atlanta, GA 30303
D. E. Labarge, NRC Senior Project Manager (ONS)
U. S. Nuclear Regulatory Commission
Mail Stop 0-8 H12
Washington, DC 20555-0001
M. A. Scott
NRC Senior Resident Inspector (ONS)
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bxc:
C; J.
G. B.
J. E.
J. W.
R. R.
J. E.
J. S.
ELL

Thomas
Swindlehurst
Burchfield
Sawyer
St. Clair
Smith
Warren
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Document Control Desk
U. S. Nuclear Regulatory Commission
Washington D. C. 20555-0001
ATTENTION:

Subject:

L

Chief, Information Management Branch
Division of Program Management
Policy Development and Analysis Staff
Duke Energy Corporation
Oconee Nuclear Station - Units 1, 2, and 3
Docket Nos. 50-269, 50-270, and 50-287
Revisions to Topical Reports DPC-NE-3000, -3003, and
3005 In Support of Steam Generator Replacement

Enclosed herein, please find DPC-NE-3000-P, Revision 3,

J

4
J

I
J
_

"Thermal-Hydraulic Transient Analysis Methodology," DPC-NE-3003P, Revision 1, "Mass and Energy Release and Containment Response

Methodology," and DPC-NE-3005-PA, Revision 2, "UFSAR Chapter 15
Transient Analysis Methodology."

_|

These reports are submitted

for NRC review and acceptance as licensing Topical Reports under
the NRC licensing topical report program for referencing in
other license applications.
Both the proprietary and nonproprietary versions of these Topical Reports are enclosed.

_I

j

Please note that there is information enclosed that Duke Energy
Corporation (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.

J

The replacement of steam generators at the Oconee Nuclear
Station requires revision of three Duke Energy topical reports
that detail the methodologies for analysis of transients and
accidents.
In addition, minor revisions to these reports are
required periodically to maintain the technical content of these

1
J

|
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reports current with the plant design and for consistency with
other Duke topical reports.., These reports and a summary of the
revisions are as follows:
DPC-NE-3000-PA, Revision 2, "Thermal-Hydraulic Transient
Analysis Methodology", describes the RETRAN-02 system transient
thermal-hydraulic analysis models, and the VIPRE-01 core
thermal-hydraulic analysis models for analyzing non-LOCA
transients and accidents for the Oconee, McGuire, and Catawba
Nuclear Stations. Revision 2 was approved by the NRC in the
Safety Evaluation Report (SER) enclosed with the letter dated
October 14, 1998. Revision 3 includes the new RETRAN-3D model
for the Oconee replacement steam generators. RETRAN-3D was
reviewed and approved by the NRC by SER dated January 25, 2001.
Compliance with the conditions and limitations in the NRC's
RETRAN-3D SER are included in the attachments. The other
revisions that are included in Revision 3 are minor technical or
editorial changes necessary to maintain the topical report
current since the last submittal in 1997. A description of each
of the revisions and the associated technical justification are
provided in the attachments. Attachments 1 and 2 are the
proprietary and non-proprietary versions, respectively.
DPC-NE-3003-PA,

"Mass and Energy Release and Containment

Response Methodology", describes the models for analyzing the
mass and energy release from high-energy line breaks inside
containment, and the resulting containment pressure and
temperature response for the Oconee Nuclear Station. This
report was approved by the NRC in the SER enclosed with the
letter dated March 15, 1995. Revision 1 includes the new RELAP5
model for the replacement steam-generator LOCA mass and energy
release analyses, and the new RETRAN-3D model for the steam line
break mass and energy release analyses. Revision 1 also
includes a new GOTHIC 7.0 containment analysis model.
Other
minor revisions that are included in Revision 1 are minor
technical or editorial changes-necessary to maintain the topical
report current since the last submittal in 1993. A description
of each of the revisions and the associated technical
justification are provided in the attachments. Attachments 3
and 4 are the proprietary and non-proprietary versions,
respectively.
DPC-NE-3005-PA, Revision 1, "UFSAR Chapter 15 Transient Analysis

Methodology", describes the methodology for analyzing the UFSAR
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Chapter 15 non-LOCA transients and accidents for the Oconee
Nuclear Station.
Revision 1 was approved by the NRC in the SER
enclosed with the letter dated May 25, 1999.
Revision 2
includes changes associated with the replacement steam
generators and use of RETRAN-3D.
Other minor revisions that are
included in Revision 2 are minor technical or editorial changes
necessary to maintain the topical report current since the last
submittal in 1999.
A description of each of the revisions and
the associated technical justification are provided in the
attachments. Attachments 5 and 6 are the proprietary and nonproprietary versions, respectively.
Approval of these topical report revisions is requested by June
3, 2003 to support startup of Oconee Unit 1 with the replacement
steam generators currently scheduled for September, 2003.
If there are any questions or if additional information is
needed on this matter, please call J. A. Effinger at (704) 382-

a

L

I
I
A

8688.

Very truly yours,

M. S. Tuckman
ATTACHMENTS
xc:

|

with Non-Proprietary Attachments

L. A. Reyes, Regional Administrator
U.S. Nuclear Regulatory Commission, Region II
Atlanta Federal Center
61 Forsyth Street, SWW, Suite 23T85
Atlanta, GA 30303
M. C. Shannon,

L
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NRC Senior Resident Inspector (ONS)

xc: with Proprietary and Non-Proprietary Attachments
L. N. 0ishan, NRC Project Manager (ONS)
U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Mail Stop 08-H12
Washington, DC 20555
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AFFIDAVIT
1) 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.
2) I am making this affidavit'in conformance with the provisions
of lOCFR 2.790 of the regulations of the Nuclear Regulatory
Commission (NRC) and in conjunction with Duke's application
for withholding, which accompanies this affidavit.
3) I have knowledge of the criteria used by Duke in designating
information as proprietary or confidential.
4) Pursuant to the provisions of paragraph (b)(4) of lOCFR 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:
a) The information sought to be withheld from public
disclosure is owned by Duke and has been held in confidence
by Duke and its consultants.
b) The information is of a type that would customarily be held
in confidence by Duke. The information consists of analysis
methodology details, arialysis results, supporting data, and
aspects of development programs relative to a method of
analysis that provides a competitive advantage to Duke.
c) The information was transmitted to the NRC in confidence
and under the provisions of IOCFR 2.790, it is to be
received in confidence by the NRC.
d) The information sought to be protected is not available in
public to the best of ou'rknowledge and belief.

M. S. Tuckman
(Continued)
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e) The proprietary information sought to be withheld in this
submittal is that which is that which is marked in
Attachments 1, 3, and 5 to Duke Energy Corporation letter
dated June 13, 2002; Subject: Revisions to Topical Reports
DPC-NE-3000, -3003, and 3005 in Support of Steam Generator
Replacement. This information enables Duke to:
i)

ii)

Respond to NRC requests for information regarding
transient response of Babcock & Wilcox Pressurized
Water Reactors.

J
I
I
4

Simulate UFSAR Chapter 15 transients and accidents for
Oconee Nuclear Station.

iii) Perform safety evaluations per 10CFR50.59.
iv)

Support Facility Operating License/Technical
Specifications amendments for Oconee Nuclear Station.

I

f) The proprietary information sought to be withheld from
public disclosure has substantial commercial value to Duke.
i)

It allows Duke to reduce vendor and consultant
expenses associated with supporting the operation and
licensing of nuclear power plants.

ii)

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.-

iii) 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 affirms that he is the person who subscribed his
name to the foregoing statement, and that all the matters and
facts set forth herein are true and correct to the best of his
knowledge.

4v~.

.

M. S. Tuckman, Executive Vice President

Subscribed and sworn to on this
1-1--'
-- ) U K((g"
__

_

, 2002

_

ota y Public
My Commission Expires:
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day of

Attachment 6

UFSAR Chapter 15 Transient Analysis Methodology
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DPC-NE-3005 (Non-Proprietary)
Revision 2

June 2002

Nuclear Engineering Division
Nuclear Generation Department
Duke Power Company
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DPC-NE-3005 Non-Proprietary, Revision 2
Description and Technical Justification
Revision 2 to DPC-NE-3005 consists of changes necessary to analyze the UFSAR Chapter 15
non-LOCA transients and accidents with RETRAN-3D and with the replacement once-through
steam generators (ROTSGs), minor technical and editorial changes to update the report since
Revision I was submitted in 1999, and a statement of the compliance with the NRC's SER on
RETRAN-3D. Each of the revisions is described in detail, and model changes are supported by
technical justification. The Oconee RETRAN-3D model (DPC-NE-3000-P, Revision 3, June
2002) has been reviewed by Computer Simulation & Analysis (CSA), Inc., the developer of the
RETRAN-3D code. There are currently no other organizations using RETRAN-3D for modeling
B&W-designed reactors, so a peer review other than by the code vendor was not possible.
The Oconee replacement steam generators (ROTSGs) are being manufactured in Canada by
Babcock & Wilcox Canada (BWC). The ROTSGs are quite similar functionally to the original
OTSGs (Figure 1), and are characterized as a like-for-like replacement. The design differences
that are important for thermal-hydraulic modeling are 1) flow-restricting orifices in the steam
outlet nozzles, 2) Inconel-690 tubes, 3) 15,631 vs. 15,531 tubes, 4) thinner pressure vessel / wider
downcomer, 5) thinner tubesheets resulting in 3.625 inch longer heated tube length, 6) 1.2%
greater heat transfer area, and 7) more water in the steam generator. Of these design changes
only the flow-restricting steam exit nozzles have a significant impact on the UFSAR Chapter 15
transient and accident analyses. These nozzles reduce the effective size of steam line breaks
during blowdown of a steam generator to 1.804 ft2. The other design changes will not cause a
significant change in plant response during transients and accidents. For that reason the UFSAR
Chapter 15 analysis methodology for the ROTSGs is similar to the modeling of the OTSGs, with
changes limited to those described herein.
The Oconee UFSAR Chapter 15 non-LOCA transient analysis methodology through Revision I
was based on the Electric Power Research ITstitute's RETRAN-02 code. The next generation in
the RETRAN family of codes, RETRAN-3D, was approved by the NRC in the SER dated
January 25, 2001. Revision 3 to DPC-NE-3000-P describes the modeling for Oconee with
RETRAN-3D replacing RETRAN-02.E

- All of the details
of the transition to using RETRAN-3D instead of RETRAN-02 for Oconee mo eling are
presented in DPC-NE-3000-P, Revision 3. Application of the Oconee RETRAN-3D model for
analyzing the UFSAR Chapter 15 non-LOCA transients and accidents is detailed in this revision
to DPC-NE-3005. The conditions and limitations in the NRC's SER for RETRAN-3D are also
addressed.
The minor technical and editorial revisions are not necessarily associated with either the ROTSGs
or the transition to RETRAN-3D. These changes are necessary to maintain the content of the
report consistent with the current plant design and modeling, as well as to correct errors. No
technical justification is necessary for editorial revisions and corrections. The changes are
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presented in the order that they appear in DPC-NE-3005. New Appendix A addresses the
limitations and conditions in the RETRAN-3D SER as relates to the application to Oconee.

Figure I OTSG / ROTSG Comparison
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ROTSG

OTSG
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Changes and Technical Justification
Cover Page and Frontal Pages
1. The revision and date will be revised
2. The table of contents and the lists of tables, figures, and acronyms will be updated
Chapter 1
3. Section 1.1, p. 1-1, second paragraph, correct a sentence that had a publishing error in
Revision 1. (editorial)
Change: "The application of these models for UFSAR Chapter 15 non-LOCA analyses
for McGuire 1- 1."
To: "The application of these models for UFSAR Chapter 15 non-LOCA analyses for
McGuire and Catawba was submitted to the NRC in References 1-10 and
1-1 1."
4. Section 1.1, p. 1-2, insert two new paragraphs at the bottom of the section to describe
Revisions I and 2. (editorial)
Insert the following two new paragraphs at the bottom:
"Revision I was submitted in 1999 (Reference 1-33) in response to open issues in the
NRC SER for Revision 0 (Reference 1-34). The main elements of the revision were, 1) a
110% of design pressure acceptance criterion for the locked rotor accident, 2) not credit
operator action to trip the reactor following a SGTR, 3) not credit automatic main
feedwater isolation for steam line break, 4) a new VIPRE-0I model for steam line break,
5) added the BWU-N CHF correlation for the Mk-B 1I fuel assembly below the mixing
vanes, and 6) added centerline fuel melt as a fuel damage criterion for the dropped rod
analysis.
Revision 2 includes methodology changes related to the replacement once-through steam
generators, use of the RETRAN-3D code, minor technical methodology revisions, error
corrections, and editorial changes."
5. Section 1.2, Computer Codes, p. 1-3, the RETRAN-02 code version used is updated to
RETRAN-02 MOD5.2DKE. (editorial)
Change:

..

.

uses the RETRAN-02/MOD5.1 code, which . . .

To: ". . . uses the RETRAN-02M0D5.2 code, which is an error-corrected version of the
RETRAN-021MOD5.1 code that... "_.

6-4

6. Section 1.2, Computer Codes, p. 1-3, the RETRAN-3D code description is updated and the
previous description is noted as being associated with the Revision 0 methodology.
(editorial)
Insert the following new text in front of the existing RETRAN-3D text:
"RETRAN-3D: RETRAN-3D (Reference 1-19) was developed by Computer Simulation
& Analysis, Inc. for EPRI to enhance and extend the simulation capabilities of the
RETRAN-02 code. RETRAN-3D has many new and enhanced capabilities relative to
RETRAN-02, in particular, a 3-D kinetics core model, improved two-phase models, an
improved heat transfer correlation package, and an implicit numerical solution method.
Most of the capabilities of the RETRAN-02 code have been retained within RETRAN3D as options, except for a limited number of models and correlations that were not in
use. The NRC SER for RETRAN-3D is dated January 25, 2001 (Reference 1-35). The
SER includes limitations and conditions on the use of the code for licensing applications.
The following paragraph is from the Revision 0 methodology, and is retained for
historical purposes only:"
7. Section 1.3, p. 1-7, Credit for Control Systems and Non-Safety Components and Systems,
Item 7, change this item due to a design modification. (plant design change)
Change: "7)The turbine trip circuitry has two channels, one with a one second response
time, and one with a fifteen second response time. The faster response time is credited in
the current UFSAR Chapter 15 analyses and will be credited in the methodology. A
station modification is planned to upgrade the second channel to a one second response
time. The turbine trip circuitry is not completely safety-grade."
To: "7) The turbine trip circuitry is not completely safety-grade."
Technical Justification: A station modification has been installed that obtains a one
second response time for both turbine trip channels. Therefore, the text describing the
fifteen second response time can be deleted.
8. Section 1.3, p. 1-7, Credit for Control Systems and Non-Safety Components and Systems,
Item 7, add a new item on post-trip main feedwater control. (design description)
Insert the following at the bottom: "11) Control of the Main Feedwater System by the
Integrated Control System is assumed to be in either the automatic or the manual mode of
control initially, whichever is more conservative. The Integrated Control System
transfers from manual to automatic control on reactor trip. Post-trip control is thercfore
in the automatic mode of control regardless of whether the event starts with the Main
Feedwater System in manual or automatic control."
Technical Justification: The methodology assumes that control systems respond as
designed or remain in manual control, whichever assumption is more conservative. Item
I I is added to the text to clarify the modeling of post-trip main feedwater control. Main
feedwater is assumed to be in either manual or automatic control, whichever is more
conservative. However, if main feedwater is initially in manual control, then a severe
overfeed of the steam generators will occur following any reactor trip. The Integrated
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Control System is designed to transfer from manual to automatic control following a
reactor trip to prevent overfeeding. That transfer is credited in the methodology.
9. Section 1.3, p. 1-7, Main Feedwater Isolation, change this item due to a design modification.
(plant design change)
Change: "The large and small steam line break analyses do not credit automatic isolation
of main feedwater by the main steam line break detection and main feedwater isolation
instrumentation."
To: "The large and small steam line break analyses do not credit automatic isolation of
main feedwater. Automatic isolation of main feedwater is by the Automatic Feedwater
Isolation System (AFIS) for Unit 1, and by the Main Steam Line Break Detection and
Feedwater Isolation Circuitry for Units 2 & 3 (until AFIS is installed on those units)."
Technical Justification: The AFIS design for automatic feedwater isolation has been
installed on Unit 1 and will be installed on Units 2 & 3 in the next refueling outages.
This revision is necessary to update the text to be consistent with the plant design. Since
neither design is credited in the steam line break analysis methodology in this report, this
change does not require NRC review.
10.

New Section 1.4 "Interface with Duke Oconee Reload Design Methodology Topical
Report" (editorial)
1.4

Interface with Duke Oconee Reload Design Methodology Topical Report

This report is referenced by NFS-1001A, "Duke Power Company Oconee Nuclear
Station Reload Design Methodology" (Reference 1-2). Chapters I and 8 of NFS-IOO1A
describe how the UFSAR Chapter 15 non-LOCA transient and accident analysis
methodology of DPC-NE-3005 are integrated into the reload design process.
11.

New Section 1.5 "Appendix A" (editorial)
1.5

Appendix A

Appendix A was added in Revision 2 to address the RETRAN-3D SER conditions and
limitations as relates to the modeling for Oconee.
12.

Section 1.5, References: References updated and new references added. (editorial)
1-2 Duke Power Company Oconee Nuclear Station Reload Design Methodology, NFS1001A, Revision 5, January 2001
1-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002
1-10 Multidimensional Reactor Transients and Safety Analysis Physics Parameters
Methodology, DPC-NE-3001-PA, Duke Power Company, December 2000
1-11 FSAR Chapter 15 System Transient Analysis Methodology, DPC-NE-3002-A,
Revision 3, Duke Power Company, May 1999
6-6

1-18 Mass and Energy Release and Containment Response Methodology, DPC-NE3003-P, Revision 1, Duke Power Company, June 2002
1-19 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRI, NP-7450(A), Volumes 14, Revision 5, July 2001

j

1-22 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE- 1004A,
Revision 0, Duke Power Company, February 24, 1993
1-26 SIMULATE-3 Kinetics Theory and Model Description, SOA-96/26, Studsvik of
America, April 1996
1-33 Letter, M. S. Tuckman (Duke) to NRC, February 1, 1999 (Letter submitting
Revision 1to DPC-NE-3005)
1-34 Letter, D. E. LaBarge (NRC) to W. R. McCollum (Duke), October 1, 1998 (NRC
SER on DPC-NE-3005, Revision 0)
1-35 Letter, S. A. Richards (NRC), to G. L. Vine (EPRI), Safety Evaluation Report on
EPRI Topical Report NP-7450(P), Revision 4, "RETRAN-3D - A Program for
Transient Thermal-Hydraulic Analysis of Complex Fluid Flow Systems", January
25, 2001

13.

Renumbered Chapter I sections (editorial)

J

Chapter22
14.

Section 2.1, RETRAN-02/MOD5.1, p. 2-1, is updated to RETRAN-02/MOD5.2DKE,
and Section 2.1.1, Code Description, is replaced to describe the current version of
RETRAN-02. (model revision)
Change: "2.1
To: "2.1

J

RETRAN-02MOD5.1"

RETRAN-02MOD5.2DKE"

Change: " The RETRAN-02/MOD5.1 DKE code is a modified version of the NRCapproved RETRAN-02/MOD005.1 code (References 2-1 and 2-2). The version used in
this topical report differs from the NRC-approved version in that two error corrections to
the MOD5.1 version have been inserted to obtain the MOD5.IDKE version. These two
error corrections, which will be included in future versions of the RETRAN code are:
* Parameter LPOOL in subroutine INPUT was changed from 125,000 to
175,000. This modification was necessary to allow a large RETRAN input deck
to execute.
* The DO statement in loop 920 of subroutine GENTRN is changed from "DO
920 IGS = 1,10" to "DO 920 IGS = 1,30". This correction enhances convergence
in the generalized transport model.
6-7
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Since the RETRAN version used is NRC-approved with the exception of error
corrections, it is concluded that this report need not justify the validity of the RETRAN
code itself. Therefore, details regarding the theory of the RETRAN code are left to the
references."

To: "The RETRAN-02/MOD5.2DKE code is a modified version of the NRC-approved
RETRAN-02/M0D005.1 code (References 2-1 and 2-2). The EPRI released MOD5.2
version contains user features and error corrections to the NRC-approved MOD 5.1
version - but no new models. The MOD5.2 version used in this topical report differs
from the EPRI-released version in that three additional changes to the MOD5.2 version
have been made to obtain the MOD5.2DKE version. These three changes are as follows:
* Parameter LPOOL was changed from 200,000 to 400,000 to allow larger
problems to run. This modification was necessary only to allow a large
RETRAN input deck to execute.
*

A custom code modification was added to allow access to the condensation
heat transfer correlations with the forced convection heat transfer map. This
was necessary since the forced convection heat transfer map is used, and
condensation heat transfer will occur during some applications.

*

An error in the calculation of the liquid region work term in the pressurizer
model was corrected.

The first change is a problem execution change only. The second change was described
in the Reference 2-3 methodology that has been approved by the NRC. The third change
is an error correction. None of these changes require NRC review."
Technical Justification: RETRAN-02MOD5.1 was the version of RETRAN-02 used at
the time of submittal of the original version of this report. RETRAN-02MOD5. 1was
reviewed and approved by the NRC. RETRAN-02MOD5.2 contains only user features
and error corrections (no new models) relative to the NRC-approved MOD5.1 version.
For that reason NRC review of MOD5.2 was not necessary. Three changes have been
made to the EPRI-released ver'sion of RETRAN-02MOD5.2 to create the Duke version
RETRAN-02MOD5.2DKE. The first-change (parameter LPOOL increased to a value of
400,000) is necessary to run large problems. This change is an execution change only,
and is not a model revision. The second change is to allow access to the condensation
heat transfer correlations when using the forced convection heat transfer map. This
custom coding change was previously described in Reference 2-3,'which has been
reviewed and approved by the NRC.' The third change is an error correction made by the
code vendor in response to investigating'an apparent error. Code error corrections do not
require NRC review and approval. Therefore, there are no new models associated with
Duke version RETRAN-02 MOD5.2DKE, and no NRC review is necessary.
15.

Section 2.2, RETRAN-3DIMODOOIF, p. 2-9, is updated to RETRAN-3D/MOD3.IDKE.
Section 2.2.1, Code Description, is replaced to describe the version of RETRAN-3D used
by Duke. Section 2.2.2, Simulation Model, is revised to refer to Reference 2-3. Section
2.2.3, Validation of Code and Model, is revised to refer to Reference 2-3. (model
revision)

6-8

Change: "2.2
To: "2.2

RETRAN-3DMODOOIF"

L

RETRAN-3DMOD3.IDKE"

Change: "2.2.1 Code Description The RETRAN-3D/MODOOIF code (Reference 27) is a recent version of the EPRI RETRAN family of codes. RETRAN-3D was
developed to provide analysis capabilities for LWR transients, small-break loss-ofcoolant accidents, anticipated transients without scram, natural circulation events, longterm transients, and transients with thermodynamic non-equilibrium phenomena. New
fully implicit numerical solution schemes have been provided for both fluid states,
including additional balance equations to better predict non-equilibrium phenomena. The
code user has the ability to run RETRAN-3D in several modes. The application of
RETRAN-3D in this report is limited to the "RETRAN-02 mode", which does not
include any of the non-equilibrium, flowing non-condensible gas capability, or threedimensional core modeling unique to RETRAN-3D. The advanced solution scheme and
correlations are used in the analyses in this report."
To: "2.2.1 Code Description RETRAN-3D (Reference 2-7) was developed by
Computer Simulation & Analysis, Inc. for EPRI to enhance and extend the simulation
capabilities of the RETRAN-02 code. RETRAN-3D has many new and enhanced
capabilities relative to RETRAN-02, in particular, a 3-D kinetics core model, improved
two-phase models, an improved heat transfer correlation package, and an implicit
numerical solution method. Most of the capabilities of the RETRAN-02 code have been
retained within RETRAN-3D as options, except for a limited number of models and
correlations that were not in use. The only new RETRAN-3D model used in the Revision
2 methodology is in

i
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|AII of the details of the
transition to using RETRAN-3D instead of RETRAN-02 for Oconee modeling are
presented in DPC-NE-3000-P, Revision 3 (Reference 2-3). The NRC SER for RETRAN3D is dated January 25, 2001 (Reference 2-23). The SER includes limitations and
conditions on the use of the code for licensing applications. Reference 2-3 describes the
Duke code modifications to the EPRI-released version. Appendix A of this report
addresses compliance with the SER limitations and conditions."
Change: "2.2.2 Simulation Model The Oconee RETRAN Model discussed in Section
2.1.2 is used with the RETRAN-3DIMODOO1 F code. Appropriate input deck changes
are made to account for the relocation of certain parameters in the RETRAN-3D input
deck, including additional input requirements. The transient-specific modeling
revisions/additions required for each transient modeled with RETRAN-3D are the same
as those made for the RETRAN-02 analysis. Other than these modifications, the
RETRAN model used for this report is the same as that reviewed by the NRC per
Reference 2-3."
To: "2.2.2
2-3.

Simulation Model

I
_|
|

The Oconee RETRAN model is described in Reference
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Change: "Validation of Code and Model - Validation of the Oconee RETRAN Model
for transient analysis is documented in References 2-3 and 2-4 for use with the
RETRAN-02 code. Four of the transients simulated with RETRAN-02 in this topical
report are also simulated with the RETRAN-3D code. The RETRAN-3D code is run in
the "RETRAN-02 mode" to show that application of RETRAN-3D gives very similar
results to the NRC-approved RETRAN-02 code. Generic validation of RETRAN-3D
was performed by EPRI and is documented in the RETRAN-3D manuals (Reference 27).
To: "2.2.3 Validation of Code and Model Validation of the code and model is
described in References 2-3 and 2-7.
Technical Justification: The NRC-approved RETRAN-3DMOD3.1 code will be used for
applications with the replacement steam generators. The Duke modifications to the
MOD3.1 version, the Oconee simulation model, Duke validation, and compliance with
the limitations and conditions of the SER are all detailed in Reference 2-3. Generic
validation of the RETRAN-3D code is presented in Reference 2-7.
16.

Section 1.5, References: References updated and one new reference added. (editorial)
2-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002
2-7 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRL NP-7450(A), Volumes 1-4, Revision 5, July 2001
2-10 Multidimensional Reactor Transients and Safety Analysis Physics Parameters
Methodology, DPC-NE-3001-PA, Duke Power Company, December 2000
2-15 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 0, Duke Power Company, February 24, 1993
2-23 Letter, S. A. Richards (NRC), to G. L. Vine (EPRI), Safety Evaluation Report on
EPRI Topical Report NP-7450(P), Revision 4, "RETRAN-3D - A Program for
Transient Thermal-Hydraulic Analysis of Complex Fluid Flow Systems", January
25, 2001

Chapter 3
17.

Section 3.5, References: Reference 3-1 updated. (editorial)
3-1 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Revision 0, Duke Power Company, February 24, 1993

Chapter 4
18.

Section 4.6, References, Reference 4-1 updated. (editorial)

6-10
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4-1 Thermal-Hydraulic Statistical Core Design Methodology, DPC-NE-2005P-A,
Revision 2, Duke Power Company, April 17, 2000

L

Chapter 5
19.

Section 5.5, References, Reference 5-3 updated. (editorial)

]

5-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002

j

Chapter 6
20.

Section 6.5, p. 6-11, fifth bullet says that we check each reload core for the maximum
allowable radial peak limits. This will be deleted since this event is non-limiting. (model
revision)

J

Delete: " o Maximum allowable radial peak limits"
Technical Justification: Experience with analyzing core reloads since the original
submittal of this report has shown that the rod withdrawal at power transient is nonlimiting with regard to the DNBR limit. The purpose of checking the maximum
allowable radial peak limits is to confirm that DNBR margin exists for this event. Based
on experience, there is no possibility that a negative margin situation will occur in the
future for this event without being identified for the limiting DNBR events. Therefore,
the resources to perform this check during the reload process are wasted. This
methodology revision is appropriate since deleting this check has no technical
significance and resources will be saved.
21.

_|

-

Section 6.6, References, Reference 64 updated. (editorial)
64 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002

Chapter 8

1

22.

J

Section 8.8, References, Reference 8-2 updated. (editorial)
8-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002

Chapter 9
23.

Section 9.3.2.5, p. 9-9 is revised to clarify that only the two-pump coastdown from four
pumps in operation (not also the one-pump coastdown from three pumps in operation
statepoint) statepoint is used in the determination of core power peaking limits.
(editorial)
Change: "These statepoints are then used... "
6-11

J

To: "The two-pump coastdown from four pumps in operation statepoint is then used . . ."
24.

Section 9.4, References, references updated. (editorial)
9-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision 3,
Duke Power Company, June 2002
9-5 The BWU Critical Heat Flux Correlations, BAW-10199P-A, Framatome Advanced
Nuclear Products, August 1996
9-6 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE-1004A,
Duke Power Company, February 24, 1993
9-7

Core Thermal-Hydraulic Methodology Using VIPRE-01, DPC-NE-2003P-A,
Revision 1,Duke Power Company, September 2000

Chapter 10
25.

Section 10.5, References, references updated. (editorial)
10-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002
10-5

The BWU Critical Heat Flux Correlations, BAW-10199P-A, Framatome
Advanced Nuclear Products, August 1996

10-6 Nuclear Design Methodology Using CASMO-3/SIMULATE-3P, DPC-NE1004A, Duke Power Company, February 24, 1993

Chapter II
26.

Section 11.1.5, Control, Protection, and Safeguards Systems, Reactor Trip, the
flux/flow/imbalance trip was inadvertently missing from the text. (editorial)
Change: "The reactor trip functions credited are the high flux trip and the high RCS
pressure trip."

To: "The reactor trip functions credited are the high flux trip, the flux/flow/imbalance
trip, and the high RCS pressure trip."
27.

Section 11.1.5, Control, Protection, and Safeguards Systems, Excore Flux
Instrumentation, a new methodology is proposed to model the effect of a change in
reactor vessel downcomer water temperature on the excore flux detector signal. (model
revision)
Insert the following new text at the bottom:
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"The effect of a change in reactor vessel downcomer water temperature on the excore

flux detector signal is based on one of two methods. The first method, used through
Revision I of the methodology, is a synthesis of plant data and analysis results obtained
from Framatome Advanced Nuclear Products. The second method, submitted with
Revision 2 of the methodology, is described in the following paragraphs. Either mcthodl
may be used in the application of the methodology.
The effect of Reactor Coolant System temperature on the excore power range neutron
detectors is modeled by consideration of the relevant source, material composition, and
detector geometry details. The fuel region is considered as a homogeneous mixture
inside a cylinder of equivalent volume as the core region inside the baffle plates. The
balance of the geometry is modeled as a series of concentric cylinders, representing the
baffle plates, flow channel, core barrel, thermal shield, downcomer region, and reactor
vessel. Particle tallies at the detector account for the details of detector geometry and
design.
Fuel characterization is performed with the SAS2H/ORIGEN-S modules of the SCALE
Code System, as necessary (References 11-5 and 11-6). Transport and tallying of
particles is performed with the MCNP computer code (Reference 11-7). Variance
reduction is performed in MCNP as necessary to achieve reliable statistics for the tallies.
The particle tally results are used to characterize the relative effects of Reactor Coolant
System temperature on detector response."
Technical Justification: The methodology models the effect of a reduction in the reactor
vessel downcomer water temperature on the excore flux detector. This can be a
significant effect during overcooling transients, since the detector will indicate a lower
power level than the actual core power level. The modeling of this effect through
Revision I has involved a synthesis of plant data and code predictions obtained from
Framatome Advanced Nuclear Products. This revision to the methodology proposes an
updated analytical method using the SAS2HVORIGEN-S modules of the SCALE Code
System and the MCNP Monte-Carlo N-particle transport code. The method will be used
to calculate the magnitude of the change in the excore flux signal for a given change in
reactor vessel downcomer water temperature. This will then be modeled in RETRAN to
ensure that the flux detector signal and the resulting reactor trip signal are appropriately
addressing this effect.
28.

Section 11.3, References, Reference 114 updated, and three new references are added.
(editorial)
114

Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002

11-5

0. W. Hermann and C. V. Parks, "SAS2H: A Coupled One-Dimensional

Depletion and Shielding Analysis Module," NUREG/CR-0200, Volume 1, Section
S2.
11-6

i
L

L

|

J

J
J
l

I

0. W. Hermann and R. M. Westfall, "ORIGEN-S: SCALE System Module to

Calculate Fuel Depletion, Actinide Transmutation, Fission Product Buildup and
Decay, and Associated Radiation Source Terms," NUREG/CR-0200, Volume 2,
Section F7.

6-13

J

11-7 Judith F. Briesmeister, Ed., "MCNP - A General Monte Carlo N-Particle
Transport Code," Los Alamos National Laboratory Report, LA-13709-M.

Chapter 12
29.

Section 12.5, References, references updated. (editorial)
12-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002
12-3 RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex
Fluid Flow Systems, EPRJNP-7450(A), Volumes 1-4, Revision 5, July 2001

Chapter 13
30.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the first bullet is
moved up to be the fourth bullet on p. 13-4.' This is necessary to keep the action in the
correct time sequence. (editorial)'
Insert the first bulleted item on p. 13-5 after the third bulleted item on p. 13-4.

31.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-4, the fourth bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)
Change: "An operator action delay time is assumed from the time the ruptured steam
generator is identified to the time that a cooldowvn of the RCS to 5320 F begins."
To: "An operator action delay time is assumed from the time RCS subcooled margin is
minimized to the time that a cooldown of the RCS to 532 0 F begins"
Technical Justification: The Oconee emergency operating procedures are periodically
revised to improve the accident mitigation and recovery guidance. Consequently it is
necessary to periodically revise the analysis methodology so that the operator actions
credited in the analysis remain consistent with the station procedures. This is particularly
necessary for the steam generator tube rupture accident since it involves a large number
of manual operator actions. In this revision the time delay prior to starting the unit
cooldown does not change, but the action that keys the start of the cooldown does.
Previously that action was the time of identification of the ruptured steam generator.
With this revision that action is the completion of the minimizing of the RCS subcooled
margin.

32.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-4, the fifth bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)
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Change: "An operator action delay time of 10 minutes after reaching 532F is assumed."]
To: "An operator action delay time of 20 minutes after reaching 532 F is 0assumed

."

Technical Justification: The Oconee emergency operating procedures are periodically
revised to improve the accident mitigation and recovery guidance. Consequently it is
necessary to periodically revise the analysis methodology so that the operator actions
credited in the analysis remain consistent with the station procedures. This is particularly
necessary for the steam generator tube rupture accident since it involves a large number
of manual operator actions. In this revision the time delay prior to isolating the ruptured
steam generator is increased from 10 to 20 minutes. This increase is necessary based on
procedure validation data that indicated that more time was necessary in the analysis
assumption to bound the observed crew response time.
33.

j
j

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the second bullet
is revised for consistency with the Oconee emergency operating procedures. (model
revision)
Change: "One RCP per loop is tripped off after the RCS has cooled down to 5320 F. A
10 minute operator action delay time is assumed for this after reaching 5320 F."
To: "One RCP in the loop without the pressurizer is tripped off after the RCS has cooled
down to 532"F. A 20 minute operator action delay time is assumed for this after reaching
532aF. One RCP in the loop with the pressurizer is tripped at 400'F."
Technical Justification: The Oconee emergency operating procedures are periodically
revised to improve the accident mitigation and recovery guidance. Consequently it is
necessary to periodically revise the analysis methodology so that the operator actions
credited in the analysis remain consistent with the station procedures. This is particularly
necessary for the steam generator tube rupture accident since it involves a large number
of manual operator actions. In this revision the procedural guidance for stopping the
reactor coolant pumps has been revised. The first revision clarifies that the first pump to
be stopped is to be in the loop without the pressurizer. This will maximize the
pressurizer spray capability. The second revision is that the operator action delay is
increased from 10 to 20 minutes. This increase is necessary based on procedure
validation data that indicated that more time was necessary in the analysis assumption to
bound the observed crew response time. The third revision clarifies that the second pump
to be stopped will be in the opposite loop to obtain a one/one operating configuration.
This action is to be taken at 400 0F. Stopping the second pump reduces the heat load and
allows a faster cooldown rate. The one/one pump operating configuration is desired for
positive flow in both loops and continued pressurizer spray capability.

34.

4
4
4

I

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the fifth bullet is
revised for clarification purposes. (editorial)
Change: "The RCS boron concentration is determined at this time."
|

To: "RCS boron sampling is completed at this time."
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35.

Section 13.3, Boundary Conditions, Manual Operator Actions, p. 13-5, the last bullet is
revised for consistency with the Oconee emergency operating procedures. (model
revision)
Change: 'An operator action delay time of 45 minutes is assumed."
To: "An operator action delay time of 90 minutes is assumed."
Technical Justification: The Oconee emergency operating procedures are periodically
revised to improve the accident mitigation and recovery guidance. Consequently it is
necessary to periodically revise the analysis methodology so that the operator actions
credited in the analysis remain consistent with the station procedures. This is particularly
necessary for the steam generator tube rupture accident since it involves a large number
of manual operator actions. In this revision the time delay prior to align the decay heat
removal system is increased from 45 to 90 minutes. This increase is necessary based on
procedure validation data that indicated that more time was necessary in the analysis
assumption to bound the observed crew response time.

36.

Section 13.8, References, Reference 13-1 updated. (editorial)
13-1

Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002

Chapter 14
37.

Section 14.6, References, Reference 14-9 updated. (editorial)
14-9 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002

q

Chanter 15
38.

Section 15.2.1GSteam Generator Model, p. 15-4, a note is added to indicate that the text
in this section related to inputs and modeling choices is applicable to the REITRAN-02
analysis for the original steam generators. (model revision)
Insert the following note at the beginning:
"Note: The inputs and modeling techniques in the section are applicable to the
RETRAN-02 analysis for the original steam generators."
Technical Justification: This section describes inputs and modeling techniques that were
used for the steam line break analysis using RETRAN-02 for the original steam
generators. Some of these are not applicable to the RETRAN-3D analysis for the
replacement steam generators. For examples, zero steam generator tube plugging is
assumed for the replacement steam generators; the isocnthalpic expansion choked flow
option is only used in Junctions 134 and 234 (wasn't needed in the otherjunctions); and
the

[

I

used. Since Revision 2 does not intend to include all of the inputs and modeling
.6-16

techniques that are not applicable to the RETRAN-3D analysis for the replacement steam
generators.
39.

Section 15.2.1.6, Break Model, p. 15-6, add text to discuss the flow restricting orifices in
the steam outlet nozzles that are part of the replacement steam generator design. (p'in'

design change).

J

Insert a new second paragraph:
"The replacement steam generators have flow restricting orifices in the steam outlet
nozzles. These reduce the critical flow area to 1.804 ft2 per steam generator, and
decrease the blowdown rate relative to the original steam generators."
Technical Justification: The replacement steam generators have been designed with flow
restricting orifices in the steam outlet nozzles to reduce the blowdown rate and
consequences. These orifices are modeled in RETRAN and have the effect of reducing
the break flow after the initial depressurization of the main steam lines.
40.

Section 15.3.1.1.4, Control, Protection, and Safeguards Systems, p. 15-15, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)

L|

_|

I

Insert the following title and paragraph:

J

"Feedwater Isolation "The steam line break analyses do not credit automatic isolation of
main feedwater or emergency feedwater. Automatic isolation of feedwater is by the
Automatic Feedwater Isolation System (AFIS) for Unit 1,and by the Main Steam Line
Break Detection and Feedwater Isolation Circuitry for Units 2 & 3 (until AFIS is installed
on those units)."

I

Technical Justification: The AFIS design for automatic feedwater isolation has been
installed on Unit I and will be installed on Units 2 & 3 in the next refueling outage ..
This revision is necessary to update the text to be consistent with the plant design. Since
neither design is credited in the steam line break analysis methodology in this report, this
change does not require NRC review.
41.

Section 15.3.2.1.4, Control, Protection, and Safeguards Systems, p. 15-22, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)

I

Insert the following title and paragraph:
"Feedwater Isolation "The steam line break analyses do not credit automatic isolation of
main feedwater or emergency feedwater. Automatic isolation of feedwater is by the
Automatic Feedwater Isolation System (APIS) for Unit 1,and by the Main Steam Line
Break Detection and Feedwater Isolation Circuitry for Units 2 & 3 (until AFIS is installed
on those units)."

6-17

J

Technical Justification: The AFIS design for automatic feedwater isolation has been
installed on Unit 1 and will be installed on Units 2 & 3 in the next refueling outages.
This revision is necessary to update the text to be consistent with the plant design. Since
neither design is credited in the steam line break analysis methodology in this report, this
change does not require NRC review.
42.

Section 15.5, References, references updated. (editorial)
15-2 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Revision
3, Duke Power Company, June 2002
15-4 Nuclear Design Methodology Using CASMO-3/SLMULATE-3P, DPC-NE1004A, Duke Power Company, February 24, 1993
15-5

Mass and Energy Release and Containment Response Methodology, DPC-NE3003-P, Revision 1, Duke Power Company, June 2002

Chapter 16
43.

Section 16.1.3, Boundary Conditions, Excore Flux Detector Error Due To Overcooling, a
new methodology is proposed to model the effect of a change in reactor vessel
downcomer water temperature on the excore flux detector signal. (model revision)
Insert the following new text at the bottom:
"The effect of a change in reactor vessel downcomer water temperature on the excore
flux detector signal is based on one of two methods. The first method, used through
Revision I of the methodology, is a synthesis of plant data and analysis results obtained
from Framatome Advanced Nuclear Products. The second method, submitted with
Revision 2 of the methodology, is-described in the following paragraphs. Either method
may be used in the application of the methodology.
The effect of Reactor Coolant System temperature on the excore power range neutron
detectors is modeled by consideration of the relevant source, material composition, and
detector geometry details. The fuel region is considered as a homogeneous mixture
inside a cylinder of equivalent volume as the core region inside the baffle plates. The
balance of the geometry is modeled as a series of concentric cylinders, representing the
baffle plates, flow channel, core barrel, thermal shield, downcomer region, and reactor
vessel. Particle tallies at the detector account for the details of detector geometry and
design.
Fuel characterization is performed with the SAS2H1ORIGEN-S modules of the SCALE
Code System, as necessary (References 16-4 and 16-5). Transport and tallying of
particles is performed with the MCNP computer code (Reference 16-6). Variance
reduction is performed in MCNP as necessary to achieve reliable statistics for the tallies.
The particle tally results are used to characterize the relative effects of Reactor Coolant
System temperature on detector response."
Technical Justification: The methodology models the effect of a reduction in the reactor
vessel downcomer water temperature on the excore flux detector. This can be a
6-18

significant effect during overcooling transients, since the detector will indicate a lower
power level than the actual core power level. The modeling of this effect through
Revision I has involved a synthesis of plant data and code predictions obtained from
Framatome Advanced Nuclear Products. This revision to the methodology proposes an
updated analytical method using the SAS2HIORIGEN-S modules of the SCA.W' (1ode
System and the MCNP Monte-Carlo N-particle transport code. The method will be used
to calculate the magnitude of the change in the excore flux signal for a given change in
reactor vessel downcomer water temperature. This will then be modeled in RETRAN to
ensure that the flux detector signal and the resulting reactor trip signal are appropriately
addressing this effect.
44.

Section 16.1.5, Control, Protection, and Safeguards Systems, p. 16-5, replace "Main
Steam Line Break Detection and Main Feedwater Isolation Instrumentation" with
"Feedwater Isolation" to include the Automatic Feedwater Isolation System design
modification. (plant design change)

L

Insert the following title and paragraph:

j

"Feedwater Isolation "The steam line break analyses do not credit automatic isolation of
main feedwater or emergency feedwater. Automatic isolation of feedwater is by the
Automatic Feedwater Isolation System (AFIS) for Unit 1, and by the Main Steam Line
Break Detection and Feedwater Isolation Circuitry for Units 2 & 3 (until AFIS is installed
on those units)."
Technical Justification: The AFIS design for automatic feedwater isolation has been
installed on Unit I and will be installed on Units 2 & 3 in the next refueling outages.
This revision is necessary to update the text to be consistent with the plant design. Since
neither design is credited in the steam line break analysis methodology in this report, this
change does not require NRC review.
45.

Li

LI
L

Section 16.5, References, Reference 16-3 updated and three new references added.
(editorial)

l

16-3 Thermal-Hydraulic Transient Analysis Methodology, DPC-NE-3000-P, Rc-,m:3, Duke Power Company, June 2002

J

16-4 0. W. Hermann and C. V. Parks, "SAS2H: A Coupled One-Dimensional
Depletion and Shielding Analysis Module," NUREG/CR-0200, Volume 1, Section
S2.
16-5

0. W. Hermann and R. M. Westfall, "ORIGEN-S: SCALE System Module to
Calculate Fuel Depletion, Actinide Transmutation, Fission Product Buildup and
Decay, and Associated Radiation Source Tenns," NUREG/CR-0200, Volume 2,
Section F7.

16-6 Judith F. Briesmeister, Ed., "MCNP - A General Monte Carlo N-Particle
Transport Code," Los Alamos National Laboratory Report, LA-13709-M.
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Document Control Desk
U. S. Nuclear RegulatoryCommission
Washington D. C. 20555-0001
ATTENTION:

Subject:

Chief, Information Management Branch
Division of Program Management
Policy Development and Analysis Staff
Duke Energy Corporation
Oconee Nuclear Station - Units 1, 2, and 3
Docket Nos. 50-269, 50-270, and 50-287
Revisions to Topical Reports DPC-NE-3000 and 3005 In
Support of Steam Generator Replacement
Response to NRC Staff Request for Additional
Information
Reference: Duke Submittal Dated June 13,

2002

Enclosed herein, please find the Duke Energy Corporation (Duke)
response to the September 24, 2002 NRC staff's request for
additional information concerning topical reports DPC-NE-3000,
Revision 3, "Thermal-Hydraulic Transient Analysis Methodology,and DPC-NE-3005, Revision 2, "UFSAR Chapter 15 Transient
Analysis Methodology."
Please note that there is information enclosed which Duke
considers proprietary.
In accordance with 10CFR2.790, Duke
requests that this information be withheld from public
disclosure.
An affidavit attesting to the proprietary nature of
this information is included in this letter.
Individual questions contained in the request for additional
information were discussed in a conference call with the NRC
staff on October 3, 2002.
Attachment 1 (proprietary version)
and Attachment 2 (non-proprietary version) to this letter
constitute Duke's response to those questions.
Additional

]3-

U. S. Nuclear Regulatory Commission
May 21, 2003
Page 2

I

information requested by the NRC staff during the conference
call has also been included.

J

During the completion of the analyses using the revised
methodology, some additional revisions to the methodology were
identified as necessary.
These new revisions are detailed in
Attachments 3 (proprietary version) and 4 (non-proprietary
version) for topical report DPC-NE-3000, Revision 3, and in
Attachments 5 (proprietary version) and 6 (non-proprietary
version) for topical report DPC-NE-3005, Revision 2. Duke
requests that the NRC include these revisions within the scope
of review of the original June 13, 2002 submittal.

J
J

If there are any questions or if additional information is
needed on this matter, please call J. A. Effinger at (704) 3828688.

J

Very truly yours,

7j

S4
4

K. S. Canady

-

xc:

L. A. Reyes, Regional Administrator
U.S. Nuclear Regulatory Commission, Region II
Atlanta Federal Center
61 Forsyth Street, SWW, Suite 23T85
Atlanta, GA 30303
L. N. Olshan, NRC Project Manager (ONS)
U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Mail Stop 08-H12
Washington, DC 20555
M. C. Shannon, NRC Senior Resident Inspector (ONS)
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U. S. Nuclear Regulatory Commission
May 21, 2003
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AFFIDAVIT
1) I am a 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 I am authorized on the part of said
Corporation (Duke) to apply for this withholding.
2) I am making this affidavit in conformance with the provisions
of lOCFR 2.790 of the regulations of the Nuclear Regulatory
Commission (NRC) and in conjunction with Duke's application
for withholding, which accompanies this affidavit.
3) I have knowledge of the criteria used by Duke in designating
information as proprietary or confidential.
4) Pursuant to the provisions of-paragraph (b)(4) of IOCFR 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:
a) The information sought to be withheld from public
disclosure is owned by Duke and has been held in confidence
by Duke and its consultants.
b) 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.
c) The information was transmitted to the NRC in confidence
and under the provisions of 1OCFR 2.790, it is to be
received in confidence by the NRC.
d) The information sought to be protected is not available in
public to the best of our knowledge and belief.

K. S. Canady
(Continued)

U. S. Nuclear Regulatory Commission
May 21, 2003
Page 4

e) The proprietary information sought to be withheld in this
submittal is that which is that which is marked in
Attachments 1, 3, and 5 to Duke Energy Corporation letter
dated May 21, 2003; Subject: Revisions to Topical Reports
DPC-NE-3000 and 3005 in Support of Steam Generator
Replacement; Response to NRC Staff Request for Additional
Information. This information enables Duke to:
i)

Respond to NRC requests for information regarding
transient response of Babcock & Wilcox Pressurized
Water Reactors.

ii)

Simulate UFSAR Chapter 15 transients and accidents for
Oconee Nuclear Station.

iii) Perform safety evaluations per 10CFR50.59.
iv)

Support Facility Operating License/Technical
Specifications amendments for Oconee Nuclear Station.

f) The proprietary information sought to be withheld from
public disclosure has substantial commercial value to Duke.
For example, it minimizes vendor and consultant expenses
associated with supporting the operation and licensing of
nuclear power plants.
In addition, it provides increased
flexibility in the implementation of changes to or
evaluating conditions at Duke's nuclear plants.
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.

S. Canady
(Continued)
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U. S. Nuclear Regulatory Commission
May 21, 2003
Page 5

K. S. Canady affirms that he is the person who subscribed his
name to the foregoing statement, and that all the matters and
facts set forth herein are true and correct to the best of his
knowledge.

K. S. (Canady, Vice
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Subscribed and sworn to on this
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_
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Questions 9 jrelate to proposed changes to DPC-NE-3005-PA Revision 1, that will
be incorpor d to produce new DPC-NE-3005-P Revision 2.
9.

Section 2.2.2 describes the RETRAN-3D Simulation model for Oconee. The section
does not discuss input options used in conjunction with the 1979 ANS standard that will
be used. Information Notice 96-39 discusses the sensitivity of the ANS standard to
various input assumptions to the model. Please discuss how these inputs will be
calculated and how they will be made conservative. What corrections will be made to the
decay heat predicted by the standard to account for uncertainty?

Response: When decay heat is calculated by RETRAN, a table of multipliers appropriate for the
transient is employed to bound the decay heat predicted by an external calculation of
decay heat. The external calculation employs the ANSTIANS-5.1-1979 standard. This
calculation uses physics data extracted from representative Oconee core designs as input.
Therefore the factors highlighted in IN 96-39, notably the R and P-factors, are derived
from design data applicable to Oconee. The Information Notice also highlights three
additional assumptions: 1) the capture factor, or G-factor, 2) power history and 3) the
number of fissile elements modeled. The calculation uses the standard's G-factor,
attributes power to U-235, U-238 and Pu-239 fissile isotopes, and uses a power history
representative of 3 batches of fuel burned for up to three cycles. The uncertainty
associated with the decay heat prediction, as identified in the standard, is incorporated at
a 95% confidence level.
10.

Section 5.2.1 of DPC-NE-3005 describes modeling of Oconee for analysis of startup
accidents using RETRAN-02. Will RETRAN-3D be used to model startup accidents for
Oconee? If so, please provide an equivalent section describing the Oconee model using
RETRAN-313.

Response: Chapter 5 describes the modeling of the startup accident with RETRAN-02 for the
original steam generators. The methodology remains the same for the replacement steam
generators, with the exception that RETRAN-3D will be used. The following text will be
inserted as a new second paragraph in Section 5.1.1 to clarify the transition to RETRAN3D.
"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacementsteam generators. Figure5-1 is the RETRAN02 nodalization, and FigureB-2 of Reference 5-3 is the replacement steam generator

nodalization."
11.

Section 6.2 of DPC-NE-3005 describes modeling of Oconee for analysis of rod
withdrawal at power using RETRAN-02. Will RETRAN-3D be used to model rod
withdrawal at power for Oconee? If so, please provide an equivalent section describing
the Oconee model using RETRAN-3D.
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Response: Chapter 6 describes the modeling of the rod withdrawal at power accident with
RETRAN-02 for the original steam generators. The methodology remains the same for
the replacement steam generators, with the exception that RETRAN-3D will be used.
The following text will be inserted as a new third paragraph in Section 6.0 to clarify the
transition to RETRAN-3D.
"The methodology thatfollows is applicable to the analysisforthe originalsteam
generators. The replacementsteam generatorsare analyzed with RETRAN-3D insteadof
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacement steam generators."

12.

In Section 6.5 on page 6-11 the commitment to check the maximum allowable radial
peaking limits is to be removed. This is justified from experience showing that rod
withdrawal at power is not a limiting transient with regard to the DNBR limit. Please
describe the anticipated transient that gives the limiting values for DNBR and compare
typical DNBR values calculated for rod withdrawal at power to the limiting values.

Response: The minimum DNBR for the rod withdrawal at power event is 1.959 (BWU-Z CHF
correlation) at reference core peaking factors (radial pin peak = 1.714, 1.5 axial peak at
X/L = 1.5). Several other UFSAR Chapter 15 events that are not allowed to exceed the
DNBR limit have lower DNBR values, including the two-pump coastdown event,
dropped rod, small steam line break, and large steam line break. For several of these
events the DNBR margin is less than 10%, which means that the core power peaking
approaches the maximum allowable peaking (MAP) limits. Therefore, the DNBR for
those events approaches IA0, which is the design DNBR limit including 5% margin for
Mk-B 11 fuel with the BWU-Z correlation. The MAP limits for the rod withdrawal at
power event are never approached since the MAP limits for more limiting events are
lower.
13.

Section 8.0 of DPC-NE-3005 describes modeling of Oconee for analysis of cold water
accidents using RETRAN-02. Will RETRAN-3D be used to model cold water accidents
for Oconee? If so, please provide an equivalent section describing the Oconee model
using RETRAN-3D.

Response: Chapter 8 describes the modeling of the cold water accident with RETRAN-02 for the
original steam generators. The methodology remains the same for the replacement steam
generators, with the exception that RETRAN-3D will be used. The following text will be
inserted as a new third paragraph in Section 8.0 to clarify the transition to RETRAN-3D.
"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacementsteam generatorsare analyzed with RETRAN-3D insteadof
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacementsteam generators.

14.

Section 9.2 of DPC-NE-3005 describes modeling of Oconee for analysis of loss of flow
accidents using RETRAN-02. Will RETRAN-3D be used to model loss of flow
accidents for Oconee? If so, please provide an equivalent section describing the Oconee
model using RETRAN-3D.
2-6
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Response: Chapter 9 describes the modeling of the loss of flow accidents with RETRAN-02 for
the original steam generators. The methodology remains the same for the replacement
steam generators, with the exception that RETRAN-3D will be used. The following text
will be inserted as a new second paragraph in Section 9.1.1 to clarify the transition to
RETRAN-3D.
"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D insteadof
RETRAN-02. No other changesin the methodology thatfollows are associatedwith this
change in code version or the replacement steam generators.

J
a

Section 10.2.1 of DPC-NE-3005 describes modeling of Oconee for analysis of locked
rotor accidents using RETRAN-02. Will RETRAN-3D be used to model locked rotor
accidents for Oconee? If so, please provide an equivalent section describing the Oconee
model using RETRAN-3D. Please discuss the conservatism of using an equilibrium
pressurizer model to predict the peak reactor system pressure following locked rotor
analysis in comparison to the non-equilibrium pressurizer option in RETRAN-3D.

4

Response: Chapter 10 describes the modeling of the locked rotor accident with RETRAN-02 for
the original steam generators. The methodology remains the same for the replacement
steam generators, with the exception that RETRAN-3D will be used. The following text
will be inserted as a new third paragraph in Section 10.1.1 to clarify the transition to
RETRAN-3D.

4

15.

"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacement steam generators."

The non-equilibrium pressurizer model is used in the locked rotor analysis. Refer to the
response to Question #2.
16.

4

Section 11.1 of DPC-NE-3005 describes modeling of Oconee for analysis of control rod
misalignment accidents using RETRAN-02. Will RETRAN-3D be used to model control
rod misalignment accidents for Oconee? If so, please provide an equivalent section
describing the Oconee model using RETRAN-3D.

Response: Chapter 11 describes the modeling of the control rod misalignment accident with
RETRAN-02 for the original steam generators. The methodology remains the same for
the replacement steam generators, with the exceptions that RETRAN-3D will be used,
and that a revised Section 11.1.5 discussion of excore flux instrumentation has been
included. The following text will be inserted as a new fourth paragraph in Section 11.1 to
clarify the transition to RETRAN-3D.
"Thte methodology thatfollows is applicableto the analysisforthe originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacement steam generators."
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17.

The additions to Section 11.1.5 and Section 16.1.3 describe new methodology in
calculating the effect of a reduction in reactor vessel downcomer water temperature on
the excore flux detector. The new methodology uses the SAS2HIORIGEN-S models of
the SCALE code system and the MCNP Monte-Carlo N-pahicle transport code. The
current methodology is described as a synthesis of plant data and analysis results
obtained from Framatome Advanced Nuclear Products. Please provide a comparison of
the analytical results from both methods for a control rod misalignment accident and for a
small steam line break accident and discuss the relative accuracy of each method.

Response: The MCNP models include all significant elements of the physical geometry,
materials and neutron energy spectrum, and thus include the necessary detail to ensure
that all problem-significant phase-space has been sampled. Robust Monte Carlo variance
reduction for this problem facilitates accelerated convergence, thus yielding very small
relative errors and achieving highly accurate results. The MCNP computer code is wellsuited for this analysis, and the models used for this calculation are similar in nature to
typical vessel fluence calculations. The viability and accuracy of MCNP for vessel and
ex-vessel neutron transport calculations has been previously demonstrated (John. C.
Wagner, "Monte Carlo Transport Calculations and Analysis for Reactor Pressure Vessel
Neutron Fluence," M.S. Thesis, The Pennsylvania State University, College of
Engineering, December 1994. See also Wagner, Haghighat, Petrovic, "Monte Carlo
Transport Calculations and Analysis for Reactor Pressure Vessel Neutron Fluence,"
Nuclear Technology, Vol. 114, June 1996). Additionally, the results of quarter-core
models constructed for this problem compare favorably with empirical plant data (i.e.,
from TAVO reduction evolutions during end-of-cycle operations).
18.

Describe additional details of how the SAS2H/ORIGEN-S/MCNP methodology is
utilized to calculate the effect of reduction in reactor vessel downcomer water
temperature on the excore flux detector signal. Describe the input for each code and how
the output is utilized. Describe how the source distribution is calculated for the core for
input into the MCNP code to evaluate misaligned control rods and main steam line
breaks.

Response: Detailed input description for the SAS2HIORIGEN-S modules of the SCALE Code
System and to the MCNP Code System is provided in the references supplied in the
response to question 19 below. The SAS2H1ORIGEN-S calculation is performed to
characterize irradiated fuel. The SAS2H analyses use fuel assembly pin-cell dimensions
and materials to develop problem-dependent cross section sets (using the XSDRNPM,
BONAMI and NITAWL modules of SCALE) for fuel burnup and depletion calculations
performed with ORIGEN-S. The constituent actinides and fission products resulting
from SAS2H/ORIGEN-S depletion calculations are used as input to the fuel material
description in the MCNP model..
In the MCNP model, the fuel assemblies are modeled as a repeating lattice of fuel pins,
guide tubes and instrument tubes. This lattice is filled into the fuel region inside the core
baffle plates. The core baffle plate and former plate materials and dimensions are
modeled explicitly. A set of concentric cylinders is used to model the core barrel,
thermal shield, downcomer region, reactor vessel, and concrete shield wall (to model
neutron thermalization in the concrete and backscatter to the detector). The MCNP input

is built as a quarter-core geometry model. The result of the transport calculation at the
excore detector location is determined by a tally on B' 0 absorptions (the detectors are
uncompensated ion chambers that function by the following reaction: B'1[n,a]Li7 ).
The Monte Carlo tally results for the detector location are compared for moderator
density statepoints in order to obtain comparative results for detector response versus a
known temperature change. This result is used as input to safety analysis calculations as
a simple neutron attenuation coefficient (percent loss of indicated power per degree
moderator temperature change over the applicable temperature range). Various
sensitivity studies have been completed, including, but not limited to, (a) an assessment
of sensitivity of detector response to source distribution (i.e., radial power shape), and (b)
an assessment of detector response to neutron energy spectrum assumptions. While the
absolute detector response is affected by changes in radial source distribution, the relative
detector response due to moderator density change is unaffected (using the same radial
power shape for each moderator density statepoint). Therefore, the fractional decrease in
existing detector response is governed by moderator density rather than the radial power
shape. The relative detector response to different moderator densities was also compared
for two neutron energy spectrum models. In the first model, the problem was evaluated
as a watt-fission spectrum in a fission system (i.e., with fissions allowed in the fuel). In
the second model, the problem was evaluated as a fixed-neutron energy shielding and
transport problem, where neutron energy bin probabilities were obtained from the
CASMO computer code and used as input to MCNP, and fissions were turned off in the
fuel. The relative detector response to changes in moderator density was unaffected by
the selection of source models. In further demonstration of the adequacy of source
modeling assumptions, a tally was performed (on fuel elements) to compare the two
source models discussed above, and the neutron energy bin probabilities for the built-in
MCNP watt-fission spectrum with fissions compares favorably with the CASMO neutron
energy spectrum without fissions.
19.

j

I

Please provide dates for new references 11-5, 11-6, and 11-7 which are given again as
new references 16.4, 16-5, and 16-6.

Response: References 11-5 and 11-6 are dated March 2000, and refer to version 4.4 of the
SCALE Code System. Reference 11-7 is dated March 2000, and refers to version 4C of
the MCNP Code System. As code errors are corrected and new code updates are issued
by the code authors, these updates will be implemented under internal Duke Energy
software procedures.
20.

4
Li

Section 12.2 of DPC-NE-3005 describes modeling of Oconee for analysis of turbine trip
using RETRAN-02. Will RETRAN-3D be used to model turbine trip for Oconee? If so,
please provide an equivalent section describing the Oconee model using RETRAN-3D.
Please discuss the conservatism of using an equilibrium pressurizer model to predict the
peak reactor system pressure following turbine trip in comparison to the non-equilibrium
pressurizer option in RETRAN-3D. Provide new FSAR text and figures (this was
requested during a telecon on October 3, 2002)

J

_

Response: Chapter 12 describes the modeling of the turbine trip with RETRAN-02 for the
original steam generators. The methodology remains the same for the replacement steam
generators, with the exception that RETRAN-3D will be used. The following text will be

J
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inserted as a new second paragraph in Section 12.1 to clarify the transition to RETRAN3D.
"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D instead of
RETRAN-02. No otherchanges in the methodology thatfollows are associatedwith this
change in code version or the replacementsteam generators.

The non-equilibrium pressurizer model is used in the turbine trip analysis. Refer to the
response to Question #2. The revisions to the UFSAR text and associated tables and
figures are included at the end of Attachment 1.
21.

Section 13.1 of DPC-NE-3005 describes modeling of Oconee for analysis of steam
generator tube rupture using RETRAN-02. Will RETRAN-3D be used to model steam
generator tube rupture for Oconee? If so, please provide an equivalent section describing
the Oconee model using RETRAN-3D. Will the special modeling provisions toL
'Ithat was used for the RETRAN-02 model be used for the RETRAN3D analysis? How will their
'Ithat was added to RETRAN'3D for DPC be applied to steam generator tube rupture analysis?

Response: Chapter 13 describes the modeling of the steam generator tube rupture accident with
RETRAN-02 for the original steam generators. The methodology remains the same for
the replacement steam generators, with the exception that RETRAN-3D will be used.
The following text will be inserted as a new third paragraph in Section 13.0 to clarify the
transition to RETRAN-3D.
"The methodology thatfollows is applicableto the analysisfor the originalsteam
generators. The replacementsteam generatorsare analyzed with RETRAN-3D insteadof
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacementsteam generators.

- In the
steam generator tube rupture analysis the RCS cooldown rate is being manually
controlled.' Therefore, there is no need for special modeling to ensure a conservative
prediction of the cooldown rate.
22.

Section 14.1.3 of DPC-NE-3005 describes modeling of Oconee for analysis of the peak
pressure from a rod ejection accident using RETRAN-02. Will RETRAN-3D be used to
model rod ejection accidents for Oconee? If so, please provide an equivalent section
describing the Oconee model using RETRAN-3D. Please discuss the conservatism of
using an equilibrium pressurizer model to predict the peak reactor system pressure
following a rod ejection accident in comparison to the non-equilibrium pressurizer option
in RETRAN-3D.
2-10

Response: Chapter 14 describes the modeling of the rod ejection accident with RETRAN-02 for
the original steam generators. The methodology remains the same for the replacement
steam generators, with the exception that RETRAN-3D will be used. The following text
will be inserted as a new second paragraph in Section 14.1.1 to clarify the transition to
RETRAN-3D.
"The methodology thatfollows is applicable to the analysisfor the originalsteam
generators. The replacement steam generatorsare analyzed with RETRAN-3D instead of
RETRAN-02. No other changes in the methodology thatfollows are associatedwith this
change in code version or the replacement steam generators."
The non-equilibrium pressurizer model is used in the rod ejection analysis. Refer to the
response to Question #2.

23.

Section 15.2.1.3 describes the steam generator model to be used for main steam line
break analysis. The proposed modifications for Revision 2 add a lead-in paragraph
saying the discussion applies only to the existing steam generators analyzed with
RETRAN-02. Please provide a revised Chapter 15 for DPC-NE-3005-PA that describes
the RETRAN-3D analytical model of main steam line break with the new steam
generators in service.

Response: Chapter 15 describes the modeling of the steam line break accident with RETRAN-02
for the original steam generators. Most of the methodology remains the same for the
replacement steam generators, with the exception that RETRAN-3D will be used. Refer
to Revisions 39, 40, and 41 for specific changes. Also refer to Attachment 5 of this
submittal for new revisions (Items 3-6) that have not been previously submitted for NRC
review. The following revisions will be implemented to clarify the differences.

j
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The following text will be inserted as a new second paragraph in Section 15.1.1 to clarify
the transition to RETRAN-3D.
"The methodology thatfollows, unless specifed othenvise, is applicable to both the
analysis of the originalsteam generatorswith RETRAN-02 and the analysis of the
replacement steam generatorswith RETRAN-3D.. The following changes in the
methodology are specific to RETRA N-3D:
*
*
*

Steam generatormodeling differences in Section 15.2.1.5
Steam generatorwater carryout control differences in Section 15.2.1.6
Reactorcoolantpump modeling differences in Section 15.3.1.1.2"

_

1

The title of Section 15.2.1.4 will be revised to "Original Steam Generator RETRAN-02
Model". The proposed Revision #38 that added a lead in paragraph will be withdrawn.
The following new Section 15.2.1.5, "Replacement Steam Generator RETRAN-3D
Model", will be inserted to describe all steam line break RETRAN-3D and ROTSG
modeling differences relative to the RETRAN-3D base model. Existing Sections
15.2.1.5 and 15.2.1.6 will be resequenced to 15.2.1.6 and 15.2.1.7.
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'15.2.1.5 Replacement Steam GeneratorRETRAN-3D Model
Zero steam generatortube plugging is assumed to maximize the primary-to-secondary
heat transfer. 7he choking option (Extended Henry and Moody) is turned on at the steam
outlet nozzle to accountfor the flow restrictingorifice. The verticaljunction option is
used and the inertiais increasedforthe aspiratorjunctions lo smooth the enthalpy and
mass flow rate predictions. The isoenthalpic expansion chokedflow option is used at the
aspiratorjunctions to avoidjunction enthalpy errorsshould the enthalpy decrease to
below 170 Btu/lbm, which is the Moody model limit. The junctionflow areaforthe steam
generatorcold leg outlet nozzle in the unaffected loop is increasedif a code abort
occurs."

24.

Page 5-36 to the revisions to DPC-NE-3005-PA states that the only significant difference
between the transient thermal-hydraulic behavior with the new steam generators will be
for the main steam line break analysis, in which the flow restriction orifices in the outlet
nozzles will effectively reduce the minimum break size and blowdown rate. In addition
the new steam generators will have a greater heat transfer area and a greater water mass.
Differences in calculational models between RETRAN- 02 and RETRAN-3D may also
affect the result. In particular assumptions for phase separation within the steam
generators and steam flow rate from the break may affect the result. Please provide main
steam line break analyses similar to those in Chapter 15 of DPC-NE-3005-P for cases
both with and without offsite power for the new steam generators with RETRAN-3D.

Response: The revised topical report text and figures (included after the response to Question 29)
show the'RETRAN-3D main steam line break analysis results for both with and without
offsite power with the replacement steam generators. A brief summary of the result of
the analyses is as follows. The steam outlet nozzle flow restrictors cause a slower RCS
cooldown and depressurization rate, which provide more favorable results. For the with
offsite power case the slower cooldown rate does not result in a loss of the subcritical
margin according to the RETRAN-3D and SIMULATE simulations. Consequently, no
detailed core thermal-hydraulic analysis was performed. For the without offsite power
case, the RCS depressurization rate is slower, and the statepoint at the time of minimum
DNBR is more favorable. Consequently an increase in DNBR margin is gained relative
to the previous RETRAN-02 OTSG analyses.
25.

Section 15.2.1.5 describes models used to minimize steam line moisture carryout of a
broken steam line. Will these models be implemented in the RETRAN-3D analyses with
the new steam generators? Please discuss the relationship between the modeling
assumptions of Section 15.2.1.5 and the custom modifications to RETRAN-3D that
-in the
RETRAN-3D analyses will be conservative for predicting reactor system overcooling.

Response: The custom modifications to RETRAN-3D that (
3are only used in the mass and energy release analysis in
topical report DPC-NE-3003-P. They are not used for the Chapter 15 core
response steam line break analysis in either the original methodology using
RETRAN-02, or the revised methodology using RETRAN-3D. There are some
differences in the modeling approach which are being submitted for NRC review
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in Attachment 5, Item 4. The differences in the RETRAN-3D modeling
approach are as follows:

26.

Section 15.3. 1. 1 discusses the RETRAN-02 analysis for the off'site power available case.|
The subsection describing reactor coolant pump modeling states that the RCPs in the
unaffected loop are tripped at 100 seconds to avoid a code error associated with pressure
oscillations in this loop. Does the same code error exist in RETRAN-31)? Will thel
reactor coolant pumps be assumed to trip at 100 seconds as in the RETRAN-02 analysis?

Response: In the RETRAN-31) methodology it is no longer necessary to trip the reactor coolantI
pumps in the unaffected loop to avoid a code error at 100 seconds. The pumps remain in
operation for the with off'site power case. Item 5 of Attachment 5 requests NRC review
of this change to the methodology. One of the main reasons for this change is a revision
to the reactor coolant pump two-phase degradation model, which has been revised in the
Oconee and the McGuire/Catawba RETRAN base models. The new model, which is
based on the CE/EPRI test data results in less head degradation during the steam line
break analysis. The Oconee RETRAN-31) model with this revised pump degradation|
modeling is able to run through the steam line break analysis with voiding in the
unaffected loop without aborting. This revised reactor coolant pump degradation model
is submitted for NRC review in Attachment 3 to this submittal.

27.

Section 15.3.1 under Main Feedwater System states that the limiting assumption withl
respect to maximidzing the overcooling and reactivity addition has been determined by
analysis to be the case with the ICS controlling MFW to the minimum steam generator
level setpoint including uncertainty. Justify that this statement is still true with the newl
steam generators using RETRAN-313.

Response: Analyses using RETRAN-31) for the replacement steam generators have been
performed for the case with uncontrolled main feedwater, which leads to overfilling the
steam generator, and with the ICS controlling the level to a setpoint. The results of the
analyses show that the case with uncontrolled main feedwater flow is slightly worse than
the case with the ICS controlling the steam generator level. For both cases there is a
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subcritical margin, so neither case approaches the DNBR limit or any other limit. This
significant change in the results, compared to the RETRAN-02 analyses for the original
steam generators is due to the flow restricting steam outlet nozzles on the replacement
steam generators. These nozzles effectively limit the break size, which limits the
cooldown rate and the rate of positive reactivity addition. This slowing down of the
progression of the event allows more time for the boric acid from the HPI System and the
core flood tanks to be delivered to limnit the total reactivity to a negative value. These
new results indicate that the main feedwater boundary condition, although an important
boundary condition, produces essentially the same overall results.
28.

To enable the NRC staff to perform audit calculation and sensitivity analyses if needed,
please provide an electronic copy of the RETRAN-3D input deck used to perform main
steam line break analysis.

Response: The NRC Project Manager will be provided with a diskette with the requested input
deck.
29.

Section 16.1 of DPC-NE-3005 describes modeling of Oconee for analysis of small steam
line breaks using RETRAN-02. Will RETRAN-3D be used to model small steam line
breaks for Oconee? If so, please provide an equivalent section describing the Oconee
model using RETRAN-3D. Provide new FSAR text and figures (this was requested
during a telecon on October 3, 2002)

Response: Chapter 16 describes the modeling of the small steam line break accident with
RETRAN-02 for the original steam generators. Most of the methodology remains the
same for the replacement steam generators, with the exception that RETRAN-3D will be
used. Refer to Revisions 43 and 44 for other specific changes. Also refer to Attachment
5 of this submittal for new revisions (Items 10-12) that have not been previously
submitted for NRC review. The following text will be inserted as a new third paragraph
in Section 16.1.1 to clarify the transition to RETRAN-3D.
"The methodology thatfollows, unless noted otherwise, is applicable to the analysisfor
the originalsteam generators. The replacement steam generatorsare analyzed with
RETRAN-3D insteadof RETRAN-02. vThe modeling of the aspiratorport in the steam
generatorsecondary has been revised in the ROTSG methodology. A RETRAN control
system is used to stop steamflow through the aspiratorport when the downcomerfloods,
since this is judged to be non-physical. Also, the methodologyforselection of physics
parametervalues has been changed to maintain consistency with the time in core life. No
other changes in the methodology thatfollows are associatedwith this change in code
version or the replacement steaimgenerators.'

The revisions to the UFSAR text and associated tables and figures are included at the end
of Attachment 1.
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The Following is Supplemental Information Related to Question #24
Revised DPC-NE-3005-P Chapter 15 - Steam Line Break
Note: The revised content is in italics. Deleted content is not shown.
15.0

STEAM LINE BREAK

15.1

Overview

J

15.1.1 Description
The steam line break accident initiates with a double-ended rupture of one of the two main steam
lines. Since the two steam lines are connected in the steam chest between the turbine stop valves
and the control valves, the break initially results in a rapid blowdown of both steam generators.
The steam generator depressurization initiates a rapid Reactor Coolant System (RCS) cooldown

J
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leading to a reactor trip on low RCS pressure or variable low RCS pressure within the first few
seconds of the accident. The reactor trip causes the turbine stop valves to close, isolating the
affected steam generator from the unaffected steam generator. Main feedwater flow to each
steam generator will be controlled by the Integrated Control System (ICS) by maintaining a
minimum post trip steam generator level. If main feedwater is available and controlling steam
generator level to the ICS setpoint, emergency feedwater will not be actuated. If main feedwater

J
J

is lost, or if the ICS fails to control feedwater flow to the affected steam generator, emergency
feedwater is likely to be actuated. The affected steam generator continues to depressurize, while
the pressure in the isolated steam generator repressurizes and is controlled by the turbine bypass
valves and possibly the main steam safety valves. Auxiliary steam loads may also depressurize
the isolated steam generator. The cooldown of the RCS continues, resulting in reverse heat
transfer in the isolated steam generator. The cooldown of the RCS caused by the continued
addition of main and/or emergency feedwater to the depressurized steam generator may lead to a
loss of shutdown margin and a return-to-power. Any return-to-power is eventually shut down by
the boron injected from the High Pressure Injection (HPI) System and core flood tanks (CFTs).

I

The methodology thatfollows, unless specified otherwise, is applicable to both the analysis of

I

the original steam generatorswith RETRAN-02 and the analysis of the replacement steam
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generatorswith RETRAN-3D.. Tefollowing changes in the methodology are specific to
RETRAN-3D:

*

Steam generatormodeling differences in Section 15.2.1.5

*

Steam generatorwatercarryout control differences in Section 15.2.1.6

*

Reactor coolantpump modeling differences in Section 15.3.1.1.2

15.1.2 Acceptance Criteria
The acceptance criteria for the steam line break accident are as follows:
* The core will remain intact for effective core cooling, assuming minimum tripped
rod worth with a stuck rod.
*

Doses will be within 100% of 10CFR100 limits.

The steam line break analysis is performed assuming a stuck control rod, a single failure in the
Engineered Safety Features or the Emergency Feedwater System, and with consideration of both
offsite power maintained and offsite power lost. Fuel failure will be assumed for any fuel pin
that exceeds the DNBR limit.
15.1.3 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 the Oconee RETRAN-02
model (References 15-1 and 15-2) for the system thermal-hydraulic analysis. The with offsite
power RETRAN-02 analysis generates the transient core thermal-hydraulic boundary conditions
(core heat flux, core inlet flow, core inlet temperature and core exit pressure). The steam line
break with offsite power is a severe overcooling transient which results in a retum-to-power
condition. The affected loop cold leg temperatures are much colder than the unaffected loop and
cause asymmetric core inlet temperature conditions. To simulate this asymmetric condition
properly, a ]channel VIPRE-01 (Reference 15-3) model is used (Figure 15-1). A statepoint
DNBR calculation is performed since the return-to-power during the steam line break accident is
slow and a statepoint analysis provides conservative DNBR results. The RETRAN-02 thermal-
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hydraulic statepoint is analyzed using the SIMULATE-3P (Reference 154) code to determine a

L

detailed core power distribution including a stuck rod. The detailed core power distribution and
the statepoint conditions are then analyzed with the VIPRE-01 code to determine the minimum
DNBR.

For the without offsite power case, the core thermal-hydraulic boundary conditions from the
RETRAN-02 analysis are input to the Oconee VIPRE-0IL ]channel model (Reference 15-2) to
determine the DNBR statepoint. The VIPRE-01 model is then utilized to calculate a set of
maximum allowable radial peaking (MARP) limits such that DNB will not occur. The MARP

J

limits are compared against the SIMULATE-3P core power distribution to determine the number
of fuel pins exceeding the DNB limit and therefore assumed to fail.

15.2

Simulation Codes and Models

15.2.1 RETRAN-02
The RETRAN-02 Oconee base model described in Section 2.2.1 of Reference 15-2 is utilized for
the steam line break analysis except as described below. The steam line break model has been
previously submitted (Reference 15-5) and approved by the NRC for the Oconee steam line
break accident mass and energy release modeling.
15.2.1.1 Nodalization of Reactor Vessel -

15-3
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15.2.1.2 Transport Delay Model
The transportdelay model is known to produce anomalous predictionsifflow reversals occur.
This model is turned off in the primary loop piping volumes ifflow reversals are predicted in
those volumes.

I-

15.2.1.3 Condensate/Feedwater System Model
A Condensate/Feedwater System model is added to the RETRAN base deck to accurately predict
the feedwater flow boundary condition during the steam line break accident. The
Condensate/Feedwater System model contains fill tables to simulate the condensate booster
pumps and the D heater drain pumps. Homologous pump curves are included to accurately
model the main feedwater pumps. Non-conducting heat exchangers are used to model all of the
feedwater heaters.
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15.2.1.4 OridinalSteam GeneratorRETRAN-02 Model

Low steam generator tube plugging will maximize the transient primary-to-secondary heat

L]
L

transfer. The assumption of low steam generator tube plugging also maximizes the RCS volume,
which slightly increases the overall heat capacity of the RCS. Sensitivity studies have been
performed and have determined that the impact of the tube plugging on the heat transfer area is

l

the dominant effect. Based upon plant data, a lower bound of 1%tube plugging is modeled.
The vertical junction option is used for the aspirator junctions to smooth the enthalpy and mass

||

flow rate predictions through the aspirator port during the accident. This is necessary due to the
reverse flow predicted through these junctions during the accident. The inertia for these
junctions is also increased in order to minimize the rate of change in flow through the aspirator
ports. The choking option (Extended Henry and Moody) is turned on at the steam generator exit
nozzle junction, which is reasonable given the high steam velocities. The choking option is
turned off at the feedwater nozzle junction, which will result in more feedwater entering the

_

J
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faulted steam generator. The isoenthalpic expansion choked flow option is utilized for Junctions
126, 134, 225, 226 and 234. This avoids junction enthalpy errors when the enthalpy decreases

_

below 170 Btullbm (Moody limit). In addition, dynamic slip is modeled in Junctions 136 and
137. This is done in an attempt to minimize the liquid carried into the steam line.

J

15.2.1.5 Replacement Steam GeneratorRETRAN-3D Model

J

Zero steam generatortube plugging is assumed to maximize the primary-to-secondaryheat

l

transfer. The choking option (Extended Henry andMoody) is turned on at the steam outlet
nozzle to accountfor theflow restrictingorfice. T7he verticaljunction option is used and the
inertia is increasedfor the aspiratorjunctions to smooth the enthalpy and massflow rate
predictions. The isoenthalpicexpansion chokedflow option is used at the aspiratorjunctions to
avoidjunction enthalpy errorsshould the enthalpy decrease to below 170 Btu/lbm, which is the
Moody model limit. The junctionflow areafor the steam generatorcold leg outlet nozzle in the
unaffected loop is increased if a code abortoccurs.
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15.2.1.6 Steam GeneratorWater Carrvout Control

Water carryout during blowdown of the affected steam generator can have the effect of reducing
the rate of overcooling, since water that does not boil in the tube bundle region will not absorb
the heat of vaporization. A secondary concern with water carryout in a steam line break analysis
is that the break flow with two-phase conditions will be considerably less on a volumetric basis
than single-phase steam flow, and will thus slow the rate of steam generator depressurization.
This in turn slows the decrease in steam generator saturation temperature and the primary-tosecondary heat transfer rate, which is non-conservative. However, with uncontrolled main and/or
emergency feedwater flow, steam generator overfill will eventually occur. Water carryout at that
time is realistic. Possible unrealistic or non-conservative water carryout is addressed in the
model.
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15.2.1.7 Break Model
The break is modeled by dividing the ruptured main steam line into two volumes with a
connecting junction, and by adding the two break junctions. The full cross-sectional area of the
34" main steam line is 6.3 ft2 . Thus, the double-ended break of the 34" main steam line results in
a total initial break flow area of 12.6 ft2 .
7The replacementsteam generatorshaveflow restrictingorifices in the steam outlet nozzles.
These reduce the criticalflow areato 1.804ft2 per steam generator, and decrease the blowdown
rate relative to the originalsteam generators.
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15.2.2 VIPRE-O1

I

The VIPRE-O1 code is used for the steam line break core thermal-hydraulic analyses. VIPRE-O0

I
I
I
I

thermal-hydraulic boundary conditions (core exit pressure, core inlet temperature, core inlet
flow, and heat flux) are obtained from the RETRAN-02 system transient simulation. Since the
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moderator heating, flow correlations, and other correlations is identical to that described in
Reference 15-2. The subcooled and bulk void correlations are different than those in Reference
15-2, and are described in Section 15.3.1.2.3.-The critical heat flux (CHF) correlations used to
evaluate the DNBR are the Westinghouse W-3S (Reference 15-3, Appendix D) for the Mk-B 10
or Mk-B 11 fuel types, and the BWU (References 15-7 and 15-8) correlations for Mark-B 11 fuel.
For the without offsite power analysis, theE )channel VIPRE-01 model described in Reference
15-2 is used to calculate the transient local coolant properties and DNBR. The BWC (Reference
15-6) and BWU CHF correlations are used to perform the DNBR calculations for the Mk-B lOT
and Mk-B 11 fuel assembly types, respectively. The ViPRE-OI analysis employs the SCD
methodology for the offsite power lost case.
15.2.3 SIMULATE-3P
SIMULATE-3P is used to generate safety analysis physics parameters and three-dimensional
core pin power distributions. The system transient response during a steam line break accident is
sensitive to core temperature feedback. The moderator reactivity versus temperature and the
Doppler reactivity versus fuel temperature curves are selected such that the most limiting
conditions, which occur at end-of-cycle (EOC), are predicted.
The asymmetric conditions for the with offsite power analysis require non-uniform core inlet
temperatures to be input to SIMULATE-3P. The maximum worth stuck rod is conservatively
assumed to be in the cold half of the core which will increase the local reactivity and power. A
15-8
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10% reduction in the worth of the remaining control rods is also assumed. These assumptions
result in a conservative reactivity calculation and power distribution at the limiting RETRAN
statepoint. The SIMULATE-3P reactivity prediction is used to verify that the RETRAN kinetics
model is conservative. The SIMULATE-3P pin power distribution at the limiting RETRAN
statepoint is then input to VIPRE for the DNBR analysis.

I

For the without offsite power analysis, the stuck rod is conservatively assumed to be in the colder
half of the core since this will increase the local reactivity and power. SIMULATE-3P is used to
calculate the pin power distribution which is used to compare to the MARP limits generated in
the VIPRE analysis.
15.3

Transient Analysis

The steam line break analysis presented herein is divided into two sections. The first section
assumes that offsite power is available, and is concerned with the potential for a post-trip returnto-power and DNB. The second section assumes that offsite power is lost coincident with the
opening of the break, and is concerned with the flow coastdown and primary system

J
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depressurization effects on DNB.
15.3.1 With Offsite Power
15.3.1.1 RETRAN-02 Analysis
15.3.1.1.1 Initial Conditions
The initial conditions for the steam line break analysis with offsite power are selected to
maximize the RCS cooldown and depressurization, and thereby maximize the potential for a
post-trip return-to-power and DNB. Since the SCD methodology does not cover the range of
RCS pressures expected for the cases that assume offsite power is available, a deterministic
approach will be utilized in the selection of the initial conditions.
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Power Level
Full rated power plus uncertainty is assumed. High initial power level maximizes the initial
steam generator inventory and feedwater flow rate, both of which will maximize the primary-tosecondary heat transfer once the break occurs. A steam line break accident from hot zero power
(HZP) is not analyzed. At HZP, feedwater is aligned through the startup feedwater control
valves, which results in a much lower feedwater flow rate than at full power. Sensitivity studies
have been performed and have determined that the steam line break from HZP is bounded.
RCS Pressure
A low initial pressure minimizes the time to reactor trip. An earlier trip reduces the integrated
energy deposition into the RCS, leading to lower RCS temperatures. A lower initial pressure is
also conservative with respect to DNB. However, a lower initial pressure results in an earlier
actuation of the Engineered Safeguards Systems (HPI and CFTs) which inject boron into the
RCS and shut down the reactor if a return-to-power occurs. Sensitivity studies have been
performed and have determined that a low initial RCS pressure is the most limiting assumption.
Pressurizer Level
A low initial pressurizer level minimizes the volume of relatively hot water that drains into the
RCS upon pressurizer outsurge, thereby maximizing the RCS cooldown and any return-to-power.
Thus, nominal pressurizer level less uncertainty is assumed.
RCS Temperature
The ICS controls the average coolant temperature at a constant value whenever power is greater
than 15%. For the steam line break accident, a lower initial average coolant temperature will
result in a greater cooldown of the primary system. This will result in more positive reactivity
addition due to the negative moderator temperature coefficient, and thus maximize any return-topower. Thus, nominal RCS average temperature less uncertainty is assumed.
RCS Flow
Since this transient is being evaluated for minimum DNBR, a low initial RCS flow is used.
Core Bypass Flow

High core bypass flow is assumed which minimizes core flow and is conservative for DNB.
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Fuel Temperature
A low initial fuel temperature is used to minimize the stored energy in the fuel. A conservatively
low EOC fuel temperature is assumed.
Steam Generator Mass
A conservatively high steam generator mass is assumed to maximize the overcooling.

L

15.3.1.1.2 Boundary Conditions

LI

The key boundary conditions for the steam line break with offsite power are as follows:

a

Break Opening Time

J

A break opening time of 0.1 seconds is assumed. Based on sensitivity studies performed, shorter
break opening times do not significantly alter the initial secondary side depressurization.

j

Reactor Coolant Pump Modeling
The RETRAN two-phase flow degradation model is used for the RCPs since significant voiding
is predicted in the unaffected loop. In the RETRAN-02 analysisfor the originalsteam
generators, the RCPs in the unaffected loop are trippedat 100 seconds to avoid a code error
associatedwith pressure oscillationsin this loop due to two-phase performance. Tripping the
RCPs in the unaffected loop has a conservative impact on the cooldown of the RCS since there is
reverse heat transfer taking place in the steam generator." In the RETRAN-3D analysisfor the

J
J
J

replacementsteam generatorsthis code errordoes not occur and the RCPs are not tripped

Turbine Stop Valves
A slow turbine stop valve stroke time (1.0 second) is assumed to isolate the unaffected steam
generator from the affected steam generator. This maximizes the overcooling.

l

Main Steam Safety Valves
The main steam safety valves are modeled using conservative assumptions for drift, blowdown
and valve capacity that maximize relief flow and minimize the secondary pressure response in
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the unaffected steam generator. A lower pressure will minimize the reverse primary-tosecondary heat transfer in this steam generator, and maximize the RCS cooldown.
Extraction Steam
To maximize the cooldown of the RCS, it is conservative to model the steam loads on the
isolated steam generator. A conservatively high extraction steam flow rate is assumed.
Decay Heat
To maximize the RCS cooldown, a low decay heat power level assuming a multiplier of 0.9 is
applied to the 1979 ANS Standard 5.1 decay heat power.
Single Failure
The analysis examines a single failure of the EFW control valve to the affected steam generator
or a single failure of the Engineered Safeguards that results in only one train of HPI.
15.3.1.1.3 Physics Parameters
Moderator Temperature Feedback
A table of reactivity as a function of moderator density is input to account for moderator
reactivity effects, The consequences of a steam line break accident are more severe at EOC due
to the more negative moderator temperature coefficient. The most negative EOC moderator
temperature feedback curve is used in the analysis.
Doppler Temperature Feedback
A table of reactivity as a function of fuel temperature is input to model Doppler reactivity effects.
The most negative Doppler curve is used in the analysis. However, the most negative Doppler
curve will also result in the largest negative feedback during any return-to-power. Since the
boron injected by the HPI system and CFTs limits the return-to-power (rather than the negative
reactivity due to Doppler feedback) it is conservative to assume a most negative Doppler curve.
Reactivity Weighting

U
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Beta-effective and Neutron Lifetime
A small value of P.frr and prompt neutron lifetime are chosen to maximize the power decrease on
reactor trip. Small values of these parameters will also enhance any return-to-power. EOC

j

decay constants and delayed neutron precursor fractions are also assumed.
Scram Curve and Worth
The control rods are inserted when the reactor trips. For this analysis, a top-peaked scram curve
and a lower bound on the rod insertion time are assumed. These assumptions minimize the posttrip energy addition to the RCS, leading to a greater cooldown. A scram worth is selected which
maintains a reactivity margin between the RETRAN-02 and SIMULATE-3P reactivity
predictions at the limiting RETRAN statepoint.

,

Boron Reactivity

_

Differential Boron Worth
A differential boron worth is used to model the reactivity addition from the boron injected by the
HPI pumps and the CFTs. A low differential boron worth (% Ak/k/ppm) is conservative in that it
will minimize the negative reactivity added by these systems.
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15.3.1.1.4 Control, Protection, and Safeguards Systems
Reactor Control
Following the steam line break, the combined effect of decreasing turbine header pressure and
T-ave would result in an increase in reactor demand to the high limit. Since a reactor trip will
occur within the first few seconds of the accident, it is reasonable to make the simplifying
assumption that the control rods are in manual control.
Reactor Trip
An early reactor trip is conservative in that it nmnimizes the integrated energy transferred into the
RCS, leading to a more severe cooldown. Thus, the variable low pressure trip and low RCS
pressure trip setpoints are adjusted to ensure an early reactor trip occurs. A lower bound on the
delay time for both trip functions is used.
RCS Pressure Control
No credit is taken for pressurizer heater operation. Due to the rapid depressurization of the RCS,
the pressurizer sprays, PORV, and safety valvesiare'not actuated.
Pressurizer Level Control
No credit is taken for the automatic operation of makeup and letdown to attempt to maintain
pressurizer level. The makeup and letdown flows are assumed to isolate simultaneously and to
be balanced prior to isolation. Not taking credit for the makeup and letdown is conservative for
the evaluation of minimum DNBR.
Emergency Core Cooling System
Minimum HPI flow is conservative for the steam line break, since the injected borated water
from this system helps to prevent or terminate any return-to-power as well as repressurize the
RCS. The HPI system is simulated using fill tables that model the A and B HPI pumps injecting
through the A train and the C HPI pump injecting through the B train. Sensitivity studies have
examined the effect of a failure in the 4160V switchgear or the failure of the EFW control valve
to the affected steam generator. For the cases that assume an EFW control valve single failure,
three HPI pump minimum flow is credited. Since reverse flow is established in the unaffected
loop, the A and B pump flow is injected in the unaffected loop. This maximizes the flowpath the
injected boron must take to reach the core inlet, which delays the boron negative reactivity
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addition. For cases that assume the failure of one of the three available 4160V switchgear, the A

J

train of HPI is assumed to be lost. This results in the C pump injecting through the B train for
the first 10 minutes. The C pump injected flow occurs in the unaffected loop to maximize the
delay in the boron negative reactivity addition. The presence of any unborated water initially in
the HPI piping is modeled. A conservative minimum boron concentration is also assumed.
Similarly, the boron concentration in the CFTs is assumed to be a conservative minimum value.
Lower bounds on the initial CFT inventory, pressure and temperature are also assumed. These
assumptions will delay CFT injection, minimize the available inventory of borated water and
maximize the RCS cooldown.
Main Feedwater System
Since a reactor trip occurs within the first few seconds of the accident, changes in feedwater
control over this period of time will have a negligible impact on the accident. Following reactor
trip, the ICS rapidly decreases feedwater demand to zero, and then feedwater flow is restored
when steam generator level drops below the minimum level control setpoint. With the ICS in
manual MFW flow will continue and, assuming no credit for ICS control or operator action,
steam generator overfill will occur. The limiting assumption with respect to maximizing the
overcooling and reactivity addition has been determined by analysis to be the case with the ICS
controlling MFW to the minimum steam generator level setpoint including uncertainty.
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Emergency Feedwater System
The three emergency feedwater (EFW) pumps automatically start upon a loss of both main
feedwater pumps, and the two motor-driven pumps also start on a low steam generator level.
Low main feedwater pump discharge pressure (ATWS Mitigation System Actuation Circuit) can
also result in actuation of all three EFW pumps. If the ICS is functioning to throttle MFW flow
by controlling on steam generator level, EFW is not modeled. For the cases that assume the ICS
does not throttle MFW flow, EFW is actuated when the low MFW pump discharge pressure
setpoint plus uncertainty is satisfied. Maximum EFW flow is assumed to maximize the
cooldown. Nominally, the EFW flow is controlled to maintain a minimum steam generator level.
The analysis assumes the EFW level control setpoint is higher and includes uncertainty. For the
cases assuming a single failure in the EFWSystem, the EFW control valve to the affected steam
generator is assumed to fail full-open. A conservatively low temperature is assumed for the
EFW.
Feedwater Isolation 77e steam line break analyses do not credit automatic isolation of main
feedwater or emergencyfeedwvater by the Automatic FeedivaterIsolation System (AFIS).

Turbine Control
The steam line break causes a rapid decrease in steam generator pressure. Thus, the ICS will
attempt to close the turbine control valves in order to restore turbine header pressure to its
setpoint. Since steam flow to the turbine is maximized if the turbine control valves remain open,
it is conservative to assume that turbine control is in manual.
Turbine Bypass System
The Turbine Bypass System is assumed operable to limit the post-trip pressure in the unaffected
steam generator, thereby minimizing the secondary-to-primary heat transfer from the unaffected
steam generator to the RCS. This is conservative for maximizing the RCS cooldown.
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15.3.1.1.5 With Offsite Power Results

]

The limiting steam line break with offsite power analysis assumes uncontrolled mainfeedivater

I

flow. The single failure is assumed to be a train of Engineered Safety Features that results in
only one train of HPI for the first 10 minutes. Table 15-1 gives the sequence of events for this
case.
The steam line break initially causes the pressure to decrease in both steam generators (Figure
15-3). Break flowrates (Figure 15-4) for both steam generators rapidly increase. Breakflow
from the affected steam generatorthen steadily decreases,following pressure, until liquidbreak
flow occurs at 260 seconds due to overfilling of the steam generator. After the turbine stop
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valves close, break flow from the unaffected steam generator stops, and the unaffected steam
generatorrepressurizes until about 30 seconds. Beyond this point in time, overcooling in the

i

affected steam generator decreases pressure in the unaffected steam generatordue to reverse
heat transfer. Then a water-solid condition is reached in the unaffected steam generatorand it

repressurizes. The affected steam generator is nearly fully depressurized by the end of the
simulation. Thie uncontrolled mainfeedivaterflow overfills the affected steam generatorat

J

J

approximately240 seconds, and the unaffected steam generatorat 214 seconds.

The cooldown in the affected loop leads the cooldown in the unaffected loop, as shown in the
cold leg and hot leg temperature responses (Figure 15-5). The cold leg temperature in the

J

unaffected loop increases once the turbine stop valves close, and then the overcooling in the
affected loop cools the unaffected loop. The RCS has cooled to less than 250'F by the end of the

simulation.
The total, moderator, Doppler, boron, and control rod reactivities are presented in Figure 15-6.
The negative reactivity insertion at the beginning of the transient is due to the reactor trip and
control rod insertion. The cooldown causes positive reactivity insertion due to the negative
moderator and Doppler coefficients. The core remains subcriticalthroughout the post-trip
period, with the minimnum subcritical margin reachedat about 110 seconds. Boron injection
from the coreflood tanks, and then laterfrom the HPI System provides sufficient negative
reactivity to maintain the subcriticalmargin.

15-17

J

The reactor power (Figure 15-7) decreases rapidly on reactor trip and then approachesthe decay
heat power level. The minor fluctuations in the thermal power heat flux are caused by flow
surges in the core which result from flow degradation due to two-phase conditions in the
unaffected loop. RCS pressure (Figure 15-8) rapidly decreases until the affected loop and reactor
vessel head begin to saturate at approximately 4 seconds. After this time, RCS pressure
continues to decrease for the remainder of the simulation, allowing the core flood tanks to inject.
Core inlet mass flow (Figure 15-9) initially increases with time following the steam line break.
Since the reactor coolant pumps provide essentially constant volumetric flow, the decreasing
RCS temperatures initially result in an increase in mass flow. However, as the unaffected loop
begins to void and RCP performance degrades as predicted by the RETRAN two-phase pump
degradation model, core inlet flow decreases to approximately 80% of the initial flow. Core
flood tank and HPI System injection refill the RCS, and single-phaseflow is restored. by 160
seconds.

15.3.1.2 VIPRE-01 Analysis
15.3.1.2.1 Initial and Boundary Conditions
The RETRAN-02 analyses provide the limiting statepoint core exit pressure, core inlet
temperature, core inlet flow rate, and core average heat flux for [

3. These boundary conditions are input to VIPRE-01 as steady state boundary

conditions.
15.3.1.2.2 Axial and Radial Power Distributions
Axial Power Distributions
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Radial Power Distribution

The maximum pin radial power peak in the hot assembly is calculated explicitly by SIMULATE.
Also, utilizing the hot assembly pin radial power distributions as described in Reference 15-2, the
hot assembly pin radial power distributions for the return-to-power situation can be derived. For

L
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15.3.1.2.3 Flow Correlations
For the steam line break with offsite power case, subcooled and bulk voids are modeled with the

)Sensitivity

studies have shown that using this combination of void

correlations results in an acceptable prediction of DNBR.
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15.3.1.2.4 Conservative Factors

J

Conservative factors described in Reference 15.2 are applied to the[ ichannel VIPRE-01 model.

J

These conservative factors are the hot channel area reduction factors (2% for the hot unit
subchannel and 3% for the hot instrumentation subchannel), the engineering hot channel factor
(Fq) of 1.013, and the core inlet flow maldistribution factor. Based on the vessel model flow test
and Oconee core pressure drop measurement, the core inlet flow maldistribution is
conservatively modeled as a reduction in the hot assembly flow. Since in the with offsite power
RETRAN-02 analysis two RCPs are assumed to trip, the hot assembly flow reduction factor for
the VIPRE-01 DNB analysis is therefore[ 1% as described in Section 9.3.2.3.
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15.3.1.2.5 Critical Heat Flux Correlation
The W-3S CHF correlation is used for the with offsite power steam line break DNBR analysis.
The historical range of applicability for the W-3S correlation is (Reference 15-3):
Pressure (psia)

1000 to 2300

Mass flux (106 Ibm/hr-ft 2 )

1.0 to 5.0

Quality (equilibrium)

-0.15 to 0.15

The W-3S CHF correlation has been approved by the NRC for analysis with system pressures as
low as 500 psia and mass flux as low as 0.5 x 106 Ibmlhr-ft2 (References 15-9 and 15-10).
7The BWU-Z CHF correlationwith the 0.98 Mk-Bi I multiplier is also usedfor the with offsite
power steam line break DNBR analysisfor Mk-Bl lfuel only. The minimum DNBR design limits
are asfollows for the following parameterranges of applicabilityforthis correlationand design
limit:
Design DNBR
Pressure(psia)

315 to 700

1.59

700 to 1000

1.20

1000 to 2465

1.19

Mass flux (106 Ibm/hr-ft2 )

0.36 to 3.55

Quality

less than 0.74

15.3.1.2.6 Results
Using the limiting statepointfrom the RETRAN-3D analysis discussed in Section 15.3.1.1.5 it
was evident that the reactorremainedsubcriticalfollowingreactortrip. 77Terefore, no detailed
VIPRE analysis was necessary and the acceptance criterion discussed in Section 15.1.2, is met.

15.3.1.3 SIMULATE-3P Analysis
The limiting RETRAN statepoint conditions for the steam line break analysis with offsite power
are input to SIMULATE-3P. The SIMULATE analysis also demonstrates that a large negative
post-trip reactivity margin is maintained. Therefore, the RETRAN reactivity prediction is
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conservative. T7he results show that the reactorremains well criticalafter reactortrip, and so
the SIMULATE-3P power distribution results do not need to be input to the VIPRE-O0 code.

15.3.2 Without Offsite Power
15.3.2.1 RETRAN-02 Analysis

LI
15.3.2.1.1

Initial Conditions

The initial conditions for the steam line break analysis without offsite power are selected to
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maximize the RCS depressurization and maximize the post-trip core power response. The steam
line break analysis without offsite power is very similar to a loss of coolant flow analysis

j

(Chapter 9.0). Thus, sensitivity study results from the loss of coolant flow analysis are utilized to
select appropriate initial conditions. The transient RCS conditions for the steam line break

J

without offsite power are within the ranges covered by the statistical core design (SCD)
approach. Therefore, the analysis will utilize the SCD approach.
Power Level
Nominal full power will be assumed since the uncertainty in power is accounted for in the SCD

_

limit.
RCS Pressure
Low initial pressure is generally conservative for DNB calculations. The SCD limit accounts for
the uncertainty in indicated pressure.

I

Pressurizer Level
Sensitivity studies have concluded that initial pressurizer level is not an important parameter with
respect to DNB for the steam line break with offsite power lost analysis.

I

RCS Temperature
Nominal RCS average temperature will be assumed. The indication uncertainty and ICS
deadband associated with T-ave are accounted for in the SCD limit.
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RCS Flow
A low initial flow rate is conservative with respect to DNB calculations. The uncertainty in RCS
flow is accounted for in the SCD limit.
Core Bypass Flow
A high core bypass flow is assumed to minimize the coolant flow along the fuel rods.
Fuel Temperature
A high initial fuel temperature is conservative with respect to DNB calculations for loss of flow
analyses. Since BOC kinetics parameters are assumed, a maximum BOC fuel temperature is
assumed.
Steam Generator Mass
A conservatively high steam generator mass is assumed to maximize the overcooling.
15.3.2.1.2

Boundary Conditions

For a steam line break with coincident loss of offsite power, the reactor will trip and the RCPs
will begin to coast down. For this scenario the accident resembles a loss of flow accident with a
coincident depressurization. For a loss of flow accident, the minimum DNBR statepoint is
expected within the first few seconds of the RCP coastdown. Therefore, detailed modeling of
many boundary conditions that would not occur until after the limiting statepoint are
unnecessary. The boundary conditions for the steam line break with offsite power lost which
differ from the with offsite power case are as follows:
Loss of Offsite Power
The loss of offsite power occurs coincident with the break. The control rods are assumed to lose
power coincident with the loss of offsite power. Upon losing power, control rod insertion is
delayed to account for gripper coil release delay.- The loss of offsite power also initiates a
coastdown of the RCPs.
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Decay Heat
A decay heat multiplier curve is applied to the 1979 ANS Standard 5.1 decay heat power to
ensure that the RETRAN prediction of decay heat is conservatively maximized. Maximum
decay heat is conservative for loss of flow DNB analyses.
Single Failure
No single failure could be identified which affects the results.
15.3.2.1.3 Physics Parameters
Moderator Temperature Coefficient
Reactivity insertion curves as a function of temperature are used to model moderator temperature
feedback. BOC least negative values are conservative. This assumption minimizes the negative

j

feedback associated with any core moderator heatup that occurs with a loss of flow.
Doppler Temperature Coefficient
Reactivity insertion curves as a function of temperature are used to model Doppler temperature
feedback. BOC least negative values are conservative. This assumption minimizes the negative
feedback associated with any fuel heatup that occurs with a loss of flow.
Beta-effective and Neutron Lifetime
A large

peff

and prompt neutron lifetime are chosen to slow the core power decrease on control

I

rod insertion. BOC decay constants and delayed neutron precursor fractions are also utilized.
Scram Curve and Worth
The control rods are inserted when offsite power is lost. For this analysis, a bottom-peaked
scram curve and an upper bound on the rod insertion time are assumed. These assumptions
maximize the post-trip energy addition, which is conservative for the DNB prediction. A

J

minimum trippable worth (not to exceed a 1% A/k subcritical margin), including an allowance
for the most reactive rod stuck out of the core, is utilized in the analysis.
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15.3.2.1.4 Control. Protection, and Safeguards Systems
Main Feedwater System
On a loss of offsite power, the hotwell pumps and condensate booster pumps will trip, resulting
in a trip of the main feedwater pumps on low suction pressure. With the suction head
diminishing, the MFW pumps will rapidly coastdown. A maximum coastdown time is assumed
for the MFW pumps.
Emergency Feedwater System

;

The Emergency Feedwater System cannot start and deliver flow in the short duration of this
analysis and is not modeled.
FeedwaterIsolation The steam line break analyses do not credit automaticisolation of main
feedivater or emergencyfeedwater by the Automatic FeedwaterIsolation System (AFIS).

15.3.2.1.5

Results

The steam line break without offsite power case assumes offsite power is lost coincident with the
opening of the steam line break. Thus, an RCS flow coastdown also begins with the opening of
the break. Table 15-2 gives the sequence of events for this case.
The steam line break initially causes the pressure to decrease in both steam generators (Figure
15-1 1). Once the turbine stop valves close, the unaffected steam generator repressurizes. The
affected steam generator has depressurized to about 750 psig by the end of the simulation. The
break flow response is similar to what has been discussed for the with offsite power analysis.
The cooldown in the affected loop is almost the same as in the unaffected loop during the first
five seconds, as shown in the cold leg temperature response (Figure 15-12). The affected loop
hot leg temperature is slightly higher than the unaffected loop hot leg temperature due to the
outsurge of hot liquid from the pressurizer. The slight increase in hot leg temperatures from 2 to
5 seconds can be attributed to the RCS flow coastdown.
The RCS volumetric flow decreases for the duration of the simulation (Figure 15-13). This is the
result of the loss of offsite power. The loss of offsite power also results in control rod insertion,
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which drives the core kinetics response (Figure 15-14). Due to control rod insertion, the core

]

average fuel temperature begins to decrease. However, due to the relatively slow changes in the
moderator and fuel temperatures, and given that the time period of interest for DNB is within the
first 1-2 seconds of the flow coastdown, the moderator and Doppler feedback for the offsite
power lost analysis are generally negligible.

The reactor power decreases rapidly on reactor trip (Figure 15-15). The core thermal power also
decreases after reactor trip, but does not decrease as fast as neutron power. RCS pressure (Figure
15-16) initially decreases due to the effects of the steam line break and control rod insertion. As

]

flow and primary-to-secondary heat transfer begin to degrade, the RCS pressure begins to

recover between 3 to 5seconds. The RCS pressure increase is also a result of the closure of the

J

turbine stop valves.

15.3.2.2

15.3.2.2.1

VIPRE-01 Analysis

Initial and Boundary Conditions

The RETRAN analyses provide the transient core exit pressure, core inlet temperature, core inlet
flow rate, and core average heat flux for both core halves of the split reactor vessel model. For

j

the without offsite power analysis, both core halves have identical transient boundary conditions

I

for the duration of the analysis. These boundary conditions are input to VIPRE as transient
forcing functions.

15.3.2.2.2 Axial and Radial Power Distributions

For the SCD statepoint analysis, the axial power distribution is a chopped cosine shape with an
axial peak ofi lpeaked at X/L

=[ ], and the radial power distribution is the base model radial

power distribution with a hot pin radial power of

(Reference 15-3). For the maximum

allowable radial peak (MARP) analyses, a set of axial power shapes are analyzed. The
magnitude and elevation of the axial shape is varied to cover the full range of shapes resulting
from the nuclear design analysis.
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15.3.2.2.3 Conservative Factors
Since the SCD methodology is utilized for predicting the DNBR, the SCD limit accounts for
most of the uncertainties in key parameters. Based on the vessel model flow tests and Oconee
core pressure drop measurement, the core inlet flow maldistribution is conservatively modeled as
a reduction in the hot assembly flow. The hot assembly flow reduction factor for four-pump
operation is 5%.
15.3.2.2.4 Critical Heat Flux Correlation
The BWVU-Z critical heatflux (CHF) correlationis usedfor the steam line break transient DNBR
analysisfor the results presented. The range of applicabilityfor the BWU-Z CHF correlation
using the SCDprocedure is:
Pressure(psia)

1600 to 2242

Massflux (Mlbm/fIr-sqft)

0.36 to 3.55

Quality

<0.74

The BIV'U-Z CHF correlationSCD limitfor the steam line break transient is determined utilizing
the minimum DNBR statepoint boundary conditions described in Section 15.3.2.2.5.

15.3.2.2.5 Results
The transient VIPRE DNBR results are shown in Figure 15-17, with a minimum DNBR of 1.90
at 1.51 seconds. This statepoint is used to determine the SCD limit for the steam line break
transient. The MARP results are shown in Figure 15-18.
15.3.2.3 Fuel Pin Census
The MARPs are used for the fuel pin census. When the radial power peak of the fuel pin
exceeds the MARP limit during the transient, DNB and cladding failure are assumed to occur.
The fuel pin census is performed to determine the number of failed fuel pins during the steam
line break accident. The results of the fuel pin census indicate that no peaks exceed the MARP
limits, and therefore no cladding failure occurs for the steam line break accident. Based on this
result the core will remain intact for effective core cooling.
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Table 15-1
Sequence of Events
Steam Line Break - With Offsihe Power

Event

Time (sec)

Break opens

0.0

Third CBP starts

0.5

Reactor trip on variable low pressure-temperature

3.1

Control rod insertion begins

3.2

Turbine stop valves closed
Control rods fully inserted

4.2

HPI actuates

35.5

CFIT injection begins

97.4

Boron from CFI B starts / time of minimum subcritical
margin

110.1

Boron from CFT A starts

115.1

Boron injection from HPI begins

115.8

Simulation ends

600.0
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Table 15-2
Sequence of Events
Steam Line Break - Without Offsite Power
Event

Time (sec)

Break Opens, LOOP Occurs

0.0

RCPs Begin Coastdown
Reactor Trips
Control Rod Insertion Begins

0.14

Turbine Stop Valves Closed

1.72

Control Rods Fully Inserted

2.54

Simulation Ends

5.0

I

-I
-I
-1
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Figure 15-3
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Figure 15-7
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Oconec UFSAR Revisions for Replacement Steam Generators using RETRAN-3D

The following UFSAR Chapter 15 markups incorporate the analyses for the replacement
steam generators and the use of the RETRAN-3D methodology associated with topical
reports DPC-NE-3000, Revision 3, and DPC-NE-3005, Revision 2. These revisions are
not applicable to the current plant design with the original steam generators and the
RETRAN-02 analysis of record.

These revisions are referenced by the responses to Questions 20, 28, and 29.

Oconee Nuclear Station

UFSAR Chapter 15

15.8 Turbine Trip Accident

a

15.8.1 Identification of Causes and Description
The turbine trip accident is caused by events including a generator trip, low condenser vacuum, loss of
turbine lubrication oil, turbine thrust bearing failure, turbine overspeed, main feedwater pump trip, high
steam generator level, or a reactor trip. The rapid closure of the main turbine stop valves results in a rapid
increase in the secondary pressure and temperature. This degradation in the secondary heat sink creates a
mismatch between power generated in the Reactor Coolant System (RCS) and heat removed by the
secondary. As a result, the RCS temperature and pressure increase. The expected plant response to a
turbine trip would be an immediate reactor trip initiated by the turbine trip signal. The Turbine Bypass
System (TBS) and main steam code safety valves would then relieve steam in order to control the posttrip steam generator pressures. RCS pressure would be controlled by the pressurizer spray, PORV, and
heaters. In addition, feedwater would be automatically controlled by the Integrated Control System (ICS)
to maintain the post-trip steam generator levels at setpoint.

i

Li

The turbine trip accident is analyzed from a full power initial condition at beginning-of-cycle. The
analysis assumes that the pressurizer spray, pressurizer PORV, and the TBS are inoperable. In addition,
the pressurizer and main steam code safety valves are modeled using conservative assumptions for drift,
blowdown and valve capacity that minimize relief flow. The anticipatory reactor trip on turbine trip is
not credited. Main feedwater is isolated coincident with the turbine trip in order to maximize the steam
generator pressure. Also, no credit is taken for the Emergency Feedwater System (EFW), since the peak
pressure will be reached before EFW flow can start and have an effect on the transient response. The
analysis methodology and the-computer codes used in this analysis are given in Table 15-33. The initial
conditions. are given in Tabie 15-34. Tile Reactor Protective System and Engineered Safeguards System
setpoints and delay times are given in Table 15-35.

_|

L

No single failure has been identified which adversely'mpacts the results of the turbine trip analysis.
The turbine trip accident is considered to be a fault onmoderate frequency. The
this accident are that the minimum DNBR remains above the design limit, and that the peak RCS pressure
does not exceed 110% (2750 psig) of design pressure. The DNBR limit is not challenged since the
increase in RCS pressure more than offsets the slight increase in RCS temperature.

'ac'cptancecrite

15.8.2 Analysis
The turbine trip accident analysis results are shown in Figure 15-145, Figure 15-146, Figure 15-147,
Figure 15-148, and Figure 15-149, and the sequence of events is given in Table 15-46. Botli the%
1.k-BlIOT fkhc
a*4. Mk-BII fuel typc% a& analyzed. Due tc thz similariy in _th
rzeults, only !he A41)1
rcilts'
prasvnwd
.rc The analysis duration of 40 seconds is sufficient to demonstrate the peak RCS
pressure. The closure of the main turbine stop valves results in a rapid increase in steam line pressure
(Figiure 15-145) and temperature. The RCS hot and cold leg temperatures (Figure 15-146) increase due to
the increasing secondary side temperature. The increase in RCS temperatures causes pressurizer level
(Figure_15-147__
_
d RCS pressure (Figure 15-148) to increase, resulting in a reactor trip on high RCS
pressure at +4 seconds. Following the reactor trip the RCS temperatures, pressurizer level, and RCS
nt
values. T .
.r;cnoF
igure 15-149ksshows a-'4 e_
trior
to trip. At
seconds, RCS pressure at the bottomi of the
reactor vessel reaches a maximum value of 26H psig.

15.8.3 Conclusions

(31 DEC 2000)
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The turbine trip accident analysis results in a peak RCS prcssure of 24F
criteria arc mct.

psig. All of the acceptance
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Table 15-46. Turbine Trip Accident Scquence of Events
.

Event

Time (sec)

Turbine trip
MFW isolation
Main steam safety valves lift
High RCS pressure trip

00. 1,_

3

1.. /

-1

Control rod insertion begins
Peak RCS pressure occurs
Main steam safety valves reseat

I' End of simulation

7-5 Xr.
1.O6-0
40.0

4

I

J
I
(31 D)EC 2000)

I

iI

Figure 15-145. Turbine Trip Accident - Steam Generator Pressure
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Figure 15-146. Turbine Trip Accident
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Figure 15-147. Turbine Trip Accident - Pressurizer Level
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Figure 15-149. Turbine Trip Accident - Power

110r

100

-

80

=-=

e

9

70
e-

0

z

-=I

50
40
1
30

.

.

.

--

20

7

.

.

-

.

...

...

.

-

r

10

0

.

.

.

5

0

5

10

15

20
TIme (seconds)

25

30

35

4

35

40

Oconee Nuclear Station

Jf

UFSAR Chapter 15

j

15.13 Steam Line Break Accident
15.13.1

Identification of Causes and Description

j1

The steam line break accident is caused by a double-ended rupture of one of the two main steam lines.
The expected plant response to a large steam line break is as follows. The break initially results in a rapid
blowdown of both steam generators. The steam generator depressurization initiates a rapid Reactor
Coolant System (RCS) cooldown and depressurization, which results in a reactor trip on variable low
pressure-temperature within the first few seconds of the accident. The reactor trip causes the main turbine
stop valves to close, thereby isolating the affected steam generator from the unaffected steam generator.
The affected steam generator continues to depressurize while the unaffected steam generator
repressurizes. The main feedwater (MFW) pumps are tripped, the MFW valves on the affected steam
generator are closed, and the turbine-driven emergency feedwater (EFW) pump is inhibited from starting,
. )
Automatic Feedwater
_
when the _ n
Isolation System (AFIS) circuitry (Unt-l is actuated on low steam generator pressure. The motor-driven
EFW pumps start on main feedwater pump trip. The operator will manually trip all reactor coolant
pumps (RCPs) on a loss'of the subcooled margin fs ULUL 2 Zfd . Th operator -will tl.W. ..114 u11
uY
erorcling tra
G
I.-VI
rv. Unit lVhc
.
fitJ steam gGnarator to torminato th
I izolatoRE floY; lot-Iha
motor-driven EFW pump to the affe(ted steam generator is tripped by the AFIS circuitry when the rate of
depressurization setpoint is exceeded. EFW flow is automatically controlled to the unaffected steam
generator to provide the secondary heat sink. The High Pressure Injection System (HPI) will actuate on
low RCS pressure and will begin restoring RCS inventory. The operator will then throttle HPI flow to
maintain pressurizer level to the normal post-trip level.
The steam line break accident is analyzed both with and without offsite power. The with offsite power
maintained case analyzes end-of-cycle core conditions to maximize the positive reactivity addition
resulting from the RCS cooldown and any resulting return-to-power. The without offsite power case
analyzes beginning-of-cycle (BOC) core conditions to conservatively predict the approach to DNB as the
reactor coolant pumps (RCPs) coast down. No credit is taken for the
in
c
an
Imitigation crcuitty (Urno 2 and-3) or Automatic Feedwater Isolation System (AFIS) circuitry-(Unift-!)
since some of the components that actuate are non-safety grade. The non-safety ra
ta
since this assumption
System (ICS) is assumed to cuntid f1le minim,,m po? trip stenarL e,
Cioo 1 ;'i
of
MFW.
0
ICS
control
to
assuming
relative
to
be
conservative
has been demonstrated
S sctinint, ErPAt Iv.il-l ot b~-ac-e--tW1 The
aviql
nlcoulntralinsturgnrqn lee ot
analysis methodology and the computer codes used in the analysis are given in Table 15-3 3The initial (
conditions are given in Table 15-34. The Reactor Protective System and Engineered Safeguar
Protective System setpoints and delay times are given in Table 15-35.
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limiting single failure for the with offsite power analysis is the failure of a train of engineered safeguards -t&e {Pw
s u cm
that results in only one train of HPI. No single failure was identified which affects the results of the
without offsite power analysis. The maximum worth control rod is assumed to remain in the fully
withdrawn position.
The steam line break accident is considered to be a limiting fault. The acceptance criteria for this event
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both fiic! it foc.
;|W dIcey-ul V~ ;dbJ lo~Jvu
ro.!ear e 1 J'-'iI.J
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15.13.2

With OMfsite Power Analysis

;7hce steam line break accident with offsite power analysis is concerned with the magnitude of any posttrip return-to-power. A significant rcturn-to-power with the presence of a stuck rod may challenge the
DNB limit. The limiting scenario with respect to maximizing the overcooling and reactivity addition has
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are shown in lipture 15-40, Figure 15-41, Fiture 15-42, Fipure 15-43, Figure 15-157, Figure 15-158,

Fispure 15-159, and Figure 15-160. and the sequence of events is given in Table 15-5.
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The steam line break initially causes the pressure to decrease in both steam generators (Figture 15-40).
Break flowrates (Figture 15-41) for both steam generators rapidly

The reactor trips in-Gegeconds.

increase. After the turbine stop valves close, break flow from the unaffected steam generator stops. Breakflow from the affected steam generator decreases with decreasing pressure, and the unaffected steam
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Tue total, moderator, Doppler, boron and control rod reactivities are presented in Figure 15-43. The
negative reactivity insertion at thle beginning of the transient is due to the reactor trip and control rod
insertion. The cooldown causes positive reactivity. insertion due to the negative moderator and Doppler
coefficients.
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The reactor power IFip^ure 15-157
decreases rapidly on reactor trip. Tlic thermal power generally follows thle neutron power response
fluctuations in the hicat flux are caused by flow surges in the core which result from flow degradation due
(o two-phase conditions in the unaffected loop. _ pe*
r _
*
_ l6eu I Pectre
)pp-rn
udmlty I(0n cecndz. RCS pressure (Rigure 15-158) rapidly decreases until the affected loop and
reactor vessel head begin to saturate at approximately 4 seconds. After this time, RCS pressure continues

to decrease for tde remainder of the simulation.
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Core inlet mass flow (Figure 15-159) initially increases with time due to tlie decreasing RCS
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INSERT "A"
until about 30 seconds. The uncontrolled main feedwater flow overfills the affected
steam generator at approximately 240 seconds, and the unaffected steam generator at 214
seconds.

INSERT "B"
The core remains subcritical throughout the post-trip period, with the minimum
subcritical margin reached at about 110 seconds. Boron injection from the core flood
tanks, and then later the HPI system, provides sufficient negative reactivity to maintain
the subcritical margin.

J
J
J
J
I

J
I
INSERT "C"
Core flood tank and HPI System injection refill the RCS, and single-phase flow is
restored by 160 seconds.
Based on the reactor remaining subcritical post-trip, no return-to-power occurs.
Therefore, the DNBR is bounded by the steam line break without offsite power case, and
no detailed VIPRE-01 analysis is necessary.
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boe
results of th analysis are shown in Figure 15-161, Figure 15-162, Figur
15-163, Figure 15-164, Figurc 15-165, Figure 15-166 and Figure 15-167, and the sequence of events is
given in Tablc 15-48. The steam line break initially causes thle pressure to decrease in both steam
generators (Fieure 15-161). Once thc main turbirV stop valves close, the unaffected steam generator :5+tts to
repressurizei i o ns the tuj inc b
aMas ., The affected steam generator has depressurized to
res onse is similar to the with ofsitc power
about 4 psigthc end of the analysis. Tb, brea
in the unaffected loop as shown in
llg.cooldown in the affected loop i " s
The
the cold leg temperature response (Figure 15-162). The increase in hot leg temperatures is
ebytiic
r
flow coastdown. The affected loop hot leg temperature is slightly higher than the unaffected loop hot leg
temperature due to the post-trip outsurge from the pressurizer. The RCS volumetric flow decreases for sC o d2
the duration of the simulation (Figure 15-163). The control rod insertion on loss of offsite power
determines the core kinetics response (Figure 15-164). Due to the assumed BOC kinetics parameters and
tile short duration of the analysis, the moderator and Doppler reactivity feedback- is negligible. 77he reactor
neutron power decreases rapidly on reactor trip (Figure 15-165), with the thermal power responding
slower due to the thermnal delay. RCS pressure (Higure 15-166) rapidly decreases due to the effects of the
overcooling from the steam line break and from the control rod insertion. As flow and primary-tosecondary heat transfer begin to degrade, RCS pressure e44
4is
7 Lc'eCoevler.
-fw

.5

9reatc. r
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Environmental Consequences

A conservativc consequences analysis is performed for thc postulated doublc-ended break of a 36-inch
main steam line. The rapid cool-down of the Reactor Coolant System (RCS) and the associated positive
reactivity addition to the core do not lead to accident-induced fuel failures or breaches of the primary
system pressure boundary. Therefore, environmental consequences can only arise from atmospheric
recleases of pre-existing RCS activity via primary-to-secondary leakage and of contaminated secondary
system coolant:
Two postulated cases are analyzed:
Case 1: Equilibrium RCS iodine specific concentrations, at the technical specification limit,
exist at tile time of (lie accident. Thle primary activities for non-iodine isotopes bound
tile limits set by Technical Specifications. No iodine release rate spiking is assumed.
Case 2:

Pre-existing iodinc spike at tile time teie accident occurs. Tile reactor coolant
concentrations are the maximum permitted for full power operation (50 times thie
normnal equilibrium Tcchnical Specification Iinlit).

The secondary side coolant activity prior to the accident corresponds to linits sct by Technical
Specificationls.

Thc initial colnditioIS., boundaty conditions and assumptions oi hlic anal ysis arc chosen to mal.xililize cihC
release of radiontclildes to thle cnvironlentlby IllaXililizilng theC slOtld CleCnegy in t)e jcrillitry systeCll, the
(31 t)DEC 2001)
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Table 15-5. Stcam Line Break Accident - WVith Offsitc Power Case Scquence of Events
Event

Time (see)

Break opens

0.0

Reactor trip on variable low pressure-tempcrature

O1 3.j

Control rod insertion begins

(2

Third CBP starts5

ij
r~~~ue~I

3.2

p

-I.P q. 2

Turbine stop valves closed

I
I

Control rods fully inserted
11'qV opt

on

t~nnfTrtnjd

SG

35

4

HPI actuates
SS

-6.9-

unaffecfr

SG1

-56.9

Boron injection from HPI begins

-4

!'

'L'a=on

1is. q

CFT injection begins

431.5

Boron from CFT B starts

4-45O

110I1

Boron from CF[ A starts

I5S

I Is. I.

End of simulation

600.0

I

q-

I

r
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Table 15-48. Steam Line Break Accident - Without Offsite Power Case Sequence of Events
Time (see)

Event
Break initiates, offsite power lost,

reactor

tra

ps

0.0

RCPs begin to coast down
Control rod insertion begins

0.14

Turbine stop valves closed
Control rods fully inserted

. 7V2
2.54

End of simulation

(31 DEC2000)
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Figure 15-40. Steam Linc Break Accident - Withi OMsite Povcr - Steam Line Pressurc
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Figure 1541. Steam Line Break Accident- W'ithi Ofite Power- Bmrak Flowvrate
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Figure 1542. Steam Line Break Accident - With OMlsite Power - RCS Temperature
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Figure 15-43. Steam Une Break Accident - With Ofisite Power - Reactivity
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Figure 15.157. Steam Line Break Accident - With Olfsite Power - Power
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Figure 15-158. Steam Line Break Accident - With OlTsite Power - RCS Pressure
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Figure 15.159. Steam Line Break Accident - With OM~site Power - Core Inlet Flow
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Figture 15-161. SlcamiUne lreak Accident
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Figure 15-163. Stearn Line Break Accident - Without OlTsite Power -
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Figure 15-164 - Steam Line Break Accident - Withiotit OMEiTe Power - Reacthity
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15.17Small Steam Line Break Accident
Identification of Causes and Description
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The small steam line break accident is caused by small breaks in the steam lines or by failures of valves
connected to the steam lines. The break flowrate, the reactor kinetic behavior, and the status of the control
systems have a large effect on the plant response. The initial plant response to the increase in steam flow
is a decrease in steam generator pressure and an 'overcooling of the Reactor Coolant System (RCS). The
expected plant response with the Integrated Control System (ICS) in automatic would be for the main
turbine control valves to close to return turbine header pressure to the setpoint, the control rods would
insert to offset the increase in the reactor power due to the negative moderator coefficient of reactivity,
and main feedwater (MFW) flow would be controlled to maintain the secondary heat sink in balance with
the reactor power. This automatic response may be successful in not tripping the reactor. With the ICS in
automatic or manual control, a reactor trip on high neutron flux, flux/flow/imbalance, variable low
pressure-temperature, on turbine trip due to main feedwater pump trip, or by manual operator action
would be expected.
The small steam line break accident analyses assume that the ICS is in manual control for initial
conditions of full power with four reactor coolant pumps'(RCPs) in operation, and 80% power with three
RCPs in operation. The ICS in manual control is more limiting than with the ICS in automatic. A range
of break sizes and moderator temperature coefficients are analyzed to determine the combination that
approaches the most limiting conditions relative to the DNBR limit. The effect of a decrease in the
reactor vessel downcomer temperature on the indicated excore power range flux is modeled. Several
non-safety systems could cause a trip of the MFW pumps thereby mitigating the consequences of the
transient. These include the steam line break 'mitigation circuitry (which actuates some non-safety grade
components), the ICS high steam generator level trip, 'and the low MFV pump discharge pressure trip.
None of these non-safety systems are credited in- the analyses. The analysis methodology and the
computer codes used in this analysis are given in Table 15-33. The initial conditions are given in Table
15-34. The Reactor Protective System and Engineered Safeguards Protective System setpoints and delay
times are given in Table 15-35.

L

Operator action is credited with manually tripping -the reactor at 10 minutes if an automatic reactor trip
has not occurred. No single failure has been identified which adversely affects this transient.
A small steam line break accident is considered to be either a fault of moderate frequency (valves failing
open) or an infrequent fault (pipe break). To bound both types of events, the analysis assumes pipe
breaks as initiating events, with acceptance criteria corresponding to the less severe fault of moderate
frequency category. The acceptance criteria for this accident are that the minimum DNBR remains above

L

1.40 for both four and three RCP operation for the Mk-B 1 fuel type), that the centerline fuel melt limit is
not exceeded, and that the offsite doses will be within 10% of the IOCFRIOO limits.

I

15.17.2

L

the limit (I.56 fa,

Rep UOpatLuIL
ul

Analysis,,

cvi&

l.43.5 fL It

ROeP ufjiatLu..

s
o
BIlOT .i1n Mk-Bll fuel typeieare analyzed. H4o%'er
1lk B
~Dful

fr the 1k-BlOT

ful tap9;, ..ld

rL\-.t

, only the Mlk B1OT results arc prcsented

nll rczu'ft. The limiting small steam line break accident for DNB
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considerations is a break size of 1. ft2 initiated from three RCP operation, with a moderator temperature
coefficient of -1* pcm/°F. The transient response is given in Figure 15-168, Figure 15-169, Figure 15170, Figure 15-171, Figzure 15-172 and Figure 15-173 and the sequence of events is given in Table 15-49.
The duration of the analysis is t5es'eZonds, which includes the core conditions of minimum DNBR
margin. The blowdown out the break increases the steam flow exiting the steam generators by
approximately -3o (Figure 15-168). The steam generator pressure decrease (Figure 15-169) propagates
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throughout the secondary system, causing main feedwater flow to increase (Figure 15-170) and a decrease
in main feedwater temperature. RCS temperatures decrease (Figure 15-171) causing a power increase
(Figure 15-172) due to the negative moderator temperature coefficient of reactivity. As the power level
increases, the temperature increases and the moderator and Doppler feedback mitigates the power
excursion. The transient reaches a sustained power level of approximately I I-Wo. The high flux and the
flux/flow/imbalance trips do not actuate due to the effect of the decrease in the reactor vessel downcomer
temperature. The RCS pressure response (Figure 15-173) follows RCS average temperature. The system
analysis results are input to a detailed core thermal-hydraulic analysis assuming a standard reference
power distribution. The minimum DNBR of 1.3 is to
3 sn the Mk-B if design limit of 1.4
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cladding failurO and are counted in tho source term for the offcite dose calculation. -Th results of tha fuel
pin cenzus analysis for the small stcam line becak aeeident is that DNB margin exists for all of the fNei
th.l..
diate
desin Lut of 1.40.
p
Frr the Mkb BIt fudel type, the miumI55u... DMR of 1.499 is g
Fn.
Thus, no fuel failure is expected. The centerline fuel melt limit has been evaluated and it is not violated.

Environmental Consequences

A conservative consequences analysis is performed for the postulated small steam line break outside
containment. The transient cool-down of the Reactor Coolant System (RCS) and the associated positive
reactivity addition to the core do not lead to accident-induced fuel failures or breaches of the primary
system pressure boundary. Therefore, environmental consequences can only arise from atmospheric
releases of pre-existing RCS activity via primary-to-secondary leakage and of contaminated secondary
system coolant.
Two postulated cases are analyzed:
Case 1:

Equilibrium RCS iodine specific concentrations, at the technical specification limit, exist
at the time of the accident. The primary activities for non-iodine isotopes bound the
limits set by Technical Specifications. No iodine release rate spiking is assumed.

Case 2:

Pre-existing iodine spike at the time the accident occurs. The reactor coolant
concentrations are the maximum permitted for full power operation (50 times the normal
equilibrium Technical Specification limit).
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The secondary side coolant activity prior to the accident corresponds to limits set by Technical
Specifications.
The initial conditions, boundary conditions and assumptions of the analysis are chosen to maximize the
release of radionuclides to the environment by maximizing the stored energy in the primary system, the
primary to secondary leakage, and the secondary-side pressurization. The following assumptions and
parameters are used to calculate the activity release and offsite dose for the postulated small MLSB
accident:
1. The reactor is assumed to be at the end of a 500 EFPD cycle with extended operation at 102% full
power (2619.4 MWt).
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2. No core cladding ruptures or fuel melting occur during the accident.
3. Offsite power is maintained for the duration of the accident.
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Table 1549. Small Steam Line Break Accident S&quence of Events

Time (sec)
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C

pe--ne-.

3

E53

k&0 *Lr)

ceNtrov

5c;c.f...

10

Third dondensate Booster Pump actuates

L

M;

_ MDNBR occurs
;

Problem termination
Ae-

ccup

i26S

E~Lr 5 ;

C,

A

L *u

(o sJ

-

5.2

(31 DEC 2000)

LI
n"f'd

frnm Niar.Ipnr I irn.n-ninn Publication on:

I

4,94

Peak neutron power

on r

I

q.

Figure 15-168. Small Steam Line Brcak Accident- Steam Flowratc
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Figtre 15-169. Small Steam Line Break Accident
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Figure 15-170. Small Steam Line Break Accident - Main Feedwater Flowrate
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Figure 15-171. Small Steam Line Break Accident - RCS Temperatures
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Figure 15-172. Small Steam Line Break Accident - Power
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Figure 15-173. Small Steam Line Break Accident - RCS Pressure
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Attachment 6
Additional Revisions To
Topical Report DPC-NE-3005, Revision 2
"UFSAR Chapter 15 Transient Analysis Methodology"

]

The following additional revisions to topical report DPC-NE-3005, Revision 2, "UFSAR Chapter
15 Transient Analysis Methodology," are submitted for NRC review and approval. These

revisions to the topical report were identified subsequent to the submittal of Revision 2 on June
13, 2002.

,i

Chapter 1 - Introduction and Summary Revisions

_

1.

Section 1.3, Analysis Methodology, Main Feedwater Isolation" (Refer to Attachment 5,
Item #9 in June 13, 2002 submittal), the text is revised to reflect the station as-built status
for the AFIS modification
Change: "The large and small steam line break analyses do not credit automatic
isolation of mainfeedwater. Automatic isolation of main feedwater is by the Automatic
FeedwaterIsolation System (AFIS) for Unit 1, and by the Main Steam Line Break
Detection and FeedwaterIsolation Circuitryfor Units 2 and 3 (until AFIS is installedon
those units)."

J

l

I

To: "The large and small steam line break analyses do not credit automatic isolation of
main feedwvater or emergency feedwater by the Automatic FeedwaterIsolation System
(AFIS).

I

Technical Justification: The AFIS System has now been installed on all three units. This
editorial change is being made to keep the topical report consistent with current design.

|

Chapter 11 - Dropped Rod Analysis Methodologv Revisions
2.

I

Section 11.1.1, Nodalization, is revised to describe additional modeling details for the
main steam lines and condenser.

-

Delete the following sentence:

j

"A junction is added to the base model to connect the steam lines since an asymmetric
steam generatorresponse will occur during cases with ihree-pump operation."

j

Insert the following text:

6-1

Technical Justification: The original text does not completely describe the base model
nodalization changes that are used in the dropped rod analysis. The revised text includes
all of the nodalization changes. The revised text is similar to the Chapter 16 text for the
small steam line break analysis since the same modeling is used for both events.
Chanter 15 - Steam Line Break Methodology Revisions
3.

Section 15.2.1.5, Replacement Steam Generator RETRAN-3D Model, add a sentence
regarding increasing the junction flow area for the steam generator cold leg outlet nozzle
in the unaffected loop is increased if a code abort occurs.
Insert the following at the end of the paragraph:
"T7hejunctionflow areafor the steam generatorcold leg outlet nozzle in the unaffected
loop is increasedif a code abort occurs."

Technical Justificaton: During certain RETRAN-3D steam line break analyses a code
abort occurs. The cause of this problem was determined by the code vendor to be a
problem with the momentum flux term in the momentum equation at the steam generator
cold leg nozzle when voiding occurs. Several options to work around this error were
discussed. It was decided that the best option was to increase the junction flow area
during a restart to decrease the momentum flux term. This approach was successful in
avoiding the job abort. This modeling approach is only used when a job abort occurs.
No adverse impacts on the simulation results were identified as a result of this modeling
approach.
4.

Section 15.2.1.6, Steam Generator Water Carryout Control, has been revised for the main
steam line break modeling for the replacement steam generators using RETRAN-3D.
Insert the following at the beginning of the second paragraph:
T7hefollowing modeling approach is usedfor the RETRAN-02 analysis of the original
steam generators."

Insert the following new third paragraph:

-
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.

-
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I

[

Technical Justification:

LI
LI

LI

II
LI
I
5.

Section 15.3.1.1.2, Reactor Coolant Pump Modeling, the text is revised to describe the
current approach to tripping the reactor coolant pumps.
Change: "The RCPs in the unaffected loop are tripped at 100 seconds to avoid a code
errorassociatedwith pressureoscillations in this loop due to two-phase performance.
Tripping the RCPs in the unaffected loop has a conservative impact on the cooldown of
the RCS since there is reverse heat transfertaking place in the steam generator."
To: "In the RETRAN-02 analysisfor the original steam generators,the RCPs in the
unaffected loop are tripped at 100 seconds to avoid a code errorassociatedwith pressure
oscillations in this loop due to two-phase performance. Tripping the RCPs in the
unaffected loop has a conservative impact on the cooldown of the RCS since there is
reverse heat transfertaking place in the steam generator." In the RETRAN-3D analysis
for the replacementsteam generatorsthis code errordoes not occur and the RCPs are
not tripped."

Technical Justification: In the RETRAN-02 analysis a code abort occurred and tripping
the RCPs in the unaffected loop was the approach taken to avoid the code abort. This
approach was judged to be a conservative work around. In the RETRAN-3D analysis
this code abort does not occur, and so tripping the RCPs is not necessary. The RCP twophase model in the Oconee RETRAN model has been revised, and that is a contributor to
the improvement in the simulation.
6.

Section 15.2.1.2, Transport Delay Model, is revised to state that this model is only turned
off if reverse flow occurs in the primary loop piping.
Replace all text with the following:
6-3
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"The transportdelay model is known to produce anomalouspredictions ifflow reversals
occur. This model is turnedoff in the primary loop piping volumes ifflow reversals are
predicted in those volumes."

Technical Justification: The RETRAN base model includes the enthalpy transport delay
model in the primary loop piping volumes. Some steam line break analyses have
situations in which flow reversals can occur in primary loop piping volumes. This is
normally a result of idle reactor coolant pumps. It is knows that the transport delay
model can predict anomalous results if flow reversals occur. The existing text reflected
that this model was deleted in the steam line break analyses for this reason. The revision
states that this model is deleted only when flow reversals are predicted, since all RCPs
can remain in operation during some steam line break cases.
7.

Section 15.3.1.1.4, Control Protection and Safeguards Systems, under "Feedwater
Isolation" (Refer to Attachment 5, Item #40 in June 13, 2002 submittal), the text is
revised to reflect the station as-built status for the AFIS modification
Change: "The steam line break analyses do not credit automaticisolation of the main
feedwvater or emergencyfeedwater. Automatic isolationoffeedwater is by the Automatic
FeedwaterIsolation System (AFIS) for Unit 1, and by the Main Steam Line Break
Detection and Feedwvater Isolation Circuitryfor Units 2 and 3 (until AFIS is installed on
those units)."
To: "Thie steam line break analyses do not credit automaticisolationof mainfeedivater
or emergencyfeedwater by the Automatic FeedwaterIsolation System (A FIS).

Technical Justification: The AFIS System has now been installed on all three units. This
editorial change is being made to keep the topical report consistent with current design.
8.

Section 15.3.1.2.5, Critical Heat Flux Correlations, is revised to add the BWU-Z CHF
correlation with an extended pressure range for the main steam line break with offsite
power case for Mk-B 11 fuel only.
Insert the following text at the end of Section 15.3.1.2.5:
"The BWU-Z CHFcorrelationwith the 0.98 Mk-BI I multiplier is also usedfor the with
offsite power steam line break DNBR analysisfor Mk-BI 1 fuel only. The minimum
DNBR design limits are asfollowsfor thefollowing parameterranges of applicabilityfor
this correlationand design limit:
Design DNBR
1.59
Pressure(psia)
315 to 700
700 to 1000
1.20
1000 to 2465
1.19
2
Mass flux (106 Ibm! hr-ft )
0.36 to 3.55
Quality
less than 0.74"

Technical Justification: The FANP Mk-B 11 fuel assembly design has been licensed with
the FANP BWU-Z CHF correlation with the 0.98 Mk-B 11 multiplier. NRC approval of
this correlation and the associated DNBR design limits is documented in Duke Power
6-4

topical report "Thermal-Hydraulic Statistical Core Design Methodology," DPC-NE2005P-A, Revision 3, Appendix D. The pressure range for this correlation in this NRCapproved topical report is from 400 to 2465 psia. Duke requests NRC approval to extend
the low end of the pressure range from 400 psia to 315 psia. Duke has contracted with
FANP to extend the pressure range for the BWU-Z correlation based on additional CHF
test data that were not previously included in the Mk-B 11 data base. The three additional
test data points were tested at a test pressure of 315 psia. For all three of these data
points, the measured power at the point of CHF exceeded the power predicted by the
correlation, thus demonstrating the applicability of the correlation down to 315 psia.
FANP has verified that the above DNBR limit (1.59 for pressures as low as 315 psia)
remains valid for the above mass flux and quality ranges. The proposed extension of the
lower end of the pressure range is only applicable to Mk-B 11 fuel with the 0.98 Mk-B 11
multiplier.
9.

Section 15.3.2.1.4, Control Protection and Safeguards Systems, under "Feedwater
Isolation" (Refer to Attachment 5, Item #41 in June 13, 2002 submittal), the text is
revised to reflect the station as-built status for the AFIS modification
Change: "The steam line break analyses do not creditautomatic isolationof the main
feedwateror emergency feedwater. Automatic isolation offeedwvater is by the Automatic
FeedwvaterIsolation System (AFJS)for Unit 1, and by the Main Steam Line Break
Detection and Feedwvater Isolation Circuitryfor Units 2 and 3 (until AFIS is installed on
those units)."

To: "The steam line break analyses do not credit automatic isolation of mainfeedwater

LI

I
|

L
I
_|

or emergencyfeedwvater by the Automatic FeedwaterIsolation System (AFIS).

Technical Justification: The AFIS System has now been installed on all three units. This
editorial change is being made to keep the topical report consistent with current design.
Chapter 16 - Small Steam Line Break Methodology Revisions
10.

Section 16.1.3, Boundary Conditions, is revised to include new modeling for the steam
generator aspirator port.

I
I

Insert the following at the end of Section 16.1.3
"AspiratorPortModeling Durin" Downcomer Flooding (RETRAN-3D only)
The small steam line break scenario, as modeled, can result in flooding of the steam
generatordowncomer due to excessive main feedwvaterflow. Thte RETRAN-3D
prediction of aspiratorflow appears anomalous when the downcomer overfills andfloods
the aspiratorport. Continued steamflow into the aspiratoris predicted, which is not |
physical A control system is added that increasesthe aspiratorjunction loss coefficient
as downcomerflooding is approached. This alsoforces thefeed vater toflow up the
entire length of the steam generatortube bundle, which maximizes heat transfer."

Technical Justification: Review of RETRAN-3D cases showed anomalous aspirator flow
into the steam generator downcomer when the downcomer was flooded. Flooding of the
6-5
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downcomer would be expected to terminate steam flow into the downcomer. This
situation was addressed by adding a control system to increase the loss coefficient for the
aspiratorjunction as the downcomer approached being flooded. This modeling change
did not significantly change the overall results of the analysis, but was done for the
purpose of addressing the observed anomaly.
11.

Section 16.1.4, Physics Parameters, revise to make physics parameter values consistent
with time in core life.
Doppler Coefficient
Change: "The EOC least negative Dopplertemperaturecoefficient value is assumed."
To: "The least negative Doppler temperaturecoefficient value is assumed consistent with
the time in core life."

Beta-Effective and Neutron Lifetime
Change: "Thus, an EOC maximum value is assumed."
To: "Thus, a maximum value is assumed consistent with time in core life."
Change: "Therefore, typical EOC values are used."
To: "Therefore, values consistent with time in core life are used."

Technical Justification: The original methodology uses end-of-cycle (EOC) values for
the Doppler temperature coefficient, beta-effective, prompt neutron lifetime, delayed
neutron fractions, and decay constants. In the proposed methodology, the values of these
parameters are to be selected to be consistent with the time in core life. This is more
typical of industry practice and is preferable relative to the arbitrary use of EOC values.
It is noted that the small steam line break is not necessarily limiting at EOC. This
revision will improve consistency in the methodology.
12.

Section 16.1.5, Control Protection and Safeguards Systems, under "Feedwater Isolation"
(Refer to Attachment 5, Item #44 in June 13, 2002 submittal), the text is revised to reflect
the station as-built status for the AFIS modification
Change: "Thze steam line break analyses do not credit automaticisolation of the main
feedwater or emergencyfeedwater. Automatic isolation offeedwater is by the Automatic
FeedwaterIsolation System (AFIS)for Unit 1, and by the Main Steam Line Break
Detection and FeedwaterIsolation Circuitryfor Units 2 and 3 (until AFIS is installedon
those units). "
To: "The small steam line break analysesdo not credit automaticisolation of main
feedwater or emergencyfeedwater by the Automatic FeedwaterIsolation System (A FIS).

Technical Justification: The AFIS System has now been installed on all three units. This
editorial change is being made to keep the topical report consistent with current design.
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