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CLASSIFICATION/DISCLAIMER

The data, information, analytical techniques, and conclusions in this report have been prepared solely for
use by Dominion Energy (the Company), and they may not be appropriate for use in situations other than
those for which they are specifically prepared. The Company therefore makes no claim or warranty
whatsoever, expressed or implied, as to their accuracy, usefulness, or applicability. In particular, THE
COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, NOR SHALL ANY WARRANTY BE DEEMED TO ARISE FROM COURSE OF DEALING OR
USAGE OR TRADE, with respect to this report or any of the data, information, analytical techniques, or
conclusions in it. By making this report available, the Company does not authorize its use by others, and
any such use is expressly forbidden except with the prior written approval of the Company. Any such
written approval shall itself be deemed to incorporate the disclaimers of liability and disclaimers of
warranties provided herein. In no event shall the Company be liable, under any legal theory whatsoever
(whether contract, tort, warranty, or strict or absolute liability), for any property damage, mental or
physical injury or death, loss of use of property, or other damage resulting from or arising out of the use,

authorized or unauthorized, of this report.
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ABSTRACT

This Topical Report describes Virginia Electric and Power Company’s (Dominion Energy’s) Reactor
System Transient Analysis models for use with the RETRAN Computer Code. These models have been
qualified for UFSAR Chapter 14 and 15 non-LOCA transient analyses to support Surry Units 1 and 2,

North Anna Units 1 and 2, and Millstone Unit 3. The various reactor system component models are

described and qualified for their intended applications. Comparisons to plant data and alternate
calculations are provided. Restrictions and limitations and conditions of use imposed by the USNRC'’s

generic Safety Evaluation Reports for the RETRAN computer code are addressed.
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1 INTRODUCTION

Dominion Energy was formerly known as Dominion, Virginia Power, or (prior to January 15, 1985) as
Virginia Electric and Power Company (VEPCOQO) and the topicals referenced were submitted using the
former names in their titles. The current report introduces the Dominion Energy designation but retains
the prior nomenclature for citation of historical references.

This report is an update of VEP-FRD-41, VEPCO Reactor System Transient Analyses Using the
RETRAN Computer Code (Appendix 1). This report has been designated VEP-FRD-41-NP-A, Revision
0, Minor Revision 3. The purpose of this update is to reflect application of the topical report to Millstone
Power Station Unit 3 (MPS3). The NRC granted approval of the License Amendment Request (LAR,
Reference 1.0-1) which justified this application via the Safety Evaluation Report (SER) in Reference 1.0-
2. The SER is included in Appendix 11. Minor Revision 2 of the report supplemented the information
provided in Minor Revision 1 with discussion concerning the transition from the RETRAN-02 to the
RETRAN-3D version of the RETRAN code. Minor Revision 1 consolidated all changes to the Dominion
RETRAN models and to the RETRAN Code which have been reviewed and approved since the initial
issuance of Rev. 0-A of the topical report in April 1985 (Reference 1.0-3). Responses to NRC requests for
additional information (RAIs) pertaining to review of Rev. 0 of the report are provided for reference in
Appendixes 2-4.

RETRAN-3D is a general purpose thermal hydraulics code for transient analyses of complex fluid flow
systems. It contains an input structure that allows for the development of models to represent all types of
light water reactors. RETRAN has been used extensively by the U.S. and international safety analysis
community for decades. Details of the RETRAN-3D theory, numerics, qualification and application
guidelines may be found in Reference 1.0-4. A history of generic RETRAN code approvals is provided in
Section 3.

For a general description of Dominion’s Surry and North Anna plants, see Section 3 of Appendix 1.
Section 4 of Appendix 1 provides an overview of Dominion’s system transient analysis methodology.

Section 5 of Appendix 1 provides qualification comparisons to vendor (UFSAR) accident analyses and
plant transient data for the original 1-loop and 2-loop RETRAN models using RETRAN-01. Following NRC
approval of Rev. 0 of this report, Dominion changed the models over to RETRAN-02 based models.
Qualification of these new models was established by performing comparisons with the old RETRAN-01
based model. This was submitted to NRC for information and is provided for reference in Appendix 5.

In 1993, Dominion documented a major upgrade to the North Anna RETRAN model, including discrete
modeling of all three reactor coolant loops. This was submitted to the NRC for information in Reference
1.0-6. This submittal provided qualification comparisons between the old and new models for several
UFSAR transients as well as new comparisons to plant data for the 1987 steam generator tube rupture
event.

The NRC has reviewed all of the essential elements of the Dominion RETRAN models, including the
1993 upgrade as well as subsequent model refinements as part of the approval process for Revision 2 of
Dominion’s Reload Nuclear Design Methodology Topical Report VEP-FRD-42-A (Reference 1.0-7).
Relevant correspondence documenting this review process is shown in Table 2.1. The NRC documented
their review and approval of these model upgrades in Reference 1.0-8, which is included for reference as
Appendix 6. As part of the NRC review of VEP-FRD-42-A, the NRC generated several RAls. Responses
to these RAls are included for reference as Appendix 7. This is discussed further in Section 2.

In 2001, the NRC approved Topical Report NP-7450 Rev. 4, RETRAN-3D — A program for Transient
Thermal-Hydraulic Analysis of Complex Fluid Flow Systems (Reference 1.0-4). As part of the Safety
Evaluation Report (SER) (Reference 1.0-5) included as Appendix 8, the NRC stated that organizations
with NRC-approved RETRAN-02 methodologies can use the RETRAN-3D code in the RETRAN-02 mode
without NRC approval, provided that none of the new RETRAN-3D models restricted by the SER are
used. Dominion transitioned to RETRAN-3D based models in accordance with the conditions and
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limitations of the generic RETRAN-3D SER. Appendix 9 presents a qualification of the RETRAN-3D
models by comparison with the RETRAN-02 models for a representative set of transients.

In 2015, Dominion Energy submitted a LAR requesting application of Dominion Energy Safety Analysis
and Core Design Methodologies at MPS3 which included the transient analysis methodology using
RETRAN. Validation of the Dominion Energy RETRAN methodology and MPS3 model involved
comparing Dominion Energy calculations to the MPS3 analysis of record for selected transients. The
benchmark analysis submitted to the NRC for review is presented in Appendix 10. Relevant
correspondence documenting the NRC review process is shown in Table 2.1. The analysis demonstrates
acceptable agreement with the Westinghouse FSAR analysis performed for the MPS3 Stretch Power
Uprate. The MPS3 Methods Transition was approved by the NRC in 2016 in Reference 1.0-2 and is
included as Appendix 11.

Section 3 provides a brief review of the evolution of the RETRAN code.

Section 4 presents an overview of Dominion’s RETRAN-3D three-loop model for Surry and North Anna
and four-loop model for MPS3. Separate models are maintained for the three plants to reflect differences
in plant design and nodalization, but the modeling approach and philosophy are the same. Modeling
nomenclature, configuration, nodalization, and RETRAN code option selections are also discussed.

Section 5 discusses specific component models. Model features described (with corresponding section
numbers) are:

Generic problem definitions (5.1)
Reactor protection system (5.2)
Reactor vessel and core (5.3)
Primary piping (5.4)

Reactor coolant pumps (5.5)
Pressurizer (5.6)

e Pressurizer Sprays

e Pressurizer PORVs

e Pressurizer Safety Valves

e Steam Generators (5.7)

e Main Steam System (5.8)

Main Steam Safety Valves
Atmospheric Steam Relief Valves (PORVSs)
Steam line non-return valves
Main steam Isolation Valves
Condenser Steam Dump System
¢ Main feedwater system (5.9)

¢ Auxiliary feedwater system (5.10)

e Turbine EHC system and automatic runback (5.11)
o Safety Injection System (5.12)

¢ Reactor Kinetics (5.13)

Details of the qualification bases of the various component models are discussed in Section 5. Overall
model qualification is addressed in Section 6.

A list of abbreviations used throughout the report is provided in Section 8.
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2 DOMINION’S RETRAN MODEL HISTORY

Since the initial issuance of this report, significant extension and refinement of Dominion’s RETRAN
models have occurred. These changes were implemented under the provisions of 10 CFR 50.59 and
USNRC Generic Letter 83-11 Supplement 1 (Reference 2-1). An overview of these model upgrades is
provided in Section 2.4 of this report.

The NRC reviewed all model upgrades through June 2003 as part of the review of a separate topical
report, VEP-FRD-42, Revision 2, Reload Nuclear Design Methodology. Details of that review and the
subsequent evaluation are discussed below. Table 2.1 summarizes the relevant NRC licensing
correspondence regarding RETRAN models, and code use and application at Dominion.

The transition to RETRAN-3D requires upgrades to the formatting and input structure of some parts of
Dominion’s models. No changes to the modeling approach, nodalization, and philosophy previously
approved by the NRC have been conducted as part of this transition. Changes to the calculational
modeling techniques intrinsic to the RETRAN code as part of RETRAN-3D is documented in Section
3.1.3. The transition to RETRAN-3D is implemented via the provisions of 10 CFR 50.59 and USNRC
Generic Letter 83-11 Supplement 1 (Reference 2-1).

The Dominion Energy transient analysis methodology using RETRAN was extended to MPS3 in 2016.
The Dominion Energy MPS3 RETRAN base model contains alterations in noding with respect to the
modeling that is documented in VEP-FRD-41-P-A for the North Anna and Surry plants. These changes
are outlined in Section 2.4.3. The nodalization changes were communicated to the NRC in the MPS3
Methods Transition LAR (Reference 2.1-15). Additional changes are made to reflect the MPS3 plant
design and configuration. The application of VEP-FRD-41 to MPS3 was approved by the NRC in
Reference 2.1-12.

REFERENCE FOR SECTION 2

2-1 USNRC, Generic Letter 83-11, Supplement 1, “Licensee Qualifications for Performing Safety
Analyses,” June 24, 1999.

2.1 Review and Approval of Code and Model Updates

2.1.1 Updates through June 2003

The model updates and qualifications summarized in Section 2.4.1, Model Upgrades Through June
2003 and described in Section 5, System Component Model Descriptions, have been reviewed by the
USNRC as part of the approval of Topical Report VEP-FRD-42, Rev. 2.0-A (Reference 2.1-1). Review of
RETRAN as part of the Reload Nuclear Design Methodology stems from the use of RETRAN in
generating certain parameter limits in the Core Operating Limits Report (COLR) in accordance with the
provisions of USNRC Generic Letter 88-16 (Reference 2.1-2).

During the review process for VEP-FRD-42A (Ref. 2.1-1), Dominion submitted information related to the
qualification and use of the model upgrades described in Sections 2.4.1 and 5. The NRC'’s review and
approval of these changes is summarized in the Reference 2.1-1 SER and is provided below for
completeness. References excerpted from the SER have been renumbered and are also provided below.

In a letter dated August 10, 1993 (Reference 2.1-3), VEPCO informed the NRC staff of various
modifications and updates to its RETRAN model, and that these changes were to be
implemented under the provisions of 10 CFR 50.59. This letter described several changes to the
VEPCO RETRAN models, including expansion to a three-loop Reactor Coolant System and
multi-node steam generator secondary side. Although this letter was submitted for the North
Anna Power Station, VEPCO provided additional information on December 2, 2002 (Reference
2.1-4), and March 21, 2003 (Reference 2.1-5), justifying the applicability of the RETRAN model to
both the Surry and North Anna Power Stations. By letter dated December 2, 2002, VEPCO
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provided additional information regarding its capability to make modifications to the RETRAN
model. The NRC staff's SE dated April 11, 1985 (Reference 2.1-6) for the VEPCO RETRAN
model recognized that model maintenance activities would be performed under the utility’s 10
CFR 50 Appendix B Quality Assurance program and stated, “The staff requires that all future
modifications of VEPCO RETRAN model and the error reporting and change control models
should be placed under full quality assurance procedures.” The NRC staff has determined that
VEPCO has followed the requirements specified in the NRC staff's SE in updating the RETRAN
models. Additionally, the NRC staff has also determined the qualification, documentation, and
implementation of the new models was performed in a manner that meets the programmatic
elements of NRC GL 83-11, Supplement 1, “Licensee Qualification for Performing Safety
Analyses,” dated June 24, 1999 (Reference 2.1-7).

VEPCO is currently using RETRAN-02/MODO005.2. As such the NRC staff requested additional
information describing how each of the limitations, restrictions, and items identified as requiring
additional user justification in the generic NRC staff's SEs, through the currently used version, are
satisfied. This includes RETRAN02/MOD002 (Reference 2.1-8), RETRAN02/MODO003 and
MODO004 (Reference 2.1-9) and RETRANO02/MODO005 (Reference 2.1-10). By letter dated March
21, 2003 (Reference 2.1-5), VEPCO provided detailed information describing how each limitation
(approximately 48 total) is treated in the North Anna and Surry RETRAN models. The NRC staff
has reviewed VEPCO'’s responses and finds the limitations, restrictions and items identified as
requiring additional user justification are satisfactorily addressed.

Based on the above discussions, the NRC staff finds that the VEPCO RETRAN models and the
use of RETRAN continue to be acceptable for use in licensing calculations for the North Anna
and Surry Power Stations.

Table 2.1 provides a summary of relevant licensing correspondence with the USNRC regarding
Dominion’s RETRAN models.

2.1.2 Updates from June 2003 Through Issuance of Minor Revision 2

The model updates and qualifications summarized in Section 2.4.2, Model Upgrades from June 2003
Through Issuance of Minor Revision 2 and described in Section 5, System Component Model
Descriptions, have been approved through the processes described in Section 2.2.1. Specifically, the
transition from RETRAN-02 to RETRAN-3D has been performed in accordance with limitation and
condition of use 40 provided in the SER (Reference 2.1-11). The statement is provided below for
completeness.

Organizations with NRC-approved RETRAN-02 methodologies can use the RETRAN3D 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 83-11 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.

2.1.3 Updates Supporting Topical Report Application to Millstone Power Station Unit 3
(Minor Revision 3)

The model updates and qualifications summarized in Section 2.4.3, Model Upgrades Supporting
Application to Millstone Power Station Unit 3 (Minor Revision 3) and Section 6.2, Item 4
Benchmarks to Alternate Code Calculations, have been reviewed by the USNRC as part of the
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approval to adopt Dominion Energy Core Design and Safety Analysis Methods at MPS3 (Reference 2.1-
12). The NRC'’s statement granting approval of VEP-FRD-41 application to MPS3 is provided below for
completeness. References excerpted from the SER have been renumbered and are also provided below.

Based on the discussion of the benchmark analysis in Subsection 3.1.4.2.1 through Subsection
3.1.4.2.7 [of Reference 2.1-12], the NRC finds that: (1) the Dominion MPS3 RETRAN
benchmarking analysis has included appropriate non-LOCA cases discussed in MPS3 FSAR; (2)
the Dominion MPS3 RETRAN model compares reasonably well with the vendor RETRAN model
in predicting the trend of the RCS response for the selected non-LOCA cases; (3) the differences
in the magnitude of the RCS response can be explainable based on differences in nodal
schemes, inputs, or modeling assumptions, and; (4) the use of the Dominion RETRAN method is
within the NRC-accepted conditions. Therefore, the NRC staff determines that the RETRAN
methodology, as discussed in VEP-FRD-41, Rev. 02, References 2.1-13, 2.1-14, [Attachment 5
of] 2.1-15 and Section 3.4 of [Attachment 4,] Reference 2.1-15, is applicable to MPS3.

Table 2.1 includes a summary of relevant licensing correspondence with the USNRC regarding
application of VEP-FRD-41 to MPS3.

REFERENCES FOR SECTION 2.1

2.11

2.1-2

2.1-3

2.1-4

2.1-5

Letter from Scott Moore, USNRC, to D. A. Christian, Dominion, “Virginia Electric and Power
Company, Acceptance of Topical Report VEP-FRD-42, Revision 2, ‘Reload Nuclear Design
Methodology’, North Anna and Surry Power Stations, Units 1 and 2,” Serial No. 03-381, June 11,
2003.

USNRC, Generic Letter 88-16, “Removal of Cycle-Specific Parameter Limits from Technical
Specifications,” October 13, 1988.

Letter from Virginia Electric and Power Company to USNRC, “Supplemental Information on the
RETRAN NSSS Model,” Serial No. 93-505, August 10, 1993.

Letter from E. S. Grecheck (Dominion) to USNRC, “Virginia Electric and Power Company
(Dominion), North Anna Power Station Units 1 and 2, Surry Power Station Units 1 and 2,
Response to Request for Additional Information, Dominion’s Reload Nuclear Design Methodology
Topical Report,” December 2, 2002 (Serial No. 02-662).

Letter from L. N. Hartz (Dominion) to USNRC, “Virginia Electric and Power Company (Dominion),
North Anna Power Station Units 1 and 2, North Anna Power Station Units 1 and 2, Request for
Additional Information on VEP-FRD-42, Reload Nuclear Design Methodology,” March 21, 2003
(Serial No. 03-183).

Letter from C. O. Thomas (NRC) to W. L. Stewart (Virginia Power), “Acceptance for Referencing
of Licensing Topical Report VEP-FRD-41, ‘Virginia Power Reactor System Transient Analyses
Using the RETRAN Computer Code,” April 11, 1985.

USNRC, Generic Letter 83-11, Supplement 1, “Licensee Qualification for Performing Safety
Analyses,” June 24, 1999.

Letter from C. O. Thomas (NRC) to T. W. Schnatz (UGRA), “Acceptance for Referencing of
Licensing Topical Reports EPRI CCM-5, ‘RETRAN-A Program for One Dimensional Transient
Thermal Hydraulic Analysis of Complex Fluid Flow Systems,” and EPRI NP-1850-CCM,
“‘RETRAN-02-A Program for Transient Thermal-Hydraulic Analysis of Complex Fluid Flow
Systems,” September 4, 1984.
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2.1-10

2.1-1

2.1-12

2.1-13

2.1-14

2.115

Letter from A. C. Thadani (USNRC) to R. Furia (GPU), “Acceptance for Referencing Topical
Report EPRI-NP-1850-CCM-A Revisions 2 and 3 Regarding RETRAN02/MODO003 and
MODO004,” October 19, 1988.

Letter from A. C. Thadani (NRC) to W. J. Boatwright (RETRANO2 Maintenance Group),
Acceptance for Use of RETRAN02 MODO005.0, November 1, 1991.

Letter from S. A. Richards (USNRC) 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.

Letter from Richard V. Guzman (USNRC) to D. A. Heacock (Dominion), “Millstone Power Station,
Unit No. 3 — Issuance of Amendment Adopting Dominion Core Design and Safety Analysis
Methods and Addressing the Issues ldentified in Three Westinghouse Communication
Documents (CAC No. MF6251),” July 28, 2016 (Serial No. 16-317).

Letter from Mark D. Sartain (Dominion) to USNRC, "Dominion Nuclear Connecticut Inc.,
Millstone Power Station Unit 3, Response to Request for Additional Information Regarding
License Amendment Request to Adopt Dominion Core Design and Safety Analysis Methods and
to Address the Issues Identified in Westinghouse Documents NSAL-09-5, Rev. 1, NSAL-15-1,
and 08-1C-03," February 25, 2016, (Serial No 16-011A).

Letter from, Daniel G. Stoddard (Dominion) to USNRC, "Dominion Nuclear Connecticut Inc.,
Millstone Power Station Unit 3, Response to Request for Additional Information Regarding
License Amendment Request to Adopt Dominion Core Design and Safety Analysis Methods and
to Address the Issues Identified in Westinghouse Documents NSAL-09-5, Rev. 1, NSAL-15-1,
and 08-1C-03," March 29, 2018, (Serial No. 16-011B).

Letter from Mark D. Sartain (Dominion) to USNRC, "Dominion Nuclear Connecticut Inc., Millstone
Power Station Unit 3, License Amendment Request to Adopt Dominion Core Design and Safety
Analysis Methods and to Address the Issues Identified in Westinghouse Documents NSAL-09-5,
Rev. 1, NSAL-15-1, and 08-IC-03," May 8, 2015, (Serial No. 15-159).




VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

TABLE 2.1

VEPCO / Dominion RETRAN Model Correspondence

Date Document Title Contents
4/14/81 Letter from W. N. Thomas to H. R. Denton Requests review of Topical
(USNRC), “Vepco Reactor System Transient Report VEP-FRD-41.
Analyses,”
SN 215.
6/8/82 USNRC Inspection Reports 50-338/82-16, 50- Reports no findings for inspection
339/82-16, 50-280/82-16 and 50-281/82-16 of Vepco RETRAN V&V
activities.
10/6/83 Letter from W. L. Stewart to H. R. Denton Resubmits info copy of VEP-
(USNRC), Amendment to Operating Licenses FRD-41 to support a licensing
DPR-32 and DPR-37, Surry Power Station Units 1 | application of the code & model
and 2, Proposed Technical Specifications (Surry BIT Removal)
Change, SN 521A.
2/27/84 Letter from W. L. Stewart to H. R. Denton Responds to a NRC Request for
(USNRC), “Vepco Reactor System Transient Additional Information (RAI)-
Analyses, Supplemental Information”, provides more detailed noding
SN 060. description of 1 and 2-loop
models described in the topical
report. [See Appendix 2]
7/12/84 Letter from W. L. Stewart to H. R. Denton Responds to NRC RAI- provides
(USNRC), “Vepco Reactor System Transient description of system component
Analyses”, models, input options, and
SN 376. provides the results of sensitivity
studies for several transients.
[See Appendix 3]
8/24/84 Letter from W. L. Stewart to H. R. Denton Responds to NRC RAI- provides
(USNRC), “Vepco Reactor System Transient description of control system
Analyses”, models, and proprietary and
SN 376A. nonproprietary versions of
comparisons between Vepco
RETRAN model and LOFTRAN
predictions. [See Appendix 4]
4/11/85 Letter from C. O. Thomas (USNRC) to W. L. Provides VEP-FRD-41 Rev. 0

Stewart, “ Acceptance for Referencing of
Licensing Topical Report VEP-FRD-41, ‘Vepco
Reactor System Transient Analysis Using
RETRAN Computer Code.”

SER.
[Incorporated in VEP-FRD-41A
Rev. 0- see Appendix 1]
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date Document Title Contents
7/3/85 Letter from W. L. Stewart to H. L. Thompson Issues VEP-FRD-41A.
(USNRC), “Virginia Power, Issuance of the [See Appendix 1]
RETRAN Code Report”, SN 85-277.
8/21/85 Letter from W. L. Stewart to H. R. Denton Confirms that an input deck
(USNRC, “Virginia Power, Surry and North Anna listing of the Surry 1-Loop model
Power Stations, Reactor System Transient was provided to Standardization
Analyses,” SN 85-570. and Special Projects Branch in
fulfillment of a condition in the
VEP-FRD-41 SER.
11/19/85 Letter from W. L. Stewart to H. R. Denton (NRC), Submits (for information)
“Virginia Electric and Power Company, Surry and comparisons between RETRAN-
North Anna Power Stations, Reactor System 01 and RETRAN-02 and
Transient Analyses, (Serial No. 85-753). documents Vepco’s intention to
transition to RETRAN-02.
[See Appendix 5]
8/10/93 Letter from M. L. Bowling to USNRC, North Anna Forwards description and
Power Station Units 1 and 2, Supplemental qualification of the North Anna 3-
Information on the RETRAN NSSS Model. (Serial Loop model for information, and
No. 93-505) affirms that model upgrades have
been performed under the
provisions of 10 CFR 50.59.
3/27/02 NRC RAI, “Dominion’s Reload Nuclear Design NRC RAI forwards observation

Methodology Topical Report, VEP-FRD-42
Revision 2, North Anna Power Station Units 1 and

2, Surry Power Station Units 1 and 2, Docket Nos.

50-338/339 and 50-280/281 Dated October 8,
2001, ” March 27, 2002.

that the August 1993 submittal,
previous entry, was not reviewed
and requests clarification on the
acceptability of the upgraded
models to support COLR limits
under the provisions of Generic
Letter 88-16. Also asks for
information relating to the
applicability of the RETRAN
models to Framatome Fuel.
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date Document Title Contents

5/13/02 Letter from L. N. Hartz to USNRC, “Virginia Responds to NRC RAI of
Electric and Power Company (Dominion), North 3/27/02. Describes the
Anna Power Station Units 1 and 2, Surry Power development of RETRAN model
Station Units 1 and 2, Response to Request for overlays for Framatome fuel.
Additional Information, Dominion’s Reload Presents elements of Dominion’s
Nuclear Design Methodology Topical Report,” model maintenance philosophy.
May 13, 2002 (Serial No. 02-280).

10/25/02 Letter from S. R. Monarque and G. E. Edison, States NRC'’s intention to
USNRC, to D. A. Christian, “North Anna Power formally review the 8/10/93
Station Units 1 and 2 and Surry Power Station submittal as part of the VEP-
Units 1 and 2, Request for Additional Information | FRD-42 Rev. 2 review and
on Virginia Electric and Power Company’s Reload | makes the observation that the
Nuclear Design Methodology Topical Report submittal was packaged as a
VEP-FRD-42.” North Anna only model upgrade

and asks for Surry information.
12/2/02 Letter from E. S. Grecheck to USNRC, “Virginia Responds to NRC 10/25/02:

Electric and Power Company (Dominion), North
Anna Power Station Units 1 and 2, Surry Power
Station Units 1 and 2, Response to Request for
Additional Information, Dominion’s Reload
Nuclear Design Methodology Topical Report,” SN
02-662.

e Affirms that information in the
8/10/93 submittal is equally
applicable to Surry and North
Anna.

o Affirms that model upgrades
are done in accordance with
provisions of Appendix B, 10
CFR 50.59 and the VEP-
FRD-41 SER.

o Describes major
maintenance upgrades to the
models SINCE the 8/10/93
submittal.

e Provides a description of the
topical report maintenance
(i.e. Topical Mods and
Revisions) program and
relates it to 10 CFR 50.59,
NEI 96-07, Generic Letter
83-11 Supplement 1.
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date

Document Title

Contents

2/26/2003

Letter from S. R. Monarque, USNRC, to D. A.
Christian, “North Anna Power Station Units 1
and 2 and Surry Power Station Units 1 and 2,
Request for Additional Information on Topical
Report VEP-FRD-42, Revision 2, ‘Reload Design
Methodology.”

RAI requests the following:

Information on how the
Dominion models and
applications meet the
restrictions and limitations of
the generic RETRAN code
SERs.

RETRAN input decks

A technical description and
qualification of the Doppler
reactivity models.

A discussion of the
philosophy for using 1-, 2- or
3-loop models and
identification of which
models are used for each
UFSAR Chapter 14/15
transient.

3/21/03

Letter from L. N. Hartz to USNRC, “Virginia
Electric and Power Company, North Anna Power
Station Units 1 and 2, Surry Power Station Units
1 and 2, Request for Additional Information on
Topical Report VEP-FRD-42, Reload Nuclear
Design Methodology,”

SN 03-183.

Responds to 2/26/03 RAI on
VEP-FRD-42 Rev. 2. Provides:

Information on the
restrictions and qualifications
of the generic RETRAN
SERs

A statement that affirmed
that the original model decks
were provided to the NRC as
discussed in SN 85-570.

A technical description of the
Doppler reactivity feedback
model.

A discussion of the
philosophy behind choosing
1-, 2- or 3-loop models for
safety analysis and tables
identifying which models
were applied in currently
applicable analyses of
record.
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date

Document Title

Contents

6/11/03

Letter from Scott Moore, USNRC, to D. A.
Christian, “Virginia Electric and Power Company-
Acceptance of Topical Report VEP-FRD-42,
Revision 2, ‘Reload Nuclear Design
Methodology’, North Anna and Surry Power
Stations, Units 1 and 2.”

Approves VEP-FRD-42 Rev. 2.
In the context of this approval:

Staff concluded that
Dominion has qualified,
implemented and
maintained the new models
in accordance with the
provisions of Generic Letter
83-11, Supplement 1.

Staff concluded that the
limitations, qualifications and
items requiring additional
user justification in the
generic RETRAN SER'’s are
satisfactorily addressed.

Vepco RETRAN models
continue to be acceptable
for use in licensing
calculations for Surry and
North Anna.

Staff provided concurrence
with Dominion’s “Analytical
Model and Method Approval
Process” for implementing
certain methodology
changes without prior NRC
review and approval.

[See Appendix 6]

5/8/2015

Letter from Mark D. Sartain (Dominion) to
USNRC, “Dominion Nuclear Connecticut, Inc.,
Millstone Power Station Unit 3, License
Amendment Request to Adopt Dominion Core
Design and Safety Analysis Methods and to
Address the Issues Identified in Westinghouse
Documents NSAL-09-5, Rev. 1, NSAL-15-1, and
06-1C-03” (Serial No. 15-159).

Submits RETRAN benchmark

information for application of

VEP-FRD-41-P-A to MPS3,

consisting of:

¢ RETRAN model description

e Comparison of Dominion
model key characteristics to
FSAR model

e Analysis results and

comparison for five (5) FSAR

transients (MSLB, LOL/TT,
LONF, LOCROT, and
RWAP)
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date Document Title Contents
1/8/2016 Letter from Richard V. Guzman (USNRC) to RAI request on the 5/8/2015
David A. Heacock (Dominion), “Millstone Power | MPS3 Methods Transition
Station, Unit 3 — Request for Additional submittal.
Information Regarding License Amendment
Request to Adopt Dominion Core Design and
Safety Analysis Methods (CAC No. MF62514)".
1/28/2016 Letter from Mark D. Sartain (Dominion) to Responds to 1/8/2016 RAL.
USNRGC, “Dominion Nuclear Connecticut, Inc., Contains the following regarding
Millstone Power Station Unit 3, Response to VEP-FRD-41:
Request for Additional Information Regarding e Details the MSLB split vessel
License Amendment Request to Adopt Dominion nodal scheme
Core Design and Safety Analysis Methods and
to Address the Issues Identified in Westinghouse
Documents NSAL-09-5, Rev. 1, NSAL-15-1, and
06-1C-03,” (Serial No. 16-011).
2/25/2016 Letter from Mark D. Sartain (Dominion) to Responds to 1/8/2016 RAl and
USNRC, “Dominion Nuclear Connecticut, Inc., contains the following regarding
Millstone Power Station Unit 3, Response to VEP-FRD-41:
Request for Additional Information Regarding e Updates the 5/8/2015
License Amendment Request to Adopt Dominion RETRAN benchmarking to
Core Design and Safety Analysis Methods and address a discrepancy in the
to Address the Issues Identified in Westinghouse pressurizer heat shell
Documents NSAL-09-5, Rev. 1, NSAL-15-1, and conductor
06-1C-03,” (Serial No. 16-011A). e Provides additional
benchmarking for the FLB
event
o Answers questions on the
LOL, LOCROT, LONF, and
RWAP benchmarking
3/29/2016 Letter from Daniel G. Stoddard (Dominion) to Responds to 1/8/2016 RAI and.

USNRC, “Dominion Nuclear Connecticut, Inc.,
Millstone Power Station Unit 3, Response to
Request for Additional Information Regarding
License Amendment Request to Adopt Dominion
Core Design and Safety Analysis Methods and
to Address the Issues Identified in Westinghouse
Documents NSAL-09-5, Rev. 1, NSAL-15-1, and
06-1C-03,” (Serial No. 16-011B).

Contains the following regarding

VEP-FRD-41:

e Provides additional
benchmarking for the SGTR
event

[See Appendix 10 containing

revised RETRAN benchmarking

for 7 events]
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TABLE 2.1 (CONTINUED)

VEPCO / Dominion RETRAN Model Correspondence

Date

Document Title

Contents

7/28/2016

Letter from Richard V. Guzman (USNRC) to D.
A. Heacock (Dominion), “Millstone Power
Station, Unit No. 3 — Issuance of Amendment
Adopting Dominion Core Design and Safety
Analysis Methods and Addressing the Issues
Identified in Three Westinghouse
Communication Documents (CAC No. MF6251),”
(Serial No. 16-317).

Approves usage of RETRAN
methodology for transient
analysis of MPS3.

[See Appendix 11]
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2.2

NRC Review and Approval of Dominion Analytical Model Maintenance Process

Dominion’s analytical model maintenance process was described in Reference 2.2-1 and evaluated by
the USNRC Staff in Reference 2.2-2. Key elements of the process, as set forth in Reference 2.2-1 are
summarized here.

2.2.1 Published NRC Guidance

The determination of the requirement to submit methodology changes to NRC for approval prior to
application is based on published NRC guidance, i.e.:

Generic Letter 88-16, “Removal Of Cycle-Specific Parameter Limits From Technical Specifications”

10 CFR 50.59, and in particular 10 CFR 50.59c¢c(2)(viii): “(2) A licensee shall obtain a license
amendment pursuant to Sec. 50.90 prior to implementing a proposed change, test, or experiment if
the change, test, or experiment would (viii) Result in a departure from a method of evaluation
described in the FSAR (as updated) used in establishing the design bases or in the safety analyses.”

NEI 96-07, Revision 1, “Guidelines for 10 CFR 50.59 Evaluations”

Regulatory Guide 1.187, “Guidance for Implementation of 10 CFR 50.59, Changes, Tests, and
Experiments” (endorses NEI 96-07 Rev. 1).

Generic Letter 83-11, Supplement 1, “Licensee Qualifications for Performing Safety Analyses”

2.2.2 Key Document Discussions

Relevant sections of these documents upon which we base our determination process are as follows:

1.

Generic Letter 88-16 establishes the concept of reload cycle dependent operating limits in the
Technical Specifications.

“Generally, the methodology for determining cycle-specific parameter limits is documented in an
NRC-approved Topical Report or in a plant-specific submittal. As a consequence, the NRC
review of proposed changes to TS for these limits is primarily limited to confirmation that the
updated limits are calculated using an NRC-approved methodology and consistent with all
applicable limits of the safety analysis. These changes also allow the NRC staff to trend the
values of these limits relative to past experience. This alternative allows continued trending of
these limits without the necessity of prior NRC review and approval.”

Since changes to the cycle specific parameter limits must be based on “NRC-approved”
methods, it is important to establish a clearly defined process and criteria for making upgrades to
methodologies without NRC review while maintaining the NRC-approved status.

NEI 96-07, Rev. 1, as endorsed by Reg. Guide 1.187, provides guidance for evaluating changes
to methods under the provisions of 10CFR50.59. For example, Paragraph 4.3.8.1, states:

Guidance for Changing One or More Elements of a Method of Evaluation

“The definition of “departure ...” provides licensees with the flexibility to make changes under 10
CFR 50.59 to methods of evaluation whose results are “conservative” or that are not important
with respect to the demonstrations of performance that the analyses provide. Changes to
elements of analysis methods that yield conservative results, or results that are essentially the
same, would not be departures from approved methods.”
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3. USNRC Generic Letter 83-11 Supplement 1 provides a method for utility qualification of analysis
methodologies, including those used to establish core operating limits, without formal NRC review
and approval:

“The U.S. Nuclear Regulatory Commission (NRC) is issuing this supplement to Generic Letter
(GL) 83-11 to notify licensees and applicants of modifications to the Office of Nuclear Reactor
Regulation (NRR) practice regarding licensee qualification for performing their own safety
analyses. This includes the analytical areas of reload physics design, core thermal-hydraulic
analysis, fuel mechanical analysis, transient analysis (hon-LOCA), dose analysis, setpoint
analysis, containment response analysis, criticality analysis, statistical analysis, and Core
Operating Limit Report (COLR) parameter generation. It is expected that recipients will review the
information for applicability to their facilities. However, suggestions contained in this supplement
to the generic letter are not NRC requirements; therefore, no specific action or written response is
required.”

“To help shorten the lengthy review and approval process, the NRC has adopted a generic set of
guidelines which, if met, would eliminate the need to submit detailed topical reports for NRC
review before a licensee could use approved codes and methods. These guidelines are
presented in the Attachment to this Generic Letter. Using this approach, which is consistent with
the regulatory basis provided by Criteria Il and Il of Appendix B to Part 50 of Title 10 of the Code
of Federal Regulations (10 CFR Part 50), the licensee would institute a program (such as training,
procedures, and benchmarking) that follows the guidelines, and would notify NRC by letter that it
has done this and that the documentation is available for NRC audit.”

2.2.3 Conclusion and Application

Based on the excerpts above:

¢ Dominion concludes that utilities can change, under the provisions of 10 CFR 50.59(c)(2)(viii), NRC
approved codes and methodologies used to establish core operating limits, via the processes outlined
in NEI 96-07, Rev. 1, without additional NRC review and approval of these changes.

e Dominion concludes that utilities can implement or substitute, under 10 CFR 50.59(c)(2)(viii), NRC
approved codes and methodologies for use in establishing core operating limits via the processes
outlined in Generic Letter 83-11 Supplement 1 (Reference 2.2-3), without additional NRC review and
approval of these methods.

e Dominion concludes that, in updating the list of approved methodologies for establishing core
operating limits in the Technical Specifications, utility affirmation that the changes to the
methodologies have been done as described by either of the above is adequate to retain the
“approved” status for these methods.

2.2.4 Dominion’s Generic Letter 83-11 Program

Dominion has established a formal program for modification of methods and the associated
documentation under the provisions of Generic Letter 83-11 Supplement 1 (Reference 2.2-1). This
program ensures that the generic guidelines of GL 83-11 Supplement 1, i.e.

1. The analytical method is “generically approved” or approved on a plant’s docket.

2. In-house application procedures are in place.

3. An in-house program for training/qualification of analytical method users is
implemented.

4. The analytical method has been qualified/benchmarked & documented.
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5. The analytical method implementation is performed under a 10 CFR 50 Appendix B
Quality Assurance program.

Are followed when the provisions of 10 CFR 50.59(c)(2)(viii) and GL 83-11 are invoked in maintaining
codes and methodologies.

In Reference 2.2-2, the NRC Staff evaluated Dominion’s Analytical Model and Method Approval Process
as described in Section 2.3 of VEP-FRD-42 Rev. 2 (Reference 2.2-4). The Staff found the process
outlined there and described above to be acceptable.

REFERENCES FOR SECTION 2.2

2.2-1 Letter from E. S. Grecheck to USNRC, “Virginia Electric and Power Company (Dominion), North
Anna Power Station Units 1 and 2, North Anna Power Station Units 1 and 2, Response to
Request for Additional Information, Dominion’s Reload Nuclear Design Methodology Topical
Report,” December 2, 2002 (Serial No. 02-662).

2.2-2 Letter from Scott Moore (USNRC), to D. A. Christian, “Virginia Electric and Power Company,
Acceptance of Topical Report VEP-FRD-42, Revision 2, ‘Reload Nuclear Design Methodology,”
North Anna and Surry Power Stations, Units 1 and 2,” June 11, 2003.

2.2-3 USNRC, Generic Letter 83-11, Supplement 1, “Licensee Qualifications for Performing Safety
Analyses,” June 24, 1999.

2.2-4 VEP-FRD-42-A, Revision 2, Minor Revision 2, “Reload Nuclear Design Methodology,” October
2017.

2.3 Conformance of Dominion’s RETRAN Models to Restrictions, Limitations and Conditions
of Use in the Generic RETRAN SER'’s

As discussed in Section 2.1 (see the excerpt from the VEP-FRD-42 SER), Dominion documented
conformance of its RETRAN models developed in accordance with VEP-FRD-41 to the restrictions,
limitations and conditions of use set forth in the generic RETRAN code SER'’s in Reference 2.3-1. These
discussions are presented for reference in Appendix 7. Note, the Appendix 7 discussions were written at
a time when VEP-FRD-41 was applicable to only North Anna and Surry. To facilitate use of this report,
portions of the discussions that are relevant to specific component models are also reproduced in Section
5, System Component Model Descriptions. These discussions have been updated to address the
conditions and limitations discussed in the SER for RETRAN-3D (Reference 2.3-2) and the MPS3
Methods Transition LAR (Reference 2.3-3).

REFERENCE FOR SECTION 2.3

2.3-1  Letter from L. N. Hartz to USNRC, “Virginia Electric and Power Company (Dominion), North Anna
Power Station Units 1 and 2, Surry Power Station Units 1 and 2, Request for Additional
Information on VEP-FRD-42, Reload Nuclear Design Methodology,” March 21, 2003 (Serial No.
03-183).

2.3-2 Letter from S. A. Richards (USNRC) 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.

2.3-3 Letter from Mark D. Sartain (Dominion) to USNRC, "Dominion Nuclear Connecticut Inc., Millstone
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2.4 Overview of RETRAN Model Upgrades

Dominion’s models have undergone several changes since the original issue of this report. Changes
through June 2003 were reviewed and approved by the NRC as part of the submittal of VEP-FRD-42
Rev. 2. Changes through the issuance of this report have been reviewed and approved through the
methods outlined in Section 2.2.

Table 2.1 provides a summary of relevant licensing correspondence with the USNRC regarding
Dominion’s RETRAN models.

A detailed model description is provided in Section 5.0, System Component Model Descriptions.

2.4.1 Model Upgrades Through June 2003

From the original issuance of this report through June 2003, Dominion’s RETRAN models have
undergone the following changes:

1. The original models included single and two-loop models. Significant advances in computing
power over the last decade have eliminated the need for the approximation of “collapsing” the
reactor coolant loop representations. The current models explicitly represent all three reactor
coolant loops with discrete noding.

2. The base models use a single node secondary side for the steam generator, consistent with the
1-loop model in VEP-FRD-41A. There is a multi-node SG secondary overlay available for
transients where understanding of the detailed steam generator level response is needed.

3. The current models use the 1979 ANS Decay Heat model option.

4. More detailed main steam safety valve (MSSV) modeling was added to ensure that the concerns
raised in NRC Information Notice 97-09, “Inadequate Main Steam Safety Valve (MSSV)
Setpoints and Performance Issues Associated with Long MSSV Inlet Piping” (Reference 2.4-1)
are adequately addressed.

5. The reactor protection and engineered safety features actuation system setpoints are maintained
consistent with current Technical Specifications setpoints and I&C calculations of instrument
channel uncertainties.

6. Minor reactor vessel noding model changes were made. The core nodes now include only the
active fuel region. Volumes between the active fuel and core plates are assigned to the inlet and
outlet plena.

7. Hydraulic characteristics in the core regions have been adjusted to reflect current fuel assembly
designs.

8. More detailed, mechanistic models for the pressurizer and steam generator level instrumentation
were added.

9. The local conditions heat transfer model has been qualified for use with the single node SG

secondary model option for loss of heat sink events.

10. A more detailed feedwater control system model was added (not typically used in licensing
analyses).
11. An electrohydraulic turbine control (EHC) and runback model was added (not typically used in

licensing analyses).
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12. A detailed rod control system model was added.

13. A separate main steam line break (MSLB) add-on module was developed that retains the basic
modeling features of the two-loop model presented in VEP-FRD-41A, i.e.,

o A split core with two azimuthal zones
o Imperfect temperature mixing between loops
o Asymmetric reactivity weighting to model a stuck rod.

14. The MSLB module uses a more mechanistic (but still conservative) heat transfer model than the
constant UA model of VEP-FRD-41A. The overlay model applies a separate heat transfer
coefficient to the secondary side of each steam generator conductor based on the MAXIMUM of:

Rohsenow pool boiling

Schrock-Grossman forced convection vaporization

Thom nucleate boiling

Chen combined nucleate boiling and forced convection vaporization
Single phase conduction to steam (Dittus-Boelter)

15. A detailed set of RETRAN card overlays was developed to model Framatome ANP Fuel (FANP)
cores in North Anna Units 1 and 2. The development of the FANP overlays was described in
Reference 2.4-2 and is summarized in Section 5.3.

2.4.2 Model Upgrades from June 2003 Through Issuance of Minor Revision 2 |

From June 2003 to the issuance of this report, Dominion’s RETRAN models have undergone the
following changes:

1. A detailed set of RETRAN card overlays was developed to model the Measurement Uncertainty
Recapture power uprate at North Anna Units 1 and 2.

2. A detailed set of RETRAN card overlays was developed to model the Westinghouse Robust Fuel |
Assembly 2 (RFA-2) fuel core in North Anna Units 1 and 2.

3. The current RETRAN-02 models for North Anna and Surry were converted to RETRAN-3D format
as part of the transition to that version of the code.

2.4.3 Model Supporting Topical Report Application to Millstone Power Station Unit 3
(Minor Revision 3)

A Dominion Energy RETRAN-3D model was developed for performing MPS3 non-LOCA transient
analyses using the VEP-FRD-41-P-A methodology. The base MPS3 RETRAN model noding is virtually
identical to the Surry and North Anna models with the exception of some minor noding differences listed
as follows:

1. The MPS3 model explicitly models the Sl accumulators.
2. The MPS3 model has separate volumes for the SG inlet and outlet plenums.
3. The MPS3 model includes cooling paths between downcomer and upper head.

These modeling differences were outlined in the MPS3 Methods Transition LAR (Reference 2.4-3). Other
changes as compared to the North Anna and Surry base modes were made to reflect MPS3 plant design
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and configuration. Section 4.3.1, 4-Loop Model Configuration and Organization details the base model
and MSLB overlays developed for MPS3.

REFERENCES FOR SECTION 2.4
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3 EVOLUTION OF THE RETRAN CODE

3.1 Dominion’s RETRAN Code History

The RETRAN computer code is the result of an extensive code development effort by EPRI beginning in
1975. The resulting code is a variable node code with many diverse modeling features that can be used
to represent light water reactor systems.

3.1.1 RETRAN-01

The RETRAN-01 code was released in December 1978 (Reference 3.1-1). RETRAN-01 featured:

e A one-dimensional, homogeneous equilibrium mixture (HEM) thermal-hydraulic representation
of the reactor coolant system (RCS)

e A point neutron kinetics model for the reactor core

¢ Auxiliary component models, including a nonequilibrium pressurizer model and a temperature
transport delay model for pipe like regions of the RCS

o A versatile control system model that allowed construction of customized control and protection
system representations using “control blocks”, or numerical representations of various
analogue modules such as summers, amplifiers and filters

o A steady state initialization technique

Dominion (Virginia Power) participated actively in the EPRI System Analysis Working Group, a group of
utilities that developed plant models as well as separate effects test models to exercise various features
of the code and provide feedback to the RETRAN-01 code developers. Many of the benchmark
comparisons to vendor calculations and plant transient data presented in the original version of this
topical report were initially performed with RETRAN-01.

Generic NRC approval of RETRAN-01 was provided in Reference 3.1-2.

3.1.2 RETRAN-02

At the time of the RETRAN-01 code release, a number of theoretical limitations to the code were known
and documented. The RETRAN-02 code development effort was initiated to remove some of these
limitations and to extend the capabilities of the code, particularly in the areas of modeling Boiling Water
Reactor (BWR) transients, small break loss of coolant accidents, anticipated transients without scram
(ATWS) and certain balance of plant features, such as turbines.

To address these needs, a number of the RETRAN-01 models were revised and/or extended. Revisions
included:

An improved solution technique for the nonequilibrium pressurizer model

A modified critical flow solution

An equation of state for water valid over the range 0.1 psia to 6000 psia

A revised momentum mixing calculation (primary for modeling BWR jet pumps).
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In addition, RETRAN-02 (Reference 3.1-3) includes the following additional models:

Dynamic and algebraic slip models for two-phase flow

A one dimensional space-time neutron kinetics model

A set of two-phase natural convection heat transfer correlations

An iterative solution scheme for the fluid field equations

A turbine model and a condensing heat transfer model for balance of plant analyses

A local conditions heat transfer model (important for ATWS and other severe loss of inventory
conditions)

A vector momentum representation of the fluid

An auxiliary model (profile fit) to compute void fraction for void reactivity feedback (primarily
for BWRSs)

Thermophysical properties and a forced convection heat transfer correlation for supercritical
water

A steam separator efficiency model (primarily for BWRs).

As with RETRAN-01, VEPCO was an active participant in the RETRAN-02 code development and testing.
A number of VEPCO’s studies were published by EPRI and elsewhere (References 3.1-4 through 3.1-

12).

The NRC Staff's approval of RETRAN-02 was subject to a number of conditions and limitations described
in the safety evaluations (SE) for the various RETRAN-02 versions and in the accompanying Technical
Evaluation Reports (TERs) prepared by the NRC staff’'s contractors (References 3.1-13 through 3.1-15).
These conditions and limitations are addressed in detail in Appendix 7 of this report.

Dominion transitioned from RETRAN-01 to RETRAN-02 by performing comparisons for representative
calculations for several transients and showing that the results were either essentially the same or could
be understood in the context of the RETRAN-02 code improvements. These studies were provided to the
USNRC in Reference 3.1-16.

3.1.3 RETRAN-3D

In July of 1998, the RETRAN Maintenance Group proposed review of the RETRAN-3D code to the NRC.
The code documentation (Reference 3.1-17) was submitted in September of that year for review and
approval by the NRC. The RETRAN-3D code development was aimed at easing many of the limitations in
the RETRAN-02 version of the code. The main objectives established for its development were:

to extend the analyses capabilities of RETRAN by revising some existing models in |
RETRAN-02 and adding new models as necessary,

to improve the performance by making the code more dependable, easier to use, and faster
running, and

to have a more transportable code.
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This version of RETRAN-3D includes the following adaptations from RETRAN-02:

e an implicit numerical solution method used for the solution of the steady-state equations and
the transient equations,

e a generalized algebraic slip option applicable for concurrent and countercurrent flow

conditions,

improved constitutive relations for terms in the dynamic slip equations,

the 1979 ANS standard for decay heat,

a generalized transport model to transport impurities (e.g., boron) with the fluid in the system,

significant modifications to some RETRAN-02 models including the countercurrent flow logic

and the one-dimensional neutron kinetics solution algorithms,

an option to model nonequilibirium phenomena (five-equation model),

an option to include noncondensable gas flow,

an option to analyze multidimenstional neutron kinetics conditions, and

an improved model to calculate steady-state initial conditions for low power situations.

The NRC issued an SER for RETRAN-3D in January 2001 (Reference 3.1-18). This SE is found in
Appendix 8 of this report. The NRC staffs approval of RETRAN-02 was subject to a number of
limitations described in the SEs for the various RETRAN-02 versions and in the Technical Evaluation
Reports (TERs). The NRC reviewed and commented on these same limitations in the SE for RETRAN-
3D. In MODO2 of this report, Section 5 has been updated to include how Dominion has addressed the
limitations with regard to Dominion’s application of RETRAN-3D.

The use of RETRAN-3D as a substitute for RETRAN-02 is predicated on the selection of models and
options that constitute a near version of RETRAN-02 in the RETRAN-3D code. The NRC approved the
use of RETRAN-3D in a “02 mode” given the licensee follows the guidelines outlined in the SE
(Reference 3-18). Several changes were made to the code to make RETRAN-3D more robust than
RETRAN-02. These changes are always active in RETRAN-3D and include the following:

e Improved transient numerical solution (fully implicit solution of the balance equations,
component models and source term are linearized)

¢ Improvements to the time-step selection logic

e Improved water property curve fits

Other model options were improved with the improvements being active when the particular option is
selected. For these options, the RETRAN-02 model was replaced by the improved model and there is no
backward compatibility option. Consequently, the following improvements, if selected by the user , may
be used in “02 mode” for analyses:

o Fully implicit stead-state solution

e Implicit pressurizer solution

e Wall friction model revised to use the Colebrook equation, allowing consideration of wall
roughness rather than smooth pipe

e Control system solution revised to solve a coupled system of equations using a Gauss-Seidel

method rather than the single pass marching scheme

Enthalpy transport model revised by eliminating several simplifying assumptions

Improved dynamic slip formulation adding form losses

Improved countercurrent flow junction properties

Implicit solution of the heat conduction equation

Combined heat transfer map updated with an improved set of heat transfer correlations and

smoothed transitions

o Wall friction and hydrostatic head loses included in critical flow pressure
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The SE also stipulated a set of features available in RETRAN-3D but restricted from use in “02-mode”
without prior approval from the NRC. These are the following:

Generalized laminar friction model

Dynamic gap conductance model

Accumulator model

Dynamic flow regime model

New control blocks added to improve functionality
Govier horizontal flow regime map and stratified flow friction model
Chexal-Lellouche drift flux model

Method of characteristics enthalpy option
Noncondensable gas flow model

3D kinetics

5-equation nonequilibrium model

The Dominion transition from RETRAN-02 to RETRAN-3D in “02 mode” was validated by performing
comparisons for representative calculations for several transients and showing that the results were either
essentially the same or could be understood in the context of the RETRAN-3D code improvements.
These studies are documented in Appendix 9.
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4 RETRAN-3D MODEL OVERVIEW

4.1 Nomenclature

Throughout the document, reference to control volume or junction numbers may include an “X” where X
denotes the loop number of the region, i.e., 1, 2, 3 or 4. (All loop related control volumes and junctions begin
with one of these digits.) For example, volume X01 refers to the hot leg. For each of the loops in the 3-loop
geometry, this refers to volumes 101, 201 and/or 301. For each of the loops in the 4-loop geometry, this
refers to volumes 101, 201, 301 and/or 401.

A description of abbreviations used throughout the report is provided in Section 8.

4.2 North Anna and Surry 3-Loop Model

4.2.1 Model Configuration and Organization

The North Anna and Surry 3-loop models are available in two geometric configurations for each site:

1. 3-loop, multi-node SG
2. 3-loop, single node SG

Unit-specific models for each site are not maintained, i.e. the model is applicable to either unit.

The technical basis and detailed input development for each model is maintained in a configuration controlled
document. Cards for a specific system are organized within the decks in the same order as documented in
the model documentation and are preceded by an identification number equivalent to the controlled
document section number for that system. An example of the numbering system used to identify the various
component and system models is shown in Table 4.1.

The primary side noding of both the single node and multi-node steam generator configurations are identical;
i.e., both have ten steam generator tube volumes and ten heat conductors per steam generator. The
secondary side of the single node steam generator configuration has a single RETRAN volume per steam
generator.

It should be noted that the multi-node secondary model is used for sensitivity studies and benchmarks as an
aid to understanding. Its use in licensing calculations requires additional qualification of the RETRAN drift
flux and dynamic slip correlations for PWR applications —see Section 5.7.2.

Figures 4.1 through 4.3 represent nodalization diagrams of the three-loop, multi-node steam generator
secondary configuration. Control volume, junction and heat conductor region numbers starting with an X
refer to three-loop geometry regions where X can have the value of 1, 2 or 3. Control volume region
numbers are underlined whereas junction and heat conductor region numbers are not. Junctions are
denoted by arrows pointed in the direction associated with positive flow. The region number for an unlabeled
junction is equal to the region number of the downstream control volume for the junction.

Unlike the earlier one-loop geometry, the reactor vessel region above the core is more realistically divided
into two volumes, an upper plenum region and an upper head region.
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The earlier NSSS RETRAN model included a separate steam generator inlet volume. In the current model,
the hot leg volume runs from the reactor vessel outlet nozzle to the top of the steam generator hot side
tubesheet. The RCP (reactor coolant pump) suction leg runs from the top of the steam generator cold side
tubesheet to the RCP intake. The steam generator portions of the hot leg and RCP suction volumes reflect
the dimensions of the Surry and North Anna replacement steam generators.

Figures 4.1 and 4.3 in conjunction with a single node representation of the secondary side of each steam
generator (rather than the multinode configuration of Figure 4.2) represent the most frequently used
noding configuration in current applications. Dominion’s analytical experience has shown this noding to
be quite robust for a wide range of transients. However, the analyst may opt to provide more noding
detail (i.e. additional volumes and junctions) as dictated by specific analysis requirements. The bases for
deviations from the reference configuration are documented in individual application calculations. An
example of this is the use of additional core and reactor vessel plenum noding in steamline break
calculations, as discussed in Sections 5.3 and 5.13.

Control systems modeled include the Reactor Protection (RPS) and Engineered Safety Features (ESF)
systems, pressurizer level instrumentation, steam generator level control, main feedwater and auxiliary
feedwater systems, the turbine EHC system and automatic turbine runback, and high-head safety injection.

The following reactivity components are modeled:

a. Doppler feedback

b. Moderator feedback
c. Control rod withdrawal
d. Automatic rod control
e. Reactor trip

In addition the model is designed to allow for changes in soluble boron reactivity to be incorporated when
required for a particular transient analysis.

The Doppler reactivity feedback is calculated by a correlation of Doppler reactivity as a function of core
average fuel temperature and core burnup. For a reanalysis of a FSAR transient, the Doppler feedback
algorithm is capable of being adjusted to a target Doppler temperature coefficient or Doppler power defect by
the application of a suitable weighting factor.

Moderator reactivity feedback can be computed either using a moderator temperature coefficient, or a
reactivity function based on moderator density for a transient involving significant core voiding.

The decay heat is modeled with sufficient conservatism to ensure bounding the decay heat predicted by the
1979 ANS Decay Heat Standard with a two standard deviation uncertainty applied to the latter.
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4.2.2 Noding and Options

Tables 4.2 and 4.3 provide summaries of the control volume and momentum junction nodalization for the
Surry and North Anna 3-loop models. The tables reflect a multi-node steam generator secondary geometry.
All control volumes are standard HEM (homogeneous equilibrium mixture) volumes except volume 17, which
is the nonequilibrium pressurizer. All junctions use the Baroczy two-phase multiplier with Fanning wall friction
and have specified single-stream compressible flow except junction 21 (surge line to hot leg) which omits the
momentum flux term. Except where mandated by the differences in nodalization, the control volume and
momentum junction options specified are identical to those of the earlier two-loop and single-loop models.
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3.1

3.2

3.2.1

3.2.2

3.2.2.1
3.2.2.2
3.2.2.3
3.2.24

3.2.3

3.24

3.25
3.2.5.1
3.25.2
3.253
3.2.5.31
3.25.3.2
3.2.5.3.3
3.2.54

TABLE 4.1
EXAMPLE MODEL ORGANIZATION

General Code Input

Title Card and Model Description Notes
Problem Control and Dimensions
Problem Data Card

Minor Edit Variable Data Cards

Time Step Data Cards

General Trip Control Data Cards
Steady State Initialization

Control System Problem Dimensions

Component and System Models
Reactor Protection System

Reactor Vessel and Core

Reactor Vessel and Core Volumes

Reactor Vessel and Core Junctions

Reactor Vessel and Core Heat Conductors
Reactor Vessel and Core Material Properties

Primary Piping
Reactor Coolant Pumps

Pressurizer

Surge Line

Pressurizer Level

Pressurizer Pressure Control
Pressurizer Heaters

Spray

Power Operated Relief Valves
Safety Valves
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3.2.6

3..2.6.1
3.2.6.2
3.2.6.3
3.2.6.4
3.2.6.5

3.2.7

3.2.71
3.2.7.2
3.2.7.3
3274
3.2.7.5
3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

3.2.13.1

3.2.13.2

4.0

5.3.x

8.0

TABLE 4.1 (CONT.)
EXAMPLE MODEL ORGANIZATION

Steam Generators

Primary Side

Secondary Side

Tubes

Steam Generator Water Level Instrumentation
Steam Generator Mass Summation

Main Steam System

Steam Line Isolation

Steam Lines

Condenser Steam Dump System
Main Steam Relief Valves

Main Steam Safety Valves

Main Feedwater System

Auxiliary Feedwater System

Turbine EHC System and Automatic Runback
Sink Volume

Safety Injection System

Reactor Kinetics

Reactivity Models

Rod Control System

Initialization Parameters

3-Loop, Single Node Steam Generator Configuration

Steam Line Break Module
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TABLE 4.2
North Anna/Surry 3-Loop Model Control Volume Summary

Volume Description Volume Bubble Tmp Trp
# Index Delay
Rx vessel upper plenum 1 0 No
Rx vessel upper head 10 X No
Rx vessel downcomer 11 0 No
Rx vessel lower plenum 12 0 No
Core bypass 13 0 Yes
Lower core section 14 0 No
Mid core section 15 0 No
Upper core section 16 0 No
Hot leg piping X01 0 Yes
Pump suction piping X13 0 Yes
Reactor coolant pump X14 0 No
Cold leg piping X15 0 Yes
Pressurizer 17 X No
Surge line 18 0 No
SG tubes X03-X12 0 No
SG downcomer * X39 0 Yes
SG secondary segments * X40-X48 0 No
SG separator * X49 0 No
SG steam dome x50 X No
Steam lines X60, X61 0 No
Main steam header 400 0 No
Notes
Bubble index = 0 indicates volume is treated as homogeneous,

= x indicates a bubble index applied.
Tmp Trp Delay = temperature transport delay option.
X=LoopNo =1,20r3

* Present only in multi-node steam generator secondary geometry configurations.




VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

TABLE 4.3
North Anna/Surry 3-Loop Model Momentum Junction Summary

Junction Description Jot# Type Valve Chok Trp
Upper head — upper plenum 10 Norm 0 No No
Downcomer — lower plenum 11 Norm 0 No No
Lower plenum — bypass 12 Norm 0 No No
Lower plenum — core 1 13 Norm 0 No Yes
Core 1 —core 2 14 Norm 0 No Yes
Core 2 —core 3 15 Norm 0 No Yes
Core 3 — upper plenum 16 Norm 0 No Yes
Bypass — upper plenum 17 Norm 0 No No
Rx vessel outlet nozzle X01 Norm 0 No No
Hot leg — SG tubes X03 Norm 0 No Yes
SG — RCP suction X13 Norm 0 No Yes
Rx vessel inlet nozzle X16 Norm 0 No No
Pump suction X14 Norm 0 No No
Pump discharge X15 Norm 0 No No
Pressurizer — surge line 20 Norm 0 No No
Surge line — “C” hot leg 21 Norm 0 No No
Pressurizer spray intake 18 Fill 0 No No
Pressurizer spray 19 Fill 0 No No
Pressurizer PORV No. 1 24 Norm X Yes No
Pressurizer PORV No. 2 25 Norm X Yes No
Pressurizer safety valves 27 Norm X Yes No
Notes

Type = junction type, i.e., normal or fill.

Valve = 0 indicates no valve model is specified.
Chok = choking option.

Trp = enthalpy transport option.

X=LoopNo=1,20r3
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TABLE 4.3 (CONT.)
North Anna/Surry 3-Loop Model Momentum Junction Summary

Junction Description Jot# Type Valve Chok Trp
SG tubes X04-X12  Norm 0 No Yes
SG dome — downcomer X39 Norm 0 No No
SG downcomer — hot riser X40 Norm 0 No Yes
SG hot side tube bundles X41-X44  Norm 0 No Yes
SG downcomer — cold riser 45 Norm 0 No Yes
SG cold side tube bundles X46-X49  Norm 0 No Yes
SG tube bundle — separator X50 Norm 0 No Yes
SG separator — dome X51 Norm 0 No No
SG outlet X60 Norm 0 No No
MS isolation valves X61 Norm X No No
MS header inlet X62 Norm 0 No No
Condenser steam dump 401 Norm X Yes No
MS PORYV (relief valve) X26 Norm X Yes No
SG safety valves X27-X31  Norm X Yes No
Feedwater inlet X35 Fill 0 No No
Turbine steam flow 400 Fill 0 No No
Notes

Type = junction type, i.e., normal or fill.

Valve = 0 indicates no valve model is specified.
Chok = choking option.

Trp = enthalpy transport option.

X=LoopNo=1,20r3
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FIGURE 4.2
North Anna/Surry 3-Loop Model — Multi-Node Steam Generator Nodalization
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FIGURE 4.3
North Anna/Surry 3-Loop Model — Steam Line Nodalization
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4.3 Millstone Unit 3, 4-Loop Model

4.3.1 Configuration and Organization

The base MPS3 model noding is virtually identical to the Surry and North Anna models with the exception of
some minor noding differences listed as follows:

a) The MPS3 model explicitly models the SI accumulators.
b) The MPS3 model has separate volumes for the SG inlet and outlet plenums.
¢) The MPS3 model includes cooling paths between downcomer and upper head.

The MPS3 base model noding diagram for a representative loop is shown on Figure 4.4. This model
simulates all four reactor coolant system (RCS) loops and has a single-node steam generator (SG)
secondary side. Volume numbers are circled, junctions are represented by arrows, and the heat conductors
are shaded. Control volume, junction and heat conductor region numbers starting with an X refer to four-loop
geometry regions where X can have the value of 1, 2, 3 or 4. The SG primary nodalization includes ten
steam generator tube volumes and conductors and a single volume for the secondary side.

Figure 4.4 represents the most frequently used noding configuration in current applications. Dominion’s
analytical experience has shown this noding to be quite robust for a wide range of transients. However,
the analyst may opt to provide more noding detail (i.e. additional volumes and junctions) as dictated by
specific analysis requirements. The bases for deviations from the reference configuration are
documented in individual application calculations. An example of this is the use of additional core and
reactor vessel plenum noding in steamline break calculations, as discussed in Sections 5.3 and 5.13. A
noding diagram of the split MPS3 reactor vessel is shown in Figure 4.5.

There is a multi-node SG secondary overlay that can be added to the base model for sensitivity studies and
benchmarks as an aid to understanding. It should be noted that the multi-node SG’s use in licensing
calculations requires additional qualification of the RETRAN drift flux and dynamic slip correlations for PWR
applications — see Section 5.7.2.

Control systems modeled include the Reactor Protection (RPS) and Engineered Safety Features (ESF)
systems, pressurizer level instrumentation, steam generator level control, main feedwater and auxiliary
feedwater systems, and high-head/intermediate-head safety injection.

The following reactivity components are modeled:

a. Doppler feedback

b. Moderator feedback
c. Control rod withdrawal
d. Automatic rod control
e. Reactor trip

In addition the model is designed to allow for changes in soluble boron reactivity to be incorporated when
required for a particular transient analysis.
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The Doppler reactivity feedback is calculated by a correlation of Doppler reactivity as a function of core
average fuel temperature and core burnup. For a reanalysis of a FSAR fransient, the Doppler feedback
algorithm is capable of being adjusted to a target Doppler temperature coefficient or Doppler power defect by
the application of a suitable weighting factor.

Moderator reactivity feedback can be computed either using a moderator temperature coefficient, or a
reactivity function based on moderator density for a transient involving significant core voiding.

The decay heat is modeled with sufficient conservatism to ensure bounding the decay heat predicted by the
1979 ANS Decay Heat Standard with a two standard deviation uncertainty applied to the latter.

The technical basis and detailed input development for each model is maintained in a configuration controlled
document. Cards are organized within the decks in numerical order.

4.3.2 _Noding and Options

Tables 4.4 and 4.5 provide summaries of the control volume and momentum junction nodalization for the
MPS3 4-loop model with single-node secondary SG. All control volumes are standard HEM (homogeneous
equilibrium mixture) volumes except volume 17, which is the nonequilibrium pressurizer. All junctions use the
Baroczy two-phase multiplier with Fanning wall friction and have specified single-stream compressible flow
except junction 21 (surge line to hot leg) which omits the momentum flux term.
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TABLE 4.4

Millstone Unit 3, 4-Loop Model Control Volume Summary

Volume Description Volume Bubble Tmp Trp
# Index Delay
Rx vessel upper plenum 1 0 No
Rx vessel upper head 10 X No
Rx vessel downcomer 11 0 No
Rx vessel lower plenum 12 0 No
Core bypass 13 0 Yes
Lower core section 14 0 No
Mid core section 15 0 No
Upper core section 16 0 No
Hot leg piping X01 0 Yes
SG inlet plenum X02 0 No
SG outlet plenum X13 0 No
Pump suction piping X14 0 Yes
Reactor coolant pump X15 0 No
Cold leg piping X16 0 Yes
Accumulator X20 X No
Pressurizer 17 X No
Surge line 18 0 No
SG tubes X03-X12 0 No
SG steam dome X50 X No
Steam lines X60, X61 0 No
Main steam header 400 0 No
Notes
Bubble index = 0 indicates volume is treated as homogeneous,

= x indicates a bubble index applied.
Tmp Trp Delay = temperature transport delay option.

X=LoopNo =1,2,30r4
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TABLE 4.5

Millstone Unit 3, 4-Loop Model Momentum Junction Summary

Junction Description Jot# Type Valve Chok Trp
Downcomer — upper head 9 Norm 0 No No

Upper head — upper plenum 10 Norm 0 No No

Downcomer — lower plenum 11 Norm 0 No No

Lower plenum — bypass 12 Norm 0 No No

Lower plenum — core 1 13 Norm 0 No Yes
Core 1 —core 2 14 Norm 0 No Yes
Core 2 —core 3 15 Norm 0 No Yes
Core 3 — upper plenum 16 Norm 0 No Yes
Bypass — upper plenum 17 Norm 0 No No

Rx vessel outlet nozzle X01 Norm 0 No No

Hot leg — SG inlet plenum X02 Norm 0 No No

SG inlet plentum — SG tubes X03 Norm 0 No Yes
SG tubes X04-X12 Norm 0 No Yes
SG tubes— SG outlet plentum X13 Norm 0 No Yes
SG outlet plenum — RCP suction X14 Norm 0 No No

Pump suction X15 Norm 0 No No

Pump discharge X16 Norm 0 No No

Rx vessel inlet nozzle X17 Norm 0 No No

Safety injection X18 Fill 0 No No

Accumulator X20 Norm X Yes No

Charging 121 Fill 0 No No

Letdown 321 Fill 0 No No

Notes

Type = junction type, i.e., normal or fill.

Valve = 0 indicates no valve model is specified.
Chok = choking option.

Trp = enthalpy transport option.

X=LoopNo=1,2,30r4
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TABLE 4.5 (CONT.)

Millstone Unit 3, 4-Loop Model Momentum Junction Summary

Junction Description Jot# Type Valve Chok Trp
Pressurizer spray intake 18 Fill 0 No No
Pressurizer spray 19 Fill 0 No No
Pressurizer — surge line 20 Norm 0 No No
Surge line — “B” hot leg 21 Norm 0 No No
Pressurizer PORV No. 1 24 Norm X Yes No
Pressurizer PORV No. 2 25 Norm X Yes No
Pressurizer safety valves 27 Norm X Yes No
Feedwater inlet X35 Fill 0 No No
Auxillary feedwater inlet X36 Fill 0 No No
SG outlet X60 Norm 0 No No
MS isolation valves X61 Norm X No No
MS header inlet X62 Norm 0 No No
SG safety valves X27-X31 Norm X Yes No
MS PORV (relief valve) X32 Norm X Yes No
Condenser steam dump 995 Norm X Yes No
Turbine steam flow 999 Norm X Yes No
Notes

Type = junction type, i.e., normal or fill.

Valve = 0 indicates no valve model is specified.
Chok = choking option.

Trp = enthalpy transport option.

X=LoopNo=1,2,30r4
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FIGURE 4.4
Millstone Unit 3, 4-Loop Model — Primary and Single Node Steam Generator Secondary
Nodalization
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FIGURE 4.5
Millstone Unit 3, 4-Loop Model — Main Steam Line Break Split Core Nodalization
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5 SYSTEM COMPONENT MODEL DESCRIPTIONS

Section 5 describes Dominion Energy’s conservative modeling of nuclear power plant systems and
components for transient evaluations using RETRAN. These discussions may contain plant-specific design
information (e.g. setpoints, logic). The conservative modeling features discussed are incorporated into each
Dominion Energy RETRAN model developed in accordance with VEP-FRD-41 but in a manner that reflects
the design of the plant of interest.

Further, the safety analysist is responsible for determining the input and modeling that predicts a transient’s
dynamic response in a conservative manner. The analysist considers initial conditions, core reactivity
parameters, and assumptions concerning overall systems performance such as component availability and
protection system characteristics. The bases for any deviations from the descriptions presented in Section 5
are documented in the individual application calculation.

5.1 Generic Problem Definitions

Table 5.1 provides a summary of the generic problem control assumptions for the Dominion model (i.e., the
assumptions specified on the 01000X problem control cards).

TABLE 5.1-1
PROBLEM CONTROL ASSUMPTION SUMMARY

1. The two stream momentum mixing (jet pump) option is not used.

2. The core kinetics is based on one prompt group, six delayed groups, decay heat represented by
eleven pseudo isotopes, and U-239 and Np-239.

. No metal water reaction is calculated.

. No equivalent level calculation is performed.

. The dynamic slip model is used.

. The steady state initialization option is used.

. The non-equilibrium pressurizer option is used.

. The transport delay option is used.

© 0o N O 0 b~ w

. The auxiliary DNB model is not used.

10. The RETRANO1 heat transfer map is used.

11. The iterative numerics solution is used.

12. The local conditions heat transfer model is not used*.

13. The turbine model is not used.

14. The equation of state is used for core voids.

15. An arithmetic average volume flow is used for the momentum flux.
16. No non-equilibrium separators are used.

* The local conditions heat transfer model has been qualified for use with the single node SG secondary
model option for loss of heat sink events (see Section 5.7.2). The base models do not include this option.
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5.2 Reactor Protection System

5.2.1 General

Each trip function is represented independently by its own RETRAN trip ID. This allows the actuation time of
each trip function to be edited separately even when disabled. Representative reactor trip functions,
setpoints, and delay times (with minor differences depending on plant design) are summarized in Table 5.2-1.

Several of the RPS functions require further description.

5.2.2 Neutron Flux Signals

RPS functions using neutron flux signals use the neutron power as a percent of rated power. The decay heat
model and the input decay heat multiplier indirectly define the amount of core power from neutrons. For
example, if the reference model decay heat input results in 7.2375% decay heat, the remaining 92.7625%
core power is due to neutrons. Therefore, a gain of 1/0.927625 is applied to the total core power to convert it
to neutron power.

5.2.3 Disabled Functions

The low power range and intermediate range high flux trip functions are disabled except in the HZP I.C.
modules decks. The low RCP bus frequency and voltage functions are set to trip on time and disabled since
the RCP power source is not modeled.

5.2.4 Pressurizer Pressure Functions

As determined by the plant design, the high pressurizer pressure, low pressurizer pressure, and OTAT
functions use a compensated (lead-lag) or uncompensated (control volume) pressurizer pressure signal as
input to the protection function.
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5.2.5 Overtemperature Delta-T

A representative OTAT setpoint is given by:

(1 +t1*S)
AT = Atref *  {K1 - K2*[-----—-—mmmrmm- ]1* (T-Tref) + K3*(P-Pref) — f(Al) }
(1 +t2*S)
where,
AT = OTAT setpoint
Atref = Rated (HFP) hot leg T minus cold leg T
Tref = Reference RCS Loop Tavg
Pref = Reference pressurizer pressure
T = RCS instrument loop average temperature
P = Pressurizer pressure (compensated or uncompensated, per plant design)
f(Al) = Core axial power offset modifier
t1 = Lead time constant
t2 = Lag time constant
K1 = Constant
K2 = Constant
K3 = Constant

The values for the constants are found in the Technical Specifications and/or the Technical Requirements
Manual. The RETRAN model K1 value has been increased from the nominal value by an amount that
envelops the Channel Statistical Allowance (CSA).

The value of Atref for the OTAT and OPAT trips is dependent on the power and RCS flow rate. Therefore,
Atref is established as the initial AT for HFP at the specified RCS flow rate. The user must change Atref for
cases based on a different power level or RCS flow rate.

The measured temperature, T, is the RTD instrument loop average temperature. A small time delay is
applied to model thermal and hydraulic mixing in the RTD scoops. A lag time is applied to the temperatures to
model the RTD thermal time constant. An additional delay is included to account for the remaining electrical
and mechanical equipment.
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5.2.6 Overpower Delta-T

A representative OPAT setpoint is given by:

AT = Atref * {K4 — K5 * [r-mmmemmmemme 1* T+ K6 (T —Tref) - f(Al) }
(1 +13*S)

where, with the following exceptions, terms are defined as in the OTAT function above.

AT = OPAT setpoint

t3 = Time constant

K4 = Constant

K5 = Constant, %/°F if T is increasing
=0if T is decreasing

K6 = Constant

The time delays (scoop mixing and electronics) and lag (RTD thermal response) described for the OTDT
apply to this trip as well.

The values for the constants are found in the Technical Specifications and/or the Technical Requirements

Manual. The RETRAN model K4 value has been increased from the nominal value by an amount that
envelops the CSA.

5.2.7 Qualification and Restrictions

Dominion has established a configuration control program to document the relationship between the following
quantities and to calculate associated analytical margins:

e the reactor protection system and engineered safety features actuation system setpoints assumed in the
safety analyses (the safety analysis limits or SALSs),

e the nominal and allowable setpoints specified in the Technical Specifications,

¢ the actual setpoints implemented in plant procedures, and

e the calculated instrument uncertainty allowances (referred to as channel statistical allowances or CSAs).
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TABLE 5.2-1
REACTOR PROTECTION SYSTEM MODELS
REPERSENTATIVE SAFETY ANALYSIS LIMITS
(MODEL SETPOINTS)

Delay
Trip Signal Setpoint sec

Low and intermediate range, high flux > 35% rated power 0.5
High range, high level flux > 118% rated power 0.5
Positive flux rate (North Anna) > 5%/sec 0.5
Negative flux rate (North Anna) <-5%l/sec 0.5
High pressurizer pressure > 2396 psia 2
High pressurizer level > 100% pzr span 2
Low pressurizer pressure <1845 psia 2
Overtemperature delta-T * *
Overpower delta-T * **
Low reactor coolant flow < 87% nominal flow 1

Notes

** See description in Section 5.2



VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Table 5.2-1 (CONT)
REACTOR PROTECTION SYSTEM MODELS
REPRESENTATIVE SAFETY ANALYSIS LIMITS
(MODEL SETPOINTS)

Trip Signal Setpoint
Low feedwater flow*** <25% SG NR level

> 50% steam flow
minus FW flow

SG low-low NR level 0% SG NR level
Rx trip on turbine trip turbine trip

Rx trip on safety injection safety injection
Notes

*** Not credited in limiting cases which establish AFW requirements.

Delay
sec

0.1

0.1
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5.3 Reactor Vessel and Core

5.3.1 Description

5.3.1.1 General

Because of its similarity to a plenum, the temperature transport delay option was not selected for the
downcomer.

The downcomer volume includes the fluid region between the reactor vessel barrel and core baffle although
the transit time through this region is considerably longer than that through the region between the vessel and
barrel and is, therefore, effectively dead space.

The core sections consist only of the active core (i.e., from the bottom to the top of the fuel pellet cold
dimension) and do not include the volume between the lower and upper core plates.

The upper head is represented as a stagnant volume in the North Anna and Surry 3-loop models. The MPS3
model includes an additional cooling path between downcomer and upper head. The cooling path is included
to appropriately model upper head T-cold conditions. In all three models, the upper head bubble model is set
to provide a maximum gradient and complete separation such that only liquid will be delivered to the upper
plenum during transients that result in upper head flashing (until the head empties).

The fraction of power generated in each core section is based on a cosine-shaped axial power distribution
throughout the core. This results in 50% of the power being generated in the mid core section and 25% in
each of the remaining core sections.

All conductor power is assumed to be generated in the fuel pellet and none in the cladding.

A bounding fuel melt temperature is reflected in the fuel materials properties tables. However, fuel melt is
not a phenomenon which typically experienced for the average core in non-LOCA transient analyses.

The gap conductivity is adjusted to predict a steady state core average fuel temperature that matches the
vendor fuel performance model at nominal full power conditions. The RETRAN gap expansion model is not
in the base model and its use has not been qualified to date.

The initial core average fuel temperature is changed as dictated by analysis considerations by changing the
gap material thermal conductivity. For example, to minimize the core average fuel temperature, a very large

gap conductivity is input.

5.3.1.2 Development of Fuel Design and/or Vendor-Specific Core Models

In preparation for application of the Dominion RETRAN model to Framatome ANP (FANP) fuel, a FANP-
specific fuel and core model was developed (Reference 5.3-1). The development process is described here
for reference, as it represents the general approach that Dominion uses for qualifying the RETRAN system
model for fuel vendor and/or other fuel design changes. Other fuel specific models have been developed
using the same method.
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5.3.1.2.1 Fuel properties

The Framatome ANP model developed from fuel and clad properties data supplied by Framatome ANP
which are consistent with those used in the approved Framatome ANP safety analysis models. Fuel
properties covered included:

Material properties of the three conductor materials (the fuel pellet, the pellet-cladding helium gap, and the
M5 cladding)

e  Thermal conductivity

o Volumetric heat capacity

e Thermal linear expansion coefficient

Plots of the data, the analytical equations used to develop the data, and graphical and numerical
comparisons were presented of the Framatome ANP data to the corresponding data in

e the existing Westinghouse fuel based model

e The International Nuclear Safety Center (INSC) Material Database, Argonne National Laboratory for the
US Department of Energy

¢ NUREG/CR-6150 (MATPRO) Reference 5.3-2

Generally, only minor differences in the data were observed. The most significant property differences are
those associated with the M5 versus ZIRLO cladding.

5.3.1.2.2 Core geometry input

The Framatome ANP model was developed from Framatome ANP supplied dimensional data for the
Framatome ANP fuel assemblies. Input changes were developed in the following areas:

e Core bypass geometry
e Volume
e Flow area
e Flow diameter
e Active core geometry
e Volume
e Flow area
e Flow diameter
Reactor vessel flow path length and area
Reactor vessel form loss coefficients
Reactor core target pressure drops
Active core inlet mass flow rate
Geometry of the active core heat conductors

The parameter changes represented minor adjustments with respect to the existing inputs.

Steady-state initializations were run with and without the Framatome ANP models to ensure adequate
convergence of the new models. Detailed comparisons of the steady-state initialization results were
presented in the engineering calculation in tabular format. Review of these results showed that there are only
minor differences in the Westinghouse Fuel based and Framatome ANP Fuel based models.
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5.3.2 Qualifications and Restrictions

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.3-3), Enclosure 2 (Technical Evaluation
Report-TER) Section 1I.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODO003 in Reference 5.3-6. Those qualifications and restrictions
that are applicable to the vessel and core model are discussed and evaluated in this section. The number
designations for the qualifications and restrictions are those of the Safety Evaluation Report for RETRAN-
3D/MODO003.

5) The metal-water heat generation model is for slab geometry. The reaction rate is therefore underpredicted
for cylindrical cladding. Justification will have to be provided for specific analyses.

Discussion

Dominion’s RETRAN hot pin model is used in rod ejection, rod withdrawal from subcritical, and locked rotor
analyses with the metal-water reaction option selected. Dominion’s RETRAN hot pin model was
benchmarked against a similar vendor model and produced consistent temperature transients for consistent
transient pin powers. These results are discussed in Reference 5.3-4, which documents Dominion’s rod
ejection methodology in its entirety.

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.

Discussion

Dominion RETRAN models do not currently use the vector momentum option. As discussed further in section
5.13, Reactor Kinetics, incomplete fluid mixing between loops is modeled for steam line break based on the
Indian Point 1/7 scale model mixing tests performed by Westinghouse. This is done by dividing the
downcomer into two azimuthal sectors and specifying cross-flow junctions between the cold legs and
downcomer sectors with form-loss coefficients to give the proper steady state mixing flows.

11) Only one dimensional heat conduction is modeled. The use of the optional gap linear thermal expansion
model requires further justification.

Discussion

The core conductor model in Dominion RETRAN system models does not use the gap expansion model.
Dominion’s hot spot model for calculating the hot pin thermal transient in rod ejection analyses models rapid
gap closure following the ejection with an essentially infinite gap thermal conductivity, as described in
Reference 5.3-4. Qualification comparisons of the hot spot model to vendor calculations are presented in
Section 4.3.2 of Reference 5.3-4.

24) The bubble rise model assumes a linear void profile; a constant rise velocity (but adjustable through the
control system); a constant L/A; thermodynamic equilibrium and makes no attempt to mitigate layering
effects. The bubble mass equation assume 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.
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Discussion
Dominion PWR RETRAN models use bubble rise in the pressurizer, reactor vessel upper head, and steam
generator dome regions [Tables 4.2 and 4.4].

The upper head applies the bubble rise model to provide complete phase separation to account
conservatively for upper head flashing during a main steam line break (MSLB). Complete separation ensures
that only liquid will be delivered to the upper plenum during transients that exhibit upper head flashing. The
effect of upper head flashing is seen in the abrupt change in slope in the reactor coolant system pressure
following a MSLB. Dominion’s RETRAN model predicts results that are similar to the vendor FSAR MSLB
analysis in VEP-FRD-41-A Rev. 0 (Figure 5.47) (Reference 5.3-5).

References for Section 5.3

5.3-1 Letter from L. N. Hartz (Vepco) to USNRC, “Virginia Electric and Power Company (Dominion),
North Anna Power Station Units 1 and 2, Surry Power Station Units 1 and 2, Response to
Request for Additional Information, Dominion’s Reload Nuclear Design Methodology Topical
Report,” May 13, 2002 (Serial No. 02-280).

5.3-2 NUREG/CR-6150, “SCDAP/RELAP4/MOD3.3 Code Manual, Volume 4: MATPRO: A Library of
Materials Properties for Light Water Reactor Accident Analysis,” Revision 2, September 2000.

5.3-3 Letter from C. O. Thomas (NRC) to T. W. Schnatz (UGRA), “Acceptance for Referencing of
Licensing Topical Reports EPRI CCM-5, ‘RETRAN-A Program for One Dimensional Transient
Thermal Hydraulic Analysis of Complex Fluid Flow Systems," and EPRI NP-1850-CCM,
"RETRAN-02-A Program for Transient Thermal-Hydraulic Analysis of Complex Fluid Flow
Systems," September 4, 1984.

5.3-4 Virginia Power Topical Report VEP-NFE-2-A, "VEPCO Evaluation of the Control Rod Ejection
Transient", Rev. 0, NRC SER dated September 26, 1984.

5.3-5 Virginia Power Topical Report VEP-FRD-41-A, “Vepco Reactor System Transient Analyses
Using the RETRAN Computer Code,” May 1985.

5.3-6 Letter from S. A. Richards (USNRC) 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.
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5.4 Primary Piping

5.4.1 Description

Unlike the model presented in Rev. 0 of this report, there is no separate SG inlet volume for the North Anna
and Surry models. The hot leg volume now runs from the reactor vessel outlet nozzle to the top of the SG
hot side tubesheet. The RCP suction leg runs from the top of the SG cold side tubesheet to the RCP intake.
The MPS3 base model includes separate volumes for the SG inlet and outlet plenums.

For scenarios that result in two phase natural circulation (not normally encountered in non-LOCA analyses), a
more accurate representation of the thermal driving head can be achieved by breaking the RCP suction leg
into at least two volumes; e.g., one from the SG to the lowest point in the leg and the second back up to the
pump suction.

The temperature transport delay option is applied to all RCS piping volumes.

5.4.2 Qualifications and Restrictions

The three loop model predicts natural circulation conditions consistent with those measured during the North
Anna Unit 2 Natural Circulation Tests conducted July 3 through 9, 1980 (Reference 5.4-1). Test 2-ST-8,
conducted at 3% RTP measured a stable vessel AT of 36-40 ° F. (see Figure 5.4-1). Figure 5.4-2, below,
taken from Section 15.2 of the North Anna UFSAR, shows the response to a loss of offsite power predicted
by the RETRAN model. Note during the period of stable natural circulation and boiloff of available steam
generator inventory, the vessel AT is of the same magnitude as measured in 2-ST-8.

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.4-2), Enclosure 2 (Technical Evaluation
Report-TER) Section 1I.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODOQO03 in Reference 5.4-3 Section V. Those qualifications and
restrictions that are applicable to the primary piping section are discussed and evaluated in this section. The
number designations for the qualifications and restrictions are those of the Safety Evaluation Report for
RETRAN-3D/MODO003.

25) The transport delay model should be restricted to situations with a dominant flow direction.

Discussion

Dominion RETRAN models use the temperature transport delay model in the reactor coolant system piping
and core bypass volume, where a dominant flow direction is expected. Flow reversal is not normally
encountered in these volumes during non-LOCA accident analyses. For accidents that produce a flow
reversal or flow stoppage, the analyst may use the transport delay model if it adds conservatism to the results
(e.g., if RCS pressure is higher during a locked rotor event with the model activated).
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REFERENCES FOR SECTION 5.4

5.4-1

5.4-2

5.4-3

Letter from W. L. Stewart (VEPCO) to H. R. Denton (USNRC), "Virginia Electric Power
Company, North Anna Power Station Units No. 2, Response to the Additional Request for
Information Concerning Low Power Natural Circulation Testing," Serial No. 427A, August 25,
1983.

Letter from C. O. Thomas (NRC) to T. W. Schnatz (UGRA), “Acceptance for Referencing of
Licensing Topical Reports EPRI CCM-5, ‘RETRAN-A Program for One Dimensional Transient
Thermal Hydraulic Analysis of Complex Fluid Flow Systems," and EPRI NP-1850-CCM,
"RETRAN-02-A Program for Transient Thermal-Hydraulic Analysis of Complex Fluid Flow
Systems," September 4, 1984.

Letter from S. A. Richards (USNRC) 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.
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5.5 Reactor Coolant Pumps

5.5.1 Description

Plant specific pump curves are used at least for the first quadrant. Westinghouse 5200 pump curves are used
for other segments where plant specific curves are not applied.

5.5.2 Qualification and Restrictions

The rated pump parameters (hydraulic torque, moment of inertia and frictional torque) are adjusted to provide
a conservative prediction of the RCP flow coastdown curve relative to startup test plant data. (Figure 5.5-1).

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.5-1), Enclosure 2 (Technical Evaluation
Report-TER) Section 1I.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODO003 in Reference 5.5-3 Section V. Those qualifications and
restrictions that are applicable to the reactor coolant pump model are discussed and evaluated in this section.
The number designations for the qualifications and restrictions are those of the Safety Evaluation Report for
RETRAN-3D/MODO003.

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 single-phase homologous curves.
The SEMISCALE MOD-1 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.

Discussion

As discussed in VEP-FRD-41-A (Appendix 1), the plant-specific pump head vs. flow response for first
quadrant operation is used in the Dominion RETRAN models. The homologous curves in the model
represent single-phase conditions. The RETRAN default curves are not used. The pump coastdown
verifications in Section 5.3 of VEP-FRD-41-A demonstrate the adequacy of the centrifugal reactor coolant
pump model versus plant-specific operational test data. Changes to the RCP coastdown model, as
described in Reference 5.5-2, provide conservative coastdown flow predictions for loss of flow events
relative to the actual coastdown measured at the plant. The latest Westinghouse locked rotor/sheared
shaft coefficients have also been implemented.

MPS3 plant specific RCP pump curves are used in the MPS3 base model.

REFERENCES FOR SECTION 5.5

5.5-1 Letter from C. O. Thomas (NRC) to T. W. Schnatz (UGRA), “Acceptance for Referencing of
Licensing Topical Reports EPRI CCM-5, ‘RETRAN-A Program for One Dimensional Transient
Thermal Hydraulic Analysis of Complex Fluid Flow Systems," and EPRI NP-1850-CCM,
"RETRAN-02-A Program for Transient Thermal-Hydraulic Analysis of Complex Fluid Flow
Systems," September 4, 1984.

5.5-2 Letter, M.L. Bowling (VEPCO) to USNRC, “Virginia Electric and Power Company, North Anna
Power Station Units 1 and 2, Supplemental Information on the RETRAN NSSS Model,” Serial 93-
505, August 10, 1993.
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5.5-3 Letter from S. A. Richards (USNRC) 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.
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5.6 Pressurizer

5.6.1 Description

5.6.1.1 General

Several of the pressurizer inputs must be considered by the analyst in the context of the analysis to be
performed. These include: pressurizer spray option (ISP), rainout velocity, inter region heat transfer, and the
bubble gradient. The assumptions used in the base model of the pressurizer are considered to be best
estimate for most transients.

The pressurizer level instrument model does not include the impact of changes in reference leg temperature
that may occur as a result of changes in containment temperature. The effect of reference leg heatup is
accounted for in instrument uncertainty calculations (see Section 5.2.8).

Since the physical model of the level instrument is represented, the instrument output depends on the
calibration conditions for the instrument. At off-nominal conditions the same physical level will produce
different instrument output. These effects are captured in the instrument model.

The base pressurizer model uses industry standard values for the bubble gradient and velocity.

The flow area through the pressurizer diffuser may have impact in those rare occasions when choking occurs
at this junction (e.g., ATWS may have insurge choking and LOCA may have outsurge choking). This is not
expected to be a limitation for most UFSAR transients.

The loss coefficients for the pressurizer/surge line junctions were derived from Idel'chik (Reference 5.6-1).
The Idel'chik correlations for the situation of the surge line/hot leg junction, where one flow stream enters
another flow stream, predicts that when the flows are sufficiently different, a jet pump phenomena occurs.
For most outsurges when the RCPs are running, the loss coefficient of the hot leg-surge line junction will be
negative (i.e., the hot leg flow will tend to suck the surge flow out like a jet pump). For natural circulation
situations, the loss coefficient will move into the positive range. The analyst must consider these effects in
specific applications.

5.6.1.2 Pressurizer Spray

The basic governing equation for the spray flow rate can be written

Qspray =[AP /APy ]1/2 * Qratep * Xp
where
Qspray = volumetric spray flow rate, gpm
AP = dynamic pressure difference from cold leg to pressurizer, psi
APy = normal pressure difference from cold leg to pressurizer, psi
Qratep = rated volumetric spray flow rate, gpm

Xp = normalized spray flow demand (0 to 1)
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This basic characteristic is modeled using control blocks.

The use of the "Normal" AP in the equation above ties the model to the RCS flow rate and loop pressure drop
characteristics. Therefore, if the spray is important and if RCS hydraulic changes are made (e.g. a steam
generator replacement), the spray model inputs are updated.

Pressurizer spray option ISP = 1 causes the spray flow to remove mass and energy from the vapor region
and deposit the spray and condensed flow directly in the mixture region. This will tend to cause the vapor
region to superheat during insurges and will result in slightly higher pressures. The ISP = 0 option will retain
the spray in the vapor region and let it rainout according to the rainout velocity input on the pressurizer
volume cards. ISP = 0 will maintain the vapor region in a saturated condition. The two options represent the
ends of the behavior spectrum. The ISP = 0 option is probably the most appropriate from a best estimate
standpoint, especially with the normal minimum flow through the spray nozzles. Furthermore, the desire to
have the hardest response or the softest response depends on the transient being analyzed.

The base model uses the ISP = 0 option. It should be noted that, for analyses that assess transients against
the RCS overpressure criterion, the pressurizer spray is typically disabled, so this option has no effect on the
results. For cases where the full pressure control system is assumed active (e.g. cases assessed against a
core DNBR criterion where lower pressure is conservative), the default (ISP=0) is more conservative.

5.6.1.3 Pressurizer PORVs

The PORV model may assume no valve movement occurs during the early portions the PORV open and
close stroke times to account for process lags, consistent with the plant design.

The PORVSs use the isoenthalpic critical flow model to provide an appropriate transition from steam to liquid
relief. The normalized junction area can be varied for specific transients (e.g. ATWS) for conservatism. No

special features are added for liquid relief.

5.6.1.4 Pressurizer Safety Valves

The three valves on the pressurizer are represented by a single valve in the model.

For the case of undrained pressurizer safety valve loop seals (currently applicable to North Anna), the safety
valve model has been updated to represent the model described in WCAP-12910, "Pressurizer Safety Valve
Set Pressure Shift," [Reference 5.6-2]. This model is generally referred to as the pop-and-blow model. The
valve begins opening at a pressure which is above the nominal setpoint by the Technical Specifications
setpoint tolerance plus an additional 1% “medium shift” as defined in Ref. 5.6-2 and then "pops" completely
open. A time delay is applied to the opening to model clearing of water from the loop seal as described in
Ref. 5.6-2. On decreasing pressure, an open valve begins closing at the reference setpoint and fully closes at
a pressure below the setpoint to account for blowdown.

Note that Surry and MPS3 have drained the pressurizer loops seals, so the WCAP-12910 model is no longer
applicable to these plants. However, it is retained for reference as a modeling option. This option provides
more limiting overpressure case results. A more realistic drained loop seal model may be specified by
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eliminating the 1% “medium shift” and/or the loop seal clearing time delay from the valve opening |
characteristic.

The contraction coefficient for each of the safety valves (pressurizer and main steam) is calculated based on

the assumption that the rated flow is achieved at a pressure corresponding to the setpoint plus tolerance plus
accumulation. This provides a low flow rate which is conservative for transients that are assessed against the
RCS overpressure criterion and support the design basis for these valves.

5.6.2 Qualifications and Restrictions

5.6.2.1 RETRAN-3D/MOD3 SER

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.6-3), Enclosure 2 (Technical Evaluation
Report-TER) Section 1I.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODO003 in Reference 5.6-8 Section V. Those qualifications and
restrictions that are applicable to the pressurizer model are discussed and evaluated in this section. The
number designations for the qualifications and restrictions are those of the Safety Evaluation Report for
RETRAN-3D/MODO003.

6) Equilibrium thermodynamics is assumed for the thermal hydraulics field equations although there are
nonequilibrium models for the pressurizer and the subcooled boiling region.

Discussion

RETRAN-3D/MODO003 includes a five equation option for modeling nonequilbirum conditions between
liquid and vapor phases. However to be compliant with the stipulations of “02 mode”, this option is not
used. Therefore the RETRAN-02 modeling option which allows certain volumes to be modeled as
nonequilibrium regions is used.

In Dominion RETRAN models, the nonequilibrium region option is generally only used for the pressurizer,
except when applied to the reactor vessel upper head in main steamline break analyses. Toward the end
of the transient, the upper head, which has experienced drainage, flashing and phase separation during
the cooldown, will begin to refill due to continued operation of safety injection. An equilibrium model in the
head can produce nonphysical pressure oscillations. While this phenomenon generally occurs beyond the
time of interest for evaluating core performance, the nonphysical behavior is avoided by using a
nonequilibrium model in the upper head. This is physically reasonable for the head geometry and the
limited hydraulic communication between the head and the upper plenum.

Section 5.3.3 of VEP-FRD-41-A Rev. 0 [Reference 5.6-4] presented comparisons of RETRAN pressure
predictions to plant data for a cooldown and safety injection transient at North Anna. The nonequilibrium
pressurizer model response was in good agreement with the observed plant response. Those figures are
presented here for reference (Figures 5.6-1 through 5.6-5).
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FIGURE 5.6-4
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FIGURE 5.6-5
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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 L/A 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.

Discussion

VEP-FRD-41-A [Appendix 1; Reference 5.6-4] describes that the Dominion RETRAN pressurizer model
uses the non-equilibrium model to ensure accurate modeling of transient conditions that may involve a
surge of subcooled liquid into the pressurizer or to ensure appropriate treatment of pressurizer spray and
heaters. While a wall heat transfer model, including vapor condensation, was added in version MOD003
of RETRAN-02 [Reference 5.6-5] and is subsequently approved for use in RETRAN-3D per the SE
[Reference 5.6-8], Dominion continues to model the non-equilibrium volume walls as an adiabatic
surface. However, a pressurizer heat loss term is modeled using the RETRAN pressurizer heater model.
The heat loss term is set to match the design output of the proportional heater bank during steady state
operation at the nominal pressure control setpoint.

The North Anna Unit 2 Natural Circulation Tests conducted in July 1980 measured the effect of
convective heat losses from the pressurizer with all heaters secured. The observed effect was about 5
F/hr liquid temperature cooldown and about 38 psi/hr pressure loss [Reference 5.6-6]-see Figure 5.6-12.
The significant plant response for UFSAR non-LOCA transients occurs within the first 30 minutes of the
event initiator. Therefore, pressurizer wall heat transfer is a phenomenon that is not significant over the
time frame of interest for UFSAR non-LOCA analyses.

Section 5.3.3 of VEP-FRD-41-A includes a RETRAN simulation of a North Anna cooldown event,
demonstrating the adequacy of the RETRAN pressurizer modeling assumptions compared to actual plant
response. Both the observed data and the model indicated that level indication was lost for a brief portion
of the transient. Overall, the RETRAN prediction of pressurizer pressure and level indicate that the non-
equilibrium pressurizer model adequately describes the behavior for large swings in pressure and level. In
addition, the model predicted the time when level indication was lost close to the observed data.
Therefore, the RETRAN non-equilibrium pressurizer model is able to perform accurate predictions of a
draining pressurizer.

Reference 5.6-7 included a RETRAN simulation comparison to the 1987 North Anna steam generator
tube rupture event. Figures 5.6-6 and 5.6-7, taken from Reference 5.6-7, demonstrate that the RETRAN
non-equilibrium pressurizer model provides good predictions of pressure and level behavior over a wide
range of actual accident conditions. The model closely predicted the pressurizer level recovery near 1700
seconds.
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FIGURE 5.6-6
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FIGURE 5.6-7
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RETRAN has been used to analyze the North Anna main feedwater line break (MFLB) UFSAR event,
which reaches a pressurizer fill condition. The RETRAN analysis was benchmarked to a Westinghouse
LOFTRAN analysis and showed good agreement for pressurizer pressure and water volume. The codes
predicted similar times for the pressurizer to reach a fill condition and similar RCS conditions long-term
after the pressurizer is filled. Dominion RETRAN simulations for the MFLB event do not exhibit any

unusual pressurizer behavior or numerical discontinuities when the pressurizer fills and remains filled.
See the Table and Figures below.

TABLE 5.6-1

TIME SEQUENCE OF EVENTS FOR MFLB COMPARISON

0.717 ft**2 break with offsite power and 340 gpm AFW flow. Time in seconds.

RETRAN West.

Time Time ___EXEEE ________________________________
0.0 0.0 Main feedline rupture occurs
6.8 6.1 Low-low SG water level trip setpoint reached
8.8 8.1 Rods begin to drop
31.7 10.5 High steamiine differential pressure S.I. setpoint reached
16.4 15.5 SG safety valve setpoint reached in intact SGs
66.8 66.1 One motor-driven AFW pump starts
350 335 (Cold auxiliary feedwater is delivered to intact SG
1300 1580 Pressurizer safety valve setpoint reached
7000 6600 Core decay heat plus pump heat decreases to AFW heat

removal capacity
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FIGURE 5.6-11
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FIGURE 5.6-12
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24) The bubble rise model assumes a linear void profile; a constant rise velocity (but adjustable through
the control system); a constant L/A; thermodynamic equilibrium and makes no attempt to mitigate layering
effects. The bubble mass equation assume 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.

Discussion
Dominion PWR RETRAN models use bubble rise in the pressurizer, reactor vessel upper head, and
steam generator dome regions [Tables 4.2 and 4.4].

The pressurizer model applies the maximum bubble density at the interface between the mixture and
vapor region. The use of the bubble rise model in the pressurizer has been qualified against licensed
transient analysis codes and plant operational data as follows:

o VEP-FRD-41-A Rev. 0 (Ref. 5.6-4) RETRAN analyses show pressurizer conditions similar to the
licensed FSAR analyses for several accidents: uncontrolled rod withdrawal at power, loss of load
event, main steamline break, and excessive heat removal due to feedwater system malfunction.

o VEP-FRD-41-A, Section 5.3.3, RETRAN simulations show good agreement with pressurizer
response operational data from the 1978 North Anna cooldown transient (see plots above) .

o RETRAN simulations show good agreement of transient pressurizer conditions compared to the 1987
North Anna Unit 1 steam generator tube rupture event (see plots above).

Implicit in the agreement between plant operational data and RETRAN is that the bubble rise model
accurately predicts conditions in the pressurizer over a wide range of temperature, pressure, and level
transient conditions. Therefore, Dominion has justified appropriate use of the bubble rise model through
adequate benchmarking against physical data and other licensed transient analysis codes.

31) The pressurizer model requires model qualification work for the situations where the pressurizer either
goes solid or completely empties.

Discussion

Refer to the response to Limitation 18. Dominion has shown that the non-equilibrium pressurizer model is
adequate over the expected range of pressurizer conditions that occur in North Anna and Surry UFSAR
non-LOCA events analyzed with RETRAN. Specifically,

e The UFSAR main steam line break events analyzed with RETRAN show a response for a drained
pressurizer that is consistent with vendor methods [Reference 5.6-4, Figure 5.47].

e The North Anna UFSAR main feedline break event (case with offsite power available), which results
in a filled pressurizer, shows a response that is consistent with vendor results

e Comparisons to the North Anna Cooldown Transient [Reference 5.6-4, Section 5.3.3] and Steam
Generator Tube Rupture [Reference 5.6-7, Section 3.2] show reasonable agreement with plant data
for the case of pressurizer drain and subsequent refill.

Furthermore, the SE for RETRAN-3D approved the pressurizer model for use with filling and draining
events as outline in condition 18.
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37) For PWR transients where the pressurizer goes solid or completely drains, the pressurizer behavior
will require comparison against real plant or appropriate experimental behavior.

Discussion
See the response to Limitations 18 and 31.

5.6.3 Conclusion

The results of RETRAN comparisons to plant operational data and to other licensed transient analysis
codes demonstrate that the non-equilibrium pressurizer model is adequate over the expected range of
pressurizer conditions that occur in North Anna and Surry UFSAR non-LOCA events analyzed with
RETRAN. Since the MPS3 non-equilibrium pressurizer is modeled as described in Section 5.6.1 and its
subsections, the conclusions of the North Anna and Surry RETRAN comparisons are applicable to the
MPS3 plant.
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5.7 Steam Generators

5.7.1 Description

RETRAN case-specific input is used to adjust the steam generator tube heat transfer areas, metal volume
and primary side water volume to reflect the desired amount of SG tube plugging.

The multi-node SG model was developed for studies where a detailed understanding of level response is
needed. However, most UFSAR accident analyses can be adequately represented with a single node SG
secondary model. Use of the multinode model in licensing applications is predicated on performing additional
qualification of the RETRAN slip models as discussed in the Qualifications and Restrictions section below.

Like the pressurizer level instrument model, the SG level instrument model does not include the impact of
changes in reference leg temperature that may occur as a result of changes in containment temperature.
This phenomenon is accounted for in the instrument uncertainty calculations (see Section 5.2.8).

The SG low level trip setpoint (0 %) may not be reached in the multinode secondary model if the pressure
increases during the course of the transient prior to trip. This behavior is real. This process measurement bias
is accounted for in the CSA (Section 5.2.8).

In the single node SG model, the SG secondary side is represented by a single volume. The multi-node SG
configuration calculates the SG NR level based on the actual differential pressure algorithm. The single node
SG configuration uses a derived mass versus level correlation based on the steady state hot full power mass
distribution. Basically, the design total mass at the level setpoint was used to estimate the mass at each end
of the NR instrument range.

5.7.2 Qualification and Restrictions

As described above, the most significant approximation associated with the single node secondary side
model is the loss of detail in the downcomer level response, which is significant for transients where low
or high steam generator level protection is of importance. Dominion addresses this loss of detail with the
following conservatisms:

e For loss of steam generator inventory events, no credit is taken for protective action on the low
steam generator level coincident with steam flow / feed flow mismatch signal.

¢ A bounding value of the low-low steam generator level setpoint is assumed (typically 0% narrow
range SG level span) which accommodates level channel measurement uncertainties with
margin.

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.7-1), Enclosure 2 (Technical Evaluation
Report-TER) Section II.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODO003 in Reference 5.7-4 Section V. Those qualifications and
restrictions that are applicable to the steam generator model are discussed and evaluated in this section.
The number designations for the qualifications and restrictions are those of the RETRAN-3D Safety
Evaluation Report.
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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.

Discussion
Dominion RETRAN models specify the use of the dynamic slip option on the primary side and zero slip on

the secondary side of the steam generator (SG) tubes. However, two-phase flow is not normally
encountered on the primary side during non-LOCA PWR transients. The exception is for steam line
break, where the pressurizer may drain during the cooldown, and the upper head may flash, resulting in
some carryunder to the upper plenum region as the head drains. The RCS pressure response obtained in
Dominion steam line break analyses, including the effects of pressurizer and upper head flashing and
drainage, is consistent with that obtained by vendor models as discussed in VEP-FRD-41-A (Appendix 1;
Ref. 5.7-2).

Dominion does have a multi-node steam generator secondary model overlay that uses dynamic slip
modeling. This model is not used in licensing calculations, but it is occasionally used in studies to confirm
that the standard steam generator models are providing conservative results. The standard model
features involve a single-node secondary side model and the associated heat transfer response and
level-versus inventory correlations that are used to model low and low-low SG level reactor protection.
The multi-node model treats the horizontal flow between the lower downcomer and tube bundle as bubbly
flow.

Reference 5.7-3 presented comparisons between the multi-node and single-node SG versions of the
model for a complete loss of load and for a 200%/minute turbine runback transient at full power. The
response comparisons for pressurizer pressure and liquid volumes, RCS temperature, and steam
pressure showed essentially identical responses for the two models. The most pronounced differences
were in predicted changes in steam generator level and inventory, as expected. These results are
reproduced below (Figures 5.7-1 through 5.7-13).



VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

FIGURE 5.7-1

TUREINE RUNBACK 100% TO s0%
200%/HIN BOC COMPARISON
PRESSURI[ZER PRESSURE

[(PSI1A)
2320.00 2360.00

0.00  2280.00

i

PZR PRESSURE
2200.00 2g4

2160.00

£120.00

.00 20.00 80.00  100.00

40,00 £0.00
TIFE (SEC) =10
SOLID LINE = MULTI=NODE SG
DASHED LIME = S[MGLE MODE SG

Ll -0 L 13.44. 48

120.00



VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

FIGURE 5.7-2
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FIGURE 5.7-3
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FIGURE 5.7-4
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FIGURE 5.7-5
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FIGURE 5.7-6
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FIGURE 5.7-9
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FIGURE 5.7-10
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FIGURE 5.7-11
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FIGURE 5.7-12
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FIGURE 5.7-13
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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 options refer to
@an.

Discussion
Refer to the response to Limitation 9, above.

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.

Discussion
Dominion PWR RETRAN system models use heat transfer correlations in three areas:

e Reactor core conductors
e Primary (RCS) side of the steam generator tubes
e Secondary (steam) side of the steam generator tubes

For all non-LOCA accident analyses, the core heat transfer remains in the single-phase convection and
subcooled nucleate boiling regions. The event that presents the most severe challenge to subcooled
nucleate boiling on a corewide basis is the locked reactor coolant pump rotor event presented in Sections
15.4.4 and 14.2.9.2 of the North Anna and Surry UFSARs, respectively. For the locked rotor event, the
heat transfer mode remains subcooled forced convection at the core inlet node and nucleate boiling at the
mid core and top core node throughout the event.

Similarly, subcooled forced convection is the dominant heat transfer mode on the inside of the steam
generator tubes for all non-LOCA events.

On the secondary (steam) side of the steam generator tubes, the heat transfer mode is typically saturated
nucleate boiling (Mode 2) for non-LOCA transients. Exceptions occur when:

o a steam generator approaches dryout, such as for a large feedline break accident

e a steam generator blows down, as in the main steam line break event.

e there is no flow through the single-node secondary side of the steam generator, such as during a loss
of load (turbine trip) with feedline isolation.

These cases will be addressed in turn.

For cases where significant steam generator dryout is anticipated, Dominion uses the RETRAN local
conditions heat transfer option in conjunction with the single-node steam generator secondary side
model. Dominion has performed analyses to evaluate the physical realism of the modeling results,
including a steam generator tube noding sensitivity study. The behavior of the model is such that
nucleate boiling heat transfer (RETRAN Mode 2) is predicted for nodes below the collapsed liquid level.
For nodes above the collapsed level, the model predicts a rapid transition from single-phase convection
to steam (RETRAN Mode 8).

For the steam line break calculation, Dominion uses a set of overlay cards to predict a conservatively
large heat transfer coefficient on the secondary side, in order to maximize the RCS cooldown. This is
done using control blocks.
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For nodes below the collapsed liquid level, the overlay model applies a separate heat transfer coefficient
to the secondary side of each steam generator conductor based on the maximum of the following,
independent of which regime the RETRAN logic would pick:

Rohsenow pool boiling

Schrock-Grossman forced convection vaporization

Thom nucleate boiling

Chen combined nucleate boiling and forced convection vaporization
Single phase conduction to steam (Dittus-Boelter)

This maximum coefficient represents the heat transfer for the “wet” heat transfer surface in the steam
generator.

To better represent the variation of the film coefficient for the conductors at different elevations, a model
was developed to calculate a collapsed liquid level and apply the maximum “wet” coefficient below this
level and the forced convection to steam above this level. This provides a realistic and smooth transition
in heat transfer capability as the steam generator inventory is depleted.

For cases with no flow calculated through the single-node secondary side (e.g., turbine trip with no
condenser dumps and assumed feedwater line isolation at the time of turbine trip), the heat transfer on
the entire secondary surface of the tubes will rapidly transition to forced convection vaporization with a
very small heat transfer coefficient. This behavior is non-physical, because a significant portion of the
tube bundle remains covered with two-phase mixture and would remain in the nucleate boiling regime.
However, the results are conservative and Dominion’s experience has been that this calculational
anomaly only occurs for brief periods of time such that the key results (e.g., peak RCS pressure) are not
significantly impacted.

In summary, the limitations of RETRAN’s regime-dependent heat transfer models are considered in
Dominion licensing analyses. Appropriate assumptions and approximations are made to ensure that the
accident analyses are conservative.

17) While FRIGG tests 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.

Discussion
Refer to the response to Limitation 9, above.

24) The bubble rise model assumes a linear void profile; a constant rise velocity (but adjustable through
the control system); a constant L/A; thermodynamic equilibrium and makes no attempt to mitigate layering
effects. The bubble mass equation assume 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.

Discussion
Dominion PWR RETRAN models use bubble rise in the pressurizer, reactor vessel upper head, and
steam generator dome regions [Tables 4.2 and 4.4]. |

The single-node steam generator secondary model is initialized with a low mixture quality so that the
steady-state initialization scheme selects a large bubble rise velocity. The initialization models complete
phase separation as a surrogate for the operation of the mechanical steam separators and dryers in the
steam generators.
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28) The local conditions heat transfer model assumes saturated fluid conditions, one-dimensional heat
conduction and a linear void profile. If the heat transfer is from a local conditions 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.

Discussion

As discussed in the response to Limitation 14, Dominion restricts use of the local conditions heat transfer
model to loss of secondary heat sink events. The model predicts a rapid transition from nucleate boiling to
single-phase convection to steam on the secondary side as the tube bundle dries out.

Nodal sensitivity studies were performed to show that the default tube bundle noding provides an
adequate representation of the primary to secondary heat transfer. The single-node secondary side is
initialized with a low mixture quality. As a result, a high bubble rise velocity is calculated by the steady
state initialization routine. This drives the RETRAN calculated mixture level to the collapsed liquid level
and conservatively maximizes the rate of tube bundle uncovery as the inventory is depleted. The fluid
condition on the inside of the tubes remains single phase, and thus the restriction is met.

A loss of normal feedwater with delayed (600 seconds) auxiliary feedwater initiation was modeled for the
noding sensitivity study. The results using 10 conductor nodes vs 20 conductor nodes per steam
generator were compared. These are presented in Table 5.7-1.
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TABLE 5.7-1
Time Sequence of Events
Loss of Normal Feedwater
[Local Conditions Heat Transfer Noding Study]

Key Parameter Predictions

Parameter Description
Maximum pressurizer pressurg, psia
Time of maximum, sec

Minimum net core reactivity, pem
Time of minimum

Maximum SG "A" sleam pressure, peia
Time of maximum, sec

Minimum loop "A® actual T, °F
Time of minimuam, sec

Maximum pressurizer liquid volume, ft*
Time of maximum, sec

Time of reactor trip an lo-lo 5G NR level, sec

Tirmee of first activation of pressurizer PORY no. |, sec

106 |
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5.8 Main Steam System

5.8.1 Description

The main steam system model includes the following components:

e Main steam piping

e Main steam safety valves

e Atmospheric steam relief valves (PORVSs)
e Steam line non-return valves

e Main steam isolation valves

e Condenser steam dump system

5.8.1.1 Main Steam Safety Valves

The main steam safety valve models assume a “pop and blow” characteristic, i.e. the valve opens rapidly
after steam pressure reaches the nominal setpoint + Technical Specifications setpoint tolerance. Upon
depressurization, the valve begins closing at the nominal setpoint and is completely closed at a pressure at
the nominal setpoint minus blowdown.

The contraction coefficient for each of the safety valves (pressurizer and main steam) is calculated based on
the assumption that the rated flow is achieved at a pressure corresponding to the setpoint plus tolerance plus

accumulation. This results in a conservatively low calculated relief rate.

The model includes the effects of dynamic pressure loss terms in the MSSV inlet piping to address the
concerns raised in NRC Information Notice 97-09 (Reference 5.8-1).

If specific analyses should require water relief from the main steam safety valves, the entire steam line and
valve model would need further review.

5.8.1.2 Atmospheric Steam Relief Valves (PORVSs)

Although the atmospheric steam relief valves are actually attached to the steam line, they may be modeled
as connected to the steam generator. This generally provides a more stable execution, especially when the
MSIVs are closed. The atmospheric relief valve is modeled as a critical flow junction with a valve. The
junction area was calculated by determining the saturated steam critical mass flux for the isoenthalpic model
at the nominal set pressure and dividing this mass flux into the design relief capacity.

5.8.1.3 Steam Line Non Return Valves

For plants containing steam line non return valves, the valves are modeled implicitly by large reverse loss
coefficients in the steam lines.



VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 109 |

5.8.1.4 Main Steam Isolation Valves

The main steam isolation valve cannot be reopened after closing. Low steam line pressure, low-low Tavg
coincident with high steam flow, or other applicable ESF logic will initiate main steam line isolation. The logic
requires the applicable coincidence from each of these signals; for example, two of the three loops must
exceed their threshold.

5.8.1.5 Condenser Steam Dump System

Although small differences in condenser steam dump operation exist between the various plants modeled by
Dominion Energy, in general two signals provide permissives to allow the steam dump control system to
operate. Either a sudden load loss or a turbine trip will provide a signal to open the arming solenoids to allow
air to be admitted to the actuator. A low-low Tavg signal will cause the air to be dumped from the actuator,
thus causing the steam dumps to close, or not to open. The typical encounter with the low-low Tavg blocking
signal is after the dumps are open and the RCS has been overcooled for some reason.

If the temperature error signal exceeds a certain threshold the steam dump valves are provided signals to
open fully, i.e., trip open. The threshold depends on whether or not the turbine has tripped.

Modulation of the steam dump demand signal is also provided via the load rejection and turbine trip
controllers depending on whether or not a turbine trip is present. If the turbine trip signal is present, the
valves are modulated such that the dump capacity is a roughly linear function of the difference between the
dynamic reactor coolant system average temperature and the programmed no-load temperature. If the
turbine trip signal is absent, the valves are modulated to vary the relief capacity as a roughly linear function of
the difference between the reactor coolant system average temperature and the programmed load-
dependent reference temperature. This capability is achieved via use of the RETRAN control system
models.

The condenser steam dumps are tandem trim valves that contain a pilot valve and a main plug. Upon
receiving a signal to open, only the pilot valve moves so as to vent a balancing chamber in order to equalize
the chamber's pressure with the downstream pressure. During this period there is no flow through the valve.
The main plug then opens to allow flow.

The condenser dump valve model is a best-estimate model and is normally disabled for UFSAR transient
analyses. The level of detail and features modeled for the condenser steam dump system will vary according

to the needs of and intended application for each plant.

5.8.2 Qualification and Restrictions

See the discussions in Section 5.7 for the Steam Generator models. Additionally, as part of the original (Rev.
0) review process, VEPCO performed comparisons of the 1-loop RETRAN model results to results obtained
with the Westinghouse LOFTRAN code (Ref. 5.8-2). Three transients were examined: a spurious reactor
trip, a spurious turbine trip and a flow coastdown event. Several parameters characteristic of secondary side
performance were compared. The results showed very similar behavior. The Ref. 5.8-2 analysis
(CONTAINS WESTINGHOUSE PROPRIETARY INFORMATION) is shown in Appendix 4.
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Transient Analyses,” August 24, 1984, Serial No. 376A.
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5.9 Main Feedwater System

The main FW flow and temperature are pure boundary conditions. Hence, the normal response of the
controller and system components must be approximated by the user. For licensing transients, conservative
assumptions are made.

Main FW isolation is modeled by a linear reduction in main FW flow.

Two alternatives are provided for the control of the fill flux: 1) a simple FW controller based on the level and
steam-feedwater mismatch errors and 2) a FW matches steam assumption. The base model is set up to use
the FW controller function.

Note that the FW matches steam assumption is appropriate for the pre-trip portion of transients and is not
normally used post-trip.

The default FW controller function model is considered to be adequate for slow to moderate secondary
transients where the FW control valve operates in its normal control range.

The feedwater enthalpy model is included to provide the proper steady state endpoints for changes in power
level as well as approximate dynamics of main FW enthalpy changes. For many transients, the "FW
enthalpy follows load" function is often turned off and the FW enthalpy held at the full load value.

In addition, the purge time characteristic of the volume from the AFW connection to the SG is included in this
model. This will allow the FW junction enthalpy to adjust automatically from the main FW value to that of the
AFW once the main FW inventory in each line is purged from the main feedwater piping by the AFW flow.

5.10 Auxiliary Feedwater System

The auxiliary feedwater flow and temperature are pure boundary conditions. Hence, the normal response of
the system components must be approximated by the user. For UFSAR transients, appropriately
conservative assumptions are made.

Both the main feedwater and auxiliary feedwater may be modeled to enter through the same fill junction(s). |
RETRAN will typically add a bias to the main FW enthalpy in order to calculate the required thermodynamic
enthalpy for the feedwater junction at steady state. The value of this "fill enthalpy bias" is found in the
'JUNCTION DATA ACTUALLY BEING USED' RETRAN output edit. This same bias will also be added to the
AFW enthalpy. Therefore if the user does not wish the "fill enthalpy bias" to be added to the AFW enthalpy,
he must adjust the specified AFW enthalpy accordingly.

The AFW flow tables are not applicable to any particular transient.
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5.11 Turbine EHC System And Automatic Runback |

The EHC model assumes that total steam flow and first stage pressure are linearly related, i.e., steam flow
can be used as a surrogate for first stage pressure. The model also assumes that the response of the EHC
is essentially instantaneous. In other words, there is an imperceptible delay between changes in demand and
changes in steam flow. Experience with other plants has shown this to be a reasonable assumption.

The model represents the EHC in automatic. Straightforward modifications can be made if manual operation
is to be represented. Turbine runback, when modeled, is actuated on approach to the OTAT and OPAT
reactor trips. The reduction of turbine load causes a decrease in reactor power and increases the margin of
operation to unsafe OTAT and OPAT conditions that would require a reactor trip.

Automatic turbine runback is activated on OTAT and OPAT at a setpoint which is less than the corresponding
reactor trip setpoint by design. The logic requires satisfaction of the applicable coincidence; for example, two
of the three loops must exceed the threshold.

When automatic runback trips are activated, the load rejection operates on a cycle, running back at a
constant rate for time interval t;, stopping for time interval t; sec, then continuing in a similar fashion until the
OTAT or OPAT trip condition is cleared or zero turbine load is reached.

The turbine flow is limited by the pressure at the stop valve inlet. As pressure increases, the maximum flow
increases.

5.12 Safety Injection System

5.12.1 Description

Representative initiating functions for safety injection which are modeled are shown in Table 5.12-1. Only
the high head or intermediate head safety injection pumps are modeled, consistent with plant design, as
these are of primary interest for non-LOCA transient analyses. Representative analyses values for the
setpoints and delay times are shown.

The base models contain a pressure dependent table of injection flow vs RCS pressure for a single train
of high or intermediate head safety injection (1 pump). The flows are based on a conservative model of |
pump head degradation, injection line hydraulic resistance and emergency power frequency degradation
which minimizes the injection flow rates, since this is the assumption of interest for most safety analyses.
For cases where maximum flow is of interest (e.g. a steam generator overfill study following tube rupture),
the base model tables may be overridden with more appropriate input.

For modeling steam line break transients, the user has access to an overlay containing a RETRAN
control block representation of the transport and mixing of soluble boron from the injection stream
throughout the reactor coolant system (see Section 5.13). This feature is important for transients where
reactivity phenomena are significant, such as main steam line break and may be added to the base deck
when needed.

The MPS3 base model explicitly models the S| accumulators. Standard RETRAN volumes are used to
represent the accumulators.
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5.12.2 Qualifications and Restrictions

The RETRANO02/MODO002 Safety Evaluation Report (Reference 5.6-3), Enclosure 2 (Technical Evaluation
Report-TER) Section 1I.C discussed general limitations of application of RETRAN02/MODO002. These
limitations were evaluated for RETRAN-3D/MODO003 in Reference 5.6-8 Section V. Those qualifications and
restrictions that are applicable to the modeling of safety injection are discussed and evaluated in this section.
The number designations for the qualifications and restrictions are those of the Safety Evaluation Report for
RETRAN-3D/MODO003.

40. Organizations with NRC-approved RETRAN-02 methodologies can use the RETRAN3D 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.

Discussion:

The RETRAN-3D SER states “A RETRAN-02 mode model must not use any of the new RETRAN-3D
features such as:... accumulator model.” The NRC restriction refers to a specific accumulator model
component within RETRAN-3D. Standard RETRAN volumes are used to represent the accumulators in
the MPS3 base model, but the RETRAN-3D accumulator model is not used. MSLB is the only non-LOCA
transient that could potentially actuate the accumulators.
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TABLE 5.12-1
Sl Initiation Functions:
[Representative Safety Analysis Setpoints]

Trip Signal Setpoint
Low-low pressurizer pressure, psia <1610
High steamline A pressure, psi * <150

High steam flow coincident with low-low Tavg
- steam flow, % of rated

*%

- low-low Tavg, °F <539
High steam flow coincident with low steamline pressure

- steam flow, % of rated >

- steamline pressure, psia 459

114 |

Delay

sec

13
13

15

13

* Pressure in any one steamline more than 150 psi less than that in the other two steamlines (North Anna).

The Surry system compares steamline pressure to the main steam header pressure.

** Steam flow setpoint is 40% of nominal for turbine load less than or equal to 20% nominal and increasing

linearly with turbine flow to 110% of nominal steam flow at full nominal turbine flow
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5.13 Reactor Kinetics

5.13.1 Reactivity Feedback

Reactivity feedback in the RETRAN models is computed entirely by control systems instead of using the
RETRAN point kinetics model input and tables. Each reactivity component is computed separately in units of
pcm, summed into a timestep's net reactivity, also in pcm, and converted to dollars ($) before input to the
point kinetics algorithm.

The following reactivity components are modeled:

Doppler feedback
Moderator feedback
Soluble boron

Control rod withdrawal
Normal rod control
SCRAM

ok wbh=

The user can edit each of the reactivity components, as well as the total, in pcm and can bias the initial output
of each component to zero.

5.13.2 Reactivity Model Inputs

The following control inputs and control blocks are available to the user :

o Delayed neutron fraction, peff

o Time for SCRAM rods to reach dashpot
e Total SCRAM worth

e Zero bias for boron reactivity

o Transient bottom core boron concentration
o Transient mid core boron concentration
e Transient top core boron concentration
o Doppler weighting factor

o Moderator weighting factor

e DTCREF

e Zero bias for Doppler

e Zero bias for moderator

e Zero bias for control rods
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5.13.3 Reactivity Model Outputs

The reactivity model control blocks provide outputs of the following:

o Core average fuel temperature, °F

o Doppler reactivity, pcm

« Core average moderator density, lbm/ft®

o Core average moderator temperature, °F
¢ Moderator reactivity, pcm

¢ Rod withdrawal reactivity, pcm

¢ Rod control plus SCRAM reactivity, pcm

¢ Net reactivity, pcm

¢ Net reactivity, $

Specification of a reactivity bias is for editing purposes only and will not impact the RETRAN predictions since
the point kinetics algorithm adjusts the initial net reactivity to zero.

5.13.4 Decay Heat

The decay heat calculation is based on the 1979 ANS Standard. The decay heat calculated by RETRAN will
deviate slightly from that calculated using the ANS Standard mainly due to the way RETRAN models the
termination of fission due to a reactor trip. Whereas the ANS Standard assumes the fission process ceases
precisely at some time t, RETRAN more correctly simulates a reactor trip through the response of the fission
process to a negative reactivity insertion over time. Prompt neutrons will decay during the trip effectively
simulating a power rampdown instead of a guillotine cessation of the fission reaction.

In RETRAN, decreasing the prompt neutron lifetime, Ip, or the rate and/or magnitude of negative reactivity
insertion will decrease the predicted RETRAN decay heat energy. However, the RETRAN input format does
not allow for Ip alone to be modified. Rather, the user provides the quotient of the Beff divided by Ip.
Decreasing the value of Ip input effectively increases Beff and therefore decreases the amount of reactivity
inserted.

Another difference between the ANS standard and the RETRAN decay heat calculation is that, for the 1979
ANS Standard, RETRAN ignores the effects of neutron capture. This effect can only be accommodated in
RETRAN by use of the decay heat multiplier option (either through supplying a constant multiplier or defining
a time-dependent multiplier via control blocks).

Finally, RETRAN uses a different correlation than that provided in the 1979 ANS Standard to compute the
actinide contribution to decay heat (i.e., the contributions due to U-239 and Np-239). The RETRAN actinide
correlation is that of Branch Technical Position APCSB9-2 (see Volume 1 of the EPRI RETRAN-3D Code
Report, EPRI NP-7450-CCM-A, Rev. 9). The RETRAN input of the breeding ratio UDUF (i.e., the number of
Pu-239 atoms produced per U-235 atoms fissioned) only impacts the calculation of the actinide contribution.
The greater the value of UDUF, the higher the predicted decay heat fraction. In the 1979 ANS Standard, the
actinide correlation parameter that corresponds to UDUF is the parameter R, the number of U-239 atoms
produced per second per fission at the time of shutdown.
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The RETRAN model uses the following assumptions in the calculation of decay heat:

Operating period, days: 1,500

Load factor: 100%

Q, MeV/fission: 190

Decay heat fissioning nuclides:  U-235 only

Actinide component: APCSB correlation with UDUF = 0.77

No neutron capture component

5.13.5 Direct Moderator Heating

A direct moderator heating fraction of 0.026 assumed for all three core sections.

5.13.6 Doppler Feedback

Doppler feedback is based on a correlation developed from detailed studies with Dominion's approved PDQ
models. The RETRAN model correlation has a core average fuel temperature, T;, component, DTCTF, and a
burnup component, BURNMP.

The DTC correlation is qualified over the range of core design DTC limits for the plant of interest and is |
described by the following equation:
DTC(pcm/°F) = DTC+; * BURNMP * WF

where
DTCry, the fuel temperature dependence, equals A*Tfo'5 +B*T;+ C

T; is the effective core average fuel temperature in °F and A, B, and C are correlation coefficients
BURNMP, which models burnup changes, equals DTC,/DTCrs47

DTC, is the reference DTC at the burnup of interest at hot-zero-power with 2000 ppm boron
(pcm/°F)

DTCrsq7 is the solution to the above DTC+; equation at 547 °F.

WEF is the user supplied weighting factor term that allows the user to adjust the design information to bound
specific Doppler defects.

The Doppler feedback can be adjusted to a target DTC at a given fuel temperature by changing the
weighting factor.

5.13.7 Reactivity Parameter Selection

The selection of specific reactivity parameter values for accident analysis is based on ensuring the
predicted response is bounding for the range of values realized over the entire burnup range for currently |
operating reload cores. The "bounding parameter" approach, originally documented by Westinghouse in
WCAP-9272 (Reference 5.13-1), has been adopted and applied by Dominion as described in detail in
Reference 5.13-2. |
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5.13.8 Qualifications and Restrictions

The RETRAN3D/MODO003 Safety Evaluation Report (Reference 5.13-11) Section 5 discussed general
limitations of application of RETRAN-3D/MODO003. Those qualifications and restrictions that are applicable to
the core kinetics model are discussed and evaluated in this section. The number designations for the
qualifications and restrictions are those of the RETRAN-3D Safety Evaluation Report.

1) Multidimensional neutronic space-time effects cannot be simulated as the maximum number of
dimensions is one. Conservative usage has to be demonstrated.

Discussion

RETRAN-3D/MOD3 includes a 3-dimensional nodal kinetics model. However, this model option is
restricted from use in “02 mode”. The point kinetics approximation is used in the Dominion RETRAN
model, consistent with standard industry safety analysis practice. Reactivity effects are modeled using
standard fuel and moderator temperature coefficients and control bank worths which are shown to be
bounding for Dominion cores using static core physics models which account for full 3-D effects.

Most non-LOCA transients do not involve significant temporal variations in the core power distributions,
and industry experience over many years has shown the point kinetics approximation to be valid for this
type of accident. Two notable exceptions are the control rod ejection and main steam line break events.

For the control rod ejection event, Dominion uses a point kinetics model to calculate the core average
power response. The Doppler feedback is calculated using a spatial power weighting factor that is a
function of the radial power peaking factor in the vicinity of the ejected rod, which is calculated using static
neutronics calculations. Local power peaking is also calculated via static methods. The power peaking
and core average time dependent power response are then used in conjunction with a conservative hot
spot fuel pin model to calculate the limiting local fuel thermal response. Dominion's rod ejection methods
have been benchmarked against full 3-D space-time kinetics calculations and shown to be conservative
in VEP-NFE-2-A [Reference 5.13-3].

Dominion's methodology for steam line break is described in Sections 5.2.3.4 and 5.2.3.5 of VEP-FRD-
41-A Rev. 0 [Appendix 1; Reference 5.13-4]. Asymmetric reactivity effects associated with the cold leg
temperature imbalance and the assumption of a stuck control rod are modeled by breaking the core into
two azimuthal sectors and providing an empirical weighting factor to the moderator temperature
coefficients in the two sectors. Fluid mixing between the two regions is modeled based on scale model
mixing tests performed by Westinghouse.

Power reactivity feedback is also modeled with an empirical curve of reactivity feedback versus heat flux.
The validity of these curves is checked for every reload by static neutronics methods that show that the
magnitude of the post-trip return to power predicted by RETRAN is conservatively high. Local power
peaking is also calculated using static neutronics methods. Core DNB performance is calculated in a
separate code (e.g. COBRA or VIPRE).

This approach for using a combination of point kinetics and static 3-D neutronics calculations for
analyzing the steam line break event is similar to that used by fuel vendors (see for example References
5.13-5 through 5.13-7).

2) There is no source term in the neutronics models and the maximum number of energy groups is two.
The space-time options assumes 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.
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Discussion

Dominion meets this restriction. Dominion initiates low power events, such as rod withdrawal from
subcritical, and the hot zero power rod ejection event from a critical condition with a low initial power level
representative of operation within the range of operability for the source range nuclear instrumentation
channels. For the "zero power" steam line break, the models are initialized in the same way, and then the
design shutdown margin is simulated by a rapid negative reactivity insertion coincident with the break
opening.

3) A boron transport model is unavailable. User input models will have to be reviewed on an individual
basis.

Discussion

A generalized boron transport model is present in RETRAN-3D/MOD3 [Reference 5.13-22]. However,
Dominion uses the RETRAN control system to model boron transport in the reactor coolant system for
steam line break analyses.

During initial steamline break model development, RETRAN's general transport model was considered
but not selected. The primary reason this option was not chosen was that the general transport model
uses the default assumption of perfect mixing. Non-mixing regions like pipes cannot be conveniently
modeled with a delay-type of behavior. The user may adjust mixing by changing the junction efficiency
with a control system. However, this results in just as many control system cards devoted to mixing
efficiency calculation as a control block based, full-transport model. Therefore, boron transport is modeled
with a control system as in previous analyses. The general modeling philosophy is consistent with that
described in Figure I1I-12 of Reference 5.13-9, which was submitted to support the original VEP-FRD-41
review. However, the model in Reference 5.13-9 assumed a constant reactor coolant system flow rate.
The model was made more robust by incorporating variable transport delays and a dynamic plenum
mixing model as described below, so that variable RCS flows are now handled accurately.

The boron transport model is broken into four major parts: 1) Refueling Water Storage Tank (RWST) to
Boron Injection Tank (BIT); 2) the BIT; 3) BIT to the Reactor Coolant System (RCS); and 4) the RCS.

BIT Mixing Model

The BIT mixing model begins with the same basic equations as the RCS mixing model. The model makes
the approximation that the density of the BIT is constant and is also equal to the density of the incoming
fluid.

Following are the mixing region equations:

dc .

dt WICI WOCO
d_C _ Mdc + cdM
dt dt dt
de _ w

E - M (CI Co)

dc
) = |—+ ¢
c(t) Idt c

C =Volume Mass M * Concentration c (Ibm-ppm)
¢; = concentration of fluid entering volume, ppm
Co = concentration of fluid leaving volume, ppm

w; = mass flow into volume, Ibm/sec

W, = mass flow out of volume, Ibm/sec
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The first equation states that the rate of change of the mass times the concentration is equal to the mass
flow rates in and out times their respective concentrations. The second equation expands the large C
derivative into its constituents. The dM/dt term in the second equation is assumed to be zero and w; is
assumed to be equal to w,. The third equation is formed by combining the first two with dM/dt = 0. The
integral of dc/dt provides the dynamic concentration out of the BIT.

By assuming that the density of the BIT and the incoming fluid are equal, the w/M term is equal to the
volumetric flow divided by the volume. The equations above are represented with the appropriate control
blocks.

BIT to RCS Transport

The transport time through the BIT to RCS piping is calculated in several pieces: the common BIT to S
header delay, and the individual delays from the header to each cold leg. A DIV control block divides the
BIT to HDR volume by the total flow rate. The transport time is then used as input to a DLY control block.
The same function is performed for each of the header-to-loop segments. The fluid is assumed to be at
an initial boron concentration of zero ppm.

RCS Boron Transport

The RCS is broken into several regions for boron transport:

1) the cold leg between the Sl point and the vessel (DELAY)

2) the downcomer and lower plenum (MIXING)

3) each core section (DELAY)

4) core bypass (DELAY)

5) the outlet plenum (MIXING)

6) the hot leg, SG tubes, loop seal, RCP, and cold leg between the RCP and Sl point.
(DELAY)

The model used to represent the transport through each region is noted in parentheses above. The
upper head concentration is assumed to be zero for the duration of the transient.

The technique used in each "DELAY" region is as follows:

1) Total "boron flowrate" entering the region is computed by summing the inlet fluid flows times their
respective boron concentrations.

2) Total fluid flow entering the region is computed by summing the inlet fluid flows.

3) The total "boron flowrate" is divided by the total fluid flowrate to get a mixed boron concentration.

4) The masses of the volumes in the transport region are summed.

5) The total mass is divided by the total fluid flow to get the transport delay for the region.

6) The mixed boron concentration is propagated to the next region using the transport delay.

The technique used in each "MIXING" region is as follows:

1) The net "boron flowrate" in a region is computed by summing the inlet and outlet fluid flows times
their respective boron concentrations.

2) This represents the rate of change of region mass times concentration (dC/dt) which is then
integrated to determine C(t).

3) The concentration (c(t)) is then calculated by dividing (C(t)) by the region mass (M).

For the steamline break event, the peak core heat flux is sensitive to the timing of the initial boron
increase in the core (i.e., the transport delay from the safety injection system to the core inlet) and is not
sensitive to the exact shape of the boron buildup curve. Core inlet boron is only a few ppm at the time of
peak heat flux. Dominion's model and vendor models predict comparable times for the introduction of
boron to the core as shown in benchmark calculations.
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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.

Discussion

Control rod motion in the Dominion RETRAN point kinetics models is simulated by a reactivity input
calculated from a time-dependent control bank position and a function generator containing integral bank
worth versus position. For cases with automatic rod control simulated, the bank worth model is typically
associated with the D-control bank only, which is the only bank in the core at or near full power.

For cases with reactor trip, the integral worth assumed is that associated with all control and shutdown banks
at the power dependent insertion limit, less the most reactive control assembly in the core, which is assumed
not to insert. The shape of the integral worth curve is based on a conservative bottom-skewed power
distribution which delays the reactivity effects. This integral worth curve is checked for every reload core.

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 (MODO003) modifications.

Discussion

The Dominion PWR RETRAN models do not use the subcooled void model to calculate the neutronic
feedback from subcooled boiling region voids. Dominion models use a moderator temperature coefficient
except for the steamline break event, which applies an empirical curve of reactivity feedback versus core
average power. This curve is validated as conservative on a reload basis using static, 3-D, full-core
neutronics calculations with Dominion’s physics models. Dominion experience has indicated that the
calculated DNBR's for the limiting steamline break statepoints show a weak sensitivity to the effects of
void reactivity. The profile blending algorithm approved for RETRAN-02 MODOO3 resolved this limitation
[Reference 5.13-11, page 29].

RETRAN 02/MODO005.0 Restrictions

The RETRAN02/MODO005.0 Generic SER (Reference 5.13-21), Section 4.0, Staff Conclusions, contained
the following conditions of use. These condtions of use were not explicitly discussed in the RETRAN-
3D/MOD003 SER. As these conditions are based upon Dominion’s current modeling techniques,
justification for these condtions is provided based upon application with RETRAN-3D/MODO003. The
numbering used for each condition is based on the RETRAN02/MODO005.0 Generic SER (Referecne
5.13-21).

1. The user must justify, for each use of the ANS 1979 standard decay heat model, the associated
parameter inputs, as discussed in Section 2.1* of this SER.

*Typo in the SER. Should have referenced Section 2.2.
The ANS 1979 standard decay heat model was added as part of RETRAN-3D/MODO003. However, the
RETRAN-3D SER does not explicitly state acceptance for use. Therefore, justification based on the
condtion of use stated in the RETRAN-02/MODO005.0 Generic SER (Referne 5.13-21) is provided.
Section 2.2 of the RETRAN-02 MODO005.0 SER specifies the following parameter inputs:

a. power history

b. fission fraction
C. energy per fission of each isotope
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neutron capture in fission products by use of a multiplier
production rate of 239 isotopes

activation decay heat other than 239

delayed fission kinetic modeling

uncertainty parameters

se~oa

Discussion
The Dominion RETRAN models use the following assumptions in the calculation of decay heat:

e An operating period of 1,500 days with a load factor of 100% is input to the Dominion RETRAN
models.

e The model assumes 190 MeV/fission. The reduction of the Q value to 190 MeV/fission from the
default RETRAN value of 200 MeV/fission is conservative since, in the 1979 ANS Standard, decay
heat power is inversely proportional to Q.

e There is no neutron capture component.

e Decay heat fissioning is solely from U-235. The assumption that all decay heat is produced from U-
235 fissioning nuclides is conservative.

e The RETRAN actinide correlation is that of Branch Technical Position APCSB9-2 [References 5.13-
17 and 5.13-18]. The RETRAN input of the breeding ratio UDUF (i.e., the number of Pu-239 atoms
produced per U-235 atoms fissioned) is 0.77 and only impacts the calculation of the actinide
contribution. The greater the value of UDUF, the higher the predicted decay heat fraction.

e Avalue of 1.0 is input for the RETRAN model for the decay heat multiplier.

The results of a RETRAN calculation with the 1979 decay heat model and the assumptions listed above
were compared to a vendor calculated decay heat curve based on the 1979 ANS standard with 2-sigma
uncertainty added. The results indicated that the decay heat fraction calculated with RETRAN is higher
than the vendor calculated decay heat. Therefore, the Dominion application of the ANS 1979 standard
decay heat model is conservative.

3. Because of the inexactness of the new reactivity edit feature, use of values in the edit either directly
or as constituent factors in calculations of parameters for comparisons to formal performance criteria
must be justified.

The editing feature provided in RETRAN-02/MODO005.0 and subquently RETRAN-3D/MODO003 is not
used as a quantitative indicator of reactivity feedback and is not used to report analysis results.

Additional Discussion of Doppler Model

In Reference 5.13-19, the NRC asked for additional information regarding the Doppler Reactivity
Feedback model described in Reference 5.13-12. The response, provided in Reference 5.13-20 is
included here for completeness. The discussion is specific to North Anna and Surry, but applies to MPS3
as MPS3 models Doppler reactivity feedback using the same approach.

2. Doppler Reactivity Feedback (page 8 of the submittal dated August 10, 1993)

a. The Doppler reactivity feedback is calculated by VEPCOQO's correlation of Doppler reactivity as a
function of core average fuel temperature and core burnup. Please provide a technical description
of how this correlation is derived, including the codes and methods used. Discuss any limitations
or restrictions regarding the use of this correlation.

b. Discuss the method of calculation and application of suitable weighting factors used to acquire a
target Doppler temperature coefficient or Doppler power defect. Indicate the Updated Final Safety
Analysis (UFSAR) transients that use this method.
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Discussion

The North Anna and Surry RETRAN models use a Doppler feedback correlation that is derived from data that
models the dependence of Doppler Temperature Coefficient (DTC) on changes in fuel temperature, boron
concentration, moderator density and fuel burnup. Through sensitivity studies using the XSDRNPM computer
code [Reference 5.13-13], the DTC at various conditions was determined. XSDRNPM is a member of the
SCALE code package.

The data gathered for North Anna and Surry was used to develop models to predict DTCs. A procedure to
calculate a least squares fit to non-linear data with the Gauss-Newton iterative method was used to
determine fit coefficients for the collected data. The model values and the percentage difference between the
model and XSDRNPM values were determined. The model was also compared to 2D PDQ and 3D PDQ
quarter core predictions. The PDQ code is described in Reference 5.13-10. The largest percentage
difference between the model and the XSDRNPM and PDQ cases is within the nuclear reliability factor for
DTC in Reference 5.13-15 over the range of conditions of interest to non-LOCA accident analysis.

It was shown that the effect of burnup, boron, and moderator specific volume could be represented as
multipliers to the base DTC versus fuel temperature curve. The Doppler correlation has a core average fuel
temperature component, DTC+, and a burnup component, BURNMP. Since during a transient the burnup
may be assumed to be constant, the burnup multiplier of the Doppler correlation is also assumed to be
constant. To separate the reactivity feedbacks into a prompt and slower component, the impact of boron
concentration and moderator density changes on the Doppler are assumed to be accounted for in the
moderator feedback modeling, as these are slower feedback phenomena. Hence, the Doppler reactivity
feedback is dependent only on changes in fuel temperature, which provides the prompt feedback component.
The boron concentration and moderator density (specific volume) multipliers in the DTC correlation are
thereby set to 1.

The DTC correlation is qualified over the range of core design DTC limits for North Anna and Surry and is
described by the following equation:

DTC(pcm/°F) = DTC+; * BURNMP * WF

where
DTCry, the fuel temperature dependence, equals A*T° + B*T; + C
Tt is the effective core average fuel temperature in °F and A, B, and C are correlation coefficients
BURNMP, which models burnup changes, equals DTC,/DTCrs47
DTC, is the reference DTC at the burnup of interest at hot-zero-power with 2000 ppm boron
(pcm/°F)
DTCrs47is the solution to the above DTCq¢ equation at 547 °F.

WEF is the user supplied weighting factor term that allows the user to adjust the design information to bound
specific Doppler defects.

The Doppler feedback can be adjusted to a target DTC at a given fuel temperature by changing the
weighting factor. For FSAR analyses in which the Doppler reactivity feedback is a key parameter, the
target DTC used in RETRAN is either a least negative or most negative DTC. The RETRAN Doppler
weighting factor is set so that RETRAN will initialize to the Reload Safety Analysis Checklist (RSAC) DTC
limit at a core average fuel temperature that corresponds to the conditions at which the RSAC DTC limit
was set.
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To set the weighting factor to provide a least negative DTC, the DTC correlation is solved for the Doppler
weighting factor, WF, for the appropriate core average fuel temperature and least negative DTC values.
This value of the weighting factor is then entered in RETRAN control input. Likewise, to set the weighting
factor to provide a most negative DTC, the weighting factor is solved using the DTC correlation with the
appropriate core average fuel temperature and most negative DTC value.

All non-LOCA UFSAR transient RETRAN analyses, with the exception of the rod ejection event, apply an
appropriate weighting factor to acquire a target Doppler temperature coefficient.

The rod ejection event requires additional Doppler reactivity feedback. This additional feedback is
calculated as a PWF (power weighting factor), and the Doppler weighting factor calculated as described
herein needs to be multiplied by the PWF before being input to the RETRAN model. The application of
the power weighting factor rod ejection analyses is described in Section 2.2.3 of Reference 5.13-3.
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6 INTEGRATED MODEL QUALIFICATION

Qualification of the various component models for the Dominion RETRAN model has been described in
the previous section. As discussed there, the integrated model has been benchmarked and tested
against plant data and alternate code calculations. For completeness, a summary of these benchmarks
is discussed here. Additional details are provided in Section 5, and cross references to sections of
interest are provided here.

6.1 Benchmarks to Plant Data

1. The model capability to predict natural circulation flow was assessed against the North Anna
Unit 2 natural circulation special tests. See Section 5.4.

2. The model was assessed against the 1979 North Anna 1 Stuck Open Steam Dump Valve event.
See Section 5.6.

3. The model was assessed against the 1987 North Anna Steam Generator Tube Rupture event.
See Section 5.6.

4, Flow coastdown benchmarks were performed against test data. See Section 5.5.
6.2 Benchmarks to Alternate Code Calculations
1. The original VEP-FRD-41A (Rev. 0) qualification set included benchmarks against various vendor

calculations published in the UFSAR. See Section 5.2 of Appendix 1.

2. Comparisons to Westinghouse LOFTRAN calculations for several loop-symmetric transients were
performed and reviewed by the USNRC as part of the original topical report approval process.
See Appendix 4.

3. Comparison to Westinghouse LOFTRAN calculations for main feedline break are presented in
Section 5.6 of this report.

4. The qualification set developed for application of VEP-FRD-41-P-A (Rev. 0.2) to MPS3 consisted
of benchmarks to various vendor calculations published in the MPS3 FSAR. The analysis
evaluated a wide range of transient phenomena and covered the spectrum of FSAR event types.
See Appendix 10.

This validation set has demonstrated that Dominion’s RETRAN models are producing reasonable
transient analysis results which are consistent with measured plant data and vendor code calculations.
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6.3 Uncertainty Quantification/Accuracy Assessment |

No specific code uncertainty has been quantified for the various RETRAN transient output parameters.
Consistent with current industry practice, the overall conservatism of the RETRAN output results for
specific licensing applications is assured by selection of bounding inputs, which includes but is not limited
to:

¢ Limiting initial condition selection (conservative end of control and instrument uncertainty band)
e Limiting single failure of the protection system

¢ No credit for control system operation when such operation produces less limiting results.

e Conservative protection system setpoints (Inclusion of instrument uncertainties)
o Conservative (bounding) trip delay times

e Selection of core physics (i.e. reactivity) characteristics which conservatively bound the range of
core burnup and other related conditions such as xenon distributions. These reactivity inputs are
reassessed for every reload core to ensure they remain bounding.

6.4 Restrictions, Cautions and Limitations |

Application of Dominion’s RETRAN models to licensing applications is subject to the following general
limitations:

1. The generic RETRAN code restrictions, limitations and conditions of use imposed by the |
USNRC’s generic Safety Evaluation Reports (SERs), as discussed in Section 5 and
Appendix 7 must continue to be addressed. |

2. The licensing basis assumptions set forth in the UFSAR for the various analyzed
accidents must be addressed for each new analysis.

3. Model Application Procedures exist. Certain precautions and limitations of the range of
applicability of various component models are highlighted in these application
procedures, and Dominion safety analysts must remain cognizant of these precautions.
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7 CONCLUSIONS

The Virginia Electric and Power Company (Dominion Energy) has developed the capability to perform
system transient analyses with the RETRAN-3D computer code. The general code features have been
discussed and a description of the North Anna, Surry, and Millstone Unit 3 input description (i.e. the
“‘models”) has been provided. The adequacy of these models has been demonstrated via a series of
benchmark calculations to alternate codes, UFSAR vendor results and plant data.

The generic RETRAN code restrictions, cautions and limitations set forth in the USNRC'’s various code
Safety Evaluation Reports (SERs) have been discussed and addressed. This includes the restrictions for
the use of RETRAN-3D in an “02 mode”.

This report and the references cited herein form the basis for the ongoing applicability of these models
to licensing and plant operational support of the North Anna, Surry, and Millstone Unit 3 Power Stations.

This version of the Dominion RETRAN topical report has been designated VEP-FRD-41-NP-A, Revision
0, Minor Revision 3. The basis for retention of the -A designation is the approval of this report through the
10 CFR 50.59 process.
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8 LIST OF ABBREVATIONS

AFW Auxiliary feedwater

ANS American Nuclear Society
ATWS Anticipated transient without SCRAM
Beff Effective delayed neutron fraction
BWR Boiling water reactor

CB Control block

COLR Core Operating Limits Report
CSA Channel statistical allowance (i.e. instrument uncertainty)
DNB Departure from nucleate boiling
DTC Doppler temperature coefficient
EHC Electrohydraulic turbine control
EPRI Electric Power Research Institute
ESF Engineered safety features
FANP Framatome ANP (fuel type)

FLB Feedline Break

FSAR Final Safety Analysis Report

FW Feedwater

GL Generic letter

HEM Homogeneous equilibrium

HFP Hot full power

HTC Heat transfer coefficient

HZP Hot zero power

I.C. Initial condition(s)

1&C Instrumentation and controls
LAR License amendment request
LOCA Loss-of-coolant accident
LOCROT Locked rotor

LOL/TT Loss of load / turbine trip

LONF Loss of normal feedwater

Ip Prompt neutron lifetime

MS Main steam

MSSV Main steam safety valves

MSLB Main steam line break

MPS3 Millstone Power Station Unit 3
NAPS North Anna Power Station

NR Narrow range

NRC Nuclear Regulatory Commission
NSAL Nuclear Safety Advisory Letter
OPAT Overpower delta-T

OTAT Overtemperature delta-T

pcm percent milli-rho (1 pcm = 1.0x 10 8k/k reactivity)
PORV Power operated relief valve

PSV Pressurizer safety valve

PWR Pressurized water reactor

PZR Pressurizer
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RAI
RCP
RCS
RFA-2
RPS
RWAP
Rx
SBLOCA
SE
SER
SG
SGTR
Sl

SPS
Tavg
TER
Tin

TR
TRM
Tref

TS
UFSAR
VEPCO
V&V

Request for additional information
Reactor coolant pump

Reactor coolant system

Robust Fuel Assembly — 2 (fuel type)
Reactor protection system

Rod withdrawal at power

Reactor

Small break loss-of-coolant accident
Safety evaluation

Safety Evaluation Report

Steam generator

Steam generator tube rupture

Safety injection

Surry Power Station

RCS loop average or vessel average coolant temperature
Technical Evaluation Report

Core inlet coolant temperature
Technical Report

Technical Requirements Manual
Programmed reference temperature
Technical Specifications

Updated Final Safety Analysis Report
Virginia Electric and Power Company
Validation and verification
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Mr. W, L. Stewart

Vice President
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Richmond, Virginia 23761

Near Mr. Stewart:

SURJECT: ACCEPTANCE FOR REFERENCING OF LICENSING TOPICAL REPORT VEP-FRD-41,
"VEPCO PEACTOR SYSTEM TRANSIENT ANALYSIS USING RETRAN COMPUTER CODE"

We have completed our review of the subject topical report submitted by
Virginia Electric and Power Company (VEPCO) by letters dated April 14, 1981,
February 27, 1984, July 12, 1984 and August 24, 1984. We find the report to
be acceptahle for referencing in-license applications to the extent specified
and under the limitations delineated in the report and the associated NRC
evaluation, which is enclosed. The evaluation defines the basis for
acceptance of the report.

We do not intenrd to repeat our review of the matters described in the report
and found acceptable when the report appears as a reference in license
applications, except to assure that the material presented is applicable to
the specific plant invnlved. Our acceptance applies only tn the matters
desrribed in the repnrt,

In accordance with procedures established in NUREG-0390, it is requested that
VEPCO publish accepted versions of this report, proprietary and non-proprietary,
withip three months of receipt of this letter. The accepted versions shall
incorporate this letter and the enclosed evaluation hetween the title page anrd
the abstract. The accepted versions shall include an -A (designating

accepted) follnwing the report identification svmbol.

Should our criteria or requlations change such that our conclusions as to the
acceptability of the report are invalidated, VEPCO and/or the applicants
referencing the topical report will be expected to revise and resubmit their
respective documentation, or submit iustificatinn for the continued effective
applicability of the topical report without revision of their respective

documentation.
Sincerely,
Cecil 0. Thomas, Chief

. Standardization and Special
Pranjects Rranch

Division of Licensina

Enclosure:

As:stated
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ENCLOSURE

SAFETY EVALUATION REPORT ON THE VEPCO
TOPICAL REPORT VEP-FRD-41, “REACTOR SYSTEMS
TRANSIENT ANALYSIS USING THE RETRAN COMPUTER CODE"

. 1. Introduction

. The.VEPCO topica] _report VEP'-FRD-41, ¥Reactor System Transientlknﬂysis
Using the RETRAN Computer Code" was 'submitted to demonstrate the capabil-
'ity which VE?CD has developed for performing transient analysis using the
RETRAN 01/MODO3 Computer Code. This submittal is consistent with our .
Genenc Letter 83-11." This analysis capabﬂity is to be utilized by VEPCO

- to support plant operation and prov1de future reload safety analyses for
both Surry and Korth Anna Nuclear Power Stations. The report provides
some overview’ 0'1'; the RETRAN Computer Code, but refers to EPRI documenta-
tion- for further material on the RETRAN 'nodeis.. and for qualification
support of these mode1s.- The staff evaluation of the RETRAN Computer

"ECodé': has been completed. A staff safety evaluation report has been
jssued on the acceptability of that RETRAN computer cc;de for analyzing
reactor transients for'ﬁ.censi ng applications. The acceptance was subject
to restrictions as specified in the staff SER for the generic RETRAN
Computer Code. The VEPCO topical report VEP-FRD-41 was submitted by VEPCO
in a letter dated A;;ri) 14, 1981. 1In response to the staff requests for
.additiona'l information, additiona) .supporting materials were submitted
in VEPCO letters dated Febrﬁary 27, 1984, July 12, 1984 and August 24,

1984. The staff evaluation is addressed below.
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VEPCO NSSS Models

Discussion of the RETRAN plant models developed for the three-loop West-
ingﬁ&use designed Surry and North Anna Units is provided in the topical
report VEP-FRD-41. The transient analysis to be performed determines the
. level of detail requirgd by the.ﬁodeI. A single-lopp and a two-loop RETRAN
nodalization were submitted for staff review. The single-loop model has
been formulated by representing the three reﬁctor coolant loops as a
single- 1oop. This modél.wa;.developed for use on transients which produce
_ symmetric plant response in all unaffected reactor coolant loops. Exam
ples of suéh.transfents.would include a'comﬁIete loss of a.c. power to

all of the reactor coolant pumps (a loss of flow transient), a core
reactivit§ Jdnsertion resulting from the uncontrolled.withdrawal of a Rod
Cluster Control Assembly, of a2 loss of external e]ectr%éé] load tranggent.
The tgozioop mode]l was developed with one loop representing a single
primary. goojgpt_]oop and the other representing the remaining two primary
éoo]ant 1o0ps. .The.two-]o;p mode]l was desijﬁed for use on transients
which prodice asymmetric thermal-hydraulic conditions among one of the
three loops. Examples of such transients would include a postulated main
':steéh line break resulting in the rapid cooldown of one reactor cooling
loop, or a loss of poﬁer supply to a single reactor coolant pump, which

results in a rapid flow coastdown of one reactor cooling pump.

In response to the staff request for additional information, VEPCO in
Jetteré_dated Ju]y.lz,_1984 and August 24, 1984, provided detail descrip-
_tions in the following areas: 1) Volume and flow path network including |
heat slabs, ?) Component models used and user modifications to default

models, 3) Control system models, and 4) RETRAN input option selections.




[~
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The staff has reviewed the above VEPCO model descriptions and finds them

acceptable for demonstrating understanding of the RETRAN code.

Analysis Methodologv

VEPCO intends to reference VEP-FRD-41 as their basic model for reload
applications. . Following determination of the key reload parameters, the
safety analyst will apply the appropriate boundary conditions required for

the specific application. '-The'eva'luation is to ensure that.those key

.. parameters which may influence the transignt response are consistent with

the bounds or limits established by the technical specifications and.
parameters used in the reference analysis. For cases where a parameter
falls outside these previously defined limits an evaluation of the impact

of the change on the results for the appropriate transients must be made.

. For cases where significant variations octur, or for parameters which have

a strong influence on accident results, réana'lysis of the affected
transient” is feciuiréd. - The results of a rea{r;a'lysis are compared to the
appropriaté analysis acceptance criteria. If the results of a reanalysis _

meet the acceptance criteria, the reload evaluation process is complete.

':If the analysis acceptance criteria are not met, more detailed analysis

methods or Technical Specification changes may be required to meet the
acceptance criteria. The NRC will be informed of the results of the
evaluations in accordance with the requirements of 10 CFR 50.59. VEPCO
will use analysis methodology and acceptance criteria identified in the
_fonow{ng documentsi: ,1)-Sur‘ry Power Station Units 1 and 2, Final Safety
Analysis Report, 2) Nbrth Anna Power Station Units 1 and 2, Final Safety
Analysis Report, and 3) NCA§-9272, "Westinghouse Reload Safety Evaluation
'Methodb'logy,"' which has been reviewed and approved by NRC in 1980. We
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require that the licensee fully document all assumptions and boundary
conditions. used in each application. _This review does not constitute a

tran-s'ient specific methodology approval.

Qualification Comparisons

-

The VEPCO has developed a system transient analysis capability using the
RETRAN Computer Code for non-LOCA im’tiating" events. In order to

demonstrate VEPCO's ability to correctly use the RETRAN Computer Code,

verification work has been performed by benchmarking both actuval plant

transient data and independent safety analyses previously performed by the

" NSSS vendor and documented in the FSAR.. -

For plant transient data benchmarking, the VEPCO RETRAN Computer Code was

developed to model both Surry and North Anna power stations in a best

estimate mode. This permits direct compar.isons to the actual measured

'plant data. Comparisons were made with flow coastdown tests performed at

both-the: Surry and North Anna plants and a plant cooldown tramsient which

occurred at North Anna Unit 1. In the comparison of RETRAN analyses to

“‘the data obtained from the flow coastdown tests, both single-loop and

two-loop RETRAN models were used to simulate pump coastdown tests of
various configurations (i.e. one pump coastdown, three pump coastdown).
The results of the compari.son as documented in the topical report indicate
that the VEPCO RETRAN predictions are in close agreement with the data

obtained from Surry and North Anna. A RETRAN analysis was performed to

simulate the plant cooldown transient which occurred at North Anna Unit 1

on September 25, 1979. The transient was initiated by a turbine trip and
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subsequent reactor trip. Safety injection was actuated on a low pressur-
jzer pressure during the transient due to RCS depressurization in response
to a. ful ly stuck open steam dump valve. The VEPCO RETRAN model used to
simulate the cooldown scenario was a single-loop representation of the
North Anna Unit. The Fa'lcu‘latediransient parameters including steam
pressure, RCS temperatures, pressurizer pressure, and pressurize'r level,
were compared to the actual data taken during the event. The results of
the comparison show ag;‘eéme;if; between the best estiﬁ\ate ca1éu1ation and

the actual transient data.

© VEPCO provided comparisons of FSAR licensing safety analysis with analyses

performed using the RETRAN Computer Code; The basis. for the eveni. selec-

tion were: 1) Consideration of those events which have previously been

. determined limiting and have been post frequently subjected to reanalyses

during each reload (e.g. Rod Withdrawal from Power and Complete loss of
flow); 2)'Se1éc{ing'ana)ys;s in each of the major categories of initiating
events which include changes in reactivity (e.g. rod withdrawal tran-

sients), variations in primary coolant flow rate (e.g. loss of flow

":irér;éient), and variations in primary to secondary system heat transfer

rates (e.g. main steam line break); and 3) Transients which are both .
symmetric (e.g. loss of load transient) and asymmetric (e.g. single pump
flow coastdown) with respect to the thermal hydraulic response of the

reactor coolant loops.

The results of analyses performed by VEPCO (using the RETRAN Computer

Code) for the above stated events compared favorably to those obtained by
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jts N5SS vendor. The similarities in system response hold for a broad
variety of transients and result in identical conclusions regarding core

and 's'ystem conditions.

In response to the staff request, VEPCO, in a letter dated July 12, 1984,
provided results of RETRAN sensitivity studies for the following tran-
sients: 1) Rod withdrawal at power, 2) Rod withdrawal from su-critical,

3) Joss of load, 4) excessive load increase, and 5) Conp]et,é loss of flow.

The staff has evaluated the results of the \iEPCO_'s sensitivity studies and
finds them consistent with the NSSS Vendor's analyses, as docwwented in

the Surry "a_nd North Anna FSARs.

To further verify the comparability of the VEPCO RETRAN model to the NSSS
Vendor s analys1s model, VEPCO, in a letter dated August 24, ]355, sub-
nntted a SUPplement to VEP-FDR-41 which compared parallel calculations of
RETRAN and "LOFTRAN performed by VEPCO. The LOFTRAN code is an KRC
approved analytical program developed and maintained by the Westinghouse
- ‘Electric Corporation for use in performing general non-LOCA transient and
accident "analyses.- VEPCO has obtained access to LOFTRAN via a special
licensing agreement with Westinghouse. The comparisons were performed
with a LOFTRAN model of the Surry plant assembled by VEPCO applying the
same data base used for developing the VEPCO RETRAN models. Thus the
basic ;i]_anf, geometric and thermal parameters are consistent for the two
models. The fo'l'lov;ing transients were calculated and compared using both

computer models: 1) Reactor trip from hot full power followed by a

turbine trip, 2) Turbine trip from hot full power. No credit taken for
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direct reactor trip on' the turbine trip, and 3) Simulataneous trip of all
three_reactor coolant pumps at hot full power. HNo credit taken for
reacTtBr trip on pumb under voltage or under frequency. The results of
these analyses confirmed that the VEPCO RETRAN models could produce
compatible analysis results with that from the LOFTRAN models.

Conclusions

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 7

Based on the VEPCO RETRAN model and the qualification compai‘isons
discussed above, fhe staff concludes that VEPCO has demonstrated their
capability to ana'l)}ze non-lOCA initiated fransients and accidents'using
the RETRAN Computer Code. VEPCQ intends to perform future reload analyses
and supporting plant operations for Surry and Horth Anna plants. We find
VEPCO . qua'hf'aed to ‘perform the non-LOCA 1mt1ated transients and acc1dent

_analyses using the RETRAN models’and methodology. This topic 'report does

not include the Rod Ejection Accident analysis which has been addressed in
a separate VEPCO Topic Report VEP-NFE-2 and a separate staff safety
evalvation report. VEPCO has not provide information to address the

restrictions stated in the staff SER for the generic RETRAN Computer Code.

":'The acceptance of the VEPCO RETRAN models is subject to the restrictions

to the genera'l.RETRAN computer code specified in the staff safety evalua-
tion report issued in July 1984 on RETRAN. VEPCO has not provided an
input deck to the NRC staff as was required-by the staff SER for the
generic RETRAN code. We continue to require that this input deck be

prov1ded to us as a cond1t1on of this approval.
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With respect to the quality assurance requirement of the VEPCO RETRAN
Computer Code, the staff has perfome? an audit at VEPCO with satisfactory
results. The staff requires that all future modific.at'ion of VEPCO RETRAN
model and the error reporting and change control models should be placed

under full quality assurance procedures.
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CLASSIFICATION/DISCLAIMER

The data, information, analytical techniques, and conclusions in this
report have. been prepared solely for use by the Virginia Electric and Power
Company (the Company), and they may not be éppropriate for uvse in situafions
other than those for which they were specifically prepared. The Companyl tfhere;
fore makes no claim or warranty whatsoever, expre;s 6: iﬁplied, as to their . .
accuracy, use fulness, or applicability. In.particular, TEE COMPANY MAKES NO
WARRANTY OF NERCHANTABILITY OR FIINESS FOR A PARTIM PL'PEOSE', NOR SHALL AXNY
WARRANTY 3E DEEMED TO ARISE FROM COURSE OF DEALING OR USAGE OF TRADE, with
respect to this report or any of the data, informztion, analyvtical techniques,
or conclusions in it. By wmaking this report availzble, the Company doesx&ot
authorize its use by others, "2nd any such use is expresslv forbidden exéepi
with the prior written approval.of the Ccmpany. Any such written approval
shall itself be deemed to incorporate the disclaimers of‘liability and dis-—
cl#imsrs of wazTa;tie; provided herein. In no event shall the Corpany be
liable, under any legal theory whatsoever (whethef contract, tort, u?rrancy,
or strict or apsolute liability), for any property damzge, mental or physical
injury or death, loss of use of property, or other damage resulting from or
arising out of the use, authorizea of unauthorized, of this report or the data,

information, analytical techniques, or conclusioas in it.
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SECTION 1 - INTRODUCTION

The Virginia' Electric and Power Company (Vepco) has developed the
capabilify to perform system transieht analyses of the North Anna and Surry Nuclear '
Power Stations. This capability, coupled with the core thermal/hydraulic anélysis '
capability discussed in Reference 1, encompasses the conservative non-LOCA licensing
analyses required for the Conditions I, I and IIl transients addressed in the Final Safety
Analysis Report (limited application to Condition IV transients is also includéd). In
addition, the capability for performing best .estimate analyses for plant operational
support applications has also been developed.

The puEpose of this effort is to 1) develop expertise in the system transient
analysis area, 2) support reactor operation and 3) provide a basis for the reload core
safety analysis and licensing process. The principal analysis tool is the RETRAN
computer code2 which determines the time dependent or transient thermal-hydraulic
response of & Nuclear Steam Supply System (NSSS). The RETRAN computer code
calculates 1) general system parameters as a function of time and 2) boundary
conditions for input into more detailed calculations of Departure from Nucleate Boiling
or other thermal and fuel performance margins. The theory and numerical algorithms,
the programming details, and the user's input information for the RETRAN computer
code have been documented by its developers, Energy Incorporated (EI) and the Electric
Power‘ Research Institute (EPRI), in Volumes I through IV of Reference 2. Volume IV of
Reference 2 provides the results of the extensive verification and’qualification of the
code which was performed by a group consisting of EI, EPRI, and 15 utilities including
Vepco. The verification activity consisted of qualification of the code by comparison of
code results with separate effects experiments, with systems effects tests, and with

- integrated system responses baséd on actual plént data or FSAR results.

Performance of system transient analysis requires both single and multiloop
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modeling of the NSSS in order to analyze the required range of FSAR and operational
support transients. Those transients for .which the system thermal-hydraulic response of
all reactor coolant loops is essentially identical require only a single loop represen-
tation. However, some transients are expected to have different responses in one or
more of the reactor coolant loops, and these transients require multiloop representation
of the NSSS. The RETRAN computer code, which is a variable geometry code, has the
high degree of flexibility necessary for various system representations. Consequently,
several models, including both single and multiloop representations, have been
developed for the Vepco nuclear power stations.

In conjunction with both an analysis tool and system models, the development of a
non-LOCA licensing analysis capability requires conservative analysis assumptions and
input data. For licensing calculations, the Vepco analysis assumptions are consistent
with those documented in the units' FSAR's (References 3 and 4). However, the specific
analysis input may change as a result of plant modifications such as core reloads.
Consequently, the appropriate licensing analysis input consists of the current limiting
values for the important safety parameters. For best-estimate analyses, nominal input
values and actual operating histories of the Vepco nuclear power stations are used.

The remainder of the report is organized in the following manner. Section 2
provides an overview of the RETRAN computer code, and Section 3 describes the Vepco
models appropriate for the Surry and North Anna Nuclear Steam Supply Systems, as
illustrated by a discussion of models developed for the Surry units. Section 4 provides a
discussion of the Vepco transient analysis techniques and their relationships to other
aspects of the licensing analysis process. Section 5 provides the results of a range of
comparative analyses using the RETRAN code and the models of the NSSS discussed in
Section 3 with calculations performed for the 1) design and licensing of the Surry
Nuclear Power Station and 2) actual Surry and North Anna transient data. The report

conclusions and references are provided in Sections 6 and 7, respectively.
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SECTION 2 - OVléRVIEW OF THE RETRAN COMPUTER CODE

The RETRAN computer code was developed by Energy Incorporated under the
auspices of the Electric Power Research Institute 2, As such, the RETRAN package is
based upon the computer code RELAP4/003 Update 85 which was released by the United
States Nuclear Regulatory Commission (NRC) as part of the Water Reactor Evaluation
Model (WREM) 5 A detailed description of the RETRAN computer code can be found in
Volume I of Reference 2. The following paragraphs summarize the important features
of the code.

RETRAN contains the same fluid differential and state equations as RELAP4 for
describing homogeneous equilibrium flow in one dimension. The representations used in
previous RELAP codes for control volumes and junctions are also used in RETRAN and
allow the analyst to model a system in as much detail as desired. The modeling
flexibility of the code is important and will be discussed in more detail in Section 3.
The equation systems, which describe the flow conditions within the channels, are
obtained from the local fluid conservation equations of mass, momentum and energy by
use of mathematical integral-averaging techniques. Forms of the momentum equation
are available for both compressible and incompressible flow.

The heat conduction representation capabilities of RETRAN have been increased
over previous RELAP versions. The principal augmentation to RETRAN is the
capability to more accurately calculate two-sided heat transfer. The appropriate heat
transfer correlation is selected based on thermodynamic conditions in each of two flow
streams, on either side of a heat conducting solid. Consequently, representations of the
heat transfer processes occurring in the steam generator, for example, are more
accurate than previously possible.

Reactor kinetics are represented in RETRAN using a point kinetics model with

reactivity feedback. The reactivity feedback can be represented by constant
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coefficients or in tabular form and accounts for explicit control actions (e.g., rod
secram) and changes in fuel temperature, moderator temperature and density, and
soluble boron concentration.

The system component models utilized in RETRAN include a pump model
that describes the interaction between thé centrifugal pump and the primary system
fluid, and valve models that represent either simple valves, check valves or inertial
valves. The flexibility of the valve representation and their configuration is important
in allowing a wide variety of options to the user for thé modeﬁﬁg of system dynamics.
Several representations for heat exchangers can be modeled by the code. These include
the previously discussed two-sided heat transfer and several representations of one-
sided heat transfer in conjunction with user specified boundary conditions. A
non-equilibrium pressurizer can be modeled in which the thermodynamiec state solutions
of the liquid and vapor regions of the pressurizer are determined from a distinet mass
and energy balance for each region.

As in RELAP, a variety of trip functions can be modeled in the RETRAN
code to represent various reactor protection system actions. A refinement of the
RETRAN code over the RELAP code is the additon of a reactor control system
modeling capability. Consequently, the dynamics of linear and non-linear control
systems are represented with RETRAN models of the more common analog computer
elements. This additional capability is necessary for both best-estimate and licensing
analysis, since the responses of various control and protection systems may have a

significant effect on the overall system response.
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SECTION 3 - REPRESENTATIVE VEPCO NSSS MODELS

3.1 Introduction

The RETRAN computer code is a variable~-geometry code which allows the
analyst to model a system in as much detail as required for a particular analysis. To
illustrate this concept, two models developed for the Surry Nuclear Power Station will
be discussed in detail in this section. (The modeling methodology is also applicable to
the North Anna Nuclear Power Station).

The Surry Nuclear Power Station consists of two units, Surry Units No. 1 and
2, which are identical Westinghouse designed three coolant loop pressurized water
reactors with core thermal ratings of 2441 Mwt. The three similar heat transfer loops
are connected in parallel to the reactor vessel with each loop containing a centrifugal
pump, loop stop valves and a steam generator. The system includes a presssurizer and
the associated control system and instrumentation necessary for operational control and
protection.

The reactor vessel encloses the reactor core consisting of 157 fuel
assemblies with each assembly having 204 fuel rods and 21 thimble tubes arranged in a
15 x 15 array. The fuel used in the Surry cores consists of slightly enriched ﬁranium
dioxide fuel pellets contained within a Zircaloy-4 cladding. General thermal and
hydraulic design parameters for the reactor system are listed in Table 3.1.

The RETRAN thermal h&draulic model is formulated by representing
individual portions of the hydraulic system as- nodes or control volumes. Control
volumes are specified by the thermodynamic state of the fluid within the volume and
basic geometric data such as volume, flow area, equivalent diameter and elevation. The
flow paths connecting volumes or boundary conditions associated with a volume are
designated as junctions. Junctions are described by specifying the flow, flow area,
elevation, effective geometric inertia, form loss coefficient and flow equation specifi-

cation for that particular flow path. Thermal interactions with system metal in the

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-1-25



3.2

NSSS are modeled with heat conductors. Heat conductors may represent heat transfer
from passive sources such as the metal of the reactor coolant system piping or the
steam generator tubes. In addition, the internal generation of heat in the core may be
represented by active heat conductors designated as powered conductors. Heat
conductors are primarily specified by providing the heat transfer area, volume,
hydraulic diameter, heated equivalent diameter and channel length of the particular
part of the system being modeled. Temperature - dependent materials properties
(specific heat, thermal conductivity and linear thermal expansion coefficient) are also
input. In general, the basic NSSS model is formulated with the code capabilities
discussed above. An extensive research effort was conducted to determine the
appropriate input required for the models of the Surry and North Anna units.
Information was obtained from plant drawings, the Final Safety Analysis Reportsa' 4,
Vepco internal operating documents, equipment technical manuals and specific
information requested from the NSSS vendor. Specific control capabilities and

constitutive models of system components will be discussed in the following paragraphs.

3.2 Single Loop Model

The analysis to be performed and level of detail required dictates the
general form of the models which are required. Many transients are expected to
produce similar responses simultaneously in all reactor coolant loops. Examples of such
transients would include a complete loss of power simultaneously to all reactor coolant
pumps resulting in a pump coastdown, a core reactivity insertién resulting from the
uncontrolled withdrawal of a Rod Cluster Control Assembly (RCCA), or a loss of
external electrical load resulting in a large, rapid steam load reduction.

To perforni these transients, a single loop model of a Surry unit has been
formulated by representing the three actual reactor coolant loops as one loop. This
approach is consistent with currently used safety analysis methodologys. The resulting
representation is provided in Figure 3.1 and consists of 19 volumes, 28 junctions and 7

heat conductors. While the specific model input for the Surry and North Anna plants is
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different, the basic model description is the same for the single 106p models of both
plants. The reactor vessel includes representation of the downcomer, upper and lower
plenums, core bypass, and reactor core. The steam generator is represented by four
volumes on the primary side, one volume on the secondary side and four heat conductors
representing the tubes. Single volumes represent the hot leg piping, steam generator
inlet plenum, pump suction piping, reactor coolant pump, cold leg piping, pressurizer,
and pressurizer surge line. Primary system boundary conditions are specified with
junctions representirig the pressurizer relief and safety valves. Junctions representing
the feedwater inlet, steam outlet, atmospheric steam relief and steam line safety
valves provide secondary system boundary conditions. Specific aspects of the basic
model will be discussed below.

The RETRAN code contains several system component models which are
used in the Surry Single Loop Model. These include pump models which deseribe the
interaction between the_ centrifugal pump and the prifnary system fluid. These models
calculate pump behavior through the use of empirically developed pump characteristic
curves which uniquely define the head and torque respons.e of the pump as functions of
volumetrie flow and pump speed. RETRAN includes "built-in" pump characteristics
which are representative of pumps supplied by the major reactor coolant pump
manufacturers. ‘These curves may be modified, as appropriate, by the user to more
realistically represent a specific pump design. Although the built-in dats are not
appreciably different from Vepco's plant-specific curves, Vepco's Single Loop Models
incorporate the specific head vs. flow response for first quadrant operation found in the
Units' FSAR'ss’ 4

The Single Loop Model incorporates the RETRAN pressurizer model which
defines two separate thermodynamic regions that are not required to be in thermal
equilibrium. A non-equilibrium capability is particularly necessary when the transient

involves a surge of subcooled liquid into the pressurizer. In addition, the Single Loop
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Model represents the effects of subcooled spray, electrical immersion heaters, liquid
droplet rainout and vapor rise in the pressurizer.

The reactor systems trip logic is modeled to the detail required for a
specific analysis. RETRAN trip functions are used to model 1) protective functions,
such as the overtemperature AT trip, which result in reactor scram, 2) control system
bistable element logie, such as coincidence trips which model "majority" logic and 3)
general problem control (e.g., problem termination, ete.).

The protective function trips necessary for the analyses documented in
Section 5 and modeled in the Single Loop Model include:

1. High flux

2. Overtemperature AT

3. Overpower AT

4. Low/high pressurizer pressure

S. High pressurizer level

6. Low coolant flow

7. Loss of power to reactor coolant pumps.

The Single Loop Model also incorporates the RETRAN control system
capability to model the following NSSS control and protection features:

1. Overtemperature AT setpoint

2. Overpower AT setpoin't

3. Pressure controller

4. Lead/lag compensation of the low pressure trip signal.

The core power response is determined by the point kineties model in con-
junction with explicit reactivity foreing functions and thermal feedback effects from
moderator and fuel in the three core regions. The point kinetics model specified for the
Single Loop Model incorporates one prompt neutron group and six delayed neutron
groups with decay heat represented by 11 delayed gamma emitters and the important

radioactive actinides, U-239 and Np-239. Explicit reactivity forcing funptions
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Figure 3.1 .
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3.5

represent reactor scram and reactivity insertion due to control rod withdrawal in the
Single Loop Model as the particular analysis requires. Constant temperature
coefficients or reactivity tables as a function of temperature (fuel), density (moderator)
or power represent feedback effects. Core power is distributed axially among the three
core conductors approximating a symmetric cosine shape. Three core materials regions
are used to represent the UO2 fuel pellets, the helium filled gap and the Zircaloy
cladding. Several radial nodes are specified in the pellet region, in the gap and in the
cladding. Direct moderator heating is appropriately accounted for in the model. The
transient fuel and clad temperatures are calculated based on temperature-dependent
thermal properties, which are input in tabular form.

The preceding paragraphs have discussed the Surry Single Loop Model in
some detail. Some of the input is transient specific and the important assumptions and
parameter values will be discussed for each analysis presented in Chapter 5.

3.3 Multi-loop Model

Some transients are expected to have different responses in one or more of
the reactor coolant loops. These transients require multi-loop representation of the
NSSS. Several examples include the rupture of a main steam line resulting in the rapid
cooldown of only one reactor coolant loop or the loss of power to a single reactor
coolant pump resﬁlting in a flow coastdown in only one coolant loop.

Consequently, a two loop model has been developed which represents the
Surry units. One loop of the model represents a single primary coolant loop while the
other loop is structured to represent two primary coolant loops. This approach is
consistent with current system transient analysis methodologys. The model is designed
with a geometrical noding which is detailed enough to analyze transients where flow and
temperature asymmetries within the reactor vessel are significant.

The Surry Two Loop RETRAN Model, with a reactor vessel configuration

appropriate for analyzing a Main Steam Line Break (MSLB) transient is shown in Figure
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3.2. (The input structure of RETRAN allows rapid alterations in noding and flow path
representations, as may be appropriate for analyzing multiloop transients requiring less
reactor vessel detail.)

This particular configuration coqsists of 42 volumes, 56 junctions and 16
heat conductor nodes. Single volumes in each loop represent the hot leg piping, steam
generator inlet plenum, pump suction piping, reactor coolant pump and cold leg piping.
Each steam generator is represented by four primary side volumes and four heat
conductor nodes for the tube region.

The reactor vessel representation includes a two volume, "split" downcomer,
and similarly divided inlet and outlet plena. Junctions representing interloop flow
mixing in the inlet and outlet plena allow for a range of mixing assumptions to be
specified, such as "perfect" or complete mixing or an incomplete fnixing assumption
based on actual test data (see, for example, Reference 7). The latter assumption,
combined with appropriate azimuthal weighting factors applied to the temperature
coefficients, may be used to conservatively modei the core kinetics response to a MSLB
transient. This is facilitated by a split core model in which the reactor core is
represented by two azimuthal sectors, with each sector being divided axially into four
coolént volumes. Thus, for an analysis in which an imperfect interloop flow mixing
assurﬁption is conservative, each azimuthal core sector receives more of its flow from
the nearest loop than would be dictated by complete mixing.

Eight powered heat conductors represent the core and four passive heat
conductors represent the tube regiori‘ in each Steam _generator. Junctions representing
the feedwater inlet and stéam outlet in each steam generator provide secondary side
boundary conditions. A junction representing safety injection of borated water via the
cold leg injection path models a primary side boundary condition. Specific model
aspects will be discussed in more detail below.

| As in the'Single Loop Model, the Two Loop Model incorporates a Surry

specific first-quadrant pump head curve and the non-equilibrium pressurizer option.
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The Two Loop Model also makes use of the RETRAN valve system component model.
The simple valve option models the main steam valves and the break opening simulation
associated with the severance of a main steam line.
Trip functions are modeled in a manner similar to that discussed for the
Single Loop Model. Specific protective function trips currently in the Two Loop Model
include:
A. Steam Break Protection
1. Safety injection initiated by any of the following:
a. Low Pressurizer pressure
b.  High header/steam line pressure differential
c. High steam flow coincident with either 1) low steam pressure or
2) low primary system average temperature
2. Main steam line isolation |
B. Other-Reactor trip on low coolant loop flow.
The core power response is calculated via point kineties in the Two Loop
Model as previously discussed for the One Loop Model. A specific reactivity forcing
function represents fhe effects of increased soluble boron levels in the core following
safety injection for transients, such as the Main Steam Line Break, where safety
injection is important. The time-varying core boron concentration is generated by a
submodel using the RETRAN control system capability which performs a detailed
calculation of the dilution and transport of safety injection fluid. Moderator and
Doppler feedback effects are represented using reactivity functions in a manner
consistent with that reported in References 3, 4 and 7. The feedback effects are
weighted axially based on perturbation theory approximations; azimuthal weighting may
be by volume, or for situations where skewed inlet temperature distributions are
important, a conservative non-uniform weighting scheme such as discussed in Reference
7 is used. Noding in the fuel, gap and cladding regions is the same as that discussed for

the One Loop Model.
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TWO LOOP SURRY RETPAN MODEL
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Table 3.1

Thermal - Hydraulic Design Parameters - Surry Plant

Total core heat output, Mwt

Heat generated in fuel, %

System operating pressure, psi

Total coolant flow rate, Ib./hr.(gpm)

Coolant Temperatures, °F (@100% power)

Nominal inlet
Average rise in the core
Average rise in vessel
Average in the core
Average in vessel
Nominal core outlet
Nominal vessel outlet

Average linear power density, Kw/ft.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

2441
97.4
2250

100.7 x 10

(265,500)

543
65.5
62.6
577.0
574.
608.5
605.6
6.2
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SECTION 4 - SYSTEM TRANSIENT ANALYSIS METHODOLOGY

4.1 Introduction

As di;scussed in the introduction, Vepco system transient analysis is intended for
both best estimate and licensing applications. Since core reloads are the most common
and expected reason for accident reanalysis, Vepco'# system transient methodology will
be discussed in that context.

In general, Vepco intends to continue the r_eference analysis approach which has
been employed by_our nuclear fuel vendor in support of our nuclear plants. This
approach is fully explained in Reference 8 and requires reanalysis of an accident, which
is part of the licensing basis for our plants, only under certain conditions. These
conditions and the licensing evaluation process are summarized in Section 4.2. Section
4.3 discusses the system transient analysis methodology and its relation to the licensing
process.

4.2 Licensing Evaluation Process

The actual execution of transient analyses forms part of an integrated system of
evaluations performed to verify the acceptability of a reload core design from the
standpoints of safety, economies and operational flexibility. The purpose of this section
is, therefore, to provide a brief overview of the relationship of transient analyses to the
integrated reload design and licensing process. The reload design process will be
described in detail in a future Vepco topical report. However, the process has been ..
generaﬁy described in Reference 8 and consists of a design initialization, design of the
core loading pattern, and detailed characterization of the core loading pattern by the
nuclear designer. The latter process determines the values of key reload parameters.
These key reload parameters are provided to the safety analyst who uses them in
conjunction with current p}ant operating configurations and limits to evaluate the

impact of the core reload on plant safety.
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In per forming this evaluation, it is necessary to ensure that those key parameters
which influence accident response are maintained within the bounds or "limits"
established by the parameter valﬁes used in the reference analysis (i.e. the currently
applicable licensing calculation). The reference analysis (and the associated parameter
limits) may be updated from time to time in support of a core reload or to evaluate the
impact of some other plant parameter change.

For cases where a parameter falls outside these previously defined limits, an
evaluation of the impact of the change on the results for the appropriate transients
must be made. This evaluation may be based on known sensitivities to changes in the
- various parameters in cases where a parameter change is small or the influence on the
accident results is weak. For casés where larger parameter variations occur, or for
parameters which have a strong influence on accident results, explicit reanalysis of the
affected transients is required and performed as discussed in Section 4.3. Past
analytical experience has allowed the correlation of the various accidents with those
parameters which have a significant impact on them.

The results of such a correlation are summarized in References 3, 4 and 8. If
required, a reanalysis is performed and the results are compared to the appropriate
analysis acceptance criteria identified in References 3, 4 énd 8. The reload evaluation
process is complete if the acceptance criteria are met, and internal documentation of
the reload evaluation is provided for the appropriate Vepco safety review. If the
analysis acceptance criteria are not met, more detailed analysis methods and/or
Technical Specifications changes may be required to meet the acceptance criteria. The
NRC will be informed of the results of the evaluation process in accordance with the
requirements of 10CFR 50.59.

4.3 System Transient Analysis

The production of a conservative, reliable safety analysis of a given anticipated or

postulated transient is accomplished by combining a system transient model with
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appropriate transient specific input. A system transient model, such as those discussed
in Section III, is designed to provide an accurate representation of the reactor plant and
those associated systems and components which significﬁ}iiiy affect the course of the
transient. Transient specific input ensures that the dynamic response of the system to
the postulated abnormality is predicted in a conservative manner, and includes a) initial
conditions, b) core reactivity parameters such as Doppler and moderator temperature
coefficients, and control rod insertion énd reactivity characteristics, and c¢) assumptions
concerning overall systems performance. Important systems performance assumptions
include the availability of certain system components (such as pressurizer spray or
relief valves) and control and protective characteristics (setpoints, instrument errors,
delay times).

A summary of key analysis assumptions for those transients discussed in Chapter 5
is included in the Appendix. A general discussion of this transient specific input is
provided in the paragraphs which follow.

4.3.1 System Model Application

While RETRAN affords the modeling flexibility to develop an infinite number of
representations for a given nuclear plant, practical considerations dictate that a small
number of standard plant models be assembled and maintained for performance of the
entire spectrum of system transient analyses. Section 3 provides examples of the types
of models that are required for system transient analysis. RETRAN makes use of an
input structure which allows modification of the base deck input for specific cases by
use of override cards. Thus, specific transient cases may be executed without altering
the base plant models.

The base models are designed to provide a basic system description comprised of
those barameters whfch woﬁld not ordinarily change from cycle to eyecle. Thus such
parameters as system volumes .and flow areas, characteristics of various relief and

safety valves, primary coolant pump characteristics, ete. form part of the base models.
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Since occasional changes to such "fixed" parameters do occur as a result of equipment
modifications or replacement or upgrades to various safety-related systems, the base
models are reviewed periodically to ensure that the latest system-related changes have
been adequately reflected. Generally this review is performed during the initial core
design stages of each reload eycle.

4.3.2 Transient Specific Input

As discussed earlier, input parameters which may be varied for a specific analysis
to ensure a conservative representation of the system response include initial
conditions, core reactivity parameters and assumptions concerning systems perfor-
mance. For a given type of accident, not all parameters have a significant influence on
the accident response. Those parameters which are significant, and their limiting
directing (i.e., maximum or minimum) are determined from:

a) the unit's FSAR

b) sensitivity studies such as those summarized in Reference 8.

The most important of these safety-related parameters are examined in more
detail in the following discussions.

4.3.2.1 ﬂtial Conditions

Most accidents exhibit some sensitivity to the initial conditions assumed. For
accident evaluation, the initial conditions are obtained by adding or subtracting, as
appropriate, maximum steady-state errors to or from rated values. Steady-state errors

which are applied are:

a) Core Power + 2 percent allowance for calorimetric error
b)  Average reactor coolant +4 F (Surry)

system temperature allowance for deadband and measurement error.
c) Pressurizer pressure + 30 psi allowance for operational fluctuations

‘and measurement error.
In general, errors are chosen in the directions which minimize core thermal
margin or margin to other plant design criteria and are therefore dictated by the type

of analysis being performed.
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4.3.2.2 Reactivity Parameters

Reactivity parameters, which may have a signifi'éant impact on the transient
response to an abnormal condition, include the Doppler and moderator temperature
coefficients of reactivity, delayed neutron fractioﬁs, the trip reactivity and insertion
characterics, and the differential control bank worth. The reactivity parameters are
normally chosen in a manner which tends to maximize the nuclear power during the
transient. The limiting value of a given parameter is dictated by the type of transient
involved as indicated by the exampies in Chapter 5. For example, for transients where
large decreases in moderator temperature are a concern (such as a steamline break),
large negative moderator temperature coefficients tend to be limiting. On the other
hand, for transients where increases in moderator temperature are the major concern
(for example, & loss of external electric load or turbine trip) the most positive value of
moderator temperature coefficient tends to produce a more severe transient. The
choice of the limiting reactivity parameter value, as discussed earlier, is made to
ensure that the accident analyses are bounding with respect to the range of parameter
values realizéd over the life of the reload core.

4.3.2.3 System Performance Assumptions

The prediqted transient performance is influenced by assumptions concerning the
availabjlity of various system components and the characteristics of the reactor
protection and control system.

In many instances the mitigating effect of various system design features on
postulated transients are ignored. This provides additional conservatism and confidence
that the calculation conservatively "bounds" the actual expected system performance.
For example, the analysis of the Uncontrolled Rod Withdrawal from Subcritical
transient conservatively takes no credit for the source range or intermediate range flux
level trips or for the intermediate range control rod stop function. For certain control

system components (e.g., relief and spray valves), it is conservative to assume
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availability for some transients and unavailability for others. The choice of whether or
not to include the effect of a particular system component is based on prior experience
and sensitivity studies. These assumptions normally remain constant from analysis to
analysis of a given transient.

In order to adequately account for the impact of instrumentation errors and signal
delays, conservative protection system characteristics are assumed when performing
accident analyses. Thus, expected instrument errors and system response times are
conservatively bounded by the analysis assumptions, thereby adding to the previously
discussed conservatisms employed in a transient analysis. Examples of protection
system setpoints and delays used in performing Surry safety analyses are shown in Table
4.1. Periodic review of protection system setpoints as defined in the plant Precautions,
Limitations and Setpoints is performed to ensure that the safety analysis models
continue to conservatively reflect current safety system settings.

4.4 Use of System Transient Results

The results of a system thermal hydraulics analysis are used either for direct
comparison to accident analysis acceptance criteria (e.g. system pressure limits) or as a
boundary condition for more detailed core thermal hydraulic analyses, using the Vepco
capability documented in Reference 1, or for more detailed fuel rod analyses, as

required for some condition IV transients.
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TABLE 4.1 - PROTECTION SYSTEM CHARACTERISTICS

ASSUMED IN SAFETY ANALYSIS

Mode of Protection

Setpoint (Delay time, sec.)

High neutron flux,
Fraction of Rated
Low Power Range
High Power Range
Overtemperature AT
Loss of Pump Power
Low Reactor Coolant Loop Flow,
Fraction of Full Flow
High Pressurizer Pressure, psia
Initiation of Safety Injection flow
on high Steamline AP, psi
on low pressurizer pressure, Psia

Surry

0.35(0.5)

1.18(0.5)

Variable(6.0%)
*%(1,2)

0.87(0.6)
2425(1.0)

150.0(Variable)
1715(Variable)

* This value includes loop and RTD bypass line transport delays, the RTD thermal
time constant and electronic signal processing delays.

**  Undervoltage trip setpoint not used in analysis.
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SECTION 5.0 - QUALIFICATION COMPARISONS

5.1 Introduction

As discussed in earlier sections, the primary Vepco objectives in developing
a system transient analysis capability are to provide a basis for the reload core safety
analysis and licensing process and to support reactor operations. As verification of this
capability, appropriate results and comparisons are provided for a representative serieé
of analyses of licensing and best estimate plant transients. The selection of licensing
analyses for presentation was based on 1) consideration of those transients which are
thermally limiting and have been most frequently subject to reanalysis during the reload
licensing process (e.g. Rod Withdrawal from Power and Complete Loss of Flow); 2)
providing a selection of analyses for each of the major categories of initiating events
which include changes in reactivity (such as rod withdrawal transients), variations in
primary coolant flow rate (such as loss of flow transients) and variations in primary to
secondary system heat transfer rates (e.g. Main Steam Line Break); and 3) examination
of transients which are both symmetric (such as a Loss of Load) and asymmetric (such
as a single pump flow coastdown) with respect to the thermal hydraulic response of the
reactor coolant loops.

Comparisons to plant startup flow coastdown test data and the data taken
during a reactor cooldown transient experienced at North Anna in 1979 are also
provided to illustrate typical best estimate modeling applications.

Comparisons for small and large break Loss of Coolant Accidents (LOCA)
and Rod Ejection are beyond the current intended scope of application of Vepco's
models and are not presented.

5.2 Verification Against Licensing Analyses

5.2.1 Transients Resulting from Changes in Reactivity

Several transients result primarily from a postulated reactivity change.

These transients include an Uncontrolled Control Rod Assembly Withdrawal From a
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Suberitical Condition (UCRW from Subcritical), an Uncontrolled Control Rod Assembly
Withdrawal at Power (UCRW at Power), Control Rod Assembly Drop, Chemical and
Volume Control System Mal.f.unction, Startup of an Inactive Loop, Single Control Rod
Assembly Withdrawal at Power and Control Rod Assembly Ejection. The first two
accidents were chosen for analysis because they are subject to reanalysis for reload
cores based on past Vepco experience. In addition, these two accidents represent é
limiting condition for reactivity change rate (UCRW from Subecritical) and DNBR
(UCRW from Power) with respect to the other Condition Il accidents.

5.2.1.1 Uncontrolled Control Rod Assembly Withdrawal from a Subcritical Condi-

tion Transient ~ FSAR Analysis

A control'rod assembly withdrawal incident is defined as an uncontrolled
addition of reactivity to the reactor core by withdrawal of control rod assemblies
resulting in a power excursion. While the probability of a transient of this type is
extremely low, such a transient could be caused by a malfunction of the Reactor
Control or Control Rod Drive Systems. Section 14.2.1 of the Surry FSAR (Reference 3)
discusses the mitigating automatic safety systems appropriate for this transient in more
detail. |

The nuclear power respénse to a continuous reactivity insertion from a
suberitical condition is characterized by a very fast rise terminated by the reactivity
feedback effect of the negative fuel temperature coefficient. This self-limitation of
the initial power excursion is of prime importance during a startup incident, since it
limits the power to a tolerable level prior to external control action. After the initial
power excursion, the nuclear power is momentarily reduced, and then, if the incident is
not terminated by a reactor trip, the nuclear power increases again but at a much
slower rate.

This is a Condition II event, and the analysis is performed to demonstrate

that the DNB criterion for Condition II events is met.
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In order to give comparable results, the analysis assumptions used in this
investigation are the same as those indicated in Reference 3. The limiting input values
and analysis assumptions assumed for this investigation are provided in the Appendix
(Item 1a). The Single Loop Model, discussed in Section 3, was used for the analysis.

Figures 5.1 through 5.4 present the results of the analysis using the RETRAN
computer code as compared to the FSAR results for nuclear power, average fuel and
clad temperature and core heat flux, respectively.

The RETRAN results are based on a single integrated kinetics and thermal-
hydraulic calculation. The FSAR results, in contrast, reflect separate core kinetics
(power) and heat transfer calculations, performed with two computer codes, with
distinet sets of input assumptions designed to conservatively maximize core heat flux.
This distinetion in analytical approach most likely accounts for the differences in
results for the average fuel and clad temperatures.

Note that both calculations result in predicted heat fluxes, and fuel and clad
temperatures which are well below steady-state full power values. Therefore large

margins to the Condition II DNB limits are maintained throughout the transient.

5.2.1.2 _t_JLxcontrolled Control Rod Assembly Withdrawal from a Subcritical Condition

Transient - Current Analysis

Due to changes in the calculated limit for the reactivity insertion rate
parameters, this transient was reanalyzed for several reload cores. The Ilatest
reanalysis was for Cycle 4 of Surry Unit 2.9 The assumptions used for this analysis are
the same as those discussed in Section 5.2.1.1, with the exception of the limiting
reactivity insertion rate which was increased to a value of 75 pem/sec*, and a
modification in the trip reactivity (see the Appendix, Item 1b).

The comparison of the vendor reload analysis and RETRAN results is
indicated by the excellent agreement for the core heat flux, the limiting analysis result,

as reported in the licensing submittal. The RETRAN and vendor reload analyses both

s 1pem=10x107° AKR/K
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yielded peak values of 69% of nominal full power core heat flux. Figures 5.5 through

5.8 provide the complete RETRAN transient response i_‘or the appropriate parameters.

The vendor transient resixiis are proprietary and are omitted. The transient response is

similar to and consistent with the comparisons indicated in Figures 5.1 through 5.4.

5.2.1.3 Uncontrolled Control Rod Assembly Withdrawal at Power Transient ~ FSAR
Analysis

This postulated transient, which is a Condition I event, was analyzed

because it is a limiting reactivity perturbation transient with respect to the minimum
DNBR criterion and because it is subject to reload reanalysis. This transient is defined
as an uncontrolled addition of reactivity to the reactor core while in an at-power
condition resulting in a power excursion and an increase in core heat flux. Since the
heat extraction from the steam generator remains relatively constant until the steam
generator pressure reaches the relief or safety valve setpoint, there is a net increase in
reactor coolant temperature. Unless terminated by manual or automatic action, the
power mismatch and resultant coolant temperature rise would eventually result in DNB.
Therefore, to prevent the possibility of damage to the cladding, the Reactor Protection
System is designed to terminate any such transient before the DNBR falls below its
limit. The automatic features of the Reactor Protection System, which would prevent
core damage in a control rod assembly withdréwal incident at power, are discussed in
detail in Reference 3.

In order to obtain conservative results (i.e.,, minimum DNBRs) for this
transient and to provide a consistent comparison, the analysis assumptions' are the same
as those indicated in the FSAR.3 These assumptions, and the limiting values assumed
for this analysis are provided in the Appendix (Item 2a). Th(_e Single Loop Model,
discussed in Section 3, was used. for this analysis. It should be noted that the
Overtemperature Delta T Trip setpoint equation, which is important for this transient,
is explicitly modeled in the Single Loop Model using the control system capability in

RETRAN.
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The FSAR presents the results of this transient for several initial power
levels and for -various reactivity insertion rates. However, a full range of system
parameter transient results is presented only for two analyses from an initial power
level of 10096. The two 100% analyses are for differing reactivity insertions rates tq
demonstrate the protective action of both the High Flux and the Overtemperature Delta
T Trip functions. Of the two transients, the more limiting results are for the slow
reactivity insertion (2 pem/sec) which is terminated by the Overtemperature Delta T
Trip. Consequently, the analysis used for comparison of the RETRAN and FSAR results
assumed a slow reactivity insertion rate of 2 pem/sec starting from 102% of nominal
full power. Analysis results for a range of reactivity insertion rates are discussed in
the next section.

Figures 5.9 through 5.12 present the RETRAN results, compared to the
FSAR for nuclear power, pressurizer pressure, average coolant temperature and
transien_t DNBR, respectively. The DNBR's were calculated with COBRA HIC/MIT1
using input forcing functions of core heét flﬁx,.coolant inlet temperature, coolant inlet
mass velocity and RCS pressure, all from the RETRAN analysis. Note the similarities
in time of trip (Figure 5.9). The decay heat level shown in the FSAR result apparently
reflects the conservatism used by ‘the vendor prior to the development of the ANS
standard decay heat curves. Note also the similarity in predicted pressure responses in
Figure 5.10, including the effects of automatic spray and Power Operated Relief Valve
(PORYV) actuation. The RETRAN analysis shows, as does the FSAR, that the Condition
II DNB criterion is met for this transient.

5.2.1.4 Uncontrolled Control Rod Assembly Withdrawal at Power Transient -

Current Analysis

The most recent reanalysis of this accident was required as a consequence of
the plugging of steam generator tubes at the Surry Nuclear Power Station. 10 It was
determined that steam generator tube plugging would result in lower initial flows with

éonsequently less initial margin to DNB and the need for revision of the constants
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associated with the Overpower and Overtemperature Delta Temperature setpoint
equation. Consequently, the UCRW at Power transient was reanalyzed to verify that
the new setpoint equation constants did in fact result in minimum DNBRs above the
appropriate criterion of 1.3. The only information available for comparison purposes
from the licensing reanalysis was the minimum DNBR as a function of reactivity
insertion rate. An analysis of the transient was performed using the Single Loop Surry
RETRAN Model with those assumptions specified in the Appendix (Item 2b), including
several modeling changes to reflect the impact of the low flow assumption (i.e. lower
flows, lower steam generator heat transfer areas, etc.). Key input parameter values
assumed for this analysis are also provided in the Appendix (Item 2b).

The RETRAN results were then used as boundary conditions in the Vepco
version of the COBRA IIIC/MIT1 code. The results of this transient reanalysis are
presented in Figure 5.13.

Another analysis of the transient was performed at an initial power level of
62% of nominal full power. The results of this analysis and a comparison to licensing
reanalysis results are provided in Figure 5.14. RETRAN results were generated with
and without the assumption of operable steam generator relief valves, as shown. These
results show that the RETRAN/COBRA analysis supports the conclusion provided by the
licensing reanalysis, i.e., that the updated setpoint equation constants are sufficient to
provide margin to the Condition II DNBR limit for reactor operation with 90% or

greater of thermal design flow.

5.2.2 Transients Resulting from Changes in Primary System Flowrate

Several FSAR transients result prirﬁarily from the loss of Reactor Coolant
System (RCS) flow and the corresponding decreased transfer of heat from the reactor
core. Transients in this category include the Loss of Reactor Coolant Flow (partial and
complete) and the Locked Rotor transients. The Complete Loss of Reactor Coolant
Flow Transient was chosen for comparative analysis because it has been subject to

reanalysis for reload cores based on past'Vepco experience. In addition, it is the most
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Figure 5.1
NUCLEAR POWER
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Figure 5.2

AVERAGE FUEL TEMPERATURE
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
FSAR ANALYSIS
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Figure 5.3
AVERAGE CLAD TEMPERATURE
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Figure 5.4

CORE HEAT FLUX
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
FSAR ANALYSIS
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Figure 5.5

NUCLEAR POWER
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
SURRY 2 CYCLE 4 REANALYSIS

Nuclear Power, Fraction of Nominal

0 5 10 15 20

Time, Seconds

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

A-1-52



Figure 5.6

AVERAGE FUEL TEMPERATURE
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
SURRY 2 CYCLE 4 REANALYSIS
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Figure 5.7

AVERAGE CLAD-TEMPERATURE
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
SURRY 2 CYCLE 4 REANALYSIS
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CORE HEAT FLUX
UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL TRANSIENT
SURRY 2 CYCLE 4 REANALYSIS
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Figure 5.9
NUCLEAR POWER

UNCONTROLLED ROD WITHDRAWAL FROM POWER TRANSIENT
FSAR ANALYSIS
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Figure 5.10
PRESSURIZER PRESSURE
UNCONTROLLED ROD WITHDRAWAL FROM POWER TRANSIENT
- FSAR ANALYSIS
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Figure 5.11

AVERAGE COOLANT -TEMPERATURE
UNCONTROLLED ROD WITHDRAWAL FROM POWER TRANSIENT
FSAR ANALYSIS
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Figure 5.12

DNB RATIO
UNCONTROLLED ROD WITHDRAWAL FROM POWER TRANSIENT
FSAR ANALYSIS
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Minimum DNBR

Figure 5.13
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Minimum DNBR

Figure 5.14
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severe credible loss of flow condition. The Partial (one-pump) Loss of Flow was
analyzed to provide qualification of the Two Loop Model.

5.2.2.1 Complete Loss of Flow Transient ~ FSAR Analysis

This postulated transient, which is a Condition Il event, is defined as the
simultaneous loss of electrical power to all reactor coolant pumps at full power
resulting in a rapid RCS flow reduction and consequent coolant temperature increase
with the possibility of Departure from Nucleate Boiling (DNB) if the reactor is not
tripped promptly. The necessary protection action to preclude DNB is discussed in more
detail in Reference 3.

The conservative assumptions used in the RETRAN analysis, which are
delineated in the Appendix, (Item 3a) are the same as those presented in Reference 3.
Specific limiting parameter values assumed are .also provided in the Appendix. The
RETRAN analysis was performed with the Single Loop Model discussed in Section 3.

Figures 5.15 through 5.18 present the results of the comparisons for this
transient for flow coastdown, nuclear power, core heat flux and DNBR, respectively.

As discussed previously, the DNBRs were calculated with the Vepco version
of the COBRA IIOC/MIT computer code using boundary conditions obtained from the
RETRAN analysis. The minimum DNBR predicted by the Vepco analysis was 1.50 and
compares very fayorably with the value of 1.46 reported in the FSAR analysis. Time of
occurrence of minimum DNBR also compared well and was approximately 2.3 seconds
for both analyses. Thus the RETRAN/COBRA results support the FSAR conclusion
that, while Complete Loss of Flow is a Condition IIl transient, the Condition II DNB
criterion is met for this event. '

5.2.2.2 Complete Loss of Flow Transient - Current Analysis

The Complete Loss of Flow transient has had to be reanalyzed in the past
for the Surry plants. The most recent analysis was required as a consequence of the

10

plugging of steam generator tubes. The tube plugging resulted in reduced primary

coolant flow and less initial margin in DNB. Since the Loss of Flow transient was
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potentially affected, the transient was reanalyzed to verify the continued acceptability
of the results.

An analysis of the transient was performed with RETRAN using the
assumptions specified in the Appendix (Item 3b). The specific parameter values
assumed for this analysis are also provided in the Appendix. The Single Loop Model, as
modified to reflect the effects of steam generator tube plugging (lower flows, steam
generator heat transfer areas, etc.), was used for the analysis. A conservatively low
value of initial flow was assumed in the analysis.

The comparative results of this reanalysis are provided in Figures 5.19
through 5.22. Figure 5.19 shows the comparison of pump coastdown for the respective
analyses, and Figure 5.20 compares the nuclear power response. Figure 5.21 presents
the results for core average heat flux, and the DNBR response using the
RETRAN/COBRA methodology is compéred in Figure 5.22 to the prediction reported in
the licensing reanalysis. The Vepco predicted minimum DNBR again agrees well in both
magnitude and time of occurrence to the licensing reanalysis results and confirms that
the Condition II DNB criterion is met for this event.

5.2.2.3 Partial Loss of Flow Transient - FSAR Analysis

In addition to the Complete Loss of Flow transient, discussed in the two
previous sections, various Partial Loss of Flow Accidents may be postulated, in which
power is lost to one or more reactor coolant pumps, with the remaining pumps
continuing to operate at full speed. Such a transient would result from failure of a
single pump bus. Since this does not constitute loss of line voltage or frequency, no
credit is taken for the direct reactor trip on low voltage. Instead, protection of the
core is provided by a reactor trip actuated by low measured reactor coolant flow in any
primary coolant loop.

Since this transient involves unbalanced reactor coolant loop flow rates, the
Surry Two Loop Model is used for the RETRAN analysis. The case analyzed assumes

initial operation of all reactor coolant loops, with a subsequent loss of pump power in a
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single loop. Specific parameter values and initial conditions assumed for this analysis
are shown in the Appendix (Item 4). The low coolant flow trip setpoint and delay time
assumed are consistent with Table 4.1.

The results of the RETRAN analysis are compared to the corresponding

FSAR®

results in Figures 5.23 to 5.26 for core flow, nuclear power, core average heat
flux and DNBR, respectively.

As in previous DNB analyses presented in this section, the Vepco curve was
generated with the Vepco version of COBRA IIIC/MIT, using input forecing functions
from the two loop RETRAN analysis. Again, the Vepco results confirm the conclusion

that the Condition II DNB criterion is met for this transient.

5.2.3 Change in Primary to Secondary Heat Transfer

The remaining types of non-LOCA pertufbations analyzed for a nuclear plant
in a FSAR are characterized by changes in primary system pressure and temperature
resulting from changes in primary to secondary heat transfer. Accidents in this
category would include Excessive Heat Removal Due to Feedwater System Malfunction,
Loss of External Electrical Load, Excessive Load Increase Incident, Loss of Normal
Feedwater, Loss of all AC Power to the Station Auxiliaries, Turbine Generator Unit
Overspeed and Main Steam Line Break. The majority of these transients are nonlimiting
and have not been reanalyzed since the FSAR. However, the Main Steam Line Break
and Loss of Load transients have required reanalysis as a result of core reloads and for
that reason were chosen for comparative analysis. In addition, the Main Steam Line
Break transient reanalysis required a multiloop capability and served to qualify the Two
Loop Model discussed in Section III. Finally, the Feedwater System Malfunction
transient was analyzed to further demonstrate the capability of the Single Loop Model

to represent a secondary side initiated transient.

5.2.3.1 Loss of External Electrical Load Transient - FSAR Analysis
The Loss of Load transient is defined as the loss of external electrical load

which may result from an abnormal variation in network frequency, or other adverse
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Figure 5.16
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Figure 5.17

AVERAGE HEAT FLUX
COMPLETE LOSS OF FLOW TRANSIENT
FSAR ANALYSTS
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Figure 5.19
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Figure 5.20
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Figure 5.21
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Figure 5.22
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Figure 5.23
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Figure 5,24
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network operating conditions' and is considered a Condition II event. The interaction of
the mitigating systems for the various credible initiating actions for this transient are
discussed in further detail in References 3 and 11. For analysis purposes, the limiting
condition of a complete loss of load from 102% of nominal full power without a direct
reactor trip is assumed to demonstrate 1) the adequacy of the pressure relieving devices
to maintain the RCS within the Condition II pressure boundary criterion (i.e. 110% of
design pressure) and 2) that the Condition I DNB limits are not violated for both
beginning of life (BOI;) and end of life (EOL) core conditions.

The conservative assumptions used in the Reference 3 analysis were assumed
for the RETRAN comparative analysis (note that the limiting FSAR analysis condition
for the reactor in manual control was assumed). These asumptions and the specific
analysis parameter values are indicated in the Appendix (Item 5a). Note, in particular,
that many of the system pressure relieving devices are assumed to be inoperative in
order to produce conservative results. The RETRAN énalysis was performed with the
Single Loop Model.

Th'e comparative results for this analysis are provided in Figures 5.27
through 5.31 for the BOL parameters and Figures 5.32 through 5.36 for the EOL case.
The constraining result for this analysis is the pressurizer pressure and the change in
this parameter is. provided in Figure 5.27. Note that the rate of pressure change, the
time of peak pressure and the magnitude of the peak pressure calculated for the
respective analyses are in close agreement for the pressurization period of the
transient. However, some deviation exists during the depressurization phase of the
transient., This deviation most likely results from steam generator secondary side
modeling differences used in RETRAN and the FSAR analyses. Both analyses
demonstrate that the RCS pressure criterion for Condition II events is met.

Figures 5.28-5.31 provide the RETRAN and FSAR responses for nuclear

power, pressurizer water volume, coolant inlet temperature and DNBR, respectively.
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The DNBR's were generated with COBRA. DNB is not limiting for this event, as can be

seen from Figure 5.31..

Figures 5.32 through' 5.36 present the results for the Loss of Load EOL
analyses and again confirm that the Condition II pressure and DNB criteria are not
violated.

5.2.3.2 Loss of External Electrical Load Transient - Current Analysis

The Loss of Load has been reanalyzed since the FSAR to support a Technical
Specification change allowing core operation with a slightly positive moderator
temperature coefficient at powers less than hot full power at BoL.12

The licensing reanalysis, to be used for comparison purposes, was only
performed for the BOL case, since the moderator temperature coefficient would be
highly negative at EOL and, therefore, not impacted by the proposed Technical
Specifications change. The RETRAN analysis assumptions and parameter values are
provided in the Appendix (Item 5b); note that for the moderator temperature
coefficient, a value of +3.0 pcm/OF was assumed. The Single Loop Model was used for
the RETRAN analysis.

A comparison of the RETRAN and licensing reanalysis results is shown in
Figures 5.37 through 5.40. Comparisons are provided, for nuclear power, pressurizer
pressure, coolant average temperature, and DNBR. As discussed previously, the
secondary side heat transfer modeling differences resulted in some differences in the
predictions during the depressurization phase. T_he RETRAN analysis results confirm
the conclusion drawn in the licensing reanalysis, i.e., that the pressure relieving devices
are adequate to limit the peak pressure to a value below the Condition II Criterion and

that the Condition II DNBR Criterion is also met.

5.2.3.3 Excessive Heat Removal Due to Feedwater System Malfunction Transient -

FSAR Analysis

Excessive heat removal incidents resulting from feedwater system malfunc-
tions result from either 1) excessive feedwater flow, such as might result from a failure

of the feedwater flow control valve or 2) reductions in feedwater temperature. An
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example of the second type‘of transient, which consists of the accidental opening of the
feedwater bypass valve resulting in diversion of flow around the low pressure feedwater
heaters, was chosen for analysis.

The case examined, which was analyzed in Reference 3, assumed no reactor
control and a zero moderator temperature coefficient. The resulting transient is a very
gradual increase in core power in response to the primary coolant and fuel temperature
reduction resulting from the decreased temperature of the feedwater to the steam
generators. After the core power increases to a level which essentially matches the
secondary side heat removal rate, the temperature begins to stabilize and the system
pressure increases in response to the pressurizer heaters.

The Appendix (Item 6) summarizes the important analysis assumptions made

for both the FSARS

and RETRAN analyses, including specific analytical parameter
values assumed. The RETRAN analysis was performed with the Single Loop Model
discussed in Section 3, and conservafively assumes constant steam flow throughout the
transient.

The RETRAN analytical results are compared to the results reported in the
FSAR, in Figures 5.41 through 5.45. It should be noted that this transient is calculated
over a long time period, approximately 900 seconds.

Figure 5.41, which represents the variation in feedwater temperature with
time, depicts the forcing function assumed in the two analyses. |

- Figures 5.42 - 5.45 present the results for core power, average coolant

temperature, pressurizer pressure and DNBR.

The primary FSAR conclusion, that DNBR increases monotoniceally as the

transient proceeds, is supported by both analyses.

5.2.3.4 Accidental Depressurization of the Secondary System/Main Steam Line

Break Transient - FSAR Analysis

This class of accidents includes any uncontrolled steam release from & steam

generator, such as might be caused by failure of a safety or relief valve or rupture of a

main steam pipe. A Main Steam Line Break (MSLB) Transient, which is a Class IV event
VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-1-79
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and the limiting transient in this category, was chosen for analysis.

The increased steam flow resulting from this accident causes a reduction in
primary coolant system temperatures and pressures. The reduced temperature causes a
positive reactivity insertion (assuming a negative moderator temperature coefficient).
This insertion, coupled with the assumption that the most reactive rod cluster control
assembly (RCCA) sticks in its fully withdrawn position, increases the possibility that the
reactor will return to a critical condition and resume power generation following
reactor trip. 'This is a potential problem because of the high power peaking factors
associated with the stuck RCCA assumption. The core power is limited by the negative
Doppler and moderator reactivity effects for which conservative values are assumed in
the analysis. The core is ultimately returned to a subcritical condition by boric acid
delivered by the safety injection system. A more detailed discussion of the transient
and the various mitigating systems is provided in the units' FSAR's.

Several different MSLB transients are discussed in the FSAR 3’4.

The
limiting MSLB case, which was analyzed with RETRAN for comparison to the Surry
FSAR analysis, consisted of a break adjacent to a steam generator outlet nozzle with
continued availability of offsite power. The MSLB was analyzed with the Two Loop
Model (See Section 3) which calculates both the primary and secondary system
responses, the reactivity effects of safety injection and the core power response
following return to criticality.

A summary of important analysis assumptions, which correspond to the
assumptions made in the FSAR, is given in the Appendix (Item 7a). Specific analytical
values used for the analysis are also shown in the Appendix. Representative results
from the FSAR analysis are presented and compared to vendor results in Figures 5.46 to
5.49, for steam flow, pressurizer pressure, core reactivity and core average heat flux,
respectively. The slight differences in the shapes of the core heat flux response are
believed to be related to differences in the treatment of core boron concentration

buildup following safety injection.
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The comparisons indicate that Vepco's RETRAN Models provide an appro-
priate basis for calculating'tiie system transient portion '6f the Main Steam Line Break
analysis.
5.2.3.5 A ccidental Depressurization of the Secondary System/Main Steam Line

Break Transient - Current Analysis

The Main Steam Line Break Transient has been reanalyzed for several Vepco
reload cores. The reanalyses have been 'necessary to confirm the continued
acceptability of the MSLB transient results for variations in the reload core designs.
For example, & recent licensing update reanalysis of the system response was performed
for the Surry Unit 1, Cycle 4 reload core (see Reference 13). The basic analytical
assumptions and parameter values for this reanalysis are shown in the Appendix, (Item
7b.) The comparative results of the two analyses are sumrﬁarized in Table 5.1. As can
be seen the results for temperature, pressure and core heat flux for the two analyses
are quité similar.

The dynamic response to the MSLB reload reanalysis is shown in Figures
5.50 - 5.52. Comparison to the FSAR results (Figures 5.46 ~ 5.49) shows that the
general characteristics of the transient responses are the same for the two cases. The
vendor results for the analysis are considered proprietary and are 'omitted.

5.2.4 General Conclusions - Licensing Transient Analyses

The analysis results shown in Figures 5.1 - 5.52 show that Vepco's analysis
approach yields results which are comparable to those obtained by our NSSS vendor for
previous licensing submittals. Thé similarities hold for a broad variety of transients of

varying levels of severity and result in identical conclusions regarding core and system

.safety. These comparisons illustrate Vepco's general capability to perform analyses of

Condition I-III transients, and the system transient aspects of certain Condition IV

transients.
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TABLE 5.1

LIMITING PREDICTED RESULTS
MAIN STEAM LINE BREAK TRANSIENT
SURRY 1, CYCLE 4, REANALYSIS

Parameter

Core heat flux, % of rated
Reactor inlet temperature (failed loop), °F
Reactor inlet temperature (intact loop), Op

Pressurizer Pressure, Psia

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Peak Value

Licensing Analysis

28.6
373
502
1167

RETRAN

25.8

373

504
1255

A-1-82
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Figure 5.27
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Figure 5.29

PRESSURIZER WATER VOLUME CHANGE
LOSS OF LOAD TRANSIENT
BOL - FSAR ANALYSIS
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Figure 5.51
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5.3 Verification Against Operational Data

5.3.1 Introduction

The purpose of comparing RETRAN predictions to plant operational data is
to demonstrate that the code, coupled with appropriate plant models and best estimate
input values, provides physically realistic predictions of integrated system response to
various perturbations. Vepco RETRAN comparisons are for the pump coastdown tests
performed at both the Surry and North Anna plants and a plant cooldown event which
occurred at North Anna Unit 1.

5.3.2 Pump Coastdown Tests

Pump coastdown tests of various configurations (i.e., coastdown of a single
pump, two pumps, three pumps, etc.) are performed as part of the initial startup test
sequence for new nuclear units. The sections below discuss RETRAN comparisons for a
single pump and a simultaneous three pump coastdown for Surry Unit No. 1 and for a
simultaneous three pump coastdown performed on North Anna Unit No. 1. Both single
loop and two loop RETRAN models were used for the comparisons, as discussed below.

5.3.2.1 Surry Pump Coastdowns

Pump coastdown tests were performed at the Surry Power Station Unit No.
1 in January 1975. The tests were performed with the reactor at hot shutdown
conditions with all Rod Cluster Control Assemblies (RCCA) fully inserted. The test
results of reactor system flow versus time have been compared with the flow coastdown
associated with the Loss of Flow transients reported in the Surry FSAR and with
RETRAN analytical predictions using both the Single Loop and Two Loop Surry Models
described in Section 3.

The comparison for the simultaneous three pump coastdown is shown in
Figure 5.53. The RETRAN code predicts a flow coastdown curve which lies between the
FSAR3 prediction and the test data. Results for this case (3 pump coastdown) were
generated with both the Single Loop and Two Loop Surry RETRAN Models. The

coastdown curves generated by the two models were essentially identical.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-1-108
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Figure 5.54 compares analytical predictions made with the Surry Two Loop
Model with test data for a single pump (two pumps remaining at full speed) coastdown.
The data are presented _in terms of loop flows. As may be seen, the RETRAN
predictions are in close agreement with the data. The same data are presented in terms
of core flow fraction in Figure 5.55 to allow an additional comparison to be made, i.e.,
to the FSAR accident analysis results. As with the three-pump coastdown, the
RETRAN curve lies between the FSAR and the data in the region of interest (minimum
DNBR for the single pump loss of flow accident occurs at v3 seconds - see Figure 5.26).
It should be noted that although the data indicate a slightly more rapid flow coastdown
. than either the FSAR or the RETRAN predictions, use of either analytical curve in
combination with the conservative FSAR assumptions concerning trip delay times has
been shown to provide conservative results for the postulated loss of flow accident.

5.3.2.2 North Anna Pump Coastdown

The three pump coastdown test was performed on North Anna Unit No. 1 in
April, 1978. As with the Surry Unit No. 1 test, hot shutdown conditions were
maintained. The reactor coolant flow versus time was measured out to 10 seconds
following the loss of pump power. The comparison to the FSAR? flow coastdown
predictions and to the RETRAN anal&tical predictions is shown in Figure 5.56.

The RETRAN results agree quite well with the FSAR, particulary over the
first four seconds of the transient, which in a complete loss of flow accident is the most
limiting period from the standpoint of DNB. Note that both the FSAR and RETRAN
predict a slightly slower coastdown than the data indicates over this same period. As
discussed above, slight deviations are evaluated at the time of the test to ensure the
overall conservatism of the FSAR analyses.

In summary, the RETRAN pump coastdown calculations performed with the
Surry One and Two Loop Models and the North Anna One Loop model have been shown

to give results which agree well with the measured data.
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5.3.3 North Anna Cooldown and Safety Injection Transient

An analysis was performed to simulate the unplanned cooldown event which

occurred at North Anna Unit 1 on September 25, 1979.14

The following sections provide
1) a brief description of the event; 2) a description of the RETRAN model used for the -
analytical simulation; 3) comparisons of RETRAN results with plant data taken at the
time of the event; and 4) conclusions regarding the analysis and data comparisons.

The North Anna cooldown event resulted from & turbine trip and subsequent

reactor trip on high feedwater heater condensate level. The high level signal was the

result of tube leakage inside the heater drain cooler. Following the trip the eight

_condenser dump valves tripped fully open to supplement the reactor trip in providing

load rejection capability. As the plant‘ began to cool down seven of the eight dump
valves modulated closed as designed. The remaining valve stuck in its fully open
position. This resulted in additional cooldown beyond the no-load temperature, causing
a depressurization of the reactor coolant system and initiation of Safety Injection on
low pressurizer pressure. Following Safety Injection, the operator tripped the reactor
coolant pumps in accordance with procedures and the system rapidly repressurized to
the normal pressure range. One of the two high head safety injection pumps was
tripped; the RCS continued to repressurize at a slower rate until one of two pressurizer
Power Operated Relief Valves (PORV's) opened on a high pressure signal. This valve
then cycled to maintain RCS pressure at the relief setpoint. Normal pressure was
restored by a combination of operator actions, including initiation of auxiliary spray,
realignment of the charging pumps to the normal charging path, throttling the charging
flow and reestablishment of letdown flow.

The RETRAN model used to simplate the cooldown event is a 20-volume,
single loop representation of tﬁe North Anna Reactor Coolant System, steam generators
and associated control systems. The géneral .description of Vepco's Single Loop Models,

given in Section 3, is also applicable to this model. Additional features included in this
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model to provide a best estimate analysis capability include the following:

1) Representation of the automatic steam dump control system.

2) Simplified representation of the feedwater control (steam generator

level) system.

3) Representation of the High Head Safety Injection system

4)  Automatic charging flow (pressurizer level) control in combination

with RCS letdown.

5) Representation of the following operator actions as boundary

conditions:

~-Manual tripping of the primary coolant pumps shortly after Safety
Injection

~Manual tripping of one chargi_ng pump after Safety Injection had
restored pressurizer pressure and level to their normal values

-Manual tripping of the Main Steam Isolation Valves to terminate the
steam release shortly after Safety Injection initiation

-Manual termination of auxiliary feedwater flow.

The following discussion provides a comparison of analytical results to plant
data obtained at the time of the cooldown. Plant data sources include alarm typewriter
printout and control room strip chart recordings. The resolution of the alarm printout,
which is the source of most of the data, is plus or minus thirty seconds.

Figure 5.57 shows the depressurization of the main steam system. The
alarm'typewriter data are representative of all three loops. Examination of the data
indicated that the depressurization took place in a symmetric manner. Note from the
figure the pronounced impact of operator intervention on the pressure response.

Figures 5.58 and 5.59 compare calculated and observed cold and hot leg
temperatures, respectively. The cold leg temperature data in Figure 5.58 from 0 to 300

seconds are based on alarm typewriter printout of narrow range Tcold. The data points

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-1-112
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represented by triangles are Teold values inferred from alarm typewriter steam
pressure data. These points were derived by table lookup of the saturation temperature
of the steam system and correction by the calculated primary to secondary temperature
difference.

The dashed line represents control room strip chart data. As can be seen,
the general agreement of the model with the data is good. The predicted reactor vessel
AT under natural circulation conditions is slightly lower than the measured value.

Figure 5.60 shows the pressurizer pressure response. The calculated initial
depressurization and repressurization following Safety Injection initiation at 300
seconds show excellent agreement. This good agreement provides further qualification
for the RETRAN nonequilibrium pressurizer model.

Figure 5.61 shows the pressurizer level response. Both the observed data
and the model indicate that pressurizer level indication was lost for a brief portion of
the transient. The model predicted a slightly lower drain rate during cooldown than was
observed. This may reflect a difference in the assumed initial pressurizer mixtu.re
quality and the actual plant condition. The general agreement is still quite good over
the first 10 minutes of the transient. Thé underprediction at 1400 seconds is possibly

related to the integral effects of RETRAN's underprediction of the safety injection flow

rate at elevated system pressures.

5.3.4 General Conclusions-Best Estimate Transient Analyses

| The comparisons of best estimate RETRAN predictions to plant data
presented in sections 5.3.1-5.3.3 (Figures 5.53-5.61) are indicative of Vepco's best
estimate analytical capabilities; the favorable results shown here provide a sound basis

for applying this capability to general plant operational support.

VEP-FRD-41 -NP-A, Revision 0, Minor Revision 3 A-1-113



Figure 5.53

FLOW COASTDOWN
OPERATIONAL TEST AT HOT ZERO POWER
SURRY THREE - PUMP COASTDOWN

DA _—

80 . e e

Fraction of Initial Flow, Z

sof— =

Time, Seconds

- VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

A-1-114

g

b



/

| S

. (.4,:-0 ..—j.'

{

(— -

-

G SO SR GRS A -

o

— e —— . ——e—em e

Figure 5;54

FLOW COASTDOWN
OPERATIONAL TEST AT 'HOT ZERO POWER
SURRY -ONE PUMP -GCAASTDOWN

e
5
(o]
-
£z
. — .

3 100
&
ord
[ =]
-~
L2
(o]

e 80
(o]
o
4
(4]
4]
} ¥
=

60

40

20

0

0 2 4 6 8

Time, Seconds

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

A-1-115



Figure 5.55
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Figure 5.56
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SECTION 6 - CONCLUSIONS

The Virginia Electt:ié' ‘And Power Company (Vepco) 'h‘as developed the capability to
perform system transient analyses using the RETRAN computer code. The general code
features and the types of models developed for analysis of the Surry and North Anna
Units 1 and 2 have been discussed. The adequacy of these models and the associated
accident analysis methodology has been demonstrated by comparison of selected
analytical results to vendor calculations and to plant data. The overall good agreement
realized in these comparisons demonstrates that these models and methods can be used

for operational and licensing support of Vepco's nuclear plants,
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APPENDIX

SUMMARY OF IMPORTANT ASSUMPTIONS USED IN TRANSIENT ANALYSES DISCUSSED IN SECTION §

OV N

System Model
Type of Analysis Description Initial Conditions

1. Uncontrolled Rod Withdrawal
from Suberitical

a) FSAR Analysis Surry One Loop Core power = lO'mx rated

Pressure = 2230 psia
T-inlet =550 F

b) Current Analysis Surry One Loop Same a9 case {a)

(1) Trip setpoints and delay times assumed are consistent with Table 4.1
*1 pem=1.0 x 10‘5 AR/K

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

R S A

Transient Specific Input

Reactivity Parameters

aMOD=+10 pem/°F
uDOP:al.‘ISpcm‘/oP
(@/550°F)

Delayed neutron
fraction = 0.0072

Reactivity Insertion
Rate=60 pem/sec

Trip Reactivity: Fig. A.1
curve(a), total = 2,8% AK/K

Same as case (a), except
Reactivity Insertion Rate
=75 pem/see

Trip reactivity: Fig. A.1
curve (b), total=4,0% 4 K/K

Key System Perfiwmance
Assumptions

No credit taken for:
1) Source range high flux trip

2) Intermediate range high flux
trip

3) Intermediate range control
rod stop

Source of protection:
Low power range
high neutron

flux trip

Other assumptions same as
case(a)

A-1-125



APPENDIX (Continued)

SUMMARY OF IMPORTANT ASSUMPTIONS USED IN SAFETY ANALYSES DISCUSSED IN SECTION 5

Transient Specifie Input

System Model
. Type of Analysis Description Initial Conditions Reactivity Parameters

- 2. Uncontrolled Rod With-
drawal from Power

a) FSAR Analysis Surry One Loop Core power = 1.02 x rated aMOD = 0.0
Pressure = 222% psia . o
T-inlet = 547.1°F aDOP=~0.725 pem/°F
- Reactivity Insertion
Rate = 2,0 pem/sec

Teip Reactivity: Figure A.l
curve (a), total =2.8% A K/K

AT trip equation used (includes errors)s
.AT (setpoint) 1+25g

(1.2044 - 0113 (Tye-574.4)

+.00056 (P-2250) ) x A‘T-Rated

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Key System Performance
Assumptions

No credit taken for:
1) High neutron flux rod stop
2) High overtemperature
AT rod stop
3) High overpower AT rod
stop or trip
Source of Protection:
High overtemperature AT
trip®
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APPENDIX (Continued)
SUMMARY OF IMPORTANT ASSUMPTIONS USED IN TRANSIENT ANALYSES DISCUSSED IN SECTION 5
Transient Speeific Input
System Model Key System Performance
Type of Analysis Description Initial Conditions Reactivity Parameters . Assumptions
3. Complete Loss of
s Forced Reactor Coolant

Plow

a) FSAR Analysis Surry One Loop

b) Current Analysis Surry One Loop
(Modified to
reflect steam
generator tube

plugging)

4. Partial Loss of
Forced Reactor
Coolant Plow

Surry Two Loop

VEP—FRD—41-NP-A, Revision 0, Minor Revision 3

Core power = 1,02x rated
Pressure = 2220 psia
T-inlet = 547°F

Core Power = 1.02x rated
Pressure = 2220 psia
T-inlet = 547.1°F

Core power = 1.02xrated
Pressure = 222%psla
T-inlet = 547.1°F

QMOD = 0
aDOPPLER =-1.6 pem/°F

Trip reactivity:

Fig. A.1, Curve (a)
Total = 2.8% AK/K -
aMOD=+3,0 pem/ P

aDOPPLER=-1.8 pem/°F

Trip reactivity:
Fig. A.1 Curve (b)
Total = 4.0%AK/K

aMOD = 0.0 o
aDOPPLER=-1.6 pem/°F

Trip Reactivity:
Fig.A.1,curve(a)
Total =2.8% AK/K

Source of protection:
Low RC Pump voltage

Source of protections
Low RC Pump voltage

Conservative (low)initial
flow was assumed

Source of protection:
Low RC loop flow rate
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. APPENDIX (Continued)
SUMMARY OF IMPORTANT ASSUMPTIONS USED IN TRANSIEN

T ANALYSES DISCUSSED IN SECTION §

System Model

Type of Analysis Description Initia) Conditions

2. Uncontrolled Rod With-
drawal from Power

b) Current Analysis Surry One Loop Core power = 1.02 x rated
{Modified to rellect
steam generator Pressure = 2210 psia
1) From 102% tube plugging)
power T-inlet = 543.4°F

RCS Flow = 80% of full
power thermal
design

2) From 62%

Core power = 0.62xrated
power

Pressure = 2220 psia
T-inlet = 550.3°F

RCS Flow = 90% of full
power thermal design

AT trip equation used (includes errors):

AT(Setpoint) = (1,166 - .0095 (1+30s )(1-
lf4

VEP FRD-41-NP-A, Revision 0, Minor Revision 3

- . i . N ! :

h———h-__b'bb-h-__

574.4) +.0005 (P-2250)) X AT Rated |

Transient Specific Input

Reactivity Parameters

aMOD=+1,0 pem/°F

Doppler power coefficient
=-6.0 pcm/% at 100% power

Reactivity insertion
rate varied

Trip Reactivity: Figure A.1
curve (a), total = 2.8%
AK/K

Trip Reactivity:

Fig. 4.1 curve (a), total=2,8% A K/K

aMOD=+1.0pem/°F

aDOP =-7.3 pem/%
at 82% power

Reactivity insertion
rate varied

Key System Performance
Assumptions

No credit taken for:
1) High neutron flux rod stop
2) High Overtemperature
AT rod stop
J) High overpawer AT
rod stop or trip

Source of protection:
High power range high
neutron flux trip or
High overtemperature AT
trip

Assumptions same as
high power case
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SUMMARY OF IMPORTANT ASSUMPTIONS USED IN TRANSIENT ANALYSES DISCUSSED IN SECTION §

(=

[ A

APPENDIX (Continued)

System Model
Description

Surry One Loop

Type of Analysis

8. Excessive Heat
Removal Due to
Feedwater System
Malfunction

7. Main Steam
Line Break

a) FSAR Analysis Surry Two Loop

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Initlal Conditions

Core power = 1,02xrated
Pressure = 2220 psla
T-inlet = 547.2°F

Core pawer = 4x10°8x

rated

Pressure = zzstsla
-inlet = 549.7 F

Transient Specific Input

Reactivity Parameters

aMOD = 0.0
aDoppler=-l.Opcm/° F

Teip Reactivity:

Fig.A.l, curve (a)
Total = 2.8% AK/K

aMOD=-25.4 pem/°F
@)550° o, -13.8 pcm/°P
@)300°P
aDOPPLER(Zero power)
=-l.6pcm/°F

Total power defect
at 30% power=-,0135AK

Difterential boron
worth == 10pem/ppm

Key System Performance
Assumptions

Reactor assumed to

be in manual eontrol (Tave
control Inactive)

Source of protection:

none required

Technjcal Specifications
value for initial shutdown
reactivity margin assumes
the highest worth control
rod assembly stuek in

its fully withdrawn position

Safety injection capability
based on fallure of one
high-head safety injection
pump

No credit is taken for the
effect of the main steam line
check valves in precluding dis-
charge of secondary fluid from
the intact steam generators

prior to main steam isolation
valve closure
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APPENDIX (Continued) .
SUMMARY OF IMPORTANT ASSUMPTIONS USED IN TRANSIENT ANALYSES DISCUSSED IN SECTION §

Transient Specific Input

System Model

. Key System Performance
- Type of Analysis Description Initial Conditions Reactivity Parameters Assumptions
b) Current Analysis Surry Two Loop Core power=4x10'axrated aMOD§-25.4pcm/° F o Key performance assumptions
O)SSDOF, ~13.8pem/°F are the same as for the
Pressure = 2251 psia ©)300°F FSAR Analysis, above
T-inlet = 549.7°F aDoppler(Zero power)
’ =-l.6pem/"F
Total power defect at 30%
power =~,01484 K
Differentia) boron worth
=-10pem/ppm
VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 : . . A-w 0
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-

Fraction of Total Reactivity Inserted

FIGURE A.1

TRIP REACTIVITY INSERTION CHARACTERISTICS

Surry Analyses After April 1977

North Anna

TIME, SECONDS

VEP-FRD-41 -NP-A; Revision 0, Minor Revision 3 A-1-131



APPENDIX (Continued) .
SUMMARY OF IMPORTANT ASSUMPTIONS USED.IN TRANSIENT ANALYSES DISCUSSED IN SECTION 5

Transient Specifie Input
Key System Performance

System Model

Type of Analysis Description Initial Conditions Reactivily Parameters Assumptions
5. Loss of External
Electrical Load .
a) FSAR Analysis Surry One Loop Core power = 1.02xrated Beginning of Life: No credit taken for:
Pressure = 222% psia 1) Pressurizer spray
T-inlet = 541.2°F aMOD - 0.0 2) Pressurizer power operated
o relief valves
oDOPPLER =-1.6 pem/ F 3) Atmospheric steam
dump valves
4) Atmospheric steam
Delayed neutron relief valves
fraction=.0072 5) Direct reactor trip
resulting from a
End of Life: tubine-generator trip
aMOD=-3Spcm/° F Source of protection:
High pressurizer pressure
oDOPPLER=-1.6 pem/°F trip
. Delayed neutron fraction=.0048
Trip reactivity; .
Pig.A.l,curve{a)
Total = 2,8% AK/K
b) Current Analysis Surry One Loop Core power = 1.02xrated uMOD=+3.0pch°F Key assumptions are the

° same as for the FSAR
Pressure = 2220 psia aDOPPLER=-1.8 pem/ F

T-inlet = 547.2°F
Delayed neutron
fraction = .0072

Trip reactivity:

Pig.A.1,curve(a)
Total = 2.8% A K/K

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-1-1 32_ ‘
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APPENDIX 2
Responses to VEP-FRD-41 Rev. 0 RAI #1



VIRGINIA ELECTRIC AND POWER CoMPANY

N e

RicHMOND, VIRGINIA 23261

W.L.STEwWART .. A )
Vice PrEsIDENT I = -
NUCLEAR OPERATIONS February 27, 1984

Mr. Harold R. Denton, Director

Office of Nuclear Reactor Regulation Serial No. 060

Attn: Mr. D. G. Eisenhut, Director PSE/NAS/cdk/0022N
Rivision of Licensing Docket Nos. 50-280
U.S. Nuclear Regulatory Commission -~ 50-281
Washington, D.C. 20555 50-338
50-339
License Nos. DPR-32
DPR-37

NPF-4

NPF-7

Gentlemen:

VEPCO REACTOR SYSTEM TRANSIENT ANALYSES
SUPPLEMENTAL INFORMATION

In our letter to you of April 14, 1981, Serial No. 215, we transmitted our
Topical Report VEP-FRD-41, "Vepco Reactor System Transient Analyses Using The

RETRAN Computer Code". The report, which was provided for review by you

r

staff, describes the system transient analysis capability developed by Vepco
for analysis of certain transients which are determined to require reanalysis

as a result of core reloads or other operational or design changes at ou
nuclear units.

In November of 1982 Mr. James L. Carter of the Division of Systems

r

Integration informally provided us with a request for additional information
which would be required to complete the review. The information requested

fell into five general categories outlined in Attachment 1.

Attachment 2 provides a portion of the requested information.

Specifically, the information is intended to address the request of item (1)

on Attachment 1. We are currently assembling the additional information
requested. OQur intent is to submit this additional data by mid-1984.

If you have any questions on this material or on our topical report,
please contact us.

Very truly yours,
8403020195 S40227

PDR ADOCK 05000280 ) -
: PR (Tl
W. L. Stewart

cc: Mr. J. L. Carter
Division of Systems Integration

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3
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ATTACHMENT 1

ADDITIONAL INFORMATION REQUESTED
TO COMPLETE VEPCO RETRAN TOPICAL REVIEW

Plant Models

1. Volume and flow path network description, including heat slabs.

2. Component models used; description of user modifications to default models.
3. Disgussion, description, and qualification of control system models.

4. Discussion of RETRAN input options selected.

Model Qualification

5. Provide additional comparison to actual plant data and/or other similar
code calculations and supporting discussions.

cdk/0022N/3
VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-2-3



1-3

1-4

2-1

2-2

2-4

c3k/Q022N/4

ATTACHMENT 2

TABLE OF CONTENTS

Description

Single Loop Model
Control Volume Description

Single Loop Model Junction
Description

Single Loop Model Heat
Conductor Description

Single Loop Model Trip
Description

Two-Loop Model
Control Volume Description

Two-Loop Model Junction
Description

Two-Loop Model Heat
Conductor Description

Two-Loop Model Trip
Description

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

-

12

13
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PAGE 1

TABLE 1l-1

SINGLE LOOP MODEL CONTROL VOLUME DESCRIPTION

Volume Mixture Temperature
ID Description Type Transport Delay
1 Vessel upper plenum H No
2 Reactor hot leg H Yes
3 S/G inlet plenum H No
4 S/G tube volume 1 H No
5 S/G tube volume 2 H No
6 S/G tube volume 3 H No
7 S/G tube volume 4§ H No
8 Pump suction piping* H Yes
9 Reactor coolant pump H No
10 Reactor cold leg H Yes
11 Douncomer H Yes
12 Vessel lower plenum H No
13 Core bypass H Yes
14 Core section 1 H No
15 Coxre section 2 H No
16 Coxe section 3 H No
17 Pressurizer N No
18 Pressurizer surge line H Yes
19 S/G secondary side T No
Abbzeviations:
S/G - steam genexator
H - homogeneocus equilibrzium
N - two-phase non-equilibzrium
T - twuo-phase equilibrium
*Includes S/G outlet plenum
VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-2-5



Junction

ID Description

1 Vessel outlet nozzle
2 Hot leg outlet

3 S/G inlet plenunm

4 S/G tubes

5 S/G tubes

6 S/G tubes

7 S/G-pump suction

8 Pump intake

9 Pump discharge

10 Vessel inlet nozzle
1 Douncomer outlet

12 Bypass inlet

13 Lower plenum = core
14 Core internal

15 Core intezrnal

16 Core - upper plenum
17 Bypass outlet

18 Cold leg spray intake
19 Prxz2r. spray

20 Prz2r. - surge line
21 Surge line - hot leg
22 Feedwatexr £ill

23 S/G outlet

24 PORV 1

25 PORV 2

TABLE

SINGLE LOOP MODEL JUNCTION DESCRIPTION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

1-2

Type

Normal
Nozmal
Normal
Normal
Normal

Normal
Noxrmal
Noxrmal
Nozmal
Nozrmal

Normal
Nozrmal
Normal
Normal
Normal

Normal
Normal
Fill
Spray
Noxrmal

Nozxmal
Fill
Fill
Fill
Fill

Two-Phase

Fanning
Friction

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baxoczy
Baroczy
Baxoczy
Barxoczy

Baxoczy
Baroczy
Baroczy
Baroczy
Barxoczy

Baroczy
Baroczy
Homog.

Baroczy
Baroczy

Valve

Multipliez Index

No
Yes
No
No
No

No
No
No
No
No

No
No
No
No
No

No
No
No
No
No

No
No
Yes
No
No

H/V

Lo <E =X s o<+« e o< o] << XL X <X LT <

I m <X

PAGE 2
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PAGE 3

TABLE 1-2 (cont.)

SINGLE LOOP MODEL JUNCTION DESCRIPTION

Two-Phase

Fanning
Junction Friction Valve
ID Description Type Multiplier Index H/V
26 S/7G atm. steam gelief Fill Homog. No H
27 Przxr. safety valve Fill Baroczy No H
28 Steamline safety valve 1 Fill Homog. No H
29 Steamline safety valve 2 Fill Homog. No v

Notes:

All junctions have single~-stream compressible flow except junction 21
which is incompressible £flou.

Abbreviations:
PORV - power operated relief valve
atm. - atmospherxio
S/G - steam generator
Pr2r. - pressurizer
Homog. - homogeneous
V - vertically distributed junction area

H - horizontally distzributed junction area

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-2-7
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TABLE 1-3
SINGLE LOOP MODEL HEAT CONDUCTOR DESCRIPTION

Conductor. Left Right Heat Exchg.

ID Description Volume Volume Geometzxy No.

1 Bottom core 0 14 Cylind. -

2 Middle corze 0 15 Cylind. -

3 Top cozxe 0 16 Cylind. -

4 S/7G tubes 1(inlet) 4 19 Cylind. 1

8 S/G tubes 2 5 19 Cylind. 1

6 S7/G tubes 3 6 19 Cylind. 1

7 S/G tubes U4(outlet) 7 19 Cylind. 1
VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-2-8



TABLE l-4

SINGLE LOOP MODEL TRIP

End of transient time

High flux (normalized pouer)

1
2
3 Overtempexature delta-T
4 Overpouexr delta-T

5 High pressurigzer pressure
6 Low pressurizer pressuzre

7 High pressurizer level

8 Low coolant flow

9 Usexr specified time %

0 Low backup heater setpoint

11 High backup heatezr setpoint
12 Usexr specified time X
13 Tzansient time = 0 sec
14 User specified time ¥

15 User specified time *
16 High pressurizer pressuzre
17 Low pressurizer pressure

18 High spray setpoint
19 Low spray setpoint
20 High S/G pressure

21 Low S/G pressure

22 High S/G pressure

23 Low S/G pressure

24 High pressurizer pressure
25 Low pressurizer pressure

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 5

DESCRIPTION

Tzrip Action

End calculation
Scranm
Scram
Scram
Scram

Scram
Scran
Scram
Close loop isolation valves
Tuxrn pressurizer haaterxs on

Turn pressurizer heaters off
Shut of£f reactor coolant pumps
Tzip initialization
Uncontzrolled rod withdrawal
Scram

Open PORV & 1

Close PORV & 1

Open PORV # 2

Close PORV & 2

Open atm. steam relief valve

Close atm. steam relief valve
Open S/G safety valves

Close S/G safety valves

Open pressurizer saiety valves
Close pressurizer safety valves

A-2-9
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TABLE 1-4 (cont.)

SINGLE LOOP MODEL TRIP DESCRIPTION

Trip

ID Cause of Trip Activation Trip Action

26 User specified time * Turbine tzip

27 Low power End calculation

28 Low-low steam generator mass Scranm

29 Lou-low steam generator mass Auxiliary feeduater on
30 Scram Turbine tzip
Notes:

* Not applicable for most transients.

Abbreviations:
PORV - pouwer operatad relief valve
atm. - atmospheric
S/G - steam generator

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-2-10



Volume
ID

TWO LOOP MODEL CONTROL VOLUME DESCRIPTION

|

TA

Descrxiption

ONE LOOP SIDE

101
102
103
104
105

106
107
108
109
110

IR R
112
113
114
115
116

701
702

Vessel upper plenum
Reactor hot leg
inlet plenum
tube volume 1
tube volume 2

S/G
S/G
S/G

S/7G
S/G

tube volume 3
tube volume &
Pump suction piping¥*
Reactor coolant pump
Reactor cold leg

Downcomer

Vess
Coze
Core
Core
Core

el louwer
section
section
section
section

plenum
1

2
3
4

BLE 2-1

Mixtuzre
Type

bs Jits Jite viibe ol o [« >Jite - ~Jie Sl o

b = Sibe oJibe oo o<

S/G Secondary side zisezN
S/G Secondary side dome H

*Includes S/G outlet plenum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Temperatuzre
Transport
Delay

No
Yes
No
No
No

No
No
Yes
No
Yes

Yes
No
No
No
No
No

No
No

PAGE 7/

Two-phase

Fanning

Friction

Multiplierz

Baroczy
Baroczy
Baroczy
Baroczy
Baxroczy

Baroczy
Barxoczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy
Bazroczy

Baroczy
Homog.

A-2-11



TWO LOOP MODEL CONTROL VOLUME DESCRIPTION

TABLE 2-1 (cont.)

Description

DE

Vessel upper plenum
Reactor hot leg
inlet plenum
tube volume 1
tube volume 2

Pump suction piping*

tube volume 3
tube volume 4

Reactor coolant pump

Reactor cold leg

comer

el louer
section
section
section
section

Plenum
1

2
3
4

Mixture
Type

fs << - oo o+ fe SJite Sie ~ie i N

fo ~fite e ol e b= o

S/G Secondary side zisezxN
S/G Secondary side dome H

bypass

Upper head region
Pressurizer + Surge lineN

Volume
ID
TWO LOOP SI
201
202
203 S/G
204 S/G
205 S/G
206 S/G
207 S/G
208
209
210
211 Doun
212 Vess
213 Core
214 Core
215 Core
216 Coze
703
704
300 Core
400
500
800

Containment Sink

Abbreviations:
- steam generator

S/7G

H

- homogeneous equilibrium

H
H

H

N - two~phase non-equilibrium
T - two-phase equilibrium

HOMOG - homogeneous

*Tncludes S/G outlet plenum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Temperature
Transport
Delay

No
Yes
No
No
No

No
No
Yes
No
Yes

Yes
No
No
No
No
No

No
No

Yes
No
No
No

Two—-ph

PAGE 8

ase

Fanning
Friction
Multipliezx

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baxoczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Homog.

Baroczy
Baroczy
Baroczy
Baroczy

A-2-12



TABLE 2-2

TWO LOOP MODEL JUNCTION

Junction

ID Description

101 Vessel outlet nozzle

102 Hot leg outlet

103 S/G inlet plenum

104 S/G tubes

105 S/G tubes

106 S/G tubes

107 S/G-pump suction

108 Pump intake

109 Pump dischazrge

110 Vessel inlet nozzle

111 Dowuncomer outlet

112 Bottom plenum - corxe

113 V113 - V114 -core internal
11y V114 - V118 -core inteznal
118 V115 - V116 -core internal
116 Core - upper plenum

117 Core - uppex plenum
XEXEXXEXEXEEXKEXKXXXKXRKXX

701 Riser - drum

801 Drxum - containment

802 Dxum - containment

901 Feedwater £ill

EXEEXXXKXXXXKXKLKKXKXKXKX

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

DESCRIPTION
Valve
Type Index
Normal No
Normal No
Normal No
Noxmal No
Normal No
Nozrmal No
Normal No
Noxrmal No
Normal No
Nozrmal No
Nozrmal No
Nozrmal No
Normal No
Normal No
Normal No
Normal No
Nozrmal No
Normal No
Noxrmal Yes
Nozrmal Yes
Fill No

H/V

<< XX T XX <

= =~ e >3 ks i i o}

I X xx

PAGE 9
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TABLE 2-2 (cont.)

TWO LOOP MODEL JUNCTION DESCRIPTION

Junction

ID Description

201 Vessel outlet nozzle

202 Hot 'leg outlet

203 S/G inlet plenum

204 S/G tubes

205 S/G tubes

206 S/G tubes

207 S/G-pump suction

208 Pump intake

209 Pump discharge

210 Vessel inlet nozzle

211 Downcomer outlet

212 Bottom plenum - core

213 V213 - V214 -core internal
214 V214 - V215 =core inteznal
215 V215 - V216 -core interxnal
216 Core - upper plenum

217 Core - upper ' plenum
XEXXEEKXEXEXXXXKXXX

702 Riser - dzum

803 Dzum - containment

804y Drum - containment

902 Feedwater £ill

903 Safety Injection £ill

EEXXEEXXKKXKEKXXXXX

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Normal
Normal
Normal
Normal
Normal

Normal
Normal
Normal
Normal
Normal

Normal
Normal
Normal
Normal
Normal

Noxrmal
Normal

Normal
Normal
Normal
Fill
Fill

Valve
Index

No
No
No
No
No

No
No
No
No
No

No
No
No
No
No

No
No

No
No
No
Yes
fes

HsV

b= >Jie M Mo it << XTI X <xTTITIE<

o> Je

€L < XXX

PAGE 10
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TABLE 2-2 (cont.)

TWO LOOP MODEL JUNCTION DESCRIPTION

Junction Valve
ID Description Type Index
301 Bypass - upper plenum(11l) Normal No
302 Bypass - upper plenum(2l) Nozrmal No
303 Bottom plenum - bypass(1l) Normal No
304 Bottom plenum - bypass(21l) Noxrmal No
402 Upper plenum - Head Nozrmal Yes
403 V110-V211 Noxrmal No
404 V210-V111 Normal No
500 Pressurizer - Hot Leg Normal No
Abbreviations:

PORV - pouwer operated zelief valve

Atm. - atmospheric

S/G - steam generator

Prz2r. - pressurizer

Homog. - homogeneous

V - vertically distributed junction arxea

H -~ hozizontally distributed junction area
11 - one loop
21 - tuwo loop

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

e —

H/7V

TIrxxxXxxTcxnxxm

PAGE 11
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Conductox

ID

101
102
103
104
105
106
107
108

201
202
203
204
205
206
207
208

TWO LOOP MODEL HEAT CONDUCTOR DESCRIPTION

Description

Bottom core
Middle core
Middle coze

Top corxe
S/G tubes
S/G tubes
S/G tubes
S/G tubes

Bottom core
Middle corxe 1
Middle core 2

Top core

S/7G tubes
S/G tubes
S/7G tubes
S/7G tubes

TABLE 2-3

Left

Single Loop Side

0

1 0

2 0

0

1(inlet) 104
2 105
3 106

4(outlet) 108

Double Loop Side

OO0 Oo

1(inlet) 204
2 205
3 206
4(outlet)208

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Volume

Right

Volume

113
114
115
116
701
701
701
701

213
214
218
216
703
703
703
703

Geometzry

Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.

Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.

PAGE

12

Heat Exchg.

No.

[ 2 I I |
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TABLE 2-4

PAG

TWO LOOP MODEL TRIP DESCRIPTION

Trip
ID Cause of Trip Activation
1 End of transient time

2 Transient time = 0 sec

3 Low’ pressurizer pressure
Y Blank

5 Steamline high delta - P

6 High steam flow

7 Low Tavg

8 Low steam pressure

9 Coincidence trips 6 and 7
0 Coincidence trips 6 and 8

11 Coincidence trips 6 and 7
12 Coincidence trxips 6 and 8
13 Low pressurizer pressure

14 High pressurizer pressure
15 User specified time

16 Usexr specified time

17 Transient time = 0 second

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Trip Action
End calculation
Trip Initialization
Safety Injection actuation
For future use
No credit taken

Safety Injection actuation
Safety Injection actuation

Isolate steamlines

Isolate steamlines

Heaters on

Heaters off

Pumps off

Isolate feedline

Steamline break initiation

g 13
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VIRGINIA ELECTRIC AND POWER COMPANY
RicHMOND, VIRGINIA 23261

W. L. STEWART
Vice PrESIDENT

NUCLEAR OPERATIONS Jul y 12 ’ 1984
Mr. Harold R. Denton, Director Serial No. 376
Office of Nuclear Reactor Regulation PSE/NAS:acm
Attn: Mr. D. G. Eisenhut, Director Docket Nos. 50-280
Division of Licensing 50-281
U. S. Nuclear Regulatory Commission 50-338
Washington, D. C. 20555 50-339
License Nos. DPR-32
DPR-37
Gentlemen: NPF-4
NPF-7

VEPCO REACTOR SYSTEM TRANSIENT ANALYSES

In our letter to you of April 14, 1981, Serial No. 215, we transmitted our
Topical Report VEP-FRD-41, '"Vepco Reactor System Transient Analyses using the
RETRAN Computer Code'". The Report, which was provided for review by your
staff, describes the system transient analysis capability which Vepco is using
in support of core reloads or other operational or design changes at our
nuclear units.

In November of 1982, Mr. James L. Carter of the Division of Systems
Integration informally provided us with a request for additional information
which would be required to complete the review. The information requested
fell into five general categories, as outlined in Attachment 1. The
information which addressed item (1) of Attachment 1 was transmitted to you by
our letter of February 27, 1984, Serial No. 060. For your convenience, this
information is reproduced as Section 1 of Attachment 2.

Sections 2 and 4 of Attachment 2 provides the requested information for two of
the four remaining categories outlined in Attachment 1 (i.e. a description of
Vepco's system component models and a discussion of RETRAN input options
selected).

Section 3, which addresses the description and qualification of our RETRAN
control system models, is given in outline form only, as this material has not
been completed at this time. As discussed in our May 22, 1984 meeting with
Mr. Carter and Mr. David Moran of the Standardization and Special Projects
Branch of the Division of Licensing, we intend to provide this material in an
additional submittal on or about August 15, 1984.

Section 5 will address the remaining '"model qualification" information
requested in Attachment 1, by providing results of comparisons of RETRAN
calculations to calculations performed with LOFTRAN, a code developed by
Westinghouse Electric Corporation. This section is undergoing final review
and we will transmit this additional information shortly.

Section 6 of Attachment 2 provides the results of certain sensitivity studies
performed with our RETRAN models which may help your staff in completing their
review.

840F25033 b
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ViRGINIA ELECTRIC AND PoOwER COMPANY TO
Harold R. Denton

Vepco 1is currently engaged in analytical work with RETRAN which will form the
basis of a submittal justifying an amendment request to the North Anna
Technical Specifications. This amendment, which would allow operation with a
slightly positive moderator temperature coefficient, is required to support
operation with our North Anna Unit 1 Cycle 6 Reload Core. The amendment
submittal, which is scheduled for September 1984, will contain reanalyses of
approximately 6 FSAR transients. These reanalyses will be based on the models
and methods described in Topical Report VEP-FRD-41 and in VEP-NFE-2, '"Vepco
Evaluation of the Control Rod Ejection Transient", submitted by our letter of
November 23, 1983, Serial No. 657. In order to incorporate a positive
moderator temperature coefficient into the design of North Amna Unit 1, Cycle
6 an initial review and NRC comments on the acceptability of the amendment
submittal would be required by November 1, 1984, and approval of the amendment
request and the supporting Topical Reports (VEP-FRD-41 and VEP-NFE-2) would be
required by January 15, 1985.

As we discussed with Mr. Moran, we will be meeting with the appropriate NRC
staff on July 19, 1984, to discuss this material and to provide any
amplification or clarification which may be required for completion of a
review consistent with the schedule outlined above.

W. L. Stewart :
Attachments

cc: Mr. D. H. Moran
Standardization and Special Projects Branch

Mr. J. L. Carter
Reactors Systems Branch

Mr. James P. O'Reilly
Regional Administrator
Region II

Mr. James R. Miller, Chief
Operating Reactors Branch No. 3
Division of Licensing

Mr. Steven A. Varga, Chief
Operating Reactors Branch No. 1
Division of Licensing

Mr. D. J. Burke
NRC Resident Inspector
Surry Power Station

Mr. M. W. Branch
NRC Resident Inspector
North Anna Power Station
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ATTACHMENT 1

ADDITIONAL INFORMATION REQUESTED
TO COMPLETE VEPCO RETRAN TOPICAL REVIEW

Plant Models

1. Volume and flow path network description, including heat slabs.
2. Component models used; description of user modifications to default models.
3. Discussion, description, and qualification of control system models.

4. Discussion of RETRAN input options selected.

Model Qualification

5. Provide additional comparison to actual plant data and/or other similar
code calculations and supporting discussions.

cdk/0022N/3



Attachment 2

SUPPLEMENTAL INFORMATION
RETRAN TOPICAL VEP-FRD-41

VIRGINIA ELECTRIC AND POWER COMPANY

CONTENTS
SECTION TITLE
I RETRAN VOLUME AND FLOW PATH INFORMATION
IT DESCRIPTION OF VEPCO COMPONENT MODELS
III VEPCO RETRAN CONTROL SYSTEM MODELS
DESCRIPTION/QUALIFICATION
IV VEPCO RETRAN MODELS-INPUT OPTIONS
v COMPARISON TO ALTERNATE CODE CALCULATIONS
VI RETRAN SENSITIVITY STUDIES

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-5



I. RETRAN VOLUME AND FLOW PAATH NETWORK DESCRIPTION
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1-4

2-1

2-2

2-4

TABLE OF CONTENTS

Description

Single Loop Model
Control Volume Description

Single Loop Model Junction
Description

Single Loop Model Heat
Conductor Description

Single Loop Model Trip
Description

Two-Loop Model
Control Volume Description

Two-Loop Model Junction
Description

Two-Loop Model Heat
Conductor Description

Two-Loop Model Trip
Description
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TABLE 1-1

SINGLE LOOP MODEL CONTROL

Volume
ID Description
1 Vessel upper plenum
2 Reactor hot leg
3 S/G inlet plenum
Y S/G tube volume 1
5 S/G tube volume 2
6 S/7G tube volume 3
7 S/G tube volume 4
8 Pump suction piping*
9 Reactor coolant pump
10 Reactor cold leg
11 Douncomer
12 Vessel lower plenum
13 Core bypass
14 Core section 1
15 Core section 2
16 Coxe section 3
17 Pressurizer
18 Pressurizer surge line
19 S/G secondary side
Abbreviations:
S/G - steam genexator

H - homogeneous equilibrium
N - two-phase non=-equilibrium
T - two-phase equilibrium

*Includes S/G outlet plenum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Mixt
Typ

- 3+ S i - T XXX x TxXx XTI X

HXXx X x

VOLUME DESCRIPTION

ure Temperature
e Transport Delay

No
Yes
No
No
No

No
No
Yes
No
Yes

Yes
No
Yes
No
No

No
No
Yes
No

PAGE
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Junction
ID Description
1 Vessel outlet nozzle
2 Hot leg outlet
3 S/G inlet plenum
4 S/G tubes
5 S/G tubes
6 S/G tubes
7 S/G-pump suction
8 Pump intake
9 Pump discharge
10 Vessel inlet nozzle
1 Douncomer outlet
12 Bypass inlet
13 Louexr plenum - core
14 Core internal
18 Coxre internal
16 Core - upper plenum
17 Bypass outlet
18 Cold leg spray intake
19 Przxr. spray
20 Przr. - surge line
21 Surge line - hot leg
22 Feedwater £ill
23 S/G outlet
24 PORV 1
25 PORV 2

TABLE

SINGLE LOOP MODEL

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

1-2

Type

Normal
Normal
Normal
Normal
Normal

Normal
Normal
Noxrmal
Normal
Normal

Normal
Normal
Nozrmal
Nozrmal
Normal

Normal
Normal
Fill
Spray
Normal

Normal
Fill
Fill
Fill
Fill

JUNCTION DESCRIPTION

Two-Phase

Fanning
Friction

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Barxoczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Homog.

Baroczy
Baroczy

Valve

Multipliexr Index

No
Yes
No
No
No

No
No
No
No
No

No
No
No
No
Xo

No
No
No
No
No

No
No
Yes
No
No

H/V

T T <X e - I - - S <<xIIX <CXT XX <

T <x

PAGE 2
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TABLE 1-2 (cont.)

SINGLE LOOP MODEL JUNCTION DESCRIPTION

Two-Phase

Fanning
Junction Friction Valve
ID Description Type Multiplier Index H/V
26 S/G atm. steam zelief Fill Homog. No H
27 Przr. safety valve Fill Baroczy No H
28 Steamline sasfety valve 1 Fill Homog. No H
29 Steamline safety valve 2 Fill Homog. No v

Notes:

All junctions have single-stream compressible flow except junction 21
which is incompressible flow.

Abbreviations:
PORV - pouwer operated relief valve
atm. - atmospheric
S/G - steam generator
Prz2r. - pressurizer
Homog. - homogeneous
V - vertically distributed junction area
H - horizontally distributed junction area

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-10



PAGE

TABLE 1-3
SINGLE LOOP MODEL HEAT CONDUCTOR DESCRIPTION

Conductorx lLeft Right Heat Exchg.
ID Description Volume Volume Geometzry No.
1 Bottom core 0 14 Cylind. -
2 Middle c¢ore 0 15 Cylind. =
3 Top core 0 16 Cylind. -
4 S/G tubes 1(inlet) u 19 Cylind. 1
5 S/G tubes 2 5 19 Cylind. 1
6 S/G tubes 3 6 19 Cylind. 1
7 S/G tubes H(outlet) 7 19 Cylind. 1

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-11



TABLE 1-4

SINGLE LOOP MODEL TRIP

ID Cause of Trip Activation

1 End of transient time.

2 High £lux (normalized power)
3 Overtemperature delta-T

u Overpower delta-T

5 High pressurigexr pressure

6 Low pressurizexr pressure

7 High pressurizer level

8 Low coolant flow

9 User specified time X

0 Low backup heater setpoint

1 High backup heater setpoint

12 Usexr specified time X
13 Transient time = 0 sec
14 User specified time X

15 Usexr specified time X

16 High pressurizer pressure
17 Low pressurizexr pressure
18 High spray setpoint

19 Low spray setpoint

20 High S/G pressure

21 Low S/G pressure

22 High S/G pressure

23 Low S/G pressuzxe

24 High pressurizer pressure
25 Low pressurizer pressure

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 5

DESCRIPTION

Tzip Action

End calculation
Scram
Scram
Scram
Scram

Scram
Scram
Scram
Close loop isolation valves
Turn pressurizer heaters on

Turn pressurizer heaters off
Shut off reactor cooclant pumps
Tzrip initialization
Uncontrolled rod withdrawal
Scram

Open PORV & 1

Close PORV & 1

Open PORV % 2

Close PORV # 2

Open atm. steam relief valve

m reliei valve
valves

valves

safe*y valves
r safety valves

Close atr.
Open S/G sa
Close S/C s
Open precs
Close prec

n
t
« M

L I
oo

N H M

H N
Nt
m N

A-3-12



PAGE &

TABLE 1-4 (cont.)

SINGLE LOOP MODEL TRIP DESCRIPTION

Trip
ID Cause of Trip Activation Trxip Action
26 Usexr specified time ¥ Tuzrbine trip
27 Low pouwer ' End calculation
28 Lowu-low steam generator mass Scram
29 Lou-low steam generator mass Auxiliary feedwater on
30 Scram y Tuzrbine trip
Notes:

¥ Not applicable foxr most transients.

Abbreviations:

PORV - power operxated relief valve
atm. - atmospheric
S/G - steam generatox

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-13



Volume
ID

TWO LOOP MODEL CONTROL VOLUME DESCRIPTION

TABLE 2-1

Description

ONE LOOP SIDE

101
102
103
104
105

106
107
108
109
110

11
112
113
114
115
116

701
702

Vessel upper plenum
Reactor hot leg
inlet plenum
tube volume 1
tube volume 2

S/G
S/7G
S7G

S/7G
S/G

tube volume 3
tube volume 4§
Pump suction piping*
Reactor coolant pump
Reactor cold leg

Downcomer

Vess
Core
Core
Core
Core

el lower
section
section
section
section

Plenum
1

2
3
4

Mixtuze
Type

b= i i< J - e i - - -

TTXTXT XXX

S/G Secondary side risezN
S/G Secondary side dome H

*Includes S/G outlet plenum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Temperature
Transport
Delay

No
Yes
No
No
No

No
No
Yes
No
Yes

Yes
No
No
No
No
No

Ne¢
No

Two-ph
Fannin
Fricti
Multip

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Baroczy
Baroczy
Baroczy
Baroczy
Baroczy

Baroczy
Homog.

PAGE

ase
g

on
lierx
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TABLE 2-1 (cont.)

TWO LOOP MODEL CONTROL VOLUME DESCRIPTION

Two-phase
Temperature Fanning
Volume Mixture Transport Friction
ID Description Type Delay Multiplier
TWO LOOP SIDE
201 Vessel upper plenum H No Baroczy
202 Reactor hot leg H Yes Baroczy
203 S/G inlet plenunm H No Baroczy
204 S7/G tube volume 1 H No Baroczy
205 S/G tube volume 2 H No Baroczy
206 S/G tube volume 3 H No Baroczy
207 S/G tube volume 4 H No Baroczy
208 Pump suction piping* H Yes Baroczy
209 Reactor coolant pump H No Baroczy
210 Reactor cold leg H Yes Baroczy
211 Downcomer H Yes Baroczy
212 Vessel lower plenum H No Barxoczy
213 Core section 1 H No Baroczy
21y Core section 2 H No Baroczy
215 Core section 3 H No Baroczy
216 Core section 4 H No Baroczy
703 S/G Secondary side risezrN No Baroczy
704 S/G Secondary side dome H No ' Homog.
300 Core bypass H Yes Baroczy
400 Upper head region H No Baroczy
500 Pressurizer + Surge lineN No Baroczy
800 Containment Sink H No Baroczy
Abbreviations:
S/G - steam generatorx
H - homogeneous egquilibrium
N - two-phase non-equilibrium
T - two-phase egquilibrium

HOMOG - homogeneosus

*Includas $/G outiet rlerum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-15



TWO LOOP MODEL JUNCTION DESCRIPTION

TABLE 2-2

Junction

ID Description Type
101 Vessel outlet nozzle Normal
102 Hot leg outlet Noxrmal
103 S/G inlet plenum Nozrmal
104 S/G tubes Normal
105 S/G tubes Nozrmal
106 S/G tubes Normal
107 S/G-pump suction Normal
108 Pump intake Normal
109 Pump discharge Normal
110 Vessel inlet no:zzle Noxrmal
11 Downcomer outlet Normal
112 Ecttom plenum - core Normal
113 V113 - V114 -core internal Normal
114 V114 - V115 -core internal Normal

1158 V115 - V116 -corxe in

116 Core - upper plenum
117 Core = upper plenum
XX XXXXXXXXXXEKXXX

701 FEiser - drum

801 Drum - containment
802 Drum - containment
SC1 Fzedwatexr =:_°

XX1 122y FEXXXEXXE Y L

ternal Normal

Normal
Noxrmal

Normal
Noxrmal
Normal
Fill

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Valve
Index

No
No
No
No
No

No
No
No
No
No

No
No
No
No
No

No
No

No
Yes
Yes
Mo

yé:

Hs7V

<<IITxXxX T XXX X<

T x < 3 - - i

b ~J= - -

PAGE 9
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TABLE 2-2 (cont.)

TWO LOOP MODEL JUNCTION DESCRIPTION

Junction
ID Description
201 Vessel outlet nozzle
202 Hot leg outlet
203 S/G inlet plenum
204 S/G tubes
205 S/G tubes
206 S/G tubes
207 S/G-pump suction
208 Pump intake
209 Pump discharxge
210 Vessel inlet nozzle
211 Downcomer outlet
212 Bottom plenum - core
213 V213 - V214 -core internal
214 V214 - V215 -core internal
215 V215 - V216 -coxe internal
216 Core - upper plenum
217 Core - upper plenum
XXXXXXXXXXXXX
702 Riser - drum
803 Drum - containment
804 Drum - containment
202 Feedwater £ill
203 Safety Injection £ill

XXXZXXXXXXXXXXXXX

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Normal
Noxmal
Normal
Normal
Noxrmal

Normal
Noxrmal
Normal
Normal
Noxrmal

Noxrmal
Noxrmal
Normal
Noxrmal
Noxrmal

Normal
Normal

Normal
Normal
Normal
Fill
Fill

Valve
Index

No
No
No
No
No

No
No
No
No
No

No
No
No
No
No

No
No

No
No
No
Yes
Yes

<<ITXXX CcXrITX<

I x bs oJi= vl e i<

T <X X

PAGE
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TABLE 2-2 (cont.)

TWO LOOP MODEL JUNCTION DESCRIPTION

Junction Valve
ID Description Type Index
301 Bypass - upper plenum(il) Normal No
302 Bypass - upper plenum(2l) Normal No
303 Bottom plenum - bypass(1l) Normal No
304 Bottom plenum - bypass(21l) Normal No
4o2 Upper plenum - Head Nozrmal Yes
403 V110-V211 Nozrmal No
4oy v210-V111 Normal No
500 Pressurizer - Hot Lleg Normal No
Abbreviations:

PORV - pouwer operated relief valve

Atm. - atmospheric

S/G - steam generator

Przr. - pressurizer

Homog. - homogeneous

V - vertically distributed junction area

H - horizontally distributed junction area
11 - one loop

21 - two loop

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3
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Condﬁctoz
ID

101
102
103
104
105
106
107
108

201
202
203
204
205
206
207
208

TWO LOOP MODEL HEAT CONDUCTOR DESCRIPTION

TABLE 2-3

Left

Description Volume V

Bottom core
Middle core 1
Middle corxe 2

Top
S/G
S/7G
S/G
S/G

Bottom core
Middle coxe 1
Middle core 2

Top
S/7G
S/7G
S/G
S/G

core
tubes
tubes
tubes
tubes

core
tubes
tubes
tubes
tubes

Single Loop Side

0
0
0
0
1(inlet) 104
2 105
3 106

4(outlet)108

Double Loop Side

0
0
0
0
1(inlet) 204
2 205
3 206

4(outlet)208

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Right
olume

113
114
115
116
701
701
701
701

213
214
215
216
703
703
703
703

Geometry

Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.

Heat

No.

[ SIS S I U |

PAGE 12

Exchg.
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TABLE 2-4

PAGE

TWO LOOP MODEL TRIP DESCRIPTION

Trip

ID Cause of Trip Activation
1 End of transient time
2 Transient time = 0 sec
3 Low pressurizer pressure
4 Blank
5 Steamline high delta - P
6 High steam flow
7 Low Tavg
8 Low steam pressure
9 Coincidence trips 6 and 7
10 Coincidence trips 6 and 8
11 Coincidence trips 6 and 7
12 Coincidence trips 6 and 8
13 Low pressurizer pressure
14 High pressurizer pressure
15 User specified time

16 Usexr specified time

17 Transient time = 0 second

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Tzip Action

13

End calculation

Trip Initialization

Safety Injection actuation
Foxr future use

No credit taken

Safety Injection actuation
Safety Injection actuation

Isolate steamlines

Isolate steamlines

Heatexs on

Heatexrs off

Pumps off

Isolate feedline

Steamline break initiation

A-3-20
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IX. DESCRIPTION OF VEPCO COMPONENT MODELS
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PAGE
VEPCO RETRAN MODELS
RCS PUMP MODELS
(SINGLE LOOP AND TWO LOOP MODELS)
PARAMETER OPTION/VALUE
PUMP CURVE SET WESTINGHOUSE NS=5200 (BUILT-IN)
USER-MODIFIED CURVES = FIRST QUADRANT HEAD VS FLOW
(FSAR VALUES)
REVERSAL OPTION . REVERSAL NOT ARLLOWED
TWO-PHASE MULTIPLIERS NOT USED
MOTOR TORQUE OPTION NOT USED
RATED HEAD/FLOWX FROM FSAR/VENDOR PUMP TECH MANUAL
RATED PUMP TORQUEX CALCULATED FROM RATED HEAD, FLOW
AND HYDRAULIC EFFICIENCY
RATED MOTOR TORQUEX CALCULATED FROM RATED HORSEPOWER
AND SPEED
FULL SPEED FRICTION
TORQUEX — ESTIMATED FROM DIFFERENCE OF
MOTOR TORQUE AND PUMP TORQUE
FRICTION TORQUE VARIATION
WITH SHAFT SPEED - PROPORTIONAL TO SQUARE OF SPEED

¥ IN SINGLE LOOP MODEL
RATED HEAD = 1 X SINGLE PUMP VALUE
RATED FLOW = 3 X SINGLE PUMP VALUE
RATED TORQUE = 3 X SINGLE PUMP VALUE
INERTIA= 3 X SINGLE PUMP VALUE
* IN TWO LOOP MODEL :
SINGLE LOOP SIDE
RATED HEAD = 1 X SINGLE PUMP VALUE
RATED FLOW = 1 X SINGLE PUMP VALUE
RATED TORQUE = 1 X SINGLE PUMP VALUE
INERTIA= 1 X SINGLE PUMP VALUE
DOUBLE LOOP SIDE
RATED HEAD = X SINGLE PUMP VALUE
RATED FLOW = X SINGLE PUMP VALUE
RATED TORQUE 2 X SINGLE PUMP VALUE
INERTIA= 2 X SINGLE PUMP VALUE

"
2

-PUMP MODEL QUALIFICATION: COMPARISON TO 1-PUMP AND 3-PUMP
COASTDOWN DATA FROM SURRY AND NORTH ANNA STARTUP TESTING
(REFERENCE VEP-FRD-41 SECTION 5.3)

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-22
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VALVE DESCRIPTION

MAIN STEAM ISOLATION
VALVES

PAGE 16

VEPCO RETRAN MODELS
VALVES

USED IN:

TWO-LOOP MODEL

PARAMETER OPTION/VALUE

LOCATION JUNCTION BETWEEN STEAM DRUM
AND CONTAINMENT-(SEE SECT. I.)
IN DOUBLE LOOP

VALVE TYPE TIME DEPENDENT AREA DEFINED
BY CONTROL SYSTEM

OTHER DESCRIPTIVE INFORMATION CONTROL SYSTEM MODEL OPENS

THE VALVE FROM CLOSED TO FULL
OPEN IN 0.01 SEC TO SIMULATE

A STEAM LINE BREAK. FOLLOWING
RECEIPT OF A MAIN STEAM LINE
ISOLATION SIGNAL (SEE TWO LOOP
MODEL TRIP DESCRIPTION), THE
VALVE IS RAMPED CLOSED OVER
THE MAXIMUM ALLOWED MSIV CLOS-
URE TIME (SEE CONTROL SYSTEM
MODEL DESCRIPTIONS)

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-23



VALVE DESCRIPTION

STEAM LINE BREAK

PARAMETER

LOCATION

VALVE TYPE

OTHER DESCRIPTIVE INFORMATION

PAGE

VEPCO RETRAN MODELS
VALVES

USED IN:

TWO-LOOP MODEL

OPTION/VALUE

JUNCTION 801 (STEAM DRUM-VOL
702 TO CONTAINMENT-VOL 800)
IN SINGLE LOOP

TIME DEPENDENT AREA DEFINED
BY GENERAL DATA TABLE

TABLE OPENS THE VALVE FROM
CLOSED TO FULL OPEN IN 0.01
SEC TO SIMULATE A STEAM LINE
BREAK IN THE "FAULTED" LOOP.
THIS BREAK IS MODELED AS NON-
ISOLABLE.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-24
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VEPCO RETRAN MODELS

VALVES

VALVE DESCRIPTION USED IN:

ISOLATE NORMAL STEAM FLOW TWO-LOOP MODEL

PARAMETER - OPTION/VALUE

LOCATION JUNCTION 802 (STEAM DRUM-VOL
702 TO CONTAINMENT-VOL 800)
IN SINGLE LOOP
JUNCTION 804 (STEAM DRUM-VOL
702 TO CONTAINMENT-VOL 800)

- IN SINGLE LOOP

VALVE TYPE TIME DEPENDENT ARER DEFINED
BY GENERAL DATA TABLE

OTHER DESCRIPTIVE INFORMATION DURING STEADY STATE HOT ZERO

POWER OPERATION, A SMALL
AMOUNT OF STEAM FLOW TO THE
ATMOSPHERIC DUMPS IS SIMULATED
TO REMOVE RCS PUMP HEAT. THIS
VALVE CLOSES THIS STEAM FLOW
PATH UPON INITIATION OF A
STEAM LINE BREAK.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-25
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VEPCO RETRAN MODELS

VALVES

VALVE DESCRIPTION USED IN:

FEEDLINE ISOLATION

PARAMETER

LOCATION

VALVE TYPE

OTHER DESCRIPTIVE INFORMATION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

TWO-LOOP MODEL

OPTION/VALUE

JUNCTION 901 (FILL JUNCTION
TO RISER SECTION OF STEAM
GENERATOR IN SINGLE LOOP)

JUNCTION 902 (FILL JUNCTION
TO RISER SECTION OF STEAM
GENERATOR IN DOUBLE LOOP)

TIME DEPENDENT AREA DEFINED
BY GENERAL DATA TABLE

IN TWO-LOOP SIDE, TABLE CLOSES
THE VALVE IN 0.1 SEC FOLLOW-
ING RECEIPT OF A FEEDLINE ISO-
LATION SIGNAL (VALVE CLOSURE
TIME IS ACCOUNTED FOR IN TRIP
DELAY) - SEE TWO LOOP MODEL
TRIP DESCRIPTION.

IN ONE-LOOP SIDE, FOLLOWING
RECEIPT OF A FEEDLINE ISOLAT-
ION SIGNAL, VALVE RAMPS TO A
FRACTIONAL AREA VALUE CALC-
ULATED TO DELIVER FULL AUXIL-
IARY FEED FLOW RATE TO
FAULTED GENERATOR (STEAM LINE
BREAK ONLY)
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VEPCO RETRAN MODELS

VALVES

VALVE DESCRIPTION USED IN:

HIGH HEAD SAFETY TWO-LOOP MODEL

INJECTION PUMP

DISCHARGE VALVES

PARAMETER OPTION/VALUE

LOCATION JUNCTION 903 (FILL JUNCTION
TO SINGLE LOOP COLD LEG)
JUNCTION 904 (FILL JUNCTION
TO DOUBLE LOOP COLD LEG)

VALVE TYPE TIME DEPENDENT AREA DEFINED
BY GENERAL DATA TABLE

OTHER DESCRIPTIVE INFORMATION VALVE RAMPS OPEN FOLLOWING

RECEIPT OF A SAFETY INJECTION
SIGNAL (SEE TWO LOOP MODEL
TRIP DESCRIPTIONS). THE
RAMP-OPEN TIME SIMULATES

THE COMBINED EFFECTS OF

VALVE OPENING AND ACCELER-
ATION OF THE HIGH HEAD SAFETY
INJECTION PUMPS

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-27
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VEPCO RETRAN MODELS

VALVE DESCRIPTION USED IN:

TURBINE STOP VALVES

PARAMETER

LOCATION (TWO LOOP MODEL)

(ONE LOOP MODEL)

VALVE TYPE

OTHER DESCRIPTIVE INFORMATION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

TWO-LOOP MODEL
ONE-LOOP MODEL

OPTION/VALUE

JUNCTION 702 (FILL JUNCTION
TO SINGLE LOOP STEAM DRUM)

JUNCTION 704 (FILL JUNCTION
TO DOUBLE LOOP STEAM DRUM)

JUNCTION 23 (FILL JUNCTION
TO STEAM GENERATOR SECONDARY)

TIME DEPENDENT AREA DEFINED
BY GENERAL DATA TABLE

STEAM FLOW TO THE TURBINES
DURING POWER OPERATION IS
REPRESENTED BY A NEGATIVE
FILL. OPERATION OF THE
TURBINE STOP VALVES FOLLOWING
A TRIP IS SIMULATED BY THIS
VALVE. A TURBINE TRIP SIGNAL
FOLLOWS A REACTOR TRIP SIGNAL
BY A SPECIFIED DELAY TIME
(SEE THE TRIP DESCRIPTIONS).
THE VALVE IS THEN RAMPED
CLOSED OVER A 0.01 SEC.
INTERVAL

A-3-28
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PARAMETER

NO. PRIMARY VOLUMES

NO. SECONDARY VOLUMES

SECONDARY SIDE PHASE
SEPARATION MODEL

HEAT CONDUCTORS
NO.

MATERIALS PROPERTIES
POST-CHF HEAT TRANSFER
INSIDE
OUTSIDE

FLUID BOUNDARY CONDITIONS
MAIN FEEDWATER

PAGE

VEPCO RETRAN MODELS
TEAM GENERATOR MODEL
(ONE LOOP MODEL)

OPTION/VALUE

5 (INCLUDING INLET PLENUM-
SEE SECTION I OF THIS
SUPPLEMENT FOR NODING
DESCRIPTION

1 (SEE SECTION I)

SECONDARY SIDE IS TREATED

AS A SEPARATED VOLUME. THE
RETRAN BUBBLE RISE MODEL IS
USED. A VERY LOW MIXTURE
QUALITY IS SPECIFIED FOR
STEADY STATE INITIALIZATION.
THIS RESULTS IN A LARGE VALUE
FOR THE BUBBLE RISE VELOCITY,
SIMULATING THE EFFECTS OF THE
MOISTURE SEPARATION EQUIPMENT
WITH ESSENTIALLY PERFECT
PHASE SEPARATION.

4 (SEE SECTION I FOR
GEOMETRIC DESCRIPTION)
INCONEL ALLOY 600

DOUGALL-ROHSENOW
DOUGALL-ROHSENOW

TIME-DEPENDENT FILL JUNCTION
WITH SPECIFIED MASS FLOW
RATE AND ENTHALPY. FLUID
ENTHALPY IS ADJUSTED DURING
STEADY STATE INITIALIZATION
FOR PRIMARY/SECONDARY ENERGY
BALANCE

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-29

22



PAGE

VEPCO RETRAN MODELS
STEAM GENERATOR MODEL

(ONE LOOP MODEL)

FLUID BOUNDARY CONDITIONS
AUXILIARY FEEDWATER

MAIN STEAM FLOW

ATMOSPHERIC STEAM RELIEF VALVES

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

CONT.

TIME-DEPENDENT FILL JUNCTION
WITH SPECIFIED VOLUMETRIC
FLOW RATE AND ENTHALPY. FILL
IS INITIATED ON LOW MASS IN
SECONDARY SIDE. EFFECT OF
THE TIME DELAY TO PURGE
HOTTER MAIN FEEDWATER FROM
FEED LINES AND FEED RING IS
ACCOUNTED FOR IN THE FILL
TABLE INPUT.

TIME-DEPENDENT FILL JUNCTION
WITH SPECIFIED (NEGATIVE)
MASS FLOW RATE. THIS IS THE
POWER REMOVAL JUNCTION ON
THE STEADY-STATE POWER
REMOVAL SYSTEM DATA CARD

TIME-DEPENDENT FILL JUNCTION
WITH SPECIFIED (NEGATIVE)
MASS FLOW RATE. FILL TABLE
IS TRIPPED ON/OFF ON STEAM
PRESSURE. ACCUMULATION AND
DEADBAND ARE NEGLECTED.

IN SOME SAFETY ANALYSES (E.G.
LOSS OF LOAD), THESE VALVES
ARE MADE INACTIVE VIA A LONG
DELAY TIME ON THE TRIP-OPEN
SIGNAL.

A-3-30
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VEPCO RETRAN MODELS
STEAM GENERATOR MODEL
(ONE LOOP MODEL) - CONT.

FLUID BOUNDARY CONDITIONS

MAIN STEAM SAFETY VALVES PRESSURE-DEPENDENT FILL WITH
WITH SPECIFIED (NEGATIVE)
MASS FLOW RATE AS A FUNCTION
OF STEAM PRESSURE. SETPOINT
IS SET TO CORRESPOND TO THE
HIGHEST PLANT VALUE (ACTUAL
SETPOINTS VARY WITH EACH OF
FIVE VALVES PER STEAM LINE).
THIS IS CONSERVATIVE SINCE
PLANT HEATUP RATES WILL BE
MAXIMIZED, AND THE SAFETY
VALVES ONLY OPEN ON HEATUP
TRANSIENTS. THE TABLE
ASSUMES 3% ACCUMULATION
FROM SETPOINT TO FULL RATED
FLOW CONDITIONS.

SPECIAL CONSIDERATIONS

X THE HEAT CAPACITY OF THE STEAM GENERATOR SHELLS, TUBE SHEETS AND
INTERNALS (EXCLUDING THE TUBES) IS NEGLECTED. THIS IS CONSERVATIVE
FOR SAFETY ANALYSES SINCE IT AMPLIFIES THE EFFECTS OF TEMPERATURE
CHANGES AND RESULTS IN MORE SEVERE RESPONSES TO INITIATING EVENTS
IN GENERAL.

QUALIFICATION INFORMATION
* COMPARISON TO FSAR AND OTHER LICENSING CALCULATIONS FOR INCREASE/
DECREASE IN HEAT REMOVAL BY SECONDARY SYSTEM IN SECTION 5.2.3
OF TOPICAL REPORT.

* COMPARISON TO LOFTRAN HEAT REMOVAL AND SECONDARY RESPONSE DURING
REACTOR TRIP AND TURBINE TRIP (SEE SECTION V OF THIS SUPPLEMENT).

X COMPARISON TO MEASURED PLANT RESPONSE TO ACCIDENTAL DEPRESSURIZATION

OF MAIN STEAM SYSTEM AT NORTH ANNA (SEE SECTION 5.3.3 OF THE
TOPICAL REPORT).

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-31



PARAMETER

NO. PRIMARY VOLUMES

NO. SECONDARY
VOLUMES

SECONDARY SIDE PHASE
SEPARATION MODEL

HEAT CONDUCTORS
NO.

MATERIALS

PROPERTIES

POST-CHF HEAT
TRANSFER
INSIDE
OUTSIDE

PAGE

VEPCO RETRAN MODELS
STEAM GENERATOR MODEL
(TWO LOOP MODEL)

OPTION/VALUE

SINGLE LOOP SIDE DOUBLE LOOP SIDE
5 (SEE SECTION I OF 5

THIS SUPPLEMENT)

2 (SEE SECTION I OF 2

THIS SUPPLEMENT)

RISERS ARE TREATED SAME

AS SEPARATED VOLUMES. THE
RETRAN BUBBLE RISE MODEL IS
USED. A VERY LOW MIXTURE
QUALITY IS SPECIFIED FOR
STEADY STATE INITIALIZATION.
THIS RESULTS IN A LARGE VALUE
FOR THE BUBBLE RISE VELOCITY,
SIMULATING THE EFFECTS OF THE
MOISTURE SEPARATION EQUIPMENT
WITH ESSENTIALLY PERFECT
PHASE SEPRRATION.

4(SEE SECTION I FOR
GEOMETRIC DESCRIPTION)

INCONEL ALLOY 600 SAME
DOUGALL-ROHSENOW SAME
DOUGALL-ROHSENOWX*X SAMEXX

XX EXCEPT FOR STEAMLINE BREAK CALCULATIONS. STEAMLINE BREAK USES 2

CONSERVATIVE HIGH

CONSTANT VALUE FOR THE SECONDARY SIDE HEAT

TRANSFER COEFFICIENT THROUGHOUT THE BLOWDOWN.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-32
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FLUID BOUNDARY.
CONDITIONS
MAIN FEEDWATER

AUXILIARY
FEEDWATER

MAIN STEAM
FLOW

PAGE

VEPCO RETRAN MODELS
STEAM GENERATOR MODEL
(TWO LOOP MODEL) - CONT.

TIME-DEPENDENT FILL JUNCTION SAME
WITH SPECIFIED MASS FLOW

RATE AND ENTHALPY. FLUID

ENTHALPY IS ADJUSTED DURING

STEADY STATE INITIALIZATION

FOR PRIMARY/SECONDARY ENERGY

BALANCE

FOR STEAM LINE BREAK, FOR STEAM LINE BREAK,
AUXILIARY FEEDWATER IS NO AFW IS DELIVERED
SIMULATED BY A VALVE IN TO THE TWO LOOP SIDE.

THE MAIN FEEDWATER
JUNCTION. UPON RECEIPT

OF A FEEDLINE ISOLATION
SIGNAL, THIS VALVE RAMPS
TO A FRACTIONAL AREA VALUE
CALCULATED TO DELIVER FULL
AUXILIARY FEED FLOW TO
FAULTED GENERATOR

FOR OTHER ACCIDENTS, SAME AS ONE LOOP
AFW IS MODELED SAME AS MODEL BUT WITH 2/3
ONE LOOP MODEL, BUT WITH TIMES THE FLOW

173 TIMES THE FLOW =

TIME~-DEPENDENT FILL JUNCTION SAME
WITH SPECIFIED (NEGATIVE)

MASS FLOW RATE. THIS IS THE

POWER REMOVAL JUNCTION ON

THE STEADY-STATE POWER

REMOVAL SYSTEM DATA CARD

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-33
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VEPCO RETRAN MODELS
STEAM GENERATOR MODEL
(TWO LOOP MODEL) - CONT.

FLUID BOUNDARY CONDITIONS

PAGE

ONE LOOP SIDE TWO LOOP SIDE
ATMOSPHERIC SAME AS ONE LOOP MODEL, SAME AS ONE LOOP MODEL,
STEAM RELIEF BUT WITH 1/3 TIMES THE BUT WITH 2/3 TIMES THE
VALVES FLOW FLOW
MAIN STEAM SAME AS ONE LOOP MODEL, BUT SAME AS TWO LOOP

SAFETY VALVES WITH 1/3 TIMES THE FLOW

SPECIAL CONSIDERATIONS

MODEL, BUT WITH
273 TIMES THE FLOW

* THE HEAT CAPACITY OF THE STEAM GENERATOR SHELLS, TUBE SHEETS AND

INTERNALS (EXCLUDING THE TUBES) IS NEGLECTED.

THIS IS CONSERVATIVE

FOR SAFETY ANALYSES SINCE IT AMPLIFIES THE EFFECTS OF TEMPERATURE
CHANGES AND RESULTS IN MORE SEVERE RESPONSES TO INITIATING EVENTS

IN GENERAL.

QUALIFICATION INFORMATION

¥ SEE ONE LOOP MODEL DESCRIPTION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3
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VEPCO RETRAN MODELS
PRESSURIZER MODEL

PARAMETER
PHASE SEPARATION MODEL

EQUATION OF STATE

NORMAL INITIAL CONDITION

HEATER MODEL

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

OPTION/VALUE
RETRAN BUBBLE RISE MODEL

RETRAN NON-EQUILIBRIUM
PRESSURIZER MODEL

SATURATED STEAM OVER
SATURATED LIQUID (ZERO
MIXTURE QUALITY)

NONCONDUCTING HEAT EXCHANGER
WITH FIXED STEADY STATE POWER
PLUS INPUT TIME CONSTANT.
PROPORTIONAL AND BACKUP
HEATERS ARE LUMPED TOGETHER.
THE HEATERS ARE CONTROLLED

BY A PROPORTIONAL PLUS INT-
EGRAL ON/OFF PRESSURE
CONTROLLER MODELED WITH THE
CONTROL SYSTEM. THE SETPOINTS
RRE THOSE ASSOCIATED WITH THE
BACKUP HEATERS. THE CONTROL
SETPOINT MAY BE RAISED OR
LOWERED TO ACCOUNT FOR PRES-
SURE MEAUREMENT ERRORS, DEPEN-
DING ON THE APPLICATION.
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PARAMETER

SPRAY MODEL

POWER OPERATED RELIEF
(PORV) MODEL

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 29

VEPCO RETRAN MODELS
PRESSURIZER MODEL (CONT.)

OPTION/VALUE

POSITIVE FILL JUNCTION
WITH FILL FLUX AND ENTHALPY
CONTROLLED BY CONTROL SYSTEM

SPRAY FRACTION PROPORTIONAL
TO OUTPUT OF THE SAME PROP-
ORTIONAL PLUS INTEGRAL CONT-
ROLLER WHICH GOVERNS THE
HEATERS. SPRAY IS ALSO
ASSUMED TO BE DIRECTLY
PROPORTIONAL TO COLD LEG
FLOW RATE (SPRAY IN PLANT IS
DRIVEN BY COLD LEG DYNAMIC
HEAD) .

SPRAY ENTHALPY IS SET EQUAL
TO COLD LEG ENTHALPY

A NEGATIVE FILL JUNCTION

IS USED TO REMOVE MASS FROM
THE COLD LEG EQUIVALENT

TO THAT BEING ADDED TO THE
PRESSURIZER VIA THE SPRAY
JUNCTION.

TWO PORV'S ARE MODELED, EACH
AS A TIME DEPENDENT (NEGATIVE)
FILL JUNCTION.

THE FILL TABLE FOR PORV #1 IS
TRIPPED ON/OFF ON PRESSURIZER
PRESSURE. DEADBAND AND ACCUM-
ULATION ARE NOT MODELED. WHEN
THE PORV IS "OPEN", THE MASS
REMOVAL RATE IS CONSTANT.

PORV #2 IS MODELLED IN THE

SAME MANNER, EXCEPT IT IS
TRIPPED ON/OFF BASED ON THE
OUTPUT OF THE SAME PROPORTIONAL
PLUS INTEGRAL CONTROLLER

WHICH CONTROLS THE HEATERS

AND SPRAYS.
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VEPCO RETRAN MODELS
PRESSURIZER MODEL (CONT.)

PARARMETER

PRESSURIZER SAFETY VALVE MODEL

PRESSURIZER MODEL QUALIFICATION DATA:

OPTION/VALUE

THE THREE SAFETY VALVES

ARE MODELED BY A SINGLE
PRESSURE-DEPENDENT NEGATIVE
FILL JUNCTION. THE ASSOCIATED
FILL TABLE IS ACTIVATED BY
HIGH PRESSURIZER PRESSURE. THE
MASS FLOW VS PRESSURE TABLE
WAS CONSTRUCTED BY ARSSUMING

3% ACCUMULATION. BLOWDOWN IS
NOT MODELED.

= PRESSURIZER RESPONSE DURING INSURGE AND OUTSURGE
COMPARED TO MEASURED PLANT DATA IN NORTH ANNR
COOLDOWN ANALYSIS PRESENTED IN VEP-FRD-41 SECTION 5.3.3

— PRESSURE RESPONSE COMPARED TO VENDOR RESULTS FOR NUMEROUS
SAFETY ANALYSES IN VEP-FRD-41 SECTION 5.2

- PRESSURE RESPONSE COMPARED TO VEPCO GENERATED LOFTRAN
RESULTS IN SECTION V OF THIS SUBMITTAL

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3
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III. VEPCO RETRAN CONTROL SYSTEM MODELS DESCRIPTION/QUALIFICATION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-38
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III. VEPCO RETRAN CONTROL SYSTEM MODELS DESCRIPTION/QUALIFICATION

SCHEDULE FOR COMPLETION: AUGUST 15, 198%Y

WHERE USED:

OVERTEMPERATURE/OVERPOWER DELTA~-T TRIPS

SIGNAL CONDITIONING'FOR LOW PRESSURE TRIP
PRESSURIZER HEATER & SPRAY CONTROL SYSTEM
GENERATION OF POWER FEEDBACK REACTIVITY FUNCTION

CALCULATION OF BORON TRANSPORT AND MIXING
FOLLOWING SAFETY INJECTION

GENERATION OF MAIN STEAM ISOLATION VALVE
FLOW AREA VS TIME FOLLOWING RECEIPT OF
MAIN STEAM ISOLATION SIGNAL

CALCULATION OF NORMALIZED STEAM GENERATOR
ENERGY REMOVAL RATES, INTEGRATED BRERK
MASS AND ENERGY RELEASES, ETC. FOR
EDITING PURPOSES

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-39
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IV. INPUT OPTIONS

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-40



OPTION

BUBBLE RISE
MODEL

CENTRIFUGAL PUMP
MODELS

VALVE MODELS

VEPCO RETRAN MODELsS
INPUT OPTIONS

WHERE USED

STEAM GENERATORS
PRESSURIZER

REACTOR COOLANT PUMP

MAIN STEAMLINE ISOLATION
MAIN FEEDLINE ISOLATION
TURBINE STOP VALVES

HIGH HEAD SI PUMP
ACCELERATION MODEL

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 3y

DESCRIPTION

SEE STEAM GENERATOR
DESCRIPTION UNDER
COMPONENT MODELS

SEE PRESSURIZER DESCRIP-
TION UNDER COMPONENT
MODELS

SEE RCP DESCRIPTION UNDER
COMPONENT MODELS

SEE COMPONENT MODELS
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OPTION

VEPCO RETRAN MODELS
INPUT OPTIONS

WHERE USED

GENERALIZED DATA VALVE ARER TABLES

TABLES

DOPPLER POHER COEFFICIENT

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

SEE COMPONENT MODEL
DESCRIPTIONS

FOR 'SLOW' TRANSIENTS
WHERE THE POWER COEF-
FICIENT CONCEPT IS
APPROPRIATE, AR FUNCTION
GENERATOR CONTROL BLOCK
IS USED TO GENERATE
(NEGATIVE) REACTIVITY
FEEDBACK AS AR FUNCTION
OF NORMALIZED CORE
POWER. A TABLE IS
GENERATED BY INTEGRATING
THE DOPPLER POWER COEF-
FICIENT AS R FUNCTION OF
POWER AND CONVERTING TO
DOLLAR REACTIVITY VALUES
BY DIVIDING BY THE DE-
LAYED NEUTRON FRACTION.
THE CONTROL BLOCK NUMBER
OF THE FUNCTION GENERAT-
OR IS REFERENCED ON THE
SCRAM TABLE (141XYY)
DATA CARDS.

A-3-42
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VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)

OPTION WHERE USED

GENERALIZED DATA MODERATOR TEMPERATURE
TABLES DEFECT

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

FOR CASES WHERE THE
VARIATION OF MODERATOR
TEMPERATURE COEFFICIENT
WITH TEMPERATURE IS A
SIGNIFICANT EFFECT
(STEAM LINE BREAK ONLY)
A FUNCTION GENERATOR IS
USED IN CONJUNCTION WITH
A GENERALIZED DATA TABLE
THE DATAR TABLE CONTAINS
ENTRIES OF REACTIVITY
(IN DOLLARS) VS MODERAT-
OR TEMPERATURE. THE
INPUT (FORCING) FUNCTION
FOR THE GENERATOR IS 1A
WEIGHTED AVERAGE OF THE
FLUID TEMPERATURES OF
ALL THE CORE VOLUMES,
WHICH IS ALSO GENERATED
WITH THE CONTROL SYSTEM
MODELS. FOR STEAM LINE
BREAK, THE CORE VOLUMES
ASSOCIATED WITH THE
'COLD', OR FAULTED, LOOP
RECEIVE A HIGHER WEIGHT-
ING THAN THE 'HOT', OR
INTACT LOOPS. FOR STEAM
LINE BREAK, REACTIVITY
FEEDBACK SO GENERATED IS
CHECKED FOR CONSERVATISM
AGAINST DETAILED 3-D
NEUTRONICS CALCULATIONS.

A-3-43
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VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)

OPTION WHERE USED

FILL TABLES MAIN FEEDWATER

AUXILIARY FEEDWATER

ATMOSPHERIC STEAM
RELIEF VALVES

MAIN STEAM
SAFETY VALVES

MAIN STEAM FLOW

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

SEE STEAM GENERATOR
COMPONENT DESCRIPTIONS

CONSTANT (NEGATIVE) FLOW
USED FOR ALL CASES WHERE
THE STEAM PRESSURE
EFFECT ON LOAD IS
IGNORED. FOR CASES WHERE
THE TURBINE GOVERNOR
VALVES ARE SIMULATED, A
CONTROL SYSTEM MODEL IS
USED. THE MODEL GENER-
ATES R FLOW RATE WHICH
IS THE MINIMUM OF THE
DEMAND FLOW RATE OR

A CONSTANT OF PROPORT-
IONALITY TIMES THE STEAM
PRESSURE. 1IN THIS WAY,
OPENING OF THE GOVERNOR
VALVES TO MAINTAIN A
FIXED LOAD UNDER REDUCED
PRESSURE IS SIMULATED.
THE CONSTANT OF PROP-
ORTIONALITY IS SELECTED
SUCH THAT STEAM FLOW
WILL BEGIN TO VARY WITH
STEAM PRESSURE ONCE THE
GOVERNOR VALVES ARE WIDE
OPEN.

A-3-44
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OPTION

FILL TABLES

VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)

WHERE USED

PRESSURIZER POWER OPERATED
RELIEF VALVES

PRESSURIZER SAFETY VALVES
PRESSURIZER SPRAY

SAFETY INJECTION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 38

DESCRIPTION

SEE PRESSURIZER MODEL
DESCRIPTION

SAFETY INJECTION IS
MODELED AS R PRESSURE-
DEPENDENT FILL JUNCTION
CONNECTED TO THE COLD
LEG VOLUME. THE FLOW
RATES ARE CONSERVATIVELY
LOW WITH RESPECT TO BEST
ESTIMATE CALCULATIONS.
THE EFFECTS OF PUMP AC-
CELERATION ARE MODELED
WITH A TIME-DEPENDENT
VRLVE, AS DISCUSSED IN
IN THE COMPONENT DES-
CRIPTIONS.
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OPTION

HEAT C
MODELS

VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)

WHERE USED

ONDUCTOR STEAM GENERATORS

CORE

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE 39

DESCRIPTION

SEE VOLUME AND FLOW PATH
NETWORK AND STEAM GENER-
ATOR COMPONENT DESCRIP-
TIONS.

SEE ATTACHED DESCRIPTION
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VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)
CORE HEAT CONDUCTOR MODELS

PARAMETER OPTION/VALUE

NO. CONDUCTORS

GEOMETRY

NO. MATERIAL
REGIONS

PELLET POWER
DISTRIBUTION

GAP EXPANSION
MODEL

POST-CHF
HEAT TRANSFER

ONE LOOP MODEL

3 (VEP-FRD-U41
FYIe. 3,13

CYLINDRICAL

3-
vo2
GAP
CLAD(ZIRCALLOY)

UNIFORM
YES

DOUGALL—-ROHSENOW

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

TWO LOOP MODEL

8 (VEP-FRD-41
FIG. 3.2)

CYLINDRICAL

3 -
uo2
GAP
CLAD(ZIRCALLOY)

UNIFORM

YES

DOUGALL-ROHSENOW

A-3-47
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MATERIAL

uo2

ZIRCALLOY
CLAD

INCONEL
S. G. TUBES

VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)
MATERIALS PROPERTIES TABLES

PROPERTY

THERM. COND.

HEAT CAPACITY

LINEAR EXP.
COEFF.

THERM. COND.

HEAT CAPACITY

LINEAR EXP.
COEFF.

THERM. COND.

HEAT CAPACITY

LINEAR EXP.
COEFF.

TEMP RANGE °F
100-5072
0-5072

0-u4892

100-2012

200-2000

200-1430

200-1800

200-1652

70-1000

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

NO.PTS

12

14

12

1

15

10

PAGE

SOURCE

ANCR-1263

ANCR-1263

HUNTINGTON

ALLOYS CORP.

TECHNICAL
DATA

A-3-48
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MATERIAL

FUEL/CLAD GAP

S. G. TUBE
"CRUD"

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

VEPCO RETRAN MODELS
INPUT OPTIONS (CONT)

MATERIALS PROPERTIES TABLES

PROPERTY

THERM. COND.

HEAT CAPACITY

LINEAR EXP.

COEFF.

THERM. COND.

HEAT CAPACITY

LINEARR EXP.
COEFF.

TEMP RANGE °F

NO.PTS

1

PAGE

SOURCE

VALUE ADJUST-
ED TO MATCH
FUEL AVG TEMP
TO STEADY
STATE DESIGN
CODES.

KREITH, "HEAT
TRANSFER",
2ND ED.

USED 0.0

VALUE ADJUST-
ED TO YIELD
DESIGN HEAT
TRANSFER AREA
AT DESIGN HFP
STEAM PRES-
SURE DURING
STEADY STATE
INITIALIZAT-
ION. -
USED ARBIT-
RARILY SMALL
VALUE (E-4)

USED INCONEL
VALUE
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OPTION

NON-CONDUCTING
HEAT EXCHANGERS

POWER CALCULATION
OPTION

VEPCO RETRAN MODELS
INPUT OPTIONS

WHERE USED

PRESSURIZER HEATERS

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

SEE PRESSURIZER MODEL
DESCRIPTION. THERMAL
TIME CONSTANT IS EST-
IMATED ASSUMING FREE
CONVECTION AT THE ROD
SURFACE.

NODEL = 3

ONE PROMPT NEUTRON
GROUP

SIX DELAYED NEUTRON
GROUPS (RETRAN DEFAULT
PRECURSOR DECAY CONS-
TANTS AND YIELD FRAC-
TIONS ARE USED)
ELEVEN DELAYED GAMMA
EMITTERS

HEAVY ISOTOPE (U239/
NP239) DECAY (EXCEPT
STEAMBREAK, WHERE OM-
MITTED).

A-3-50
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OPTION

SPECIFIED HEAT
TRANSFER COEF-
FICIENT

STEADY STATE
INITIALIZATION
OPTION

NON-EQUILIBRIUM
PRESSURIZER

VEPCO RETRAN MODELS
INPUT OPTIONS

WHERE USED

SECONDARY SIDE OF
STEAM GENERATOR

ONE-LOOP AND TWO-LOOP
MODELS

ONE-LOOP AND TWO-LOOP
MODELS

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

THIS OPTION IS USED
ONLY WITH STEAMLINE
BREAK CALCULATIONS. R
CONSERVATIVELY HIGH
CONSTANT VALUE WHICH
EXCEEDS THE NUCLEATE
BOILING VALUE THROUGHOUT
THE TRANSIENT IS USED.
THUS NO CREDIT IS TAKEN
FOR DNB OR LOCAL TUBE
DRYOUT DURING THE
TRANSIENT.

USE FOR ALL NON-RESTART
CALCULATIONS

USED FOR ALL CALCULAT-
IONS (SEE COMPONENT
MODELS FOR FURTHER
DETAILS ON PRESSURIZER
MODEL).

A-3-51
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VEPCO RETRAN MODELS
INPUT OPTIONS

OPTION WHERE USED

TEMPERATURE SEE CONTROL VOLUME SECTION
TRANSPORT OF FLOW PATH NETWORK

DELAY MODEL DESCRIPTION

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PAGE

DESCRIPTION

20 MESH INTERVALS

IS STANDARD INPUT FOR
VOLUMES WHERE THIS
OPTION IS USED.

A-3-52
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V. COMPARISON TO ALTERNATE CODE CALCULATIONS

(TO BE SUPPLIED LATER)

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-3-53
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VI. RETRAN SENSITIVITY STUDIES
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VI. RETRAN SENSITIVITY STUDIES

This section presents the zresults of a series of studies performed to
demonstrate the sensitivity of the calculated RETRAN response to Key safety

parameters for several accidents.

As discussed in Section 4.2 of VEP-FRD-U41 (the Report), one of the
principal applications of RETRAN at Vepco is in the integrated reload
design and safety analysis process. This piocess has been described in
detail in Reference 8 of the Report. A brief review of this process and its

relationship to the sensitivity studies presented here is in order.

Following design of a core reload, a detailed characterization of the core
is performed. This involves determination of the values of various "Kkey
reload parameters”™ (kinetics charactezistigs. tzip reactivities,
temperature coefficients, peaking factors, etc.). These parameters are then
used by the safety analyst in conjunction with the current plant ;;erating
configuration and a compilation of parametex values used in previous safety
analyses to evaluate the impact of the reload on plant safety. If the value
of one oxr more key safety parameters falls outside the range defined by the
input to the existing safety analyses, an evaluation of the impact on the
analyses must be made. In some cases (i.e. where large parameter variations
occur, or for parameters which have a strong influence on the results of
-the accident analyses), explicit reanalysis of the <transient may be

pexrformed.
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Past analytical experience has allowed the correlation of the various
accidents with those parameters which have a significant impact on them.
This experience forms the basis for the selection of the specific transient
cases presented in 1licensing correspondence such as the FSAR, and is
summarized for Westinghouse plants in Reference 8 of the Report. The
sensitivity studies presented here supplement Reference 8 by establishing
the significance (or insignificance) of the various parameters and the
limiting dirxection (e.g. high or low, positive or negative) for analyses

performed with Vepco's RETRAN models.

In performing the sensitivity studies, a set of transients was selected
which envelopes the types of non-LOCA transients which will potentially be
analyzed with RETRAN. The transients selected are shown in Table VI-1. Note
that the transients cover each of the initiating event types discussed in
Section &5 of the Report, i.e. changes in reactivity (both at lou power and
high power), changes in primary system flowrate and changes in primary to
secondary heat transfexr (both increases and decreases). The results of the

studies are presented in the following sections.
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TABLE VI-1

RETRAN SENSITIVITY STUDIES

TRANSIENTS EXAMINED

Transient Category

Reactivity addition

Change in Primary to Secondary

Heat Transfer

Decrease in RCS Flow Rate

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

Initiating Event

Rod Withdrawal at Pouwer

Rod Withdrawal from Subcritical

Loss of Load

Excessive Load Increase

Complete Loss of Flow

A-3-57
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VI.1 Rod Withdrawal at Power Studies

The zrod withdrawal at power study examined variations in six parameters.

Table VI-2 shows the parameters and the variations assumed for each study.

The base case consisted of 'a slow (4X10%*X%x-5 delta k/K pexr second) zod
withdrawal initiated <from full powexr. The initial conditions included the
steady state errors on power, reactor coolant pressure and reactor coolant
average temperature discussed in Section 4.3.2.1 of the Report. The Doppler
power coefficient used was the least negative value presented in the Surry
UFSAR. A moderxrator temperator coefficient of +3.0x10*%*-5 deltak/k-°F, which
is the most positive value allowed by the Surrxy Technical Specifications,

was used. Thus the base case represents minimum reactivity feedback.

Figure VI-1 shows the effect of increasing the Doppler pouwer coefficient
(in absolute value) by 25%. Only the pouwer trace is presented, since this
is the key parameter in determining thermal performance for this event.
Vepco's nuclear design reliability factor for Doppler power coefficient, as

documented in Reference VI.1, is 10%.

As shoun, the effect of increasing the feedback is to retard the rate of
power increase slightly, zresulting in a slightly delayed <trip. The
sensitivity case trips at a slightly (about 1%) lower power due to a slight
-increase in average temperature, which lowers the overtemperature delta-t
trip setpoint. Note that the same variation in response could have been

obtained by a slight wvariation in the contzrol bank reactivity inserxrtion
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rate. This is significant because the standard analysis of this accident
covers a range of reactivity insertion rates, as showun in Section 5.2.1.2
of <the Report. Thus the effects of reactivity feedback variations azre

effectively covered.

Figure VI-2 shows the effect of varying the moderxrator temperature
coefficient f£rom +3.0 pcm/°F (pcm=.00001 delta Kk/K) <to -3.0 pcms/°F.
(Vepco's nuclear design reliability factor for moderator coefficient is 3.0
pcm/°F - see Reference VI.1). Note that the effect of the selected
variation in MTC is virtually identical to that produced by the Doppler
powerx coefficient variation discussed above. Again the effects of
varxiations in MTC are effectively covered in the standard analysis by

examining a spectrum of insertion rates.

Figure VI-3 shows the effect of an increase in the trip reactivity worth
from 4.04 delta ks/7Kk to 5.0%, or an absolute variation of 25%. (Vepco's
nuclear design zreliability factor for cumulative integral bank worth is
10%). As expected, the only impact is a slight increase in the rate of
pouer decrease following the trip. The peak power <reached is
insignificantly impacted. Thus, +trip =zreactivity is not a key analysis

parameter for the rod withdrawal at power.

Figure VI-4 illustrates the effects of instrument uncertainties on the
. process parameters feeding the overtemperature delta~-T txip circuitxy. The
base case reflects the safety analysis approach of adding an error term to

the "K1" constant term in the setpoint equation. The sensitivity case
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reflects best estimate assumptions (no error term). It is interesting to
note that the reactor trip is generated at time zero (plus the appropriate
delay times) for the sensitivity case. This is because the initial
conditions still zxeflect the steady state control exrxors (pouwer 2% above
nominal, average temperature U°F above nominal and pressure 30% below
nominal). As a result, the overtemperature delta-T trip setpoint is louwered
to below 102X powexr on a best estimate basis. Hand calculations have been

performed to verify this condition.

The <results in Figure VI-4 show that the effect of uncertainties on the OT
delta-T trxip setpoint is equivalent to about 12% in peak pouwer f&r this
case. The actual error term added to K1 is Jess than 12%. The reason
the peak pouwer increases by more than k] is that pressurizer pressure
increases 1in xesponse to the power increase, which acts to raise the trip

setpoint above its initial value.

The effect of 10 percent variation in prompt neutron lifetime and delayed
neutron fraction on the zrxod withdrawal at power zresults was also
investigated in this study. The nuclear design uncertainty factor for these
parametcrs is 5%. The impact on the analysis results was negligible, and

therefcre results are not presented.

In sumnrnary, the studies have shown that <the moderator and doppler
‘coefficients can have a significant effect on the zresults for rod
withdrawal at power. Howevexr, the variation in trip reactivity which is

normally included in analyses of this event will provide a range of
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transient zresponses which will envelope the effects of
parameters. The <results arxe not sensitive to delayed
prompt neutron 1lifetime. The wuncerxrtainty added +to

delta-T trip setpoint to account for calorimetric and
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variations in these
neutron fraction ox
the overtemperature

Process measurement

exrors represents a significant consexvatism in the analysis.
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ROD WITHDRAWAL AT POWER SENSITIVITY STUDIES

PARAMETER STUDIED

Dopplex Pouwer Coefficient

Moderator Temperature

Coefficient

Trxip Reactivity

OT delta T Trip Setpoint

Prompt Neutron Lifetime, 1%

Delayed Neutron Coefficient

BASE CASE VALUE
Legst Negative

+3.0 pcm/°F

4.0% dk/k

Nominal + &rrors

Maximum

Maximum

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3

PERTURBED VALUE

Least Neg x1.25

-3.0 pcm/°F

5.0X dk/k

Nominal

Maximum—-10%

Maximum-10%
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VI.2 Rod Withdrawal from Suboritical Studies

The z0d withdrawal £rom subcritical study examined variations in six
parameters. Table VI-3 shous the parameters and the variations assumed forx

each study.

The base case for ¢the study consisted of a 75 pcm/sec ramp reactivity
insertion £rxom an initial power of 10*%-13 times full power. A positive
moderator temperature coefficient of +10 pcm/®*F was assumed. A
conservatively lou Doppler temperature coeiticient which varies with fuel

temperature was used.

Figures VI-5 to VI-7 present nuclear power, core heat £lux and fuel
temperature rxesults which show the effects of reducing the moderator
temperature coefficient from +10 pcm/®F to 0.0 pcm/°F, which is more
realistic, but still conservative for noi conditions. As can be seen from
the <results, the assumption of +10 pcas/°F, which reflects the current
safety analysis assumption, is a major analysis conservatism. Use of this
assumption zresults in increases in peak heat flux and <£uel average
temperature of about 254 of rated full power and 100°F, respectively.,
relative to the more zrealistic assumption. Note <that even with the
consexrvative assumption the values zremain well below nominal full power

‘tempe:atuzes and heat flures.

Figures VI-8 <to VI-10 rl.-w the effects of increasing (in absolute value)
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the Doppler temperature coefficient. The sensitivity case reflects an
increase in Doppler coefficient of 25%. Again, the effect of the variation
is marked, with the safety analysis assumption resulting in peak heat flux
and fuel temperature which are about 20% of rated full powexr and 100°F

highexr, respectively, than the more realistic assumption.

Figures VI-11 to VI-13 present the results of a study of the effects of
varying the delayed neutron fraction. The base case used a bounding high
value which envelopes the maximum expected BOL delay <fraction. The
sensitivity case reflects a reduction of 25%, which envelopes the minimum
expected BOL delay fraction. The shift in the timing of the prompt pouex
burst reflects the fact that a prompt critical condition is reached earlier
with the reduced beta. The initial pouwer increase is steeper due to the
shorter prompt period, which is reflected in a highexr peak pouer for the
sensitivity case. This is offset by the increase in effective worth (in
dollars) of the doppler feedback and trip reactivity. As a result, the

reduced beta <case reaches a slightly lower peak heat £lux (by about 8% of

rated) and slightly lower (about 40 °F) peak fuel temperatures.

The sensitivity of the rod withdrawal from subcritical to trip reactivity
worth 1is shown in Figures VI-14 to VI-16. The sensitivity case reflects a
25% increase in the trip worth relative to the base case (5.0% delta k/Kk vs
4.0%). RAs shown , the results show a small senstivity to this parameter.

- The increased trip =zreacivity reduced fuel temperatuzre by less than 20 °F

and peak heat flux by about 2%.
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The effects of the high £flux trip setpoint assumption were also studied.
The nominal low power range tzip setpoint for Surry and Noxrth Anna is 25%
of Rated Thexrmal Power (RTP). The base <case assumption is 35% RTP,
consistent with the FSAR analysis assumption. The sensitivity study
examined the effects of raising this £lux trip to 118% RTP, which is the
UFSAR assumption for the high power range trip setpoint. Even with this
large variation, the impact on peak power , heat £flux and average fuel

temperature was negligible. Therefore the results are not presented.

In summary, the sensitivity studies for rod withdrawal from subcritical
shouw that Kkey analysis parametexrs for this event are the Doppler
temperature coefficient, moderator temperature coefficient and delayed
neutron £raction. The FSAR's also indicate that the reactivity insertion
rate can significantly influence the results, with high insertion rates
giving more severe results. The insertion rate has not been studied here.
However, as the Vepco RETRAN model gives results which are comparable to
the vendor codes, as demonstrated in Sections 5.2.1.1 and 5.2.1.2 of the
Report, the <conclusions of the FSAR's regarding reactivity insextion rate

will be valid for the Vepco RETRAN models.
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ROD WITHDRAWAL FROM

PARAMETER STUDIED

Doppler Temperature

Coefficient

Moderator Temperature

Coecfficient

Trip Reactivity

Delayed Neutron Coefficient

High Flux Trip Setpoint

PAGE
TABLE VI-3
SUBCRITICAL SENSITIVITY STUDIES
BASE CASE VALUE PERTURBED VALUE
Least Negative Least NegXx1.25
+10.0 pcms/°F 0.0 pcm/°F
4.0% dk/k 5.0% dk/k
Maximum Maximum-25%
35% RTP 118% RTP
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VI.3 Complete Loss of lLoad Sensitivity Studies

The loss of load study examined the effects of five parametexrs as outlined

in Table VI-4.

The base case for the study simulated a turbine trip without direct reactor
trxip £from Hot Full Pouer at beginning of life. The moderator temperature
coefficient was assumed constant at +3.0 pcm/°F. No credit was taken for
the operation of pzessuziéer sprays., power operated relief valves or steam

generator relief valves.

Figures VI-17 to VI-20 show the effects of varying the Doppler power
coefficient on nuclear power, pressurizer pressure, pressurizer water
volume and average RCS temperature, respectively. The base case analysis
assumed a high (most negative) value, while the sensitivity analysis
assumed a 25% reduction (less negative) in this value. As can be seen from
the 1results, the base <case yielded only very slightly highexr post-trip
pouers, temperatures and pressures. Thus the loss of load event is

relatively insensitive to this parameter.

Figures VI-21 to VI-24 present results for a study of the effects of
varying the moderator temperature coefficient from the base case assumption
of +3.0 pcms°f to a more realistic beginning-of-cycle value of -3.0 pcm/°F.
-The effects of varying this parameter are slightly moxre pronounced than for
the Doppler pouer coefficient, but again <the overall effects are not

significant. Use of a more negative EOL value would result in a morxe
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pronounced reduction in power, peak pressure and inlet temperature. Forx
this zreason, beginning of life is the limiting condition for this event,

both from a system overpressure and DNB standpoint.

The effect of varying trip reactivity worth on the loss of load results is
illustrated by Figures VI-25 to VI-28. The base case analysis assumed the
standard safety analysis value of =4.0% delta k/Kk while the sensitivity
case assumed -5.0% delta k.k. Again, the effects, while observable, are

relatively small (less than 1 psi difference in peak pressure).

The effects of varying assumptions concerning system component availability
on the 1loss of 1load transient were also examined. Figures VI-29 through
VI-32 illustrate the effect of the pressurizer pouer operated relief valves
and sprays on the response. As expected, these systems act to retard the
rate of pressure increase and to delay the time of trip-on high pressurizer
pressure (Figure VI-29). Note that the peak pressurizer pressure is reduced
by about 25 psi, although the capacity of the xelief valves is not large
enough to hold the system at their setpoint (2350 psia). Note also from
Figure VI-32 that the delay in time to trip results in a larger system
temperature increase (by about 11 °F). This study illustrates why analyses
of the loss of load normally consider both the case with PORV's and spray
(which is bounding from a DNB standpoint due to lower pressures and higher
temperatures) and without them (which is bounding from a system

-overpressure standpoint).

The effects of the steam generator relief valves (SGRV's) were studied, and
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the <results are presented in Figures VI-33 to VI-36. As can be seen, this

system has an insignificant effect on the transient results.

In summary, the studies shou that the loss of load results are insensitive
to variations in Doppler pouwexr coefficient, +trip zreactivity and the
operation of the steam generator relief valves. Variations in moderator
temperature coefficient have slightly more influence, -and the most
signficant factor in influencing the results is the assumption regarding
the availability of PORV's and pressurizer sprays. The limiting dirxections
for the physics parameters are: most positive modexator coefficient, most

negative Doppler pouwer coefficient and minimum trip reactivity.
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LOSS OF LOAD SENSITIVITY STUDIES

PARAMETER STUDIED

Dopplexr Pouer Coefficient

Moderator Temperature

Coefficient

Trip Reactivity

Steam Genexatoxr Relief

Valves

Pressurizex PORV's/Sprays

TABLE VI-4§

BASE CASE VALUE
Most Negative

+3.0 pcm/°F

4.0% dksk

Not available

Not Available
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PERTURBED VALUE

Most Neg x0.75

-3.0 pcm/°F

5.0%4 dk/k

Available

Available
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VI-4. Loss of Flow Sensitivity Studies

The effects of three parameters uere examined for the loss of flow studies:
Doppler pouwer coefficient, moderator temperature coefficient and trip
reactivity worth. The parameter variations considered were the same as for

the loss of load sensitivity studies, as described in Table VI-4.

The base case analysis consisted of a complete loss of reactor foxced
coolant flow from hot £full power. The steady state errors on pouezx.,
pressurizer pressure and RCS temperature discussed in Section 4.3.2.1 uere
reflected in the initial conditions. A moderator temperature coefficient of

+3 pecm/°F and a bounding, most negative Doppler pouwer coefficient werxe

assumed.

The study zresults are presenfed in texrms of nuclear pouwer, core heat flux
and pressurizer pressure. Figures VI-37 to VI-39 show the results for the
Doppler pouer coefficient study. The base <case 1is slightly moze
conservative frxom a DNB standpoint since the decay in core heat flux is

retarded slightly. This effect is also reflected in slightly higher

pPressurizer pressure.

Figures VI-40 to VI-42 show the results of the trip reactivity study.
Again, slightly higher post-trip heat fluxes (about 14 of rated) occur in
- the base case, confirming the conservatism of the safety analysis
assumption. Again, the wvariation considered (25%) is highexr than the

nuclear design reliability factor associated with trzip reactivity (10%)
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The effects of varying moderator temperature coefficient are shown in
Figures VI-43 to VI-45. The effects of the variation examined are vezy
slight, as shoun, with the more positive value giving very slightly highex

powers, temperatures and heat fluxes.

These results are all consistent with the FSARs foxr Vepco's units regarding

limiting directions for the key parameters.
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VI-5. Excessive Load Increase Sensitivity Studies

The final transient examined for this study was the excessive load increase
event. Three parameters were examined: Doppler power coefficient, moderxator
temperature coefficient and the effects of pressurizer heaters. The

parameter variations considered are summarized in Table VI-5.

The base case consisted of a 104 step load increase from full powex. A
large negative moderator temperature coefficient which bounds low soluble
boron, end of 1life conditions was assumed. The reactor was assumed in
manual control. The effects of steam pressure and automatic operation of

the turbine governor valves are included in the analysis.

Figures VI-46 to VI-50 present the results of the moderator coefficient
study. The base <case assumes a bounding EOL value. The sensitivity case
assumed a value which was reduced (in absolute value) by a factor which is
grater than the design reliability factoxr. As reactor pouwer increases to
match the increased 1load, there is a drop in coolant temperature. The
magnitude of this drop provides enough positive reactivity to offset the
negative reactivity zresulting frxom the increased powex. As a zresult, the
drop in temperature is greater for the lower (in absolute value) moderatoz
coefficient. Since the higher inlet temperatures yield lower-DNBR's. the

more negative MTC's are bounding for this event.

Figures VI-51 to VI-55 illustrate the effects of the Doppler pouer

coefficient on the excessive 1load increase. The base case assumed a lou
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absolute (least negative) value for the pouwer coefficient. The sensitivity
case assumed a 25% increase in the coefficient. As in the base case, the
nuclear pouwer increases to match the increased load demand. However, with
the increased power feedback, the inlet temperature undergoes a greater
drxrop in oxdexr to offset this increased negative reactivity insertion and
return the system to a steady state condition. Again, since higher inlet
temperatures are limiting from a DNB standpoint, the base case (least

negative Doppler power coefficient zreflects the bounding assumption fox

this event.

Figure VI-56 compares the base case pressurizer pressure response to a
sensitivity case which includes the effects of the pressurizer heaters.
Plots for the other parameters are omitted sinse there is essentially no
difference in the results. Since the heaters act to increase pressure which

is a DNBR benefit, Vepco analyses conservatively neglect their effects.

These studies show that the key analysis parameters for the excessive load
increase event are the Doppler pouer and moderator temperature
coefficients, and that least negative values for the pouer coefficient and
most negative values for the temperature coefficient will yield limiting

results for this event. These conclusions are consistent with the FSAR's.
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TABLE VI-5

EXCESSIVE LOAD INCREASE INCIDENT SENSITIVITY STUDIES

Parameter

Moderator Temperature

Coefficient

Dopplexr Pouer

Coefficient

Pressurizer Heaters

Base Case Sensitivity Case
Host_Negative 0.6 * Most Negative
Least Negative 1.25 ¥ Least Negative
Inactive Active
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Su-ll:y

The sensitivity studies for these five accidents illustrate the impact of
variations in various key analysis parameters on the accident reponse.
These variations were larxger than the associated nuclear design reliability
factors, as documented in Reference VI-1, in each case. The studies show

that Vepco's RETRAN models shouw the same general sensitivities as discussed

in the Surrxy and North Anna FSAR's,
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REFERENCES (SECTION VI) 1. Vepco Topical Report VEP-FRD-45A, "Nuclear

Design Reliability Factors"™, J. G. Millex, October 1982.
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FIGURE VI-4
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FIGURE VI-5
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Virgvia EreEcTRIC AND PowEr COMPANY
‘ RICEMOND, VIRGINIA 23261

W. L. Stawart
Vics Pxnsipevr August 24, 1984

NUCLEAR OPRAATIONS

Mr. Haroid R. Denton, Director Serial No. 376a
Office of Nuclear Reactor Regulation PSE/NAS :vdu
Attn: Mr. D. G. Eisenhut, Director Docket Nos.:  50-280
Division of Licensing 50-281
U. S. Nuclear Regulatory Commission 50-338
Washington, D. C. 20555 50-339
License Nos.: DPR-32
DPR-37
NPF-4
NPF-7
Gentlemen:

VEPCO REACTOR SYSTEM TRANSIENT ANALYSES

Attachments 1 through 3 provide supplemental information related to our
Topical Report VEP-FRD-41, "Vepco Reactor System Transient Analysis.Using the
‘ RETRAN Computer Code", transm1tted by our letter to you of April 14,-1981,
Serial No. 215. Mr. James L. Carter of the Division of Systems Integration
informally provided us with a request for additional information which would
be required to complete a review of VEP-FRD-41 by the NRC staff. -

Portions of this requested information were provided in earlier sbbmitta]s
(Serial No. 060, dated February 27, 1984 and Serial Number 376, dated July 12,
1984). -

. Attachments 1 through 3 provide the balance of the requested information.
Specifically, Attachment 1 provides a description and qualification informa-
tjon for our RETRAN control system models. The results of comparisons of
RETRAN calculations to calculations performed with LOFTRAN, a code developed
by Westinghouse Electric Corporation, are provided in Attachments 2 (Proprietary)
and 3 (Non-Proprietary).

7
As Attachment 2 contains information proprietary to Westinghouse Elec-
tric Corporation, it is supported by an affidavit signed by Westinghouse, the
owner of the information (see Attachment 4). The affidavit sets forth the
basis on which the information may be withheld from public disclosure by the
Commission and addresses with specificity the considerations listed in para-
graph (b)(4) of Section 2.790 of the Commission's regulations.

e\
nWZ\\&f»@
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Vizomis Erzcrmic aND Powzz Comraxyto  Mr. Harold R. Denton

Accordingly, it is respectfully requested that the information which is
proprietary to Westinghouse be withheld from public disclosure in accordance
with 10CFR Section 2.790 of the Commission’s regulations. Correspondence with
respect to the proprietary aspects of the Application for Withholding or the
supporting Westinghouse affidavit should reference CAW-84-58 and should be
addressed to R. A. Wiesemann, Manager, Regulatory and Legislative Affairs
Westinghouse Electric Corporation, P. 0. Box 355, Pittsburgh, PA 15230.

As we have discussed previously with your staff, we will be ha to

A = : ’ ne
at any time to discuss the Topical Report and our use of RETRAN in ggﬁer t: ot
assist you in completing your review by your target date of January 15, 1985.

Very truly yours,

et

W. L. Stewart

Attachments

cc: Mr. D. H. Moran
Standardization and Special Projects Branch

Mr. J. L. Carter
Reactors Systems Branch

Mr. James P. O'Reilly
Regional Administrator

Region II

Mr. James R. Miller, Chief
Operating Reactors Branch No. 3
Division of Licensing

Mr. Steven A. Varga, Chief
Operating Reactors Branch No. 1

Division of Licensing

Mr. D. J. Burke
NRC Resident Inspector
Surry Power Station

Mr. M. W. Branch

NRC Resident Inspector
North Anna Power Station

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3
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III. VEPCO RETRAN CONTROL SYSTEM MODELS DESCRIPTION/QUALIFICATION

Vepco's RETRAN models make extensive use of the RETRAN control system
modeling capability. The control system feature is used in the follouwing

areas:?

1. modeling cexrtain features of the reactor protection
system. These use signals which are generated by the
operation of analog computer elements on various
process signals (e.g., the temperature and overpouwer

delta-T trips).

2. modeling certain aspects of the reactor plant con-
trol systems which may significantly influence the
course of a transient (examples are the pressurizex
pressure contxol system, the turbine governer valve
(e;gctzohydzaulic) control system and the secondary

steam dumps).

3. special submodels which calculate time-dependent
boundary conditions oxr forcing functions uwhich
involve several sequential arithmetic operations.
The only application of this type which Vepco
currrently makes is to a model to describe the
transport and mixing of boron in the RCS follouwing

a safety'injection.
The paragraphs below describe the vaziods models, their development, use

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 ‘ A-4-5
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and qualification, where appropriate. Each model is also presented in terms
of a block diagram which shous the interrelationships betueen variables and
operations and also describes the interface between the control model and

the rest of the system model.

Figures III-1 and III-2 shou the overtemperature delta-T reactor trip and
the overpower delta~T reactor trip, respectively. Normally, no credit is
taken for thelovexpouer delta~T trip feature, and the trip is disabled with
a-'long delay on the corresponding trip card. The overtemperature delta-T
logic calculates a delta-T setpoint based on measured average temperature
and pressure. The final control block in the sequence diffexences the
actual delta~T with the calculated setpoint. When the difference becomes
positive, a <rxeacteor trip signal is generated (after an appropriate time
delay to account for signal ‘pzocéssing delays, etc.J). The calculated
setpoint conservatively reflects the various processing and setpoint
errors. The model has been qualified by comparison of calcuiated
steady-state +trip setpoints to hand calculations:. and by comparing the
calculated time to trip during rod withdrawal transients with FSAR zesults

and with alternate calculations.

Figure IIXI-3 presents the pressurizer pressure control modei used by Vepco.
The model represents a proportional-plus-integral controllex, the output of
which drives the pressurizer heaters and sprxay. The linear variation of
spray valve position with controller output is modelled by a weighted
summer. Spray flow rate is calculated fxrom the valve position and the loop

flow fraction, since the driving force for the spray is the dynamic head of

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 ’ A-4-6
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reactor coolant in the cold leg. The controller output is also used to trip
the pressurizexr heaters on and off, and to open and close one of the two
pressurizer poueXr operated relief valves (the othexr valve is controlled
directly from pressurizer pressure). The controller gain and time constant
are taken from plant operating documents. The reference pressure is
adjusted up or doun during safety analyses as appropriate, to reflect

1

steady state pressure measurement errors.

An example of a comparison of a RETRAN calculated pressure response with
the pressure control system assumed to be functional to FSAR results is
shouwn in Figure 5.10 of the topical report. Comparisons with
Vepco—-generated <results using an alternate method are presented and

discussed in Section V of this supplement.

Figures III-4 and IIXI-5 illustrate how the pressurizer pressure and steam
pressure, respectively, are filtered before passing the signals to the
reactor trip and engineered safeguards (safety injection) systems. The lead
and lag time constants are best estimate values, taken from plant setpoint

documentation.

Figure III-6 illustrates how the control system function generator feature
is used to generate pouwer feedback reactivity. This method of representing
the reactivity feedback is used in situations where pouwer is varying slouly
enough that a defined relationship betuween power and fuel temperature
exists. In most cases the independent variable is taken as the neutron

pouwer. For steam line break calculations, wuhere the system returns to pouer

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-7
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from a subcritical condition, wusing neutron power as the independent
variable could lead to calculational instabilities in the viginity of the
initial pouwer 'jump' following a return to pouer. For this reason, the heat
flux 1s wused as the input variable for steambreak calculations. For
transients where the neutron power is varying rapidly (e.g., rod withdrawal
from subcritical) the pouwer reactivity concept is not applicable, and

doppler feedbacK is represented as a function of fuel temperature.

Figuze III-7 shous how main steam line isolation valve closure following a
steam line break is modelled. This model allows the initial opening of the
break and the <c¢losure of the isolation valve to be modelled at the same
junction. The upper integrator simulates the opening of the break in 0.01
seconds. The louwer integrator recloses the breazk path upon reciept of a
signal from the trips which model the engineexed safety features. The

closure time is the maximum allowable value from the technical

specifications.

Figure III-8 shouws how contrxol blocks are airanged to calculate a
region-ueighted moderator temperature for use in steam line break
calculations. Since point Kkinetics is wused, consistent with vendor
methodology, a radial moderator +temperature ueighting factor is used to
approximate the effects of <the coldest water entering the core region
containing a stuck rod. The function generator allows representation of a

nonlinear variation of reactivity with moderator temperature. *

Figure III-9 represents the core average heat flux calculation performed in

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-8
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the two loop model. This heat flux is expressed in terms of fraction of the
rated full pouwer value, and is used for editing purposes, and to drive the
pouer reactivity feedback <calculation described in Figure III-6 during

“steamline break calculations.

A feu of the accidents which may require RETRAN analysis are affected by
the turbine governor valve (or electrohydraulic control-EHC) system. A
simple \control system model is used to describe the effects of this system
on steam flow to the turbine; this model is shown in Figure III-10. The
model assumes that steam flow is constant with decressing pressure until
the governor valves reach a full open position. Thereafter, steam £lou is

assumed to decrease linearly with pressure.

Certain best estimate calculations (e.g. the analysis of the North Anna
cooldoun event discussed in Section 5.3.3 of the topical report), require a
representation of the secondaxyAsteam dump system. Figure IIXII-11 shows the
arrangement of qontzol blocks used to calculate steam dump flow area as a
function of average temperature. Following a turbine trip, thebsteam dumps
rapidly trip open to provide load rejection capability for the system. The
valves then modulate <closed as the measyzed average coolant temperature
decrea#es and approaches the no-load value. Values for the no-load
reference temperature, Tref, the filter time constants T1 and T2 and the
program for dump capacity vs (Tavg - Tref) are all taken from current plant
setpoint documents, For the North Anna cooldown event, initial poet—-trip

cooldown rates calculated with fhis model agreed well with observed trends.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-9
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The RETRAN submodel for calculating the mixing and transport of high boron
concentration water from safety injection inte and around the primary
coolant loops is shoun in Figure IIXI-12. The model shown is appropriate forx
full flow conditions in all loops. Pipe-like regions of the system axe
treated with delay control blocks. Plena are treated with a first ozge:
lag. The delay times and time constants are calculated from the nodal fill
times for the various regions. Time dependent core boron concentrations
obtained with this model agree reasonably well with results obtained uitn

hand calculations and simpler, RCS—average mixing assumptions.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-10
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FIGURE ITI-1
OVERTEMPERATURE DELTA-T TRIP

8

Y=1-—-=——
]
. I
v —100 Sm———— .Trip
S——— m———— . .~——=. OT Rated. ————————mmmm - >11 SUM I->if
—Th-——==> [1SUMI==->] 1/ [=-=>]| X/ |==c—ee—emu ' D=1 [>0.0
==> 1-1 | j1+t1s| I ¥ | i . .
Te . . . . . . |
| !
1 ettt R .
| |
| Sm——— ..5 Le———- R K2 . ==——m N N e . !
' >I1 suMl==>1 17 |1-->11 SUMI-=>{1+t381-->1-1SuM[-->11 sumMl |
> | 1 I [1+t2S1 .>|-Trefl F1+tusl.->IkK1 | .>11 I
. . . . . . . . . R I .
| | 1
I | 1 ] |
|
Gain = K3 |
m—————— . I
Pemem—— >I1 suMm | I
e >|-Pref |
AT x 100 (1+t3S)
rip if -——--=ve—- > K1 = K2 —--ee———em (Tavg - Tref) + K3 (P-Preif)
AT Rated (1+t4S)
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FIGURE III-2
OVERPOWER DELTA-T TRIP

Y=i=———,
|
. |
v 100 .====_.Trip
Sm———— fm———— . ===.AT Rated .-=-c—eee >I1SUMI-->if
Th=>11SUMI=-=>1 17/ |=-=>| X/ | ' ===>1=1 |>0.0
re=>1-1 | }1+ts | by | | ——— .
. . . - . |
{
P emmm—— -
|
 ———— R . cm———, ————— K5 == . Sm———- .
Th=>11 suni-->1 17 I=-=>1 d7 [-->1 1/ |-=>|-1SuMl-->11 sumMi_"'
fe->11 | l1+ts | | | dt | 11+£381.->1KY4 | -1 I
. c— b . . | . ce=>.
| | |
} R l
1 |
| m—————— .Ké6 |
'e—==>11 SUM | |
fr————— >i-Tref |
AT x 100 t3s
gip if @ —-—mme—me— > K§f - K§ - Tavg - K6 (Tavg - Tref)
A T Rated 1+t3s

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-12



PAGE 10
FIGURE III-3
LOGIC FOR PRESSURE CONTROL SYSTEM
.===> |Trip No. u(-4)
) | IHeaters on if <A%. off if >A%xX
} .
l .=
| ITrip No. 9 (-9)
BISTABLES—---> |[---> |[Open Power Operated Relief Valve #2
| ' I |>B% Close if <B%xX
| . :
' | . : __________________________________ .
1 .- |
1 ITzip No. 8 (-8) {
I - > |Open Pouer Operated Relief Valve |
VD> | 1#1 if >C, close if <Cx |
| e l
i 1/7T |
s T T - - § m——— - o TSR A e - » T —————— - l
ontroller |[Pressurel---->]1.SUM|{-=-=>] INT [|-=-=-->|1. SUM |->-1
nit-~--—-- > | Il .=->|-PREF|I | | b oo==>11. | I
. A . l . | . . !
1.0-—~——- ’ l } l
. e e e e e e ———— '
l
' .
| Gain=Full Sprays
| fm———— .Max=1.0 m————— . Loop Flouw -— -
pray Valve fe=>11.SUM|———cceme >I1.0MUL | ~————mm e >IFilll
ontroller--> [-Yyxx | ~=>11.0 H | | # J-->Spray
. .Min=0.0] . . | { 1 |Junction (19)
| | - =
| | Gain=-1
Cold Leg Flow | ! e m———— . - -—
——>11. |-=>1Fill |Spray
1.0--->] MuUL | K |Intake
i2 1¢(18)

X Setpoints A, B
plant setpoint

XX The parameter

at which the spray valves begin to open and the reference

. .
———

and C are best estimate values taken from

documents.

"Y¥" in the summer block for the spray valve
controller is a measure of the difference between the pressure

— _ pressure. "I" is the pressure controller reset time constant.
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Figure III-4§
LOW PRESSURE TRIP SIGNAL

PRESSURIZER =—=——=—=——==w- >I 1+T1S m—————— > TO REACTOR TRIP

PRESSURE | ] ON LOW PRESSURE
I 1+728 |

T1 = LEAD TIME CONSTANT

T2 = LAG TIME CONSTANT

S = LAPLACE TRANSFORM VARIABLE

TIME CONSTANTS ARE TAKEN FROM PLANT SETPOINT DOCUMENT
LOW PRESSURE TRIP SETPOINT IS THE SAFETY ANALYSIS VALUE
(INCLUDES UNCERTAINTIES)

~ SEE ALSO SINGLE LOOP MODEL TRIP DESCRIPTION IN SECTION I.
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FIGURE IIXIIX-5
LOW STEAM PRESSURE SIGNAL

|
FAULTED LOOP-—==—=————== >1 1+118 e > TO SAFETY INJECTION
STEAM PRESSURE l I LOGIC

I

T1 = LEAD TIME CONSTANT
T2 = LAG TIME CONSTANT
S = LAPLACE TRANSFORM VARIABLE

TIME CONSTANTS ARE TAKEN FROM PLANT SETPOINT DOCUMENT
LOW PRESSURE SETPOINT IS THE SAFETY ANALYSIS VALUE
(INCLUDES UNCERTARINTIES)

SEE ALSO TWO LOOP MODEL TRIP DESCRIPTION IN SECTION 1.
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FIGURE III-6
POWER REACTIVITY FEEDBACK FUNCTION

CORE AVERAGE HEAT FLUX----—=—eme- >1 }

OR | FNG I
NORMALIZED—=—~—— > X INITIAL-~—~==- >1 |=--=-=>POWER =--->TO
POWER % POUWER . . REACTIVITY KINETICS
(GAIN FACTOR) | ($) TABLES

TABLE OF POWER REACTIVITY--=c-———-
VS. POWER IN $

SEE ALSO "DOPPLER POWER COEFFICIENT"™ DESCRIPTION IN SECTION IV-
"INPUT OPTIONS"™
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FIGURE III-?7
h SIMULATION OF MAIN STEAM ISOLATION VALVE CLOSURE
FOR STEAMLINE BREAK CALCULATIONS

sm————— .GAIN=100
| IMAX=1.0 S m———— -MAX=1.0
IIP TO INITIATE-————-- >1 INT |——=eemmemccmecee e >I1+1 | VALVE
tEAK (0 OR 1) | | | suMm | ---=> AREA
. . cm=—=>]-1 | TABLE
i . .MIN=0.0
!
.-GH STEAM FLOUW/ !
JW TAVE s m—————— . MAX = 1.0
OR -=>TIME-—-->MAIN STEAM--—-—- >1 I GAIN = 1/T1
:GH STEAM FLOW/ DELAY ISOLATION | INT | T1=CLOSURE TIME
JW PRESSURE SIGNAL (0 OR 1) . .

E ALSO "MAIN STEAM ISOLATION VALVES™ IN SECTION II - COMPONENT
JDELS AND TWO LOOP MODEL TRIP DESCRIPTION IN SECTION I - VOLUME
(D FLOW PATH NETWORK DESCRIPTION.

IIS LOGIC APPLIES ONLY TO THE "INTACT™ LOOP DURING A MAIN STEAM LINE
lEAK.

D
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FIGURE III-8
MODERATOR TEMPERATURE DEFECT CALCULATION (TWO LOOP MODEL)

~

So———— . fm————— .GAIN1 S ———— .
T113-—->] | | | | |<--T115
T114-=-->] SUM |-———ccee > SUM <o ] suMm  |I<--T116
| S —————— .
| | REACTIVITYI
i [ Vs |
| IMOD TEMP |
| . .
e ———, i fm————— .
| I S > | TO
I SUM  |==ccmmem o > FNG |~--->REACTIVITY
._7¢T__. . . TABLES
fm———— . e==|===. GAIN2 fm————— .
T213--->1 1 i ] 1 |<--T215
T214===>} SUM |~————c—mmmm > SUM <~ I suM [<--T216

TXXX = MODERATOR TEMPERATURE IN VOLUME XXX
GAIN1 = RMUWF/4
GAINZ2 = (1-RMUF)I/4

RMWF = RADIAL MODERATOR TEMPERATURE WEIGHTING FACTOR

SEE ALSO THE GENERALIZED DATA TABLE DESCRIPTION FOR MODERATOR
TEMPERATURE DEFECT IN SECTION IV - INPUT OPTIONS, AND THE TWO
LOOP MODEL CONTROL VOLUME DESCRIPTION IN SECTION I - VOLUME AND
FLOW PATH NETWORK DESCRIPTION.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-18



PAGE 16

FIGURE TIII-9

. CORE HEAT FLUX CALCULATION (TWO LOOP MODEL)
2101-—=>| I | I I |<--2103
2102===>| SUM |-—==ceeeeee >I SUM  |<—————mmmmmmm | SUM  |<--Q104
I
I
I
)
|
.==V-——. GAIN
I |
| suM  |-———- > CORE AVERAGE HEAT FLUX
—p— FOR MINOR EDITS
R201--=>1 l 1 | I [<~-9203
£202-==>] SUM |-=—=c—eee-o I B R T — | SUM |<--9204

. -

XXX = POWER TO WATER FROM CONDUCTOR XXX, BTU/HR
GAIN = CONVERSION FACTOR, BTU/HR TO FRACTION OF RATED POWER

SEE ALSO TWO LOOP MODEL HEAT CONDUCTOR DESCRIPTION IN SECTION 1
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FIGURE III-10
SIMULATION OF ELECTROHYDRAULIC TURBINE CONTROL SYSTEM

JGENERAL DATA TABLE |
ISTERM FLOW VS STEAM 1
[PRESSURE FOR FULL-OPEN| cmm————

| THROTTLE CONDITIONS [ - > I
. . ~=>| FNG i--. m————— ]
! . . Te=>l |--—->STEAM FLOW
STEAH PRESSURE ------------ ."‘)I HIH l FILL TABLE
L b :
TIME-—————— v er e rc e aa—— >' l__.
.==>l FNG |

|GENERAL DATA TABLE | ===
ISTEAM DEMAND VS TIME |

SEE ALSO THE MAIN STEARM FLOW FILL TABLE DESCRIPTION IN SECTION IV.

VEP-FRD-41-NP-A, Revision 0, Minor Revision 3 A-4-20



PAGE 18

FIGURE III-11
STEAM DUMP CONTROLLER - BEST ESTIMATE ANALYSES

Lmm———— .GAIN=.5 ittt . Lo .
HOT-=>| = >1+1 [-===>] 1+T1s |
coLp->f suMm |  TREF-->1-1 sum | | ————e- |

. . . . I 1+T2s8 |

|
FILTERED

(TAVE-TREF)
-

v
TABLE OF DUMP CAPACITY | l
VS (TAVE~TREF)——————- >| FNG |
| |
Sm————— .GRIN= 100. | |
| |MAX=1.0 LR > MUL |
TURBINE TRIP—-——==~-— >|INT R e ittt >1 I

SIGNAL (0 OR 1) | |

TO VALVE ARER
TABLE

HIS FEATURE IS NOT USED IN SAFETY ANALYSES, WHICH TAKE NO CREDIT

OR THE LOAD REJVECTION CAPABILITY ASSOCIATED WITH STEAM DUMP. THE
EATURE IS USED IN SOME BEST ESTIMATE ANALYSES, SUCH AS THE ANALYSIS
F THE NORTH ANNA COOLDOWN EVENT DISCUSSED IN SECTION 5.3.3 OF THE
OPICAL REPORT.
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FIGURE III-12
BORON TRANSPORT MODEL

Safety Inj. ==-=-—->!INT [--Volume

Flow, gpm
|
|

Gain=100000000 Gain=1/60
P —————— . Max=1.0  m———— .
.====. Integrated-=->|1 SUM |~-=c-——c————- > muL |
~>|-Vpurgl R 1
. . I . .Min=0.0 | . .
1.0-"¢ |
|

Gain=1/VBIT

.~=>{INT |--=>| XPO |[=-===>]|C2SUM|~-->Boron conc. exiting

| . . | 1. .~->ic1 | Boron Injection Tank

| rew-t | . | I . | |

| 1.0-=-" v \'
______ O L S L S | i

"S-

IMUL|=-~=->ISUM|~->|

Gl.-=-.  .-=-

->. . .

1 2

DLY|=->ILAGI=-=>IDLY|->IDLYI->ILAGI6

- - . -' . . ® —
‘3‘ 4 | 5 i Boxon
| vV-->at corxe

- —— -——— .—==. midplane

—|DLXI<—ILAGI<-IDLY|<-|LAG|<~|DLYI(-!LAGI(----IDLYI?

- ° ° . - . - .

1

agion Numbers:

3

12 11

10 9 8

cold leg mixing zone 7~ hot leg
cold legsdouncomer 8~ steam generator inlet plenum

bottom plenum
bottom cozxe
top core
outlet plenum

9- steam generatoxr tubes

10— steam gen. outlet plenum

11- cold leg 1

12— pump

13- cold leg 2 (pump outlet to
mixing =zone)
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ATTACHMENT 3

V. COMPARISON TO ALTERNATE CODE CALCULATIONS

(NON-PROPRIETARY)
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V. COMPARISON TO ALTERNATE CODE CALCULATIONS

In the topical zreport (VEP-FRD-4#1), Vepco provided numerous comparisons of
transient results obtained with our RETRAN models to licensing results
obtained by the N5SS/fuel vendor for Vepco's units. The latter uere
performed primarily to support +the FSRR's and subsequent reload safgty
evaluations. This section provides a supplement to those comparisons in the
form of parallel calculations performed by Vepco using both a standard
Vepco RETRAN model and a corresponding LOFTRAN model. The LOFTRAN code is a
proprietary code developed and maintained by the Westinghouse Electric
Corporation for use in performing general non-LOCA accident analyses. Vepco
has had access to LOFTRAN for four years via a special licensing agreement
with Westinghouse. A detailed description of the LOFTRAN code is given in

Reference V-1.

Vepco safety analysis engineers have undergone extensive training in the
use of Westinghouse core design and safety analysis codes, including £oimal
classroom instruction by Westinghouse (see Table V-1) and on-the
job-training at Westinghouse and/or Vepco. Part of this training included a
formal forty-hour non-LOCR safety analysis course which covered theory,
input preparation and applications of LOFTRAN. Surry and North Anna
specific models have been assembled in-house and have been revieuwed and

commented on informally by Westinghouse.

The comparxrisons shoun here were performed with a LOFTRAN model of the Surry

reactors assembled by Vepco using the same data base used for development
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of the RETRAN models. Thus system water volumes, conductor heat transfer
areas, initial loop and core flow rates, rated pump parametexrs., etc. arxe
identical for the tuo models. Initial conditions such as

Juezd

a,c

J:esulted from the use of

[ ]iax’xc the tuo codes to represent the equations of state for
the coolant, etc.). Comparison of steady state conditions for the tuo codes
are provided in Table V-2. Table V-3 provides a description of the three
tzﬁnsients used in the comparisons. Discussions of the comparisons are

given in the paragraphs belou.
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PAGE

COMPARISON OF RETRAN/LOFTRAN CALCULATED STEADY STATE CONDITIONS

Parameter
Core power, mut
Pump heat, nut

Tcold, °F

Thot. °F
Tavg, °F
Steam Flouw, lb/sec

Steam Pressures
psia

Steam generatox
inventory, 1lbm

Feeduater enthalpy.
btuslbm

Steam Enthalpy:
btuslbm

Average fuel
temperature, °F

RETRAN Value
2489.82 -5
12.15 -C

547.11 (afterx pumé) -Sx
546.68 (before pump) -CX

610.15 -C
578.63 -C
3017.5 -8
785.0 -S

313200 -S
413.69 -C
1199.7 -C
i405.7 -C

—

L

vrc* denotes a code calculated parameter

tg* denotes a parameter specified as input

-

__J,

a,C

4§
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TABLE V-3
RETRAN/LOFTRAN Transient Comparisons

Case Description

1 Reactor trip from hot full pouer followed by a tuxrbine
tzip.

2 Turbine trip from hot full pouer. No credit taken =fox

direct reactoxr trip on the turbine trip. Pressurizer
sprays, PORV's and steam generator relief valves are

assumed available.

3 Simultaneous trip of all three reactor coolant pumps
at hot full pouwer. No credit taken for reactor trip
on pump undervoltage or underfrequency. Pressurizer
sprays, PORV's and steam generator relief valves are

assumed available.
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REACTOR TRIP

Figuxres V-1 €0 V-4 shou the results for the reactor trip. Figurxe V-1
presents the core response in terms of nuclear power, fuel temperature and
core heat flux. As the results shouw, the core neutron and thermal kinetics

models for the tuo codes give results which are[ ]a’c

Figure V-2 compares the steam generator response in terms of steam pressure
and primary €0 secondary heat +transfer, ox heat extraction, rate. ’rihe
response of the reactor coolant system ié shoun in Piguzes V-3 (RCS average
temperature) and V-4 (pressurizer water volume and pressure). The RCS

average temperature Iesponseg:

a,c

J In RETRAN, the
temperature at 8 specific location is input (in this case the cold leg) and
the average temperature is then calculated based on the steady state

jnitialization zzesults. In Figure V-4, about[

P
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TURBINE TRIP

Figures V-5 to V-8 shouw the comparisons for the turbine trip without direct
reactor trip. The 1results are shown out to the time of reactor trip, and
present steam Ppressure, reactor inlet temperature, 1reactoxr power and
pressurizer pressure, respectively. TFigure V-7 is of interest in that it
showus a slight difference in the nuclear pouer zeﬁponse. This difference
stems from @& different treatment of power reactivity feedback in the two
models. The LOFTRAN model generates power feedback a&s a function of core
heat £lux. The RETRAN model, on the other hand, uses a tabular

representation for the pouer feedback uhich‘:elates the feedback directly to
neutrxon pouer. Since the reactivity feedback is more accurately a function

of the fuel tenpexatuze.[

] :]a,c
The [

a,c :

:} in the

tuo models.'Vepco's RETRAN models treat the steady state pressure error as
a bias in the signal going into the proportional plus integral contoller

which controls pressurizer spray and one of the two pressurizer powerx

operated 1xelief valves. Thus spray and one PORV mre assumed to open about

30 pci below their nominal setﬁoints.r

a,Cc
Since the spray and one PORV are actuated
a,c a,c
[ Jai’ﬁ the RETRAN nmodel, n.[ ]p’zessuzet ]results. Fox
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safety analyses related to system overpressure and vessel integrity
concerns