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December 18, 2000 

U. S. Nuclear Regulatory Commission 
Washington D. C. 20555-0001 

ATTENTION: Document Control Desk 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and 50-370 

Catawba Nuclear Station 
Docket Numbers 50-413 and 50-414 

Issuance of the Approved Versions of 
Topical Report DPC-NE-3004-PA, Revision 1 and 
DPC-NE-3004-A, Revision 1; Mass and Energy 
Release and Containment Response Methodology 
TAC Nos. MA5511, MA5512, MA5517 and MA5518 

By letter dated February 29, 2000, the NRC transmitted a 

safety evaluation for the subject topical report revisions.  
Duke Energy Corporation has now reprinted this topical 

report in both proprietary and non-proprietary versions.  
Accordingly, enclosed are 15 copies of the proprietary 
version and 12 copies of the non-proprietary version, 
submitted in accordance with the guidance contained in 
NUREG-0390.  

Please note that there is information enclosed that Duke 

considers proprietary. In accordance with IOCFR2.790, Duke 
requests that this information be withheld from public 

disclosure. An affidavit which attests to the proprietary 
nature of this information is included in this letter.  

If there are any questions or if additional information is 
needed on this matter, please call J. S. Warren at (704) 
382-4986.
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Very truly yours, 

M. S. Tuckman 

Attachments (2) 

xc w/Non-proprietary Version Only: 

F. Renaldi, NRC Project Manager (MNS) 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, DC 20555-0001 

C. P. Patel, NRC Project Manager (CNS) 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, DC 20555-0001 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

D. J. Roberts 
NRC Resident Inspector (CNS) 

S. M. Shaeffer 
NRC Resident Inspector (MNS)
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AFFIDAVIT 

1. I am Executive Vice President of Duke Energy 

Corporation; and as such have the responsibility for 

reviewing information sought to be withheld from 

public disclosure in connection with nuclear power 

plant licensing; and am authorized on the part of said 

Corporation (Duke) to apply for this withholding.  

2. I am making this affidavit in conformance with the 

provisions of 10CFR 2.790 of the regulations of the 

Nuclear Regulatory Commission (NRC) and in conjunction 

with Duke's application for withholding, which 
accompanies this affidavit.  

3. I have knowledge of the criteria used by Duke in 

designating information as proprietary or 
confidential.  

4. Pursuant to the provisions of paragraph (b) (4) of 

10CFR 2.790, the following is furnished for 
consideration by the NRC in determining whether the 
information sought to be withheld from public 
disclosure should be withheld.  

(i) The information sought to be withheld from 

public disclosure is owned by Duke and has been 

held in confidence by Duke and its consultants.  

M. S. Tuckman

(Continued)
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(ii) The information is of a type that would 
customarily be held in confidence by Duke. The 
information consists of analysis methodology 
details, analysis results, supporting data, and 
aspects of development programs relative to a 
method of analysis that provides a competitive 
advantage to Duke.  

(iii)The information was transmitted to the NRC in 
confidence and under the provisions of 10CFR 
2.790, it is to be received in confidence by the 
NRC.  

(iv) The information sought to be protected is not 
available in public to the best of our knowledge 
and belief.  

(v) The proprietary information sought to be withheld 
in this submittal is that which is marked in the 

proprietary version of the Duke Topical Report 
designated DPC-NE-3004-PA, Revision 1, Duke Power 

Company Mass and Energy Release and Containment 
Response, and omitted from the non-proprietary 
version. The published approved versions of this 

topical report is being submitted to the NRC as 
an enclosure to this Duke letter. This 
information enables Duke to: 

(a) Simulate the response of an ice condenser 
containment design to a high energy line 
break inside containment.  

M. S. Tuckman

(Continued)
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(b) Perform safety evaluations per IOCFR50.59.  

(c) Support Facility Operating 
Licenses/Technical Specifications amendments 
for McGuire and Catawba Nuclear Stations.  

(vi) The proprietary information sought to be withheld 
from public disclosure has substantial commercial 
value to Duke.  

(a) It allows Duke to reduce vendor and 
consultant expenses associated with 
supporting the operation and licensing of 
nuclear power plants.  

(b) Duke intends to sell the information to 
nuclear utilities, vendors, and consultants 
for the purpose of supporting the operation 
and licensing of nuclear power plants.  

(c) The subject information could only be 
duplicated by competitors at similar expense 
to that incurred by Duke.  

5. Public disclosure of this information is likely to 

cause harm to Duke because it would allow competitors 
in the nuclear industry to benefit from the results of 
a significant development program without requiring 
commensurate expense or allowing Duke to recoup a 

portion of its expenditures or benefit from the sale 
of the information.  

M. S. Tuckman

(Continued)
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M. S. Tuckman, being duly sworn, states that he is the 

person who subscribed his name to the foregoing statement, 
and that all the matters and facts set forth within are 
true and correct to the best of his knowledge.  

M. S. Tuckman, Executive Vice President 

Subscribed and sworn to on this day of 

My Commission Expires: 

C2 to es

SEAL



r 

L

P&Duke 
E"Power.  

A Duke Energy Company



Duke Power Company 
McGuire Nuclear Station 
Catawba Nuclear Station 

MASS AND ENERGY RELEASE AND 
CONTAINMENT RESPONSE METHODOLOGY 

DPC-NE-3004-A 
Revision I 

December 2000 

Nuclear Engineering Division 
Nuclear Generation Department 

Duke Power Company



C 
C C __ C C 

IfiWIl

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

February 29, 2000

MAR 2" 200C 

DUKE POWER CO.  
SIt,,KLE_4? B :EN IifE ,;• 
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Mr. H. B. Barron 
Vice President, McGuire Site 
Duke Energy Corporation 
12700 Hagers Ferry Road 
Huntersville, NC 28078-8985

Mr. G. R. Peterson 
Site Vice President 
Catawba Nuclear Station 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745-9635

SUBJECT: MCGUIRE NUCLEAR STATION AND CATAWBA NUCLEAR STATION 
RE: REVIEW OF TOPICAL REPORT DPC-NE-3004-PA, REV. 1, REGARDING 
PROPOSED FINER NODALIZATION OF ICE CONDENSER (TAC NOS. MA551 1, 
MA5512, MA5517, AND MA5518) 

Gentlemen: 

By letter dated May 20, 1999, Duke Energy Corporation (DEC) proposed a revision to its 
Topical Report DPC-NE-3004, "Mass and Energy Release and Containment Response 
Methodology," Revision 0. Revision 1 provides a finer nodalization of the ice condenser region 
in the ice condenser containment to support an upcoming technical specification amendment 
request for McGuire Nuclear Station, dealing with non-uniform distribution of the ice weight.  
The DEC's submittal and the enclosed NRC's safety evaluation apply to both the McGuire and 
Catawba facilities.  

The staff has reviewed the information provided by DEC and finds that the revision proposed by 
the licensee is acceptable. This completes our review under TAC Nos. MA551 1, MA5512, 
MA5417 and MA5418. If you have any questions regarding this transmittal, please contact 
Frank Rinaldi at (301) 415-1447 or Chandu Patel at (301) 415-3025.

Sincerely, 

". . /e-
A

Frank Rinaldi, Project Manager, Section 1 
Project Directorate II 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Chandu P. Patel, Project Manager, Section 1 
Project Directorate II 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-369, 50-370, 50-413 and 50-414 

Enclosure: As stated

cc w/encl: See next page



McGuire Nuclear Station 
Catawba Nuclear Station

cc: 

Ms. Lisa F. Vaughn 
Legal Department (PBO5E) 
Duke Energy Corporation 
422 South Church Street 
Charlotte, North Carolina 28201-1006 

County Manager of Mecklenburg County 
720 East Fourth Street 
Charlotte, North Carolina 28202 

Mr. Michael T. Cash 
Regulatory Compliance Manager 
Duke Energy Corporation 
McGuire Nuclear Site 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

Anne Cottingham, Esquire 
Winston and Strawn 
1400 L Street, NW.  
Washington, DC 20005 

Senior Resident Inspector 
c/o U. S. Nuclear Regulatory 
Commission 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

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

Mr. Richard M. Fry, Director 
Division of Radiation Protection 
North Carolina Department of 

Environment, Health, and 
Natural Resources 

3825 Barrett Drive 
Raleigh, North Carolina 27609-7721 

Ms. Karen E. Long 
Assistant Attorney General 
North Carolina Department of 
Justice 

P. 0. Box 629 
Raleigh, North Carolina 27602 

L. A. Keller 
Manager - Nuclear Regulatory 

Licensing 
Duke Energy Corporation 
526 South Church Street 
Charlotte, North Carolina 28201-1006 

Elaine Wathen 
Lead REP Planner 
Division of Emergency Management 
116 West Jones Street 
Raleigh, North Carolina 27603-1335 

Mr. T. Richard Puryear 
Owners Group (NCEMC) 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745

Dr. John M. Barry 
Mecklenburg County 
Department of Environmental 

Protection 
700 N. Tryon Street 
Charlotte, North Carolina 28202

I



McGuire Nuclear Station 
Catawba Nuclear Station

cc: 

Mr. Gary Gilbert 
Regulatory Compliance Manager 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745 

North Carolina Municipal Power 
Agency Number 1 

1427 Meadowwood Boulevard 
P. O. Box 29513 
Raleigh, North Carolina 27626-0513 

County Manager of York County 
York County Courthouse 
York, South Carolina 29745 

Piedmont Municipal Power Agency 
121 Village Drive 
Greer, South Carolina 29651 

Saluda River Electric 
P. O. Box 929 
Laurens, South Carolina 29360 

Virgil R. Autry, Director 
Division of Radioactive Waste Management 
Bureau of Solid and Hazardous Waste 
Department of Health and Environmental 

Control 
2600 Bull Street 
Columbia, South Carolina 29201

North Carolina Electric Membership 
Corporation 

P. 0. Box 27306 
Raleigh, North Carolina 27611 

Senior Resident Inspector 
4830 Concord Road 
York, South Carolina 29745 

Mr. G. R. Peterson 
Site Vice President 
Catawba Nuclear Station 
Duke Energy Corporation 
4800 Concord Road 
York, South Carolina 29745 

Mr. H. B. Barron 
Vice President, McGuire. Site 
Duke Energy Corporation 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATING TO THE DYNAMIC ROD WORTH MEASUREMENT TECHNIQUE 

DUKE ENERGY CORPORATION " T \ e.  

MCGUIRE NUCLEAR STATION UNITS 1 AND 2 AND 

CATAWBA NUCLEAR STATION UNITS 1 AND 2 

DOCKET NOS. 50-369, 50-379, 50-413 AND 50-414 

1.0 INTRODUCTION 

By letter dated May 20, 1999, Duke Energy Corporation (DEC) submitted, in reference to 
McGuire and Catawba Nuclear Stations, Topical Report DPC-NE-3004-PA, Revision 1, "Mass 
and Energy Release and Containment Response Methodology," for staff review. Revision 1 
modifies the nodalization scheme of the ice condenser region in Revision 0 of the report so that 
the thermal-hydraulic model described in Revision 0 can handle a non-uniform ice weight 
distribution in the ice bed. A-levision 0 was reviewed and found acceptable by the staff for 
simulating the mass and energy releases and containment responses to loss-of-coolant
accidents (LOCAs) and main-steam-line-breaks (MSLBs) for the McGuire and Catawba 
facilities in a Safety Evaluation dated September 6, 1995.  

Revision 1 added Appendix A, "GOTHIC Ice Condenser Model With Finer Nodalization," to 
Revision 0, which describes a revised GOTHIC model for finer nodalization detail within the ice 
condenser region. This increased detail within the ice condenser region allows the modeling of 
an ice condenser with variation in the initial ice weights of sections of the ice condenser.  

The staff reviewed the topical report and requested additional information in a telephone 
conference call held on October 14, 1999. Specifically, the staff requested clarification of the 
term "excessive" as it was used in Appendix A with respect to lower inlet door or drain junctions.  
It was not clear if the term "excessive" referred to the number of junctions, or if it was in 
reference to some other attribute for a junction. Further, the proposed nodalization could affect 
the code's ability to estimate the thermal-hydraulic response of the ice condenser. In order to 
conclude that the potential effects of the nodalization are acceptably small, the staff requested 
a comparison of the pressure and temperature response curves of the ice condenser 
containment that would show the effect of the finer nodalization.

Enclosure
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DEC responded to the staffs request for additional information in a letter dated November 10, 
1999. The response clarified the use of the term "excessive" to be in reference to the number of 
junctions used to model the ice condenser lower inlet doors and drains. This information 
resolved the staffs concern that "excessive" may have been used to refer to some other 
attribute of a junction (e.g., flow rates). The response also provided several examples of 
pressure and temperature curves that showed the effect of finer nodalization of the ice 
condenser. These response curves showed marginally small differences between the original 
and the finer nodalization schemes. Therefore, the staff concludes that it is acceptable to use 
the proposed finer nodalization in the analysis of ice condensers with non-uniform ice weight 
distributions. However, if the nodalization were to be changed significantly from what is 
described in Topical Report DPC-NE-3004-PA, Revision 1, the staff would need to assess the 
change before approving the use of the code.  

In summary, the staff finds that the use of the proposed finer nodalization, as described in 
Topical Report DPC-NE-3004-PA, Revision 1, acceptable for licensing containment analyses 
dealing with non-uniform ice weight distribution.  

Principal Contributors: C. Li 
M. Campe

Date: February 29, 2000



UNITED STATES 

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

September 6, 1995 

Mr. M. S. Tuckman 
Senior Vice President 
Nuclear Generation 
Duke Power Company 
P. 0. Box 1006 
Charlotte, NC 28201-1006 

SUBJECT: SAFETY EVALUATION FOR TOPICAL REPORT DPC-NE-3004-P, "MASS AND ENERGY 
RELEASE AND CONTAINMENT RESPONSE METHODOLOGY" MCGUIRE NUCLEAR 
STATION, UNITS I AND 2; AND CATAWBA NUCLEAR STATION, UNITS 1 AND 2 
(TAC NOS. M90646, M90647, AND M90648) 

Dear Mr. Tuckman: 

By letter dated September 30, 1994, Duke Power Company (DPC) submitted the 
subject topical report for review. The report describes the DPC methodology 
for simulating the mass and energy release from high energy line breaks in 
containment and the resulting long-term containment response for the Catawba 
and McGuire Nuclear Stations. Supplemental information in response to our 
requests for additional information was submitted in a letter dated May 12, 
1995. Additional clarifications were provided with respect to proprietary 
information in a submittal dated July 25, 1995.  

The NRC staff has completed its review of the topical report and the 
supplemental submittals. The staff concludes that the DPC-NE-3004-P basic 
methodology may be used by DPC to perform future reanalyses in support of 
licensing applications related to containment accident responses. The staff's 
Safety Evaluation (SE) is enclosed. Proprietary information included in this 
SE was identified by your staff and documented by your letter dated July 25, 
1995. The enclosure should be controlled and distribution limited to 
personnel with a "need to know." The enclosure is considered exempt from 
Public Disclosure in accordance with Title 10, Code of Federal Regulations, 
Part 2.790. However, a copy of this letter, with a non-proprietary version of 
the SE, will be placed in the NRC Public Document Room. This completes NRC 
actions for TAC Nos. M90646, M90647 and M90648.  

Sincerely, 

et E. Martin, Senior Project Manager 
Project Directorate 11-2 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-369, 50-370 
50-413 and 50-414 

Document transmitted herewith contains 
Enclosure: sensitive unclassified information. When 
Safety Evaluation (Proprietary) separated from enclosure, this document 

is decontrolled.  
cc w/Non-Proprietary enclosure: 
See next page



Duke Power Company 

cc: 
A. V. Carr, Esquire 
Duke Power Company 
422 South Church Street 
Charlotte, North Carolina 
0001

McGuire Nuclear Station 
Catawba Nuclear Station

28242-

County Manager of Mecklenburg County 
720 East Fourth Street 
Charlotte, North Carolina 28202 

Mr. J. E. Snyder 
Regulatory Compliance Manager 
Duke Power Company 
McGuire Nuclear Site 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

J. Michael McGarry, III, Esquire 
Winston and Strawn 
1400 L Street, NW.  
Washington, DC 20005 

Senior Resident Inspector 
c/o U. S. Nuclear Regulatory 

Commission 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

Mr. T. Richard Puryear 
Nuclear Technical Services Manager 
Westinghouse Electric Corporation 
Carolinas District 
2709 Water Ridge Parkway, Suite 430 
Charlotte, North Carolina 28217 

Dr. John M. Barry 
Mecklenburg County 
Department of Environmental 

Protection 
700 N. Tryon Street 
Charlotte, North Carolina 28202

Mr. Dayne H. Brown, Director 
Department of Environmental, 

Health and Natural Resources 
Division of Radiation Protection 
P. 0. Box 27687 
Raleigh, North Carolina 27611-7687 

Ms. Karen E. Long 
Assistant Attorney General 
North Carolina Department of 

Justice 
P. 0. Box 629 
Raleigh, North Carolina 27602 

Mr. G. A. Copp 
Licensing - ECO50 
Duke Power Company 
526 South Church Street 
Charlotte, North Carolina 28242-0001 

Regional Administrator, Region II 
U.S. Nuclear Regulatory Commission 
101 Marietta Street, NW. Suite 2900 
Atlanta, Georgia 30323 

Elaine Wathen 
Lead REP Planner 
Division of Emergency Management 
116 West Jones Street 
Raleigh, North Carolina 27603-1335
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McGuire Nuclear Station 
Duke Power Company Catawba Nuclear Station

cc: 
Mr. Z. L. Taylor 
Regulatory Compliance Manager 
Duke Power Company 
4800 Concord Road 
York, South Carolina 29745 

North Carolina Municipal Power 
Agency Number 1 

1427 Meadowwood Boulevard 
P. 0. Box 29513 
Raleigh, North Carolina 27626-0513 

County Manager of York County 
York County Courthouse 
York, South Carolina 29745 

Richard P. Wilson, Esquire 
Assistant Attorney General 
South Carolina Attorney General's 

Office 
P. 0. Box 11549 
Columbia, South Carolina 29211 

Piedmont Municipal Power Agency 
121 Village Drive 
Greer, South Carolina 29651

Saluda River Electric 
P. 0. Box 929 
Laurens, South Carolina

North Carolina Electric Membership 
Corporation 

P. 0. Box 27306 
Raleigh, North Carolina 27611

Senior Resident Inspector 
4830 Concord Road 
York, South Carolina 29745 

Mr. William R. McCollum 
Site Vice President 
Catawba Nuclear Station 
Duke Power Company 
4800 Concord Road 
York, South Carolina 29745

IL

Mr. T. C. McMeekin 
Vice President, McGuire Site 
Duke Power Company 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078

29360

Max Batavia, Chief 
Bureau of Radiological Health 
South Carolina Department of 

Health and Environmental Control 
2600 Bull Street 
Columbia, South Carolina 29201
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£ •UNITED STATES 
C 0 NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20566-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

MASS AND ENERGY RELEASE AND 

CONTAINMENT RESPONSE METHODOLOGY 

MCGUIRE NUCLEAR STATION. UNITS I AND 2 

CATAWBA NUCLEAR STATION. UNITS I AND 2 

DOCKET NOS. 50-369. 50-370, 50-413, AND 50-414 

1.0 INTRODUCTION AND BACKGROUND 

By letter dated September 9, 1994, the Duke Power Company (DPC) submitted 
proprietary Topical Report DPC-NE-3004 for staff review and approval.  
Additional information, in response to staff questions, was provided in a 
letter dated May 12, 1995. Additional clarifications were provided with 
respect to proprietary information in a submittal dated July 25, 1995. The 
submittal followed a meeting between the staff and Duke held on September 1, 
1994 (Ref.: Meeting Summary dated October 31, 1994). The report describes 
Duke's methodology for analyzing; (1) the mass and energy release from high 
energy line breaks in containment, and (2) the resulting long-term containment 
response, for the Catawba and McGuire Nuclear Stations. The methodology is 
applicable to the licensee's two 3411 megawatts thermal (MWt) McGuire units 
near Charlotte, NC, and two 3411 MWt Catawba units near Rock Hill, SC. These 
facilities have ice condenser containments. The free-standing, cylindrical 
steel containments are designed for a peak internal pressure of 15 psi and a 
negative (external) pressure of 1k psi. The qualification temperature for 
electrical equipment within the containments is 340" F.  

Containment peak pressure and temperature analyses are performed to determine 
the pressure and temperature loads on a containment that would result from 
postulated pipe breaks inside the containment. The results of the containment 
pressure and temperature analyses establish minimum design criteria, test 
criteria and environmental qualification criteria for containment systems, 
structures and components. Containment pressure and temperature analyses are 
of two main types; short-term and long-term. Short-term analyses encompass 
the early blowdown phase of a line break during the period when the break 
results in the sudden release of a large amount of stored energy which must be 
accommodated primarily by the containment volume and passive heat sinks.  
Long-term analyses encompass the post-blowdown period when decay and residual 
heat sources become dominant and the active containment cooling systems become 
the major method of heat removal. For ice condenser containments, a large 
quantity of ice is provided as a pressure suppressant to permit use of a 
smaller containment having a lower design pressure. Ice melt therefore plays 
a significant role in containment pressure suppression during both the short 
and long terms.

i __
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In addition to containment short-term and long-term pressure and temperature 
analyses described above, other types of pressure analyses are required for 
licensing. These include a negative pressure analysis to assure that a 
containment will not implode due to rapid cooling, and minimum pressure 
analyses to assure adequate net positive suction head for ECCS pumps and to 
assure adequate ECCS performance in core reflood. As discussed in Section 1 
of the Topical Report, of these additional types of containment pressure 
analyses, the topical report encompasses only the latter and does not include 
the short term blowdown peak/subcompartment analysis or the negative pressure 
analysis.  

The methodology described in the report has been used in support of 
replacement of the original preheater-type Westinghouse steam generators 
(S/Gs) with new feedring-type Babcock and Wilcox (BWI) S/Gs. These 
modifications will result in increased mass and energy in the primary and 
secondary systems. DPC-NE-3004-P is one of several topical reports relating 
to the S/G replacement program. Others include: (a) DPC-NE-3000, "Thermal
Hydraulic Transient Analysis Methodology;" through Revision 1 as approved 
November 15, 1991. Revision 3 of this report is currently under staff review.  
(b) DPC-NE-3001-PA, "Multidimensional Reactor Transients and Safety Analysis 
Physics Parameters Methodology," dated November 1991, and (c) DP-NE-3002-A 
,"FSAR Transient Analysis Methodology", November 1991. Revision 1 of DPC-NE
3002 is currently under staff review. In addition to S/G replacement, the new 
methodology has potential future use in the evaluation of ice inventory 
requirements and analyses supporting power uprate.  

The current licensing basis analyses described in the FSARs are 1970s-vintage 
analyses performed by Westinghouse. In addition to using the new methodology 
for performing new analyses for the replacement S/Gs, the licensee has re
performed the original licensing analyses using the new methodology.  

The staff has reviewed the licensee's submittal using the guidance and 
criteria of the following sections of the Standard Review Plan (SRP): (a) 
6.2.1, "Containment Functional Design;" (b) 6.1.1.B, "Ice Condenser 
Containments," (c) 6.2.1.3, "Mass and Energy Release Analysis for Postulated 
Loss of Coolant Accidents," and (d) 6.2.1.4, "Mass and Energy Release Analysis 
of Postulated Secondary System Releases." In addition, ANSI/ANS 56.4-1983, 
"Pressure and Temperature Transient Analysis for Light Water Reactor 
Containments" has been used for guidance by both the staff and the licensee as 
a reference for identification of standard and accepted practices used in 
performing containment pressure and temperature analyses.  

Based on the staff's earlier review of DPC-NE-3003, "Mass and Energy Release 
and Containment Response Methodology" for Oconee, Letter of L.A. Wiens, NRC, 
to M.S. Tuckman, DPC, dated March 15, 1995, the licensee's technical support 
organization has been found to meet the criteria of Generic Letter (GL) 83-11, 
"Licensee Qualification for Performing Safety Analyses in support of Licensing 
Actions," and is competent to develop, verify, validate, use and maintain 
computer codes for the purpose of containment pressure and temperature 
analysis.
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The format and organization of this SE, including the paragraph/section 
numeration is consistent with that of the topical report.  

2.0 COMPUTER CODES 

The mass and energy releases associated with various postulated pipe breaks 
are analyzed using appropriate thermal-hydraulic analysis codes. The 
resulting mass and energy profiles are then input to containment analysis 
codes to determine the containment pressure and temperature responses. LOCA 
mass and energy releases are simulated with the RELAPS/MOD3.1DUKE code. Main 
Steamline Break (MSLB) mass and energy release analyses are simulated with the 
RETRAN-02 MOD5.1DKE code. The containment pressure and temperature responses 
to mass and energy releases in containment are simulated with the % 
GOTHIC4.0/DUKE code. These codes are Duke modifications of well-known generic 
thermal-hydraulic analysis codes that are widely used for these purposes.  
Although descriptions are provided below, the staff's review did not focus on 
the basic governing equations, constitutive models, component models, and 
numerical methods utilized in the codes, but instead focused on the licensee's 
development of plant-specific models to be analyzed by the codes.  

2.1 RELAP5/MOD3.1DUKE 

2.1.1 CODE DESCRIPTION 

The Westinghouse LOCA mass and energy release methodology used for the 
original licensing analyses is described in WCAP-8264-P-A, "Westinghouse Mass 
and Energy Release Data for Containment Design," Revision 1, August 1975).  
The SATAN-V computer code was used to determine the blowdown phase mass and 
energy release. The WREFLOOD code was used to calculate the reflood phase 
mass and energy release, and the FROTH code was used for the post-reflood 
phase. That methodology was approved in a staff SE dated March 12, 1975. For 
purposes of future calculations of LOCA mass and energy release data for 
McGuire and Catawba containment long-term pressure and temperature analysis it 
is to be replaced by methodology based on RELAP5/MOD3.1DUKE.  
RELAP5/MOD3.1DUKE is the licensee's variant of the RELAP5/MOD3 code described 
in NUREG/CR-5535.  

The RELAP5/MOD3.1DUKE code is derived from RELAP5/MOD3.1 which was developed 
by EG&G Idaho under NRC sponsorship. The code models the steady-state and 
transient behavior of a hydraulic system that may contain a mixture of steam, 
water, non-condensible gas or nonvolatile solute. The fluid system is modeled 
by discretizing the system into control volumes (nodes) joined by flow 
junctions. The hydraulic flow field treats the liquid and steam phases as 
separate fluids in a nonhomogeneous, non-equilibrium manner, solving the mass, 
energy and momentum equations for each phase. Constitutive relationships are 
used to define flow regimes and to model interphase drag, vapor generation and interphase heat and mass transfer, and horizontal and vertical stratification.  
Empirical relationships are used to model convective heat transfer, energy 
partitioning between phases, choked flow and wall friction. The code supports 
simulation of the primary system, secondary system, feedwater train, automatic 
control systems and core neutronics. Available component models include 
reactor point kinetics, pumps, valves, heat structures, heat exchangers, 
turbines, separators and accumulators.

i
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2.1.2 RELAP5/MOD3.1DUKE ('RELAP-) LOCA SIMULATION MODELS 

Nodalization: The licensee has developed a two-loop base model for SBLOCA and 
LBLOCA mass and energy analyses. The base model uses [ ] downcomer 
nodes and [ ] core nodes, with [ ] nodalization for the core 
region and [ ] for the downcomer. A third loop is used for 
cases where asymmetric boundary conditions may occur among the intact loops.  
The nodalization is depicted in Figure 2.1.2-1 of the topical report.  
Appropriate S/G nodalization is used to reflect BWI feedring or Westinghouse 
preheater S/Gs as desired for a specific analysis. The vessel, piping and S/G 
nodalization are of sufficient detail to assure that the requirements of 
ANS-56-4-1983 are met (i.e., break flow quality is not overpredicted, and 
core-to-coolant, metal-to-coolant, and S/G-to-coolant heat transfer will 
conservatively predict high containment peak pressures).  

Validation: The CNS/MNS (Catawba Nuclear Station/McGuire Nuclear Station) 
RELAP models have been benchmarked against available plant transient data (RCP 
coastdown and loss of offsite power natural circulation events) and against 
the original Westinghouse analyses described in the FSAR. This information is 
discussed in the topical report. A graphical comparison was provided of the 
FSAR analysis and the new analysis, for the pump suction break event. (The 
pump suction break produced the highest peak containment pressure in the FSAR 
analyses.) Based on relatively good agreement between the FSAR analyses and 
the new Duke analyses for the suction break, and the licensee's discussion 
(Ref. May 12, 1995 letter) of reasons for the differences, the RELAP model is 
considered suitable for use in the calculation of LOCA mass and energy 
releases for use in long-term containment analyses.  

2.2 RETRAN-02 MOD5.1DKE 

Secondary system mass and energy release analyses are performed using the 
RETRAN-02 MOD 5.1DKE (RETRAN) code, a modified version of the widely used 
RETRAN-02 MOD 5.1 code. RETRAN was developed by Energy Incorporated for the 
Electric Power Research Institute to provide utilities with a code capable of 
simulating thermal-hydraulic transients of interest for both PWRs and BWRs.  
It can be used to model a general fluid system by partitioning the system into 
one-dimensional volumes and connecting flowpaths or junctions. The code 
solves the mass, energy and momentum equations using numerical methods.  
Although the RETRAN-02 equations describe homogenous equilibrium fluid 
volumes, phase separation can be modeled by separated bubble-rise volumes and 
by a dynamic slip model. Heat transfer across steam generators and to or from 
structures can be modeled. Component models for heat exchangers, pumps, and 
valves, are available in RETRAN. Control system and trip logic capability are 
also provided. A general transport model capable of modeling the distribution 
of boron is included. RETRAN-02 MOD5.0 has been reviewed and approved by the 
staff for use in the analysis of non-LOCA transients (Ref.: Letter w/SE from 
A. Thadani to W.J Boatright dated November 1, 1991). The DKE version of the 
code incorporates corrections which are'to be incorporated in future versions 
of the generic EPRI version of RETRAN.  

The licensee's MSLB mass and energy release analysis RETRAN models for Catawba 
and McGuire were developed from earlier models developed for transient 
analysis purposes. These models were described in DPC-NE-3000, "Thermal-
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Hydraulic Transient Analysis Methodology." That topical report, through 
Revision 1, was approved by the staff for use in non-LOCA transient analysis 
of the McGuire and Catawba facilities on November 15, 1991 (Letter T. Reed, 
NRC, to H. Tucker, DPC). The models used for containment mass and energy 
release analyses have been modified to: (a) model breaks, (b) model the 
asymmetry, (c) model thermal mixing in the vessel, and (d) add additional 
detail to the S/G heat conductors. They are otherwise the same as the DPC-NE
3000 transient analysis models.  

Validation: There are no suitable MSLB data available for validation of the 
Catawba and McGuire MSLB models for the replacement S/Gs. The licensee has 
attempted to ensure conservatism through selection of initial conditions and 
boundary conditions.  

2.3 GOTHIC 

The containment response calculations for the original Catawba nd McGuire 
licensing analyses were performed using the Westinghouse TND and LOTIC codes.  
These codes were used for the blowdown and post-blowdown phases respectively.  
A non-proprietary description of the Westinghouse models is provided in "The 
Ice-Condenser System for Containment Pressure Suppression," Nuclear Safety, 
Vol. 17, No. 6 December 1976.  

The new containment response methodology utilizes GOTHIC (Generation of 
Thermal Hydraulic Information for Containments) to calculate the long-term 
containment pressure and temperature responses to the mass and energy inputs 
from high energy primary and secondary reactor coolant system breaks. GOTHIC 
is a derivative of FATHOMS, which in turn was a derivative of the NRC's COBRA
NC thermal-hydraulic code. GOTHIC is capable of modeling all containment 
types (i.e., ice condenser, large dry, subatmospheric and suppression pool).  

With GOTHIC, a containment is modeled as a network of computational volumes 
connected by fluid flow path junctions. GOTHIC solves the mass, energy and 
momentum equations for multi-component, two-phase flow. The control cells may 
be lumped parameter, one, two or three dimensional, or any combination.  
Velocity fields are provided for: (1) vapor/non-condensible gases, 
(2) continuous liquid, and (3) liquid droplet. Up to eight non-condensible 
gases may be modeled. Temperature fields are provided for: (1) vapor/non
condensible gas mixture, (2) continuous liquid, and (3) liquid droplets. The 
temperature fields may be in thermal non-equilibrium within the same 
calculational volume. A mass balance is solved for solid ice. The simplified 
ice model does not provide for transport. If ice exists, its temperature is 
set to a constant value by code input and it remains at that temperature until 
it changes phase to liquid. Passive thermal conductors, flat plate, 
cylindrical tube or solid rod models, are simulated with finite-difference 
conduction models. Active heat sources and sinks may also be included in the 
volumes. Valves, heat exchangers, pumps, spray nozzles and fans may be 
included in the flow paths.  

2.3.1 GOTHIC ICE CONDENSER MODEL 

GOTHIC has the capability to model ice condensers, including such phenomena as 
steam condensation, ice melt, the spring-loaded doors at the inlet to the ice

I -
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condenser, and the drainage spray into the lower containment. The ice is not 
modeled as a component but as a feature of the associated volume. For each 
computational volume modeled to contain ice, the user inputs initial ice 
conditions and control parameters, including the amount and location of ice, 
and its temperature and density, in a manner similar to fluids. Ice condenser 
heat transfer is calculated explicitly in GOTHIC using the equation: 

Q I= ( t) AIHI ( T,,- TI) 

where 

Q1 is the heat from vapor to ice 
11 ( t) is a user-specified time-dependent multiplier 
Ai is the ice surface area 
H1 is the vapor/ice heat transfer coefficient 
T, is the vapor temperature 
T1 is the specified ice temperature 

The ice is assumed to be in solid, smooth-surfaced cylinders. The 
time-dependent multiplier is used to account for the difference in actual and 
effective ice surface area due to the form of the ice in the baskets (i.e., 
the ice is in the form of flakes which increases the effective area). The 
heat transfer coefficient is described in Duke's letter of May 15, 1995. An 
ice melt rate is calculated for each time step. The ice melt rate, in turn is 
used to calculate a rate of change of ice volume fraction. That, in turn, is 
used to calculate the change in ice volume fraction for each time step. From 
this, the change in ice surface area is calculated for each time step.  

2.3.2 MCGUIRE AND CATAWBA GOTHIC MODELS 

NODALIZATION 

The MNS and CNS containments consist of four different regions; the lower 
compartment containing the NSSS (Nuclear Steam Supply System), the dead-ended 
regions, the ice condenser regions, the upper compartment. The lower 
compartment volume is modeled [ ] being subdivided into [ 

] regions. The upper compartment is modeled as a 
volume with [ ] nodes representing the refueling canal, the operating 
floor space and the upper dome space. The ice condenser is modeled 
I ] nodes. The seventeen dead-ended compartments, 
which are separate rooms or compartments within the lower compartment, are 
modeled as C ] volumes. This is a high degree of 
nodalization for long-term analyses.  

INITIAL CONDITIONS 

The GOTHIC input files are written to specify an initial lower containment 
temperature of 100" F, an upper containment temperature of 750 F, dead-ended 
compartment temperature of 1000 F, and ice condenser compartment temperature 
of 30* F. An initial containment pressure of 0.3 psig and humidity of 100% 
are assumed. Since it is conservative to assume initial conditions that 
produce a high mass of non-condensible gases (Ref.: ANS-56.4 para. 4.3.2),
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and minimize the warming of ice prior to melting, these initial conditions are 
conservative. (Information regarding the sensitivity of peak pressure to 
changes in initial conditions is provided in the licensee's May 15, 1995 
response to staff questions.) 

HEAT STRUCTURES 

For simplification, the MNS and CNS GOTHIC models assume that the outer 
surfaces of the containment walls and dome are insulated. This assumption is 
conservative since heat is retained in the containment. The other structures 
(inside the containment) are represented as a combined one-sided slab. The 
Direct Uchida heat transfer correlation is used for heat transfer from.the 
containment atmosphere to condensing surfaces. Use of the Uchida correlation 
is consistent with accepted practice. The standard GOTHIC interfacial heat 
transfer models, as described in the GOTHIC Technical Manual (EPRI), are used 
for heat transfer between droplets, liquid and vapor. These models are 
considered valid on the basis of the results of tests and benchmarking as 
described in the EPRI Qualification Manual and on the basis of comparison of 
results with original licensing analyses.  

BOUNDARY CONDITIONS 

Boundary conditions are: (1) the energy sources that transfer mass and energy 
to the modeled system during the event, and (2) assumptions that specify how 
the mass and energy are distributed and/or how the components will respond 
during the event. Boundary conditions are specified by the code user for 
parameters governed by conditions outside of the problem boundaries. The code 
imposes the boundary conditions on the system model at the beginning of the 
transient after the initial conditions have been established. Boundary 
conditions for the GOTHIC analyses include such items as: (1) break mass flow 
rate and energy input data, (2) building spray mass flow rate and energy 
input, (3) containment RHR system sump drainage pumped through the RHR heat 
exchanger and branching to [a] the primary system, [b] RHR spray nozzles or 
[c] the containment floor, and (4) nitrogen addition to containment from 
accumulators via the RCS break. All containment spray is assumed to enter the 
containment at the dome with an average droplet size of 700 pm.  
(Justification for this assumption is provided in the licensee's May 15, 1995 
letter responding to staff questions.) Nitrogen flowrate and timing is based 
on the LOCA analysis. Liquid in the break flow is assumed to be In the form 
of 20 Am diameter droplets during blowdown and continuous liquid thereafter.  

2.3.3 VALIDATION OF CODE AND MODEL 

CODE VALIDATION 

The GOTHIC code has been subjected to sample problem testing and benchmarking 
as described in the EPRI GOTHIC Qualification Manual. However, validation of 
the ice condenser heat transfer model is not encompassed by those actions.  
Accordingly, the licensee instituted an effort to obtain data that would 
demonstrate the suitability of GOTHIC for its ice condenser facilities. This 
effort is described in 2.3.4 below.
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MODEL VALIDATION 

The licensee benchmarked the MNS GOTHIC model against the Westinghouse LOTIC-1 
results for the RCP suction break. (The RCP suction line break is the FSAR 
limiting break location.) It was found that GOTHIC and LOTIC-1 results 
exhibited reasonably similar pressure trends. The LOTIC-1 peak pressure 
(14.0 psig) was 1.1 psi greater than the GOTHIC peak pressure (12.9-psig).  
Significant is the relative agreement on a steady pressure of 6-9 psig during 
ice melt over the first hour of the event. For the upper containment 
temperature response, there were discrepancies between the GOTHIC results and 
LOTIC-1 results for the ice melt phase. These discrepancies are attributed to 
LOTIC-1 simplifications. GOTHIC more conservatively models the escape.of 
steam from the ice condenser area into the upper containment. The lower 
compartment temperature stabilized at 200-210" F, during the period of peak 
pressure, for both GOTHIC and LOTIC-1. There was good agreement with the ice
melt curve for GOTHIC and LOTIC-1. Ice melt completion occurred at about 3500 
seconds for both. The sump temperature curves also compared reasonably well.  
Both models indicated a temperature of approximately 190" F at 1000 seconds.  
Following completion of ice melt at 3500 seconds, the GOTHIC results showed a 
stable sump temperature about 100 F higher than LOTIC-1.  

2.3.4 ICE CONDENSER HEAT TRANSFER VALIDATION 

2.3.4.1 ICTF PROGRAM 

The ice condenser heat transfer equation in GOTHIC was described in 2.3.1. It 
was noted that the GOTHIC code qualification program did not encompass the ice 
condenser models. The licensee therefore undertook such a program using an 
Ice Condenser Test Facility (ICTF) that had been developed and previously used 
to obtain data on aerosol particle transport and retention in an ice condenser 
(Ref: NUREG/CR-5768, "Ice Condenser Aerosol Tests," September 1991). The 
purpose of the ICTF program was to demonstrate that GOTHIC has the capability 
to accurately simulate the flow and heat transfer processes that occur in an 
ice condenser, particularly during the post-blowdown/post-reflood long-term 
phase of a large break DBA-LOCA. It is during this phase, subsequent to ice 
bed meltout, that the peak accident pressure occurs.  

The ICTF is a full-height, four equivalent ice basket, scaled representation 
of a Westinghouse 1944-basket ice condenser system. For a description of the 
ICTF, the reader is referred to Section 2.3.4 of the topical report.  

2.3.4.2 GOTHIC ICTF MODEL 

For the GOTHIC model of the ICTF the test assembly was divided into 13 axial 
nodes, 10 of which represented the 48-foot high portion contain ice.  
Horizontally (north-south), the test assembly was divided into six equal-width 
channels representing the flow from the diffuser outlet box which contains 
five turning vanes. The ice was modeled as being symmetrically and uniformly 
distributed among the six channels.
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2.3.4.3 COMPARISONS OF GOTHIC PREDICTIONS TO ICTF TEST RESULTS 

The tests conducted at the ICTF and the results of the calculations using the 
GOTHIC model of the ICTF tests indicate that GOTHIC has the capability to 
accurately simulate the mass and heat transfer processes that occur in an ice 
condenser during the long-term phase of a LBLOCA. The ICTF data were used to 
determine an appropriate ice area multiplier, which was input to GOTHIC. This 
multiplier was [ ]. Using this multiplier GOTHIC 
produced analytical results which compared well with the ICTF data. It is 
significant that the [ ] multiplier appears valid throughout the duration of 
the ice meltout period. The ICTF test did not encompass steam flow conditions 
at *a scale equivalent to blowdown rates. Accordingly, the resultant 
conclusions regarding GOTHIC's capability to model ice condenser heat transfer 
are limited in applicability to analysis of the long-term phase. (The FSAR 
short-term analyses remain applicable for blowdown effects.) 

2.3.4.4 ACCEPTABILITY OF GOTHIC FOR USE IN CATAWBA/MCGUIRE LONG-TERM ANALYSES 

With the [ ] multiplier in the heat transfer model as discussed in 2.3.1, the GOTHIC model of the ICTF was found to produce ice melt predictions acceptably 
consistent with the ICTF test results. Also, using the same multiplier, the 
GOTHIC model produced timing/trend results consistent with that of the LOTIC 
licensing analysis. Based on these findings, the GOTHIC ice model, with the 
[ ] multiplier, is considered validated for use in long-term pressure and 
temperature analyses.  

3.0 LARGE BREAK LOCA MASS AND ENERGY RELEASE ANALYSES 

3.1 OVERVIEW 

For an ice condenser containment, the limiting LOCA containment peak pressure 
will occur during the long-term period following melt of most or all of the 
ice. Due to the sensitivity of the peak pressure value to the time of ice 
meltout, small breaks need not be examined since it is recognized that a large 
break produces the limiting peak containment pressure.  

Using the RELAP code discussed in 2.1 above, the licensee calculated mass and 
energy release rates for double-ended guillotine breaks of the RCS in three 
locations: (1) the hot leg, (2) RCP suction leg, and (3) the RCP discharge 
leg. For (2) and (3), the break flow quality effects of ECCS recirculation 
phase injection to the hot leg was analyzed in addition to normal cold leg 
injection. The result of these analyses were input to the GOTHIC code as data 
for the four boundary conditions representing the liquid and vapor flow from 
each side of the break into the containment. The Ransom and Trapp critical 
flow model option was selected as the break flow model. Flow discharge 
coefficients were applied so as to provide break flow results equivalent to 
that of the Moody/Henry-Fauske critical flow models. Flow coefficients are 
chosen according to the type of break. In RELAP, the Ransom and Trapp choked
flow model is in equation form, whereas other models such as Henry-Fauske, 
Moody, Homogenous-Equilibrium, and Murdock-Bauman are in tabular form. The 
license's methodology enables the Ransom and Trapp option to be used, but 
provides results equivalent to that of the Standard (ANS 56.4-1984) with a 
smooth transition between phases.

i _
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3.1 INITIAL CONDITIONS 

The initial conditions for the RELAP LBLOCA mass and energy release analyses 
were chosen with consideration of the guidance presented in ANS-56.4-1983, 
paragraph 3.2.2. The intent is to select initial conditions that will 
maximize the stored energy in the reactor primary and secondary coolant 
systems and thus contribute to a conservatively high peak pressure in the 
subsequent containment analysis.  

INITIAL CONDITIONS 

PARAMETER AIlS GUIDANCE LICENSEE SELECTION 

Core power level k Licensed power Level plus an Nominal + 2% (i.e., 3479.22 Nwt) 
uncertainty allowance (e.g.. 102%) 

Core inlet temperature x normal operating temperature for Nominal * 4* 
the selected power Level plus 
upward adjustment for 
uncertainties.  

IeS pressure Z normal operating pressure for Nominal + 60 pai uncertainty 
the selected power level plus atlowance.  
allowance for uncertainties.  

RCS flow No guidance High design flow rate plus 2.2% 
uncertainty.  

S/G pressure Z norml operating pressure plus S/G pressure will be determined 
uncertainty allowance, by RELAP initialization control 

for power level and Tavg.  

Pressurizer Level m maxium.normsL operating Level Nominal + 9%.  
plus uncertainty allowance.  

S/G water Level Z normal level associated with 8% and 10% uncertainty allowances 
selected power level plus will be applied to the nomintl 
uncertainty allowance. Westinghouse and BWI S/Gs levels 

respectively.  

Safety injection tank pressure ormlt operating values with Based on the results of 
and water level allowances for uncertainties sensitivity studies, bounding low 

biased to produce maximu initial pressure and low Liquid 
containment pressure. volume will be used in the cold 

Leg accumJlators for all three 
break locations.  

Safety injection tank temperature Normal operating value with A bounding high temperature is 
allowance for uncertainties biased selected to maximize break flow 
to produce maxia contairment temperature and energy.  
pressure.  

Refueling water storage tank Choose ECCS flows and delay times A boumnding low RIST inventory is 
(RWST) Liquid volume in accordance with single-failure selected to minimize the heat 

criteria to produce highest peak sink effect of the a Large volume 
contairment pressure. of cold water and to delay 

reci rculation swi tchover.  

Main feedwater temperature No guidance. A high MFW temperature is assumed 
in order to maximize the heat 
source effect of the S/G.  

The licensee's criteria for selection of initial conditions are conservatively 
selected and thus consistent with the acceptance criteria of Standard Review 
Plan Section 6.2.1.3.
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3.3 BOUNDARY CONDITIONS - ENERGY SOURCES AND ASSOCIATED ASSUMPTIONS 

The energy released into a containment by a pipe break is that energy that is 
(a) initially contained in the primary and secondary coolant systems fluids 
and the metal components of the system boundaries and the sensible heat stored 
in the core, plus (b) that additional energy that is produced and released 
subsequent to the break as a result of continued fission, fission product and 
actinide decay and metal-water reaction. This section describes how the 
energy sources are accounted-for in the analysis.  

3.3.1 ENERGY SOURCES 

The initial conditions described above serve to maximize the stored energy 
initially present at the time of the break. In addition, the following 
assumptions are used to conservatively maximize the results of the analysis.  

3.3.1.1 RCS AND S/G INVENTORY 

The volume of the RCS piping system is increased 1% to account for the 
increased inventory due to thermal expansion. Also, zero S/G tube plugging is 
assumed.  

3.3.1.2 RCS AND S/G METAL 

Heat structures are assumed to be in thermal equilibrium with the coolant in 
which they are in contact.  

3.3.1.3 CORE STORED ENERGY 

A core time-of-life is selected such that the combined effects of the core 
stored energy and decay heat release will provide a core stored energy release 
that bounds all future core loadings for any point in the fuel cycle.  

3.3.1.4 FISSION ENERGY 

The RELAP5 code includes a point kinetics reactor model that computes the 
immediate fission power and the power from decay or fission fragments taking 
into account moderator density, Doppler and initial boron. Either of two 
reactivity feedback methods can be implemented. One method involves a 
calculation in which the effects of rapidly changing boron are not directly 
computed but which enables boron feedback to be simulated using a control 
system.- (A RELAP control system provides the capability to evaluate 
simultaneous algebraic and ordinary differential equations to simulate control 
systems and other phenomena). The other method is to provide interpolable 
data in the form of a lookup table. The licensee's methodology utilizes the 
latter method with the data being calculated by generating a bounding 2nd 
order polynomial curve between the reactivity curve's known endpoints.  

Because a point kinetics model is not capable of calculating spatial power 
distributions, nodal reactivities are flux-weighted to obtain a single 
reactivity value for use in the point kinetics model. A bounding
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beginning-of-cycle (BOC) Bef is used for conservative moderator density 
feedback since end-of-cycle 6f would provide a non-conservatively high 
Doppler effect greater than the increased density feedback effect of a BOC 
Be f

3.1.5 FISSION PRODUCT AND ACTINIDES DECAY 

Radioactive decay of fission products and actinides is based on the 
ANSI/ANS-5.1-1979 standard with 2a uncertainty added to the mean values. This 
is an approved standard practice.  

3.3.1.6 METAL-WATER REACTION RATE 

Heat resulting from exothermic metal-water reaction is considered. Although 
RELAP includes a zirconium-water reaction modeling capability, its use 
requires detailed thermal-hydraulic modeling of the core. The licensee has 
elected to using a simplified model that conservatively bounds the expected 
reaction. The total amount of clad reaction is assumed to be 1% of the amount 
that would be generated due to reaction of all of the cladding in the active 
region of all of the fuel rods. The metal-water reaction is assumed to begin 
when the PCT exceeds 1800" F (-65 seconds based on FSAR information) and 
follows a parabolic rate for approximately 200 seconds. The hydrogen 
generated by the reaction is added to the containment atmosphere as a non
condensible gas.  

The above methodology provides a conservative consideration of metal-water 
reaction rate.  

3.3.2 ASSUMPTIONS 

3.3.2.1 LIMITING SINGLE FAILURE 

It is assumed that loss of one train of ESF systems at the beginning of the 
accident is the limiting single-failure for LBLOCAs and that the resultant 
effect on maximum peak containment pressure is more severe than for the case 
of no equipment failures. This assumption is based on the knowledge that peak 
containment pressure for an LBLOCA occurs relatively late when decay heat is 
the primary heat source and ESF core cooling and containment spray are in use 
as heat removal systems. The staff acknowledges that the licensee's 
assumption is appropriate and that other potential single-failure scenarios 
need not be individually analyzed.  

3.3.2.2 SELECTION OF BROKEN LOOP 

The licensee models the break to occur in the loop containing the pressurizer.  
However, since peak pressure occurs in the long-term, post-reflood period, 
peak pressure results are not sensitive to the broken loop selection.  

3.3.2.3 EMERGENCY CORE COOLING SYSTEM INJECTION FLOW 

Initiation time for ECCS is assumed to be consistent with the Technical 
Specifications delay time. No spilling of injection flow from the break is 
assumed for the hot leg break and RCP suction break cases. ECCS injection
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flow spillage is accounted for in the discharge line break flow analyses. To maximize break flow energy, a high value is selected for ECCS suction 
temperature during injection.  

3.3.2.4 RWST DEPLETION & ECCS SWITCHOVER 

The available RWST inventory is minimized. Net flow from the RWST is tracked 
and switchover (manual action) to recirculation initiated when the RWST level 
has decreased to a minimum volume corresponding to the low level alarm 
setpoint. RHR suction is switched first, then the intermediate and high head 
safety injection pumps. At 50 minutes, RHR flow will be diverted to the 
auxiliary spray header. Operator actions and delay times for pump 
realignments are accounted for with conservative allowances.  

3.3.2.5 RCP TRIP 

RCPs are assumed to trip simultaneously with the main turbine and loss of 
offsite power.  

3.3.2.6 RCP TWO-PHASE MULTIPLIERS 

The RELAP pump component model adds a pump head rise to the mixture momentum 
equation. To account for degradation due to two-phase flow when void 
fractions are such that little head is developed, homologous difference curves 
are provided. Appropriate curves for the Catawba and McGuire RCPs, based on 
experimental data, are included in RELAP5 and used in the analyses. For 
two-phase flow with void fractions where the pumps are able to develop head, 
multipliers based on void fraction are applied.  

3.3.2.7 S/G POST-TRIP LEVEL CONTROL 

Main feedwater flow is assumed to continue until the feedwater isolation 
valves close. Post-trip S/G level is then controlled by auxiliary feedwater 
(AFW) flow under manual control simulated by a RELAP5 control system.  

3.3.2.8 AUXILIARY FEEDWATER FLOWRATES AND TEMPERATURE 

AFW temperature is conservatively maximized for increased primary to secondary 
heat transfer. One of the motor-driven AFW pumps is unavailable due to loss 
of one ESF train. The Technical Specifications (TS) value for startup and 
loading of the available diesel generator is assumed for the delay in 
availability of the available diesel generator.  

3.3.2.9 POST-TRIP S/G PRESSURE CONTROL 

MSIVs and main steam PORVs are assumed to close on the containment high-high 
pressure signal resulting from the LBLOCAs. Operator action is assumed for 
any subsequent main steam PORV operation to reduce S/G pressure.  

3.3.2.10 COLD LEG ACCUMULATOR NITROGEN 

Nitrogen used to pressurize the safety injection accumulators is assumed to be 
discharged into the RCS cold legs and subsequently into the containment.
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3.3.2.11 CONTAINMENT BACKPRESSURE 

Containment backpressure affects mass and energy release rates during the 
reflood and post-reflood phases (Ref.: ANS-56.4-1983, paragraph 3.2.4.6.1).  
However, the RELAP code used for the mass and energy release analysis is not 
coupled to the GOTHIC code used for the containment pressure analysis.  
Accordingly, the analysts must provide GOTHIC output to RELAP in an iterative 
manner. Conservatively high back pressures are used.  

3.3.2.12 REFILL ASSUMPTION 

A realistic refill time (i.e., 20 seconds) will be assumed in lieu of the 
standard zero refill time assumption. As discussed in the licensee's 
May 15, 1995 reply to the staff's Request for Additional Information 
Question #6, this assumption has a minor impact on long-term containment 
response.  

3.3.3 COLD LEG RECIRCULATION BOUNDARY CONDITIONS 

See 3.3.2.4 for assumptions regarding pump realignments for ECCS suction 
switchover.  

The temperature of the ECCS injection fluid following switchover is dependent 
on several factors, one of which is the sump temperature. Since sump 
temperature is computed by GOTHIC and not by RELAP, it must be obtained 
through a GOTHIC/RELAP iterative process.  

3.4 RESULTS OF MASS AND ENERGY RELEASE ANALYSES 

Various break locations were analyzed for Catawba Unit 2 (Westinghouse 
preheater S/G) and for Catawba Unit 1 (BWI feedring S/G). The results show 
that for each unit, the cold leg RCP discharge leg break case generates the 
highest total integrated break vapor mass and energy release. The BWI 
feedring S/G is more limiting than the Westinghouse preheater S/G apparently 
due to the larger secondary-to-primary heat transfer surface area of the BWI 
S/G.  

Of the postulated RCS break locations, the hot leg break has the least vent 
path-resistance. As a result, that break path results in the highest blowdown 
mass and energy release rates. However, following blowdown, the pump suction 
line break has a greater energy release rate due to the fact that the coolant 
picks up additional heat from an S/G. Much later (at 3000 seconds for Catawba 
Unit 2, 1800 seconds for Catawba Unit 1), during recirculation, the mass and 
energy release rates of the cold leg RCP discharge break exceed those of the 
RCP suction and the hot leg breaks due to ECCS spillage. As a result of these 
characteristics and of the heat removal capability of the containment cooling 
systems, the RCP discharge leg break produces the limiting LBLOCA peak 
pressure.  

3.5 HOT LEG RECIRCULATION ALIGNMENT 

In a typical LBLOCA scenario ECCS flow is realigned for hot leg injection 
after 4 to 24 hours of cold leg recirculation. This is done in order to
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minimize boron concentration in the core region. Using the RELAP5 model, the 
licensee has analyzed the potential effects on containment mass and energy 
input of "early" or "accelerated" recirculation realignment for hot leg 
injection. It was found that this could result in a significant reduction of 
vapor mass and energy release with resultant lower peak containment pressures.  
Further modifications to plant systems and procedures would be required to 
implement this feature.  

4.0 STEAM LINE BREAK MASS AND ENERGY RELEASE ANALYSES 

4.1 OVERVIEW 

With feedwater flow and unaffected S/Gs promptly isolated, steam line break 
mass and energy releases are considerably less than that of the limiting LOCA.  
However, since the blowdown fluid is superheated, the lower containment 
temperature response must be examined to ensure that environmental 
qualification limits for safety-related equipment are not exceeded.  

The steamline break mass and energy releases are analyzed for both the BWI 
feedring S/Gs and Westinghouse preheater S/G. For the Westinghouse preheater 
S/Gs, the analyses encompass both the Catawba Unit 2 S/G design which differs 
from the replacement S/Gs and the replacement S/G design. The Catawba Unit 2 preheater S/G has taller U-tubes and thus uncovers earlier and thus provides a 
more limiting temperature response.  

4.2 THERMAL-HYDRAULIC ANALYSIS 

A discussion of the licensee's RETRAN base model is provided in 2.2 above.  
Modifications to the base model are described below.  

4.2.1 MODIFICATIONS TO THE BASE MODEL - BWI FEEDRING S/G 

The base model is modified for the BWI feedring S/G analyses as follows: 

The [ 
] to minimize heat transfer oscillations seen when a small 

feedwater flow is added to an essentially dry S/G, and 

The riser walls and primary deck, which are ( 
] to more 

accurately model the heat transfer to this metal following tube 
bundle uncovery, and 

To reduce code errors, the elevation of [ 

] subvolume.  

4.2.2 MODIFICATIONS TO THE BASE MODEL - WESTINGHOUSE S/G 

The [ I 
control volumes to minimize heat transfer oscillations seen when a small AFW 
flow is added to an essentially dry S/G.
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The [ ] volumes to more accurately 
model tube bundle uncovery.  

The [ ] to enhance code 
predictions of the two phase flow that occurs during the transient. (The 
RETRAN-02 equations describe homogenous equilibrium flow. The dynamic slip 
model provides a means to model phase separation.) 

A conductor is added to model the [ ].  

The elevation of the [ 

4.2.3 BREAK MODELING 

The main steam line is modeled as [ 
] for the turbine. The 

break model uses the Moody critical flow model which is appropriate for 
saturated and two-phase upstream flow conditions.  

Break sizes of 0.4 ft.2 , 0.6 ft. 2 , 0.86 ft. 2 , 1.1 ft. 2, and 2.4 ft. 2 were 

analyzed.  

4.3 INITIAL CONDITIONS 

Initial conditions specified in the RETRAN models for MSLB mass and energy 
analyses are selected to maximize the energy/superheat of the break fluid. A 
discussion of the initial conditions is provided below.  

4.3.1 CORE POWER 

Initial core power is selected to maximize the S/G primary fluid inlet 
temperature. Because the plants operate with a constant cold leg temperature 
program, the inlet/hot-leg temperature rises with power. With a 2% 
measurement uncertainty the initial power level is 3411 x 102% - 3479.2 Mwt.  
A hot zero power break is not analyzed as the higher S/G inventory and lower 
hot leg temperature would result in reduced break flow enthalpy.  

4.3.2 RCS TEMPERATURE 

An initial RCS temperature corresponding to 102% power plus 4 F for 
measurement uncertainty is selected.  

4.3.3 RCS PRESSURE 

The analyses are initializedwith a pressurizer pressure at the nominal 
102% power value plus an allowance of +60 psi. These are conservative 
analytical assumptions since higher pressure reduces safety injection flow and 
thus minimizes S/G inlet temperature resulting in an increased break flow.
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4.3.4 PRESSURIZER LEVEL 

The pressurizer is assumed to have an initial level corresponding to 100% 
power plus 9%. The additional inventory mixes with the hot leg inventory and 
increases S/G inlet temperature.  

4.3.5 RCS FLOW RATE 

A high primary loop flow rate, 420,000 gpm, is assumed to maximize primary to 
secondary heat transfer in the S/G.  

4.3.6 MIXING IN THE RPV 

The return flow from the four cold legs is assumed to [ 

4.3.7 S/G INVENTORY 

Initial S/G inventory is minimized at nominal level minus 8%. The reduced 
inventory assumption provides earlier tube uncovery which in turn increases 
break flow enthalpy.  

4.3.8 S/G TUBE PLUGGING 

No tube plugging is assumed. This provides increased heat transfer surface 
area which, in turn, provides increased break flow enthalpy.  

4.4 BOUNDARY CONDITIONS AND RELATED ASSUMPTIONS 

This section discusses the boundary conditions and related assumptions for the 
MSLB mass and energy release analyses. Each item below discusses an 
individual mass and/or energy source that contributes to or subtracts from the 
net break flow mass and energy release seen by the containment atmosphere.  

4.4.1 RCS PRIMARY SYSTEM WATER AND METAL 

The volume of the RCS is assumed to be the calculated cold volume plus a 1% 
allowance for thermal expansion due to heatup from the cold condition. No 
tube plugging is assumed.  

The metal components in contact with the primary coolant are modeled as heat 
conductors initially in equilibrium with the primary coolant and with a 
constant temperature distribution across each conductor to maximize the stored 
energy.  

4.4.2 SECONDARY SYSTEM WATER AND METAL 

The volume of the secondary system has not been increased to account for 
thermal expansion, but the main feedwater flow and initial S/G inventory are 
selected to ensure a conservative calculation.
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The metal components in contact with the secondary coolant are modeled as heat 
conductors initially in equilibrium with the coolant and with a constant 
temperature distribution across each conductor to maximize the stored energy.  
Zero tube plugging is assumed.  

4.4.3 CORE STORED ENERGY 

Core stored energy is based on end-of-cycle fuel parameters. This is non
conservative with respect to the sensible heat, however, EOC conditions 
provide increased decay heat and a greater return to power. The overall 
effect of the EOC assumption is thus conservative.  

4.4.4 FISSION HEAT INPUT 

Fission heat input is calculated using the RETRAN built-in point kinetics 
model. The option employed uses one prompt neutron group, six delayed neutron 
groups, eleven gamma emitters, plus U-239 and Np-239. A low effective delayed 
neutron fraction and prompt neutron lifetime are selected to maximize the 
reactivity addition rate. [ 

] This provides 
conservatively high feedback effects.  

The control rods, with the exception of the most negative rod, are assumed to 
insert at the time of reactor trip and make the core subcritical by the 
shutdown margin specified in the Technical Specifications (TS).  

Initial boron concentration is assumed to be zero, consistent with the assumed 
EOC condition. The negative reactivity insertion due to boron injection is 
modeled by computing the average boron concentration in the [ ] and 
multiplying the concentration by boron worth to give the reactivity.  

4.4.5 DECAY HEAT INPUT 

The ANSI/ANS-5.1-1979 decay heat values for EOC conditions are used with a +2a 
uncertainty.  

4.4.6 ROD CONTROL 

No rod motion is assumed to occur prior to reactor trip.  

4.4.7 SAFETY INJECTION 

Safety injection initiates on a containment high pressure trip. The delay 
associated with emergency bus load sequencing is accounted for. Flow is 
computed to reflect the changing RCS pressure. Pump characteristics account 
for degradation in the head-flow performance with time. A single train is 
assumed to operate. This conservatively minimizes the injection flow. No 
credit for boron is taken in the initial injection flow until the piping is 
purged of unborated water.
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The RETRAN boron transport model is used in the analysis (See 4.4.4). RWST boron concentration is assumed to be at the TS lower limit minus 1% 
measurement allowance.  

4.4.8 REACTOR TRIP AND MSL ISOLATION 

The safety injection signal resulting from containment high pressure provides a reactor trip signal with a 2-second response time. MSL isolation occurs as a result of the containment high-high pressure signal. The modeling is based on use of setpoint limits specified in the TS. A range of reactor trip delays is analyzed for sensitivity effects to investigate the competing effects of late reactor trip (which provides additional fission heat) and early MSIV isolation (which provides earlier S/G tube uncovery).  

4.4.9 MAIN FEEDWATER 

Main feedwater flow is assumed to remain at its initial flow rate until reactor trip at which time the flow is quickly isolated. These assumptions 
minimize the time to tube bundle uncovery.  

4.4.10 AUXILIARY FEEDWATER 

AFW is initiated by the safety injection signal from the reactor trip on high containment pressure. A relatively long (i.e., 60-sec.) delay time is assumed in order to speed tube bundle uncovery of the faulted S/G. All three AFW pumps are assumed to deliver flow to all four S/Gs in order to maximize the available mass. Sensitivity studies were performed to investigate the effects of AFW flow. A conservatively high AFW temperature is assumed.  

4.4.11 OFFSITE POWER ASSUMPTION 

Offsite power is assumed to remain available. This enables the RCPs to continue operating and thereby maximize primary to secondary heat transfer.  

4.5 RESULTS 

Mass and energy release data were computed for the various break sizes. The sensitivity studies confirmed that an assumption of maximum AFW flow is conservative, and that the benefits of early trip-isolation outweigh the penalty of the associated delay in tube bundle uncovery.  

The data were input to GOTHIC in tabular form as boundary conditions for containment analyses. The GOTHIC results are described in Section 6.0 of this 
report.  

5.0 LARGE-BREAK LOCA CONTAINMENT ANALYSES 

5.1 OVERVIEW 

The results of the RELAP mass and energy release analyses discussed in Section 3 were input to GOTHIC to determine the long-term containment response. The break flow consists of a steam portion which passes through the ice condenser and melts ice, and a liquid portion which enters the containment

I --
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sump. An LBLOCA typically has two associated peak pressures, a short-term 
peak occurring during blowdown, the magnitude of which is primarily affected 
by blowdown rate, and a later and greater peak, following ice meltout, which 
is more sensitive to the timing of ice meltout. It is the latter peak that is 
the primary subject of a longterm analysis. The highest peak containment 
pressure associated with any LBLOCA establishes "P " a parameter defined in 10 
CFR 50, Appendix J, for containment leakage testing. During the initial 
design phase of a facility an estimated P. is used for purposes of containment 
design and a 20% margin is applied (Ref.: SRP 6.2.1.1). During the 
operational phase of the plant P is recalculated as necessary to reflect 
modifications to the facility. P. must be less than the containment design 
pressure.  

Section 2.3 provided a description of the GOTHIC code and the simulation model 

including initial and boundary conditions.  

5.2/5.3 INITIAL AND BOUNDARY CONDITIONS 

See Section 2.3.2 

5.4 RESULTS OF GOTHIC LBLOCA ANALYSES 

In the FSAR licensing analyses, the limiting peak containment pressures were 
the results of double-ended pump suction breaks.  

PEAK PRESSURE 
CATAWBA 14.05 psig @ 7308 sec 
McGUIRE 14.07 psig'@ 6454 sec 

For the new analyses the pump discharge break is the limiting case and has the.  
following results: 

PEAK PRESSURE 
CATAWBA-1 (BWI S/G) 11.77 psig @ 5600 sec 
CATAWBA-2 (W S/G) 10.29 psig @ 6800 sec 

5.6 MINIMUM CONTAINMENT PRESSURE ANALYSIS 

Containment pressure has a positive effect on ECCS reflood performance. For 
this reason, a conservative minimum containment pressure is calculated and 
used in the Appendix K analysis. The licensee indicates, in the May 15, 1995 
letter, that GOTHIC will be used to revise the minimum containment pressure 
assumption in Appendix K analyses. To ensure a conservative minimum pressure 
calculation.key analytical assumptions for containment volume, initial 
pressure and temperature, ice inventory, spray flowrate, service water 
temperature, spray initiation, bypass leakage, heat sink data, and ice 
condenser drain droplet size would be changed from those used in the current 
FSAR analysis and the peak pressure analyses. The changes are consistent with 
the guidance of ANS 56.4-1983, Para. 4.3.3 for secondary containment analyses 
and minimum pressure analyses.
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6.0 STEAM LINE BREAK CONTAINMENT ANALYSIS 

6.1 OVERVIEW 

For some facilities, a steam line break may produce the limiting peak accident pressure. However, for ice condenser facilities a LBLOCA is limiting for pressure and steam line breaks are examined for the purpose of defining a bounding temperature profile for use in the design and qualification of systems, structures and components in the lower containment. Steam line breaks produce higher temperatures in the lower containment than LOCAs due to superheating of the break flow. Whereas, the LOCA peak pressure is sensitive to total ice mass, the MSLB temperature is sensitive to ice condenser beat transfer rate. The latter effect is due to the cooling effect of ice condenser drain flow to the lower compartment.  

As noted in 2.3, GOTHIC is derived of the COBRA-NC code. COBRA-NC has previously been used for a three-dimensional analysis of a MSLB at Catawba.  This analysis is described in WCAP-10g88P. That analysis was in turn applied to Watts Bar (Ref.: Watts Bar SER Supplement 7). The licensee compared the GOTHIC analyses with the COBRA-NC analyses and found the temperature predictions to be in good agreement (Ref.: Discussion provided in May 15, 1995 letter responding to staff questions).  

6.2 CONTAINMENT MODEL MODIFICATIONS 

Section 2.3.2 described the [ ] GOTHIC nodalization for the lower containment for LOCA analyses. However, for the MSLB analyses nodalization is enhanced to model jetting effects.  

6.3 INITIAL CONDITIONS 

6.3.1 INITIAL BUILDING PRESSURE 

A conservatively high initial building pressure of 0.3 psig is assumed.  

6.3.2 INITIAL BUILDING TEMPERATURE 

Initial temperatures of 1200 F in the lower compartment and 100' F in the upper compartment are assumed. These values are consistent with TSs 
limitations.  

6.3.3 ICE CONDENSER DRAIN FLOW 

Ice condenser drain droplet discharge into the lower compartment is assumed to be [ 

] The GOTHIC model accounts for the fact that the ice drains in the ice compartment must build up a certain head to initiate flow into the lower compartment.
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6.4 BOUNDARY CONDITIONS 

Because there is no liquid in the break flow, the break flow mass and energy 
is input to GOTHIC as a single boundary condition. Pressure and flow from the 
RETRAN analyses are input in tabular form.  

6.5 RESULTS 

The peak temperature reached in the break compartment is 313" F for a 2.4 ft. 2 

break. The peak pressure is only about 1 psig. The analyses demonstrate that 
the EQ temperature limit of 340" F is not exceeded.  

7.0 SUMMARY AND CONCLUSIONS 

DPC-NE-3004-P describes the Duke Power Company's methodology for simulating 
the mass and energy releases and containment response to LOCAs and MSLBs for 
the McGuire and Catawba facilities. The analyses encompass both the current 
and future S/G installations. The staff found that the licensee's proposed 
analytical methodology (a) utilizes conservative initial plant conditions, 
(b) accounts for all significant heat sources and heat sinks, (c) utilizes 
conservative heat transfer coefficients and correlations, (d) encompasses a 
complete spectrum of break sizes and locations, (e) encompasses postulated 
single failures of mitigating equipment, (f) utilizes well-known, well
maintained thermal-hydraulic computer codes having a strong user-base, and 
(g) utilizes conservative modelling techniques (e.g., nodalization, break flow 
modelling, ESF pump performance characteristics, operator action credits).  
The experimental data from the ICTF provided input information needed for 
GOTHIC to properly calculate long-term ice condenser performance.  

The staff has therefore concluded that the DPC-NE-3004-P analytical 
methodology is acceptable for use in predicting Catawba and McGuire 
containment pressure and temperature responses to design basis accidents.  

Principal Contributor: W. Long

Date: September 6, 1995
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Abstract

This report describes the Duke Power Company methodology for simulating the mass and energy 
release from high energy line breaks and the resulting containment response. The report is 
applicable to the McGuire and Catawba Nuclear Stations. The mass and energy release resulting 

from LOCAs is simulated with the RELAP5/MOD3.1 DUKE computer code for a spectrum of 
break locations. The mass and energy release resulting from steam line breaks is simulated with 
the RETRAN-02 MOD5.1DKE code for a spectrum of break sizes. The ice condenser 

containment response is simulated with the GOTHIC4.0/DUKE code. The ice condenser model 
is validated with heat transfer data obtained from testing conducted at the Hanford Reservation 

by Battelle NW Laboratory. The methodology includes models for both the current 
Westinghouse steam generators and the future BWI steam generators. These methods will be 
used to replace the licensing basis analyses in the UFSARs, and to demonstrate that the 

containment peak pressure and temperature limits are not exceeded.
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1. INTRODUCTION

This report describes the methodologies to be used by Duke Power Company to simulate the 

mass and energy release from high-energy line breaks, and the resulting containment pressure 

and temperature responses. The analyses are applicable to the McGuire and Catawba Nuclear 

Stations (MNS and CNS), which are 3411 MWth pressurized water reactors of the Westinghouse 

design. The MNS and CNS are of the ice condenser containment design. This design uses a 

large mass of ice stored within the containment building to absorb the energy released from high

energy line breaks, thereby limiting the peak pressure and temperature in the containment 

building to within design limits.  

Chapter 6.2 of the McGuire and Catawba UFSARs (References 1-1 and 1-2) describe the current 

NRC-approved methods for simulating the mass and energy releases and the resulting 

containment responses for loss-of-coolant accidents (LOCAs) and steam line breaks (SLBs).  

LOCAs and SLBs bound the spectrum of pipe break events for both pressure and temperature in 

the McGuire and Catawba ice condenser containments. Peak containment pressures resulting 

from small-break LOCAs (SBLOCAs) and SLBs are bounded by large-break LOCAs 

(LBLOCAs), and therefore only LBLOCAs are analyzed for peak containment pressure in the 

UFSAR or in this report. LBLOCAs can occur in any of the three pipe sections, hot leg, cold leg 

pump suction, and cold leg pump discharge. Analyses were performed to determine the limiting 

LBLOCA break location. The limiting peak containment temperature event is a SLB, but not 

necessarily the largest break size, and so a spectrum of break sizes was analyzed to determine the 

limiting case. Feedwater line breaks are bounded by SLBs, therefore feedwater line breaks are 

not analyzed in the UFSAR or in this report.  

Two types of containment analyses presented in the UFSAR are not reanalyzed using the 

methodology described in this report. The first type is the short-term or blowdown peak 

containment pressure analysis following a LOCA or SLB, including subcompartment 

pressurization analyses. These analyses simulate the compression of the initial air mass in 

containment immediately following the pipe rupture and lasting seconds. The UFSAR 

containment response analysis of this phase of the LOCA response was validated and 

benchmarked to the Waltz Mill scaled facility test program. As detailed in the UFSAR, the 

Waltz Mill tests were conducted over a range of scaled blowdown mass and energy releases up to 

200% of the maximum full power blowdown release rate, and 220% of the maximum total 

energy release. The results of the test program and the full scale analyses benchmarked to the 

test results showed that the short-term blowdown pressurization of the ice condenser containment
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was non-limiting relative to the pressure peak that results after the ice inventory has melted. For 
all expected operating conditions, the blowdown peak remained well below the peak design 
pressure of 15 psig. At present there are no issues relative to the short-term LOCA or SLB 
blowdown pressure response that require revising the UFSAR analysis, and so no new 
methodology is presented in this report. The second type of UFSAR containment analysis that is 
not reanalyzed in this report is the peak reverse differential pressure analysis. Similar to the 
blowdown peak pressure analysis, there are presently no issues relative to the peak reverse 
differential pressure analysis, and so no new methodology is presented in this report.  

The main focus of this report is upgraded methodologies for the long-term LOCA mass and 
energy release and containment response. The mass and energy release is simulated with the 
RELAP5/MOD3.1DUKE code, which is a Duke Power version of the RELAP5/MOD3.1 code 
(Reference 1-3) with specific error corrections. The ice condenser containment response is 
simulated with the GOTHIC4.0/DUKE code, which is a Duke Power version of the Electric 
Power Research Institute GOTHIC4.0 code (Reference 1-4), with minor coding changes and 
error corrections. The GOTHIC code has been benchmarked by Duke Power to scaled ice 
condenser heat transfer tests conducted by Battelle NW Laboratories at the Hanford Reservation.  
Both of these codes provide improvements in simulation relative to the codes used for the 
existing UFSAR analyses. With the significant increase in computing power afforded by modem 
engineering workstation technology, more detailed modeling and accuracy can be achieved with 
the methodologies described in this report.  

Replacement methodology for simulating the mass and energy release following SLBs is also 
presented in this report. This analysis is performed with the RETRAN-02 MOD5.1DKE code, 
which is a Duke Power version of the RETRAN-02 MOD5.1 code (Reference 1-5) from the 
Electric Power Research Institute. This code version has received an SER from the NRC 
(Reference 1-6). The steam line break analysis methodology is very similar to that described in 
the NRC-approved Duke Power topical report DPC-NE-3001-PA (Reference 1-7). That report 
describes the modeling changes and assumptions necessary to conservatively model the SLB core 
response. Those approved models have been revised to enable conservative modeling of the SLB 
mass and energy release. The SLB containment response is modeled with the 

GOTHIC4.0/DUKE code.  

The upgrade in the simulation codes and models enables revisiting the design requirements on 
the engineered safeguards systems that actuate to mitigate a loss of primary or secondary coolant 
and the mass and energy release into the containment. The systems of interest are the Emergency
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Core Cooling Systems, the Auxiliary Feedwater System, the Containment Spray Systems, the 

Containment Air Return Fan System, the Component Cooling Water System, the Nuclear Service 

Water System, and the ice condenser and containment. The modeling of the actuation, 

alignment, and automatic or manual control of these systems is described in the report. Potential 

revisions to the Technical Specification limiting conditions for operation, and the control and 

operation of these systems in the station emergency operating procedures will be based on 

analyses using the methods described in this report.  

Chapter 2 describes the three computer codes comprising the methodology, the simulation 

models, and validation of the code and models. Chapter 3 describes the mass and energy release 

methods, assumptions, and results for LOCA using RELAP5MOD3. Chapter 4 describes the 

mass and energy release assumptions and results for steam line breaks using RETRAN-02.  

Chapter 5 describes the LOCA containment response assumptions and results using GOTHIC.  

Chapter 6 describes the SLB containment response assumptions and results using GOTHIC.  

Chapter 7 provides a brief summary.  

The guidance provided in the Standard Review Plan Section 6.2 (Reference 1-8), Regulatory 

Guide 1.89 (Reference 1-9), and ANSI/ANS-56.4-1983 (Reference 1-10) was considered in the 

development of the methodology in this report. It is noted that the ice condenser containment 

design is not thoroughly addressed by these references.  

Reference 1-11 described the Duke Power methodology for analyzing the mass and energy 

releases and containment responses for a B&W design PWR with a dry containment design.  

That methodology is similar in that a version of the RELAP5 code, a sister code 

(FATHOMS/DUKE) to the GOTHIC code, and the RETRAN-02 code are the main components 

of the methodology. This report builds on that work and extends the methodology to the 

Westinghouse NSSS with an ice condenser containment design.  

Appendix A describes a revision to the GOTHIC simulation model for finer nodalization detail 

within the ice condenser region. This increased detail allows the modeling of various regions 

within the ice condenser with different initial ice weights. There are no changes to the basic 

thermal-hydraulic behavior of the model which are introduced by the increased detail within the 

ice condenser region.
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2. COMPUTER CODES

2.1 RELAP5/MOD3.1 DUKE - Primary System Mass and Energy Release 

2.1.1 Code Description 

2.1.1.1 Overview 

The RELAP5/MOD3.1 DUKE thermal-hydraulic computer code is used to calculate mass and 

energy released from the Reactor Coolant System (RCS) following both SBLOCA and 

LBLOCA. RELAP5/MOD3. I DUKE is derived from RELAP5/MOD3.1 (Reference 2-1), which 

is an advanced thermal-hydraulic computer code developed by EG&G Idaho for the Nuclear 

Regulatory Commission (NRC). The code was originally developed to provide the NRC with a 

tool for auditing licensing analyses of both SBLOCA nad LBLOCA. A summary of the quality 

assurance procedures used by EG&G Idaho for the development and maintenance of RELAP5 is 

provided in Reference 2-2. Duke Power Company has modified the RELAP5/MOD3.1 code by 

including error corrections provided by EG&G Idaho to obtain RELAP5/MOD3.1 DUKE. These 

error corrections are described below.  

The RELAP5/MOD3.1 DUKE code can be used to simulate the steady-state and transient 

behavior of any general hydraulic system that may contain a mixture of steam, water, 

noncondensible gas, or a nonvolatile solute. Analysis of a particular fluid system is performed 

by first discretizing the system into control volumes or nodes which are joined by momentum 

cells or junctions. The code solves the continuity and energy conservation equations for each 

control volume and the momentum conservation equation for each junction during a time 

advancement. Heat structures are used to model energy exchange between two hydraulically 

separate systems or between the control volume and insulated or internal heat sources.  

The RELAP5/MOD3.1DUKE hydraulic flow field model treats the liquid and steam phases as 

two separate fluids in a nonhomogeneous, nonequilibrium fashion. The continuity, momentum, 

and energy conservation equations are solved for each phase. Constitutive relationships are used 

to model interactions between phases such as interfacial drag, vapor generation, and interfacial 

mass transfer. Other empirical relationships are used to model convective heat transfer, energy 

partitioning between the liquid and vapor phases, choked flow, and two-phase wall friction.  

The code includes many generic component models from which general systems can be 

simulated. Component models include pumps, valves, pipes, heat structures, reactor point
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kinetics, electric heaters, jet pumps, turbines, separators, accumulators, trip logic, and control 
system components. In addition, special process models are included for effects such as form 
loss, flow at an abrupt area change, branching, choked flow, boron tracking, and noncondensable 

gas transport.  

The MOD3 version of RELAP5 has been developed jointly by the NRC and a consortium 
consisting of several of the countries and domestic organizations that are members of the 
International Code Assessment and Applications Program (ICAP). RELAP5 represents the 
aggregate accumulation of experience in modeling core behavior during severe accidents, 
two-phase flow process, and LWR systems. The code development has benefited from extensive 
application and comparison to experimental data in the LOFT, PBF, Semiscale, ACRR, NRU, 

and other experimental programs.  

RELAP5/MOD3 was produced by improving and extending the modeling base that was 
established with the release of RELAP5/MOD2 (References 2-3, 2-4, & 2-5). Several new 
models, and improvements to existing models have been added to RELAP5/MOD3. The new 

models include: 

the Bankoff counter-current flow limiting correlation, which is based on actual 
geometry and can be activated by the user at each junction in the system model.  
the ECCMIX component for modeling the mixing of subcooled ECCS liquid and 
the resulting interfacial condensation.  

a zirconium-water reaction model to model the exothermic energy production on 
the surface of zirconium cladding material at high temperature.  
a radiation heat transfer model with multiple radiation enclosures defined 

through user input.  

The improvements to the existing models include: 

new correlations for interfacial friction for all type of geometry in the 

bubbly-slug flow regime in vertical flow passages.  
an improved model for vapor pullthrough and liquid entrainment in horizontal 

pipes to obtain correct computation of the fluid state convected through the 

break.  

a new critical heat flux correlation for rod bundles based on tubular data.
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an improved horizontal stratification inception criterion for predicting the flow 

regime transition between horizontally stratified and dispersed flow.  

* a modified reflood heat transfer model.  

* improved vertical stratification inception logic to avoid excessive activation of 

the water packing model.  

* the extension of water packing logic to horizontal volumes.  

* the addition of a simple plastic strain model with clad burst criterion to the fuel 

mechanical model.  

* the addition of a radiation heat transfer term to the gap conductance model.  

* modifications to the noncondensable gas model to eliminate erratic code 

behavior and failure.  

• improvements to the downcomer penetration, ECCS bypass, and upper plenum 

deentrainment capabilities.  

modifications that place both the vertical stratification and water packing models 

under user control so they can be deactivated.  

2.1.1.2 Code Modifications 

Duke Power Company has modified the RELAP5/MOD3.1 code as transmitted by EG&G Idaho 

by including error corrections also provided by EG&G Idaho to obtain RELAP5/MOD3. IDUKE.  

These error corrections are described below.  

Subroutine aatl 

The code title that is written to the output file is changed from the original tile "RBIC/3.1 " to 

"RELAP5/3.1 DUKE", in order to uniquely identify the code version.  

Subroutine eccmxi 

The contact area per unit volume and area interpolation calculations performed for plug flow are 

not used to determine interfacial friction. Therefore, the appropriate portions of this subroutine 

have been commented out. Two other corrections are made to this subroutine. In each case the 

affected calculation is an inverse Reynolds number. These changes involve the addition of a set 

of brackets.  

Subroutine eccmxv 

The calculation of the minimum contact area originally used the control volume length instead of 

the control volume diameter. This coding change was required in both lines where the minimum
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interfacial contact area is calculated. The second code modification made to this subroutine 
involves the calculation of the Jacob number. This number, represented by the local variable 
ajax, had an exponential of 0.667 applied to it in two places where only one was desired. This 
modification consisted of removing the exponential from the variable ajax.  

Subroutine ht2tdp 

A file index pointer is added to statement #15. This change makes the coding consistent with 
similar coding in subroutine htltdp.  

Subroutine phantv 

Two changes are made to this subroutine to enable editing of ECCMIX flow regime numbers.  
These changes alter the program flow for ECCMIX components only, enabling the section of 
coding that generates the ECCMIX flow regime numbers.  

Subroutine pstdnb 

The position of a comma in a format statement was changed to eliminate a compilation warning.  

Subroutine statep 

A comma was added to a format statement to eliminate a compilation warning.  

2.1.2 Simulation Model 

This section provides a brief description of the simulation model utilized for the RELAP5 mass 
and energy release analyses. A nodalization diagram of the two-loop McGuire and Catawba 

RELAP5 base model is shown in Figure 2.1.2-1.  

2.1.2.1 Nodalization Overview 

The McGuire and Catawba RELAP5 model is designed primarily for use with SBLOCA and 
LBLOCA applications. Because the transient responses of these applications are dominated by 
distinctly different phenomena, the model has been designed to capture these phenomena by 
including greater levels of noding detail, and special models where required.  

For example, during a SBLOCA, break cooling alone is usually not sufficient to totally remove 
decay heat and cool the primary system. Because the steam generators must also be used, the 
ability to accurately predict primary-to-secondary heat transfer is an important consideration.
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Sustained primary-to-secondary coupling is generally no concern in plants which use 

recirculating steam generators. However, to accurately predict the interruption (and restoration) 

of heat transfer, detailed noding has been included in the steam generator U-bend region.  

The transient response of a LBLOCA is considerably different from that of a SBLOCA. The 

large pressure gradients which exist during the blowdown phase are sufficient to provide fluid 

flow rates well in excess of normal system flow rates. These flow rates will maintain tight 

coupling between the primary and secondary systems. As a consequence, the level of noding 

required in loops and steam generators are much less than is necessary for a small break. Instead, 

the emphasis for LBLOCA modeling shifts from the steam generators and loops to the reactor 

vessel. Detailed noding is necessary in the reactor vessel downcomer and core regions to track 

the quench front which progresses axially through the core during the reflood phase of the 

transient. The McGuire and Catawba base model uses I 

I core nodes to provide a reasonable representation of the core reflood phase. It should 

be noted that only one radial core region is modeled. There is no attempt in these analyses to 

model the transient response in the hot channel or hot assembly which is typical for licensing 

analyses which calculate peak cladding temperatures. This is because the primary objective of 

these analyses is to calculate the rate of mass and energy release from the RCS. Radial detail in 

the core region is not required to generate these boundary conditions.  

In Figure 2.1.2-1, this nodalization models the faulted loop as the single loop and the intact loops 

as the combined loop. In general, a two loop model can be used when the boundary conditions 

for the three intact loops are symmetric. However, when asymmetric boundary conditions for the 

intact loops are considered, more loops may be required in the simulation model. For example, I I 
sensitivity studies. A three loop model is used for these cases. The nodalization for the three 

loop model has the faulted loop as a single loop, one of the intact loops also as a single loop, and 

the remaining two intact loops are combined as the third loop.  

2.1.2.2 Reactor Vessel Downcomer 

The reactor vessel downcomer is 

This nodalization is similar to that presented in the RELAP5/MOD3 Manual (Reference 2-1) for
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the LOFT Large-Break Test L2-5 Developmental Assessment Problem. This nodalization is 

maintained when more than two loops are modeled.  

2.1.2.3 Westinghouse Preheater Steam Generator Model 

The analyses shown in this report for the Catawba Nuclear Station Unit 2 (CNS-2) with 
Westinghouse preheater steam generators ()W PSG) use a base model with Westinghouse Model 

D-5 steam generator models attached. The primary side of a Model D5 steam generator is 
composed of the inlet plenum, tubesheet, tube bundle, and outlet plenum. Primary coolant enters 
the steam generator through a nozzle connected to the hot leg piping. Coolant flows through the 
U-shaped tube bundle into the outlet plenum. A nozzle connects the outlet plenum to the pump 

suction piping.  

The secondary side of a Model D5 steam generator is comprised of a counterflow preheater 
region, tube bundle, risers, steam separators, downcomer, and steam dome. In this preheater 
design, main feedwater flow enters the middle of the region, is diverted to the bottom, and 
divides into two streams. The lower stream flows across the tube bundle to the hot leg side and 

joins recirculated flow from the downcomer. The upper stream flows across a series of baffle 
plates and upward, counter to the direction of RCS flow in the U-tubes. This stream exits the top 
of the preheater region into the upper tube bundle on the cold leg side of the tube bundle. Heat 
transferred through the tube bundle boils some of the secondary fluid, and the resulting two 
phase mixture passes through the risers to the primary and secondary steam separators. In the 
separators the steam is dried before entering the steam dome and passing through the outlet 
nozzle to the steam line. The separated liquid collects in the downcomer where it returns to the 

tube bundle.  

2.1.2.4 BWI Feedring Steam Generator Model 

The analyses shown in this report for McGuire Nuclear Station Units I & 2 (MNS-1 & MNS-2) 

and Catawba Nuclear Station Unit 1 (CNS-1) use a base model with BWI feedring steam 
generator (BWI FSG) models attached. The primary side of a BWI FSG is composed of the inlet 
plenum, tubesheet, tube bundle, and outlet plenum. Primary coolant enters the steam generator 

through a nozzle connected to the hot leg piping. Coolant flows through the U-shaped tube 

bundle into the outlet plenum. A nozzle connects the outlet plenum to the pump suction piping.
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The secondary side of a BWI FSG is comprised of a main feedwater inlet header, downcomer, 

tube bundle, risers, steam separators, and steam dome. In this steam generator design, main 

feedwater flow enters a feedring located in the upper shell region. Feedwater flow is directed 

downward into the annular lower downcomer region, by passing through 32 J-tubes, where it 

mixes with liquid recirculated from the primary and secondary separators. The combined flow 

streams enter both sides of the tube bundle region just above the tubesheet. Heat transferred 

through the tube bundle boils some of the secondary fluid, and the resulting two phase mixture 

passes through the risers to the primary and secondary steam separators. In the separators the 

steam is dried before entering the steam dome and passing through the outlet nozzle to the steam 

line. The separated liquid collects in the downcomer where it retums to the tube bundle.  

2.1.3 Validation of Code and Model 

In order to properly simulate the transient response of a reactor system to a LOCA, it is necessary 

to represent the thermal-hydraulic processes which occur during the transient. The RELAP5 

code provides the generic tool which is used to model these processes. Furthermore, the code 

user must provide geometric and component input which describes the reactor system of interest.  

The McGuire and Catawba RELAP5 model satisfies this requirement. Finally, the code user 

must ensure that both the code and the model have been properly validated before the results of 

any transient simulation should be considered valid. This section summaries the validation 

efforts completed to date for both the RELAP5 code and the McGuire and Catawba RELAP5 

model.  

Code Validation 

Efforts have been underway to validate the RELAP5 family of computer codes since the 

inception of the code. The code has been used extensively by the code developers for both pre

test and post-test predictions of the Semiscale and LOFT experiments. RELAP5 validation of 

MOD2 was also the primary impetus of the International Code Assessment Program (ICAP) 

which lead to the creation of RELAP5/MOD3. Because the various efforts performed thus far to 

validate the RELAP5/MOD3 code are generally well recognized, a summary of these activities is 

not provided in this document.
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Model Validation 

The RELAP5 code has been used by Duke Power Company since 1985. The initial RELAP5 

efforts focused on developing and testing a RELAP5 model of the Oconee Nuclear Station 

(ONS). This model has since been applied to numerous LOCA and non-LOCA transient 
simulations in support of emergency procedure development and simulator validation. The most 
recent application of the Oconee RELAP5 model is the mass and energy release simulations 
described the topical report DPC-NE-3003-P (Reference 2-6). Subsequent RELAP5 efforts 

focused on the development and testing of a RELAP5 model for the MNS and CNS. The 
application of the McGuire and Catawba RELAP5 model to mass and energy release simulations 

is described in this document.  

Validation of the McGuire and Catawba RELAP5 model is necessary to ensure that the mass and 
energy predictions described in this document are correct. Ideally, the model should be validated 
against LOCA test data from a full scale prototypical experimental facility, or from an actual 

LOCA, since the model is being used to simulate LOCA transients. Realistically, data of this 
nature does not exist, so it is impossible to validate the McGuire and Catawba model against 
similar LOCA transients. Data are, however, available from operational transients. There also 

exist licensing basis LBLOCA analysis performed for the MNS and CNS. These transients 
therefore provide the only realistic way to validate the McGuire and Catawba RELAP5 model.  

Several formal and informal benchmark analyses have been performed to validate the McGuire 
and Catawba model. Four of the formal benchmarks validate features of the model which are 
most applicable to the LOCA simulations. These benchmarks are discussed briefly in this 

section to provide an overview of the validation efforts performed to date on the McGuire and 

Catawba RELAP5 model.  

The first benchmark of interest compares predictions from the McGuire and Catawba RELAP5 
model to reactor coolant pump (RCP) coastdown data obtained during hot zero power startup 

tests. The intent of this benchmark is to validate the single phase reactor coolant pump model 

and to evaluate the single phase loop hydraulic losses. Following a LOCA, the RCPs are 
generally tripped shortly after losing subcooling. Even if they are left running in a saturated 
system, pump performance degrades considerably from the single phase performance. Thus the 

validation efforts of the pump model are marginally applicable to the LOCA simulations. The 
loop hydraulic losses do, however, have a significant impact on the predicted flow rates around 
the loop. These losses are particularly important during a LBLOCA since flow velocities are
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generally several times the normal velocity during the blowdown phase. Favorable comparisons 

between test data and the McGuire and Catawba RELAP5 model results indicate that the loop 

hydraulic losses are consistent.  

The second benchmark of interest compares predictions from the McGuire and Catawba 

RELAP5 model to plant transient data from the loss of offsite power event at MNS- I on August 

21, 1984. The intent of this benchmark is to evaluate the natural circulation characteristics of the 

hydraulic model. These characteristics provide additional insight into model performance and 

the loop hydraulic losses which are applicable to the LOCA simulations. Following RCP 

coastdown, a balance develops between the natural circulation driving head and the loop 

frictional losses. The distribution of heat transfer in the steam generators determines the 

elevation of the thermal center and the driving force for natural circulation flow. Reactor vessel 

flow distributions change due to the absence of pump head and the development of buoyancy 

driven flow. Of interest are coupling of the primary and secondary during the cooldown phase of 

the transient and cooling of the reactor vessel upper head.  

The results of this benchmark demonstrate that the overall trends are matched and the major 

phenomena are demonstrated. Primary loop delta-T (Figure 2.1.3-1) closely matches plant data 

in the first 200 seconds after which an offset of approximately 30 F develops, although the overall 

trends are in close agreement. This difference indicates that the predicted primary loop flow rate 

during natural circulation, is somewhat higher than plant data. Wide range hot leg temperature 

(Figure 2.1.3-2) closely matches plant data trends. Wide range cold leg temperature (Figure 

2.1.3-3) is slightly lower than plant data in the initial 100 seconds, and then the overall trends do 

match plant data closely. The difference in cold leg temperature initially accounts for the 

increased primary loop average temperature reflected in pressurizer pressure and level. The 

general trend of pressurizer pressure (Figure 2.1.3-4) matches that of plant data and closely 

matches plant data after 700 seconds. The initial decrease in pressure is not as great as that 

indicated by plant data. This is in part due to the primary average temperature being higher than 

plant data. The trend of pressurizer level (Figure 2.1.3-5) agrees well with plant data. The initial 

decrease at reactor trip is not as great as that indicated by plant data, also indicating that the 

average primary temperature is higher than plant data. This difference in average temperature 

appears to be resolved after approximately 400 seconds, after which pressurizer level closely 

matches plant data. Upper head temperature (Figure 2.1.3-6) trends compare favorably with 

plant data indicating that the reactor vessel upper head flow patterns are adequately simulated 

during the transition from forced flow to natural circulation flow.
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Favorable comparisons between the transient data and the McGuire and Catawba RELAP5 
model results validate the capability of both the model and RELAP5/MOD3.1 DUKE. These 
results indicate that natural circulation characteristics of the hydraulic model are accurate.  

The third benchmark to be discussed compares predictions from the McGuire and Catawba 
RELAP5 model for the blowdown phase of a hot leg double-ended guillotine LBLOCA for CNS
2 to the licensing basis calculations performed by Westinghouse and documented in Chapter 6 of 
the CNS Final Safety Analysis Report (Reference 2-8). This simulation uses the CNS-2 
RELAP5 LBLOCA model which has been initialized to the initial conditions for the LBLOCA 
mass and energy release analyses which are described in Section 3 of this report. The mass and 
energy release for the blowdown phase of a hot leg LBLOCA are documented in Table 6-38 of 
the CNS Final Safety Analysis Report (Reference 2-8). This data is used to compare with the 
mass and energy release calculated for CNS-2 using RELAP5iMOD3. 1 DUKE.  

The total mass release comparison (Figure 2.1.3-7) is essentially identical for the initial 7.5 
seconds, diverges slightly at 10 seconds, before converging again towards the end of blowdown.  
The total energy release comparison (Figure 2.1.3-8) is essentially the same as the total mass 
release comparison. These results compare well with the overall trends and magnitudes being 
closely matched. The results of this comparison indicate that the two methods used to determine 
the mass and energy release produce essentially the same results. This demonstrates that the 
RELAP5/MOD3. I DUKE predictions closely approximate results obtained using approved 
methodologies. It is concluded that these results validate the capability of both the model and 
RELAP5/MOD3. 1 DUKE for LOCA blowdown mass and energy release simulations.  

The final benchmark to be discussed compares predictions from the McGuire and Catawba 
RELAP5 model for the blowdown, refill, reflood, and post-reflood phases of a cold leg pump 
suction double-ended guillotine LBLOCA for CNS-2 to the licensing basis calculations 
performed by Westinghouse and documented in Chapter 6 of the CNS Final Safety Analysis 
Report (Reference 2-8). This simulation uses the CNS-2 RELAP5 LBLOCA model which has 
been initialized to the initial conditions for the LBLOCA mass and energy release analyses which 
are described in Section 3 of this report. The mass and energy release for the blowdown, refill, 
reflood, and post-reflood phases of a pump suction LBLOCA are documented in Tables 6-35, 6
41, and 6-45 of the CNS Final Safety Analysis Report (Reference 2-8). This data is used to 
compare with the mass and energy release calculated for CNS-2 using RELAP5/MOD3. I DUKE.
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The total mass release comparison during the initial 60 seconds (Figure 2.1.3-9) illustrates the 

differences between the two methodologies. The trends diverge slightly at 10 seconds, before 

converging again and crossing towards the end of blowdown. During blowdown and refill an 

offset develops, with the RELAP5 simulation total mass release exceeding the FSAR total mass 

release. This can be attributed to differences in cold leg accumulator modeling. After the initial 

60 seconds the trends compare favorably (Figure 2.1.3-10) for the duration of the transient. The 

total energy release comparison during the initial 300 seconds (Figure 2.1.3-11) has essentially 

the same trends as those shown by the total mass release comparison. These results compare 

well with the overall trends and magnitudes being closely matched. After 300 seconds, (Figure 

2.1.3-12) the total energy release rates are considerably different until approximately 1500 

seconds. After this point the trends compare reasonably maintaining the offset that had been 

developed earlier. The difference in the energy release rate between 300 and 1500 seconds is 

caused primarily by modeling assumptions regarding heat transfer from the intact steam 

generators. The RELAP5 simulation assumes a mechanistic heat transfer method from the intact 

steam generators which is dependent on the calculated mass flow. The results of this comparison 

indicate that the two methods used to determine the mass and energy release produce similar 

results, with the differences being attributed to cold leg accumulator and steam generator reverse 

heat transfer modeling. This demonstrates that the RELAP5/MOD3. IDUKE predictions trend 

results obtained with approved methodologies. It is concluded that the benchmarking efforts 

validate the capability of both the model and RELAP5/MOD3.I DUKE for LOCA mass and 

energy release simulations.
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2.2 RETRAN-02 MOD5.1DKE- Secondary System Mass and Energy Release 

2.2.1 Code Description 

The RETRAN-02 MOD5. I DKE code is a modified version of the NRC-approved RETRAN-02 

MOD005.1 code (References 2-9, 2-10, and 2-11). Two error corrections have been made to the 
NRC-approved version to obtain the MOD5.1DKE version used in this topical report. These two 

error corrections, which will be included in future versions of the RETRAN code are: 

Parameter LPOOL in subroutine input was changed from 125,000 to 175,000.  

This modification was necessary to allow a large RETRAN input deck to 

execute.  

The DO statement in loop 920 of subroutine GENTRN is changed from 'DO 920 

IGS = 1,10' to 'DO 920 IGS = 1,30'. This correction enhances convergence in the 

generalized transport model.  

Since the RETRAN version used is NRC-approved with the exception of error corrections, it is 
concluded that this report need not justify the validity of the RETRAN code itself Therefore, 

details regarding the theory of the RETRAN code are left to the references.  

2.2.2 Simulation Model 

The MNS and CNS RETRAN Model is documented in Reference 2-7. The nodalization diagram 

(Figure 3.2-1 of Reference 2-7) is generally applicable for non-LOCA transient simulation. For 

the FSG transient analyses, the FSG nodalization shown in Figure 3.2-3 replaces the preheater 

steam generator nodalization shown in Figures 3.2-1 and 3.2-2 of Reference 2-7. For certain 
transients, transient-specific modeling revisions and/or additions must be included. For the 

steam line break mass and energy release analysis, model revisions are required to model the 
break, to model the asymmetry and thermal mixing in the reactor vessel, and to add detail to the 

modeling of the steam generator heat conductors. Additional details are provided in Section 

4.2.1. Other than these modifications, the RETRAN model used for the steam line break analysis 

is the same as that already approved by the NRC per Reference 2-7.
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2.2.3 Validation of Code and Model

Validation of the RETRAN code and the MNS and CNS RETRAN Model for transient analysis 

was submitted to the NRC as part of Reference 2-7. These validation efforts employed a range 

of plant transient data and demonstrated the capability of the methodology. Specific validation 

of a steam line break transient in a Westinghouse NSSS has not been performed due to an 

absence of applicable data, as there have been no representative events in Westinghouse plants.  

In addition, there is no plant transient data available for the BWI FSG. Consequently, no 

validation results are presented to support the steam line break analyses in this report. The 

validity and conservatism of the steam line break analysis is ensured by careful selection of 

initial and boundary conditions. These modeling details have been conservatively applied to 

maximize the worst case mass and energy release scenario. Further discussion is provided in 

Chapter 4.

2-13



2.3 GOTHIC4.0/DUKE - Containment Response 

2.3.1 Code Description 

2.3.1.1 Overview 

The GOTHIC Version 4.0/DUKE computer code is used to determine the containment response 

to high-energy line breaks. The GOTHIC code was adopted by the EPRI in 1989 for a project to 

provide interested nuclear utilities with an efficient, state-of-the-art containment analysis code.  

The GOTHIC code (Reference 2-12) was developed by Numerical Applications, Inc., under 

contract from EPRI, for performing thermal-hydraulic analysis of nuclear power plant contain

ment and auxiliary buildings. The code was known as FATHOMS before the EPRI project 

inception in 1989. A modified version of the FATHOMS code (FATHOMS/DUKE-RS) was 

utilized in DPC-NE-3003-P (Reference 2-6), the Duke Power Company dry containment topical 

report submitted to the NRC in August 1993.  

The GOTHIC code is derived from the COBRA-NC thermal-hydraulic code (Reference 2-13). It 

solves the conservation equations for mass, energy, and momentum for multi-component, two

phase flow. These conservation equations are solved numerically on a finite-volume mesh made 

up of numerous computational cells. The code features a nodalization scheme in which lumped 

parameter, one-, two-, or three-dimensional analysis or any combination of these may be 

performed. Velocity fields are included for three phases: 

- Vapor / non-condensable gas mixture 

- Continuous liquid 

- Liquid droplet 

Interfacial heat transfer, mass, and momentum transfer are modeled; the effects of two-phase 

slip on pressure drop are also accounted for. Three temperature fields are included: 

- Vapor / non-condensable gas mixture 

- Continuous liquid 

- Liquid droplets
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These fields may be in thermal non-equilibrium within the same calculational volume. A total of 

eight non-condensable gases may be modeled; mass transport equations are solved for each 

component of the non-condensable gas mixture.  

GOTHIC includes finite-difference conduction models for passive thermal conductors. Concrete 

walls and structural steel within the containment building are simulated with these models.  

These conductors may have the following geometrical shapes: 

- Flat plate (wall) 

- Cylindrical tube 

- Solid rod 

Heat is conducted through the thickness or radius of each of these conductor models. They may 

be thermally connected to fluid volumes on either surface. A variety of condensation heat 

transfer coefficient options is available for the surfaces of these thermal structures.  

Each GOTHIC analysis model consists of a network of volumes connected by flow paths.  

Typically, each volume represents a room or area within the containment. Any volume may be 

partitioned into a two- or three-dimensional mesh for which mass, energy, and momentum 

balance are maintained. This allows the fluid property distribution within a room to be 

calculated and flow patterns within a room to be predicted. The flow paths represent doorways, 

pipes or piping systems, vents, etc. Within each subdivided volume, the momentum equations for 

the vapor/gas mixture, droplets, and liquid are solved for all flow paths, with each phase having 

its own velocity. A variety of mechanical components to simulate various plant equipment can 

be modeled along these flow paths. These include: 

- Valves 

- Pumps 

- Heat exchangers 

- Spray nozzles 

- Volumetric fans 

Boundary conditions for the containment model are implemented using these flow paths. The 

user may specify mass and energy sources or sinks with these boundary conditions. The 

boundary conditions may be coupled in groups to model flowstreams which are sent to different
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calculational volumes. The user has the ability to model cooling and spray systems associated 
with containment safety features using these options.  

Ice condenser heat transfer is explicitly calculated in GOTHIC. This user may specify an initial 
ice volume fraction and surface area; these parameters will change accordingly as the ice melts.  
It is assumed that the ice remains at its initial temperature until it melts. For any computational 
volume, the heat to the ice is given by 

Q = k.,(t) A,H,( T,- T,) 

where X,(t) is a user-specified time-dependent multiplier, A is the ice surface area, H 
is the heat transfer coefficient from the vapor to the ice, and T, is the specified ice temperature.  
In GOTHIC Version 4.0/DUKE, for the heat transfer coefficient H,, the user has the option to 
apply either 

The ice mass and surface area in each node are adjusted to account for the melted ice in each 
time increment. It is assumed that the ice is in cylindrical columns.  

All heat transferred to the ice is taken from the vapor phase, through condensation of steam.  
This condensed steam is added to the continuous liquid phase at the saturation temperature at the 
steam partial pressure in that node. No explicit temperature is assumed for the meltwater at any 
phase of the analysis.  

2.3.1.2 Code Modifications 

GOTHIC Version 4.0/DUKE varies from GOTHIC Version 4.0 only slightly. Several minor 
code changes provided to Duke Power by NAI are included in Version 4.0/DUKE. These have 
no substantial impact on code results. The option to use theI 

](discussed above) is also unique to Version 
4.0/DUKE. Some additional mass and energy totaling algorithms have also been added for 
editing purposes to Version 4.0/DUKE. These totals are written to an auxiliary file during code 
execution; the code change has no impact on GOTHIC results.
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2.3.2 Simulation Model

This section gives a brief description of the simulation models used for the GOTHIC 

containment analyses. A nodalization diagram of the GOTHIC ice condenser containment model 

is shown in Figures 2.3.2-1 & 2.3.2-2. The MNS and CNS models are identical except for input 

parameter differences which are derived from differences in designs.  

Nodalization 

There are four different regions in an ice condenser containment building. These are the lower 

containment, upper containment, ice condenser, and dead-ended compartments. Slightly 

different modeling schemes are utilized in each of these four regions in the GOTHIC ice 

condenser containment model to accurately and efficiently calculate the containment response.
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The detail of nodalization described here represents the minimum amount of detail to be used in 
GOTHIC analyses of the McGuire and Catawba ice condenser containments. More detail may 
be added to analyses where it is deemed necessary.
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Initial Conditions

For the peak pressure analysis, it is conservative to use a low initial temperature to maximize the 

amount of air in the containment building. A higher initial air mass leads to higher calculated 

peak pressures. The following initial temperatures are typically assumed in the peak pressure 

analyses: 

"* Lower containment - 1 00°F 

"* Upper containment - 75 0 F 

"* Dead-ended compartments - 100°F 

"• Ice condenser - 30OF 

In the ice condenser, it is conservative to assume a high temperature. This decreases the amount 

of energy required to take the ice from its initial state to melted water.  

An initial building humidity of 100% is assumed in all analyses. The initial building humidity 

has very little impact on the results of these analyses due to their duration.  

A high initial building pressure of 0.3 psig is conservatively assumed for all analyses. This 

maximizes the calculated peak building pressure by increasing the initial air mass..  

Heat Structures 

The concrete and steel heat structures present in the McGuire and Catawba containment building 

are modeled using the heat slab models in GOTHIC. For the building walls and dome, it would 

be many hours before significant quantities of heat would conduct through the thickness of the 

structure, so an insulated boundary condition is used on each outer surface. The remaining 

structures, all internal structures such as platforms, are exposed to the containment atmosphere 

on all sides, but the entire surface area is combined onto one surface for the GOTHIC heat slab 

model. The zero heat fluxes on the second surface here represent a symmetry condition at the 

structures' midplane. The slabs are modeled in full thickness, however, so that the total volume 

will be conserved. All structures are initially at the same temperature as the particular 

compartment that structure is located in.
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All structures are modeled as 'walls', with one-dimensional heat transfer occurring in the 
direction perpendicular to the structure surface. The noding divisions are finer closer to the 
surface, where larger temperature gradients are expected.  

The Direct Uchida heat transfer correlation is used for heat transfer between the structure 
subcooled surfaces and the containment atmosphere. The standard heat transfer logic present in 
GOTHIC is used for all interfacial heat transfer (heat transfer between droplets and vapor, liquid 

and vapor, etc.).  

Boundary Conditions 

The Building Spray System is modeled with a single junction for injection from the refueling 
water storage tank (RWST), or with a set of junctions for recirculation mode. During this phase, 
liquid is taken from the pipe chase area where the sump intake is located, routed through a heat 
exchanger, and returned to upper containment. The GOTHIC heat exchanger model is used to 
model the spray heat exchanger with conservative assumptions for the spray heat exchanger heat 
transfer rates. The spray heat exchanger water temperature is assumed to be a bounding hot 
value. The spray and service water flowrates are assumed to be conservative minimum values.  

All spray is assumed to enter the highest upper containment node (the dome space, where the 
spray headers are located) directed downward with an average droplet size of 700 pLm. No spray 
efficiency parameter is necessary in the GOTHIC flow models. The spray is assumed to initiate 
after conservative delay time to account for signal actuation, equipment startup, and spray header 

fill time.  

The Residual Heat Removal (RHR) System is modeled using a series of boundary conditions and 
flowpaths. These serve to remove water from the sump, direct a portion of it through the RHR 
heat exchanger and then take one of three paths: removal from the model (simulating RCS 
injection, which is not modeled in GOTHIC), spillage onto the containment floor via a pipe 
break, or spray into the highest upper containment node via RHR auxiliary spray lines. The flow 
split, timing, and applicability of each of these three paths varies with the transient being 
analyzed. The RHR heat exchanger uses the double heat exchanger model present in GOTHIC to 
model the RHR/component cooling water heat exchanger combination, together with the 
intermediate component cooling loop between the heat exchangers. The RHR auxiliary spray is 
modeled in a similar manner to the Building Spray System described above.
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Nitrogen gas used as cover gas in the cold leg accumulators is added to lower containment 

through another boundary condition flowpath. The flowrate, timing, and initial conditions for 

this gas are conservatively modeled based on the LOCA analyses. Since this gas is 

noncondensable, it adds to the calculated peak pressure; it is conservative to inject all of this gas 

into containment.  

Finally, the mass and energy release out the cold/hot leg break is modeled through four junctions; 

steam and liquid flow are segregated, as are the two sides of the break. The droplet size assumed 

for the liquid exiting the break is 6.5E-4 ft, or 20 gim. Test data cited in Reference 2-13 states 

that droplet sizes for high-pressure blowdowns range from 2-2000 gim, and Reference 2-12 

suggests that 20 jim is a suitable average value for use with the GOTHIC code. After the 

blowdown period terminates, the liquid flow out the break is assumed to be in the continuous 

liquid phase. Since the pressures in the RCS and containment are approximately equal after this 

time, the flow out the break will spill out rather than be forced out due to a large pressure 

differential; therefore, it may not break up into droplets. This conversion from droplet to 

continuous liquid phases is a conservative assumption, since the interfacial heat transfer in lower 

containment will decrease after blowdown.  

2.3.3 Validation of Code and Model 

Code Validation 

The GOTHIC code authors, Numerical Applications, Inc., have subjected the code to extensive 

benchmarking efforts throughout the process of refining and updating the code. A qualification 

report for Version 4.0 of the GOTHIC code was released in September 1993. The code was 

compared against analytic solutions as well as experimental data (Reference 2-12, Qualification 

Report volume). This set of tests includes comparisons with data from the Battelle Frankfurt 

HDR containment experimental facility and specially designed analytic problems to test specific 

components and code capabilities. All efforts have validated the code's ability to accurately 

predict pressure and temperature transients within containment structures.  

The ice condenser heat transfer algorithms in the GOTHIC code, which were not tested in the 

qualification report above, have been tested by Duke Power Company using data taken from and 

models developed for the Ice Condenser Test Facility (ICTF) test program. This effort is 

described in Section 2.3.4.
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Model Validation

The MNS and CNS containment model described above was benchmarked against LOTIC-1 
results given in Chapter 6 of References 2-8 and 2-14 (Only MNS results will be discussed here.) 
While there are similarities between the TMD model discussed in Chapter 6 of the MNS FSAR 
and the MNS GOTHIC model, it should be noted that the LOTIC-I model, used to calculate the 
long-term containment response, is a simple four-volume model with many modeling 
simplifications and assumptions not used by the GOTHIC code. The MNS GOTHIC 
containment model provides much more detail for such phenomena as ice melt patterns, air/steam 
flow patterns in lower containment and within the ice condenser, etc., than in any LOTIC-1 
analysis. However, the LOTIC code provides the only results from an approved long-term ice 
condenser methodology at present, so that is the only means of comparison for the benchmarking 

of GOTHIC results for plant scale.  

There are differences in the total volume and the heat sink volumes between the MNS GOTHIC 
model and the MNS LOTIC-1 model. Table 2.3.3-1 demonstrates that the MNS GOTHIC model 
is conservative with respect to the MNS LOTIC-I model when free volume and heat sink data 
are concerned. The design data used in the LOTIC-1 model has been revised downward over 
time (hence the lower free volume totals in lower containment for the GOTHIC model and the 
varying heat sink data between the two models). No comparison is shown for the ice condenser 
heat sinks, since the Westinghouse data for these heat sinks is used.  

It should be noted that the area of concrete is the chief factor of comparison for concrete, since 
the ability of concrete to absorb energy is limited by its low conductivity. For steel, however, the 
volume is the main comparison factor, since steel has a high conductivity, and the only factor 
limiting the ability of steel structures to absorb heat is the volume of steel present.  

The boundary conditions for both the MNS and CNS benchmark efforts are for the cold leg 
pump suction break. This was considered to be the limiting break with respect to peak pressure 
from the LOTIC-I analyses. Although there were some uncertainties as to some ECCS 
flowrates, long-term mass and energy release data, and the release of nitrogen from the 
accumulators used in the LOTIC-I analyses, every effort was made to match the LOTIC-I 

boundary conditions where possible.
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Benchmarking Results

The pressure response of the GOTHIC analysis model is shown in Figure 2.3.3-1. It is fairly 

similar to the pressure response for the FSAR LOTIC-I analysis in Figure 2.3.3-2 (Reference 2

14). The pressure shown in Figure 2.3.3-1 is an average of the lower containment nodes, so 

some difference may be expected due to the different modeling techniques between the two 

analyses. In both cases, however, pressure trends are very similar. An early pressure peak is 

shown by GOTHIC as air is forced through the ice condenser into upper containment. The 

magnitude of this peak is about 10.5 psig, which does not approach the design limit of 15 psig.  

LOTIC-1 results start at 10 seconds since it cannot simulate the blowdown response. The 

pressure decreases quickly as steam condenses on the ice, and the steel and concrete structures in 

containment start to heat up. Both cases show a steady pressure trend of 6 - 9 psig as the ice 

melts over the first hour of the transient. The building pressure increases significantly once ice 

meltout occurs (about 3500 seconds in both analyses). The LOTIC-1 analysis peaks at about 

14.0 psig, while the GOTHIC analysis peaks at 12.9 psig. Both cases show that the pressure 

stabilizes at about this level for an extended period. Once the steam release rate drops off, 

however, both cases show a decrease in pressure. The GOTHIC case was terminated at 2 hours, 

and shows that the pressure has peaked and is slowly beginning to decrease at this point.  

The upper containment average temperature is shown for the GOTHIC analysis in Figure 2.3.3-3.  

This figure is analogous to Figure 2.3.3-4 (Reference 2-14). Because a regional average 

temperature is again shown here, some discrepancies between the analyses are apparent. The 

upper containment average temperature has drifted up to about 125oF in the first 10 seconds of 

the GOTHIC analysis due to a small mass of steam passing through deck leakage flowpaths 

(which were not modeled in the LOTIC-1 analysis) into the operating deck and refueling canal 

regions. This steam is condensed once spray is actuated. The upper containment average 

temperature soon returns to about 100°F. After about 450 seconds, an increase in this 

temperature is apparent. This is due to small amounts of steam exiting the top of the ice 

condenser. The ice melts preferentially in the channels nearest the crane wall, and steam begins 

to exit the top of the I/C without being condensed. (Figure 2.3.3-1 also shows a slight pressure 

increase at about this time.) This steam is also easily condensed by sprays. The average upper 

containment temperature reaches only about 150oF during this period. Again, this effect is not 

shown in the LOTIC-1 analysis due to the simplified ice condenser modeling of the LOTIC-1 

code and the modeling differences. Once the ice has all melted, the average upper containment 

temperature reaches about 180oF and then starts to decrease. This compares quite well with the 

LOTIC-1 results.
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The lower containment average temperature in the GOTHIC analysis is shown in Figure 2.3.3-5.  
This figure compares very well with the corresponding LOTIC-I result shown in Figure 2.3.3-6 

(Reference 2-14). An increase is shown at the beginning of the superheated blowdown at about 
300 seconds in both cases; another increase is apparent at the ice meltout period. The LOTIC-1 

lower containment temperature stabilizes at about 21 0oF during the peak pressure period, while 

the corresponding GOTHIC plateau is at about 200oF.  

The average sump temperature in the GOTHIC analysis is shown in Figure 2.3.3-7. The 
GOTHIC results trend slightly higher than the LOTIC-I results, shown in Figure 2.3.3-8 (Figure 
Reference 2-14), throughout the analysis. At 3500 seconds, when the ice meltout time is reached 
and both cases show an increase in the sump temperature, the GOTHIC analysis shows a sump 

temperature about IOOF higher than that of the LOTIC-I analysis.  

The quantity of ice melted in the GOTHIC analysis is shown in Figure 2.3.3-9. Again, this trend 
compares very well with the LOTIC-1 result shown in Figure 2.3.3-10 (Reference 2-14). The ice 

meltout time is almost identical between the two cases.  

The overall comparison described above shows that given similar initial and boundary 

conditions, the results of the GOTHIC containment analysis code compare very favorably with 
the NRC licensed LOTIC-I code. The design data used in the GOTHIC model is slightly more 

conservative then that used in the LOTIC-1 model, and a slightly lower peak pressure is 
calculated. Ice meltout time as well as lower and upper containment average temperatures are 
very comparable to the LOTIC-1 results. Therefore, the GOTHIC code and model provide 

appropriate and conservative predictions of the containment response to LOCAs.  

2.3.4 Ice Condenser Heat Transfer Validation 

2.3.4.1 Ice Condenser Heat Transfer Test Facility and Testing Program 

Introduction 

An engineering scale Ice Condenser Test Facility (ICTF) was constructed by Battelle Pacific 

Northwest Laboratories (PNL) at the Hanford Reservation under contract with the U. S. Nuclear 
Regulatory Commission. The purpose of the test facility was to obtain data for improvement and 
validation of the ICEDF computer code. This code models aerosol particle transport and retention
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in an ice condenser following a severe accident. The final report of the NRC research program is 

Reference 2-15. Duke Power became aware of this facility in March, 1987 and initiated an 

evaluation of conducting thermal-hydraulic testing for the purposes of validating ice condenser 

containment simulation codes. An initial set of five tests were selected, with an additional two tests 

added later. In general, the objectives of the test were to obtain detailed thermal-hydraulic data 

within the ice condenser during the ice melting process following high-energy line breaks. The tests 

were designed with carefully controlled boundary conditions and with the test section highly 

instrumented. The testing program was successful in generating a large data base related to heat 

transfer and flow characteristics in a scaled ice condenser. Due to ICTF design limitations, there 

was no capability to model the initial blowdown response associated with a large high-energy pipe 

break. The longer-term behavior of the ice condenser was well-represented by the tests.  

ICTF Overview 

The ICTF (Figures 2.3.4.1-1 and 2.3.4.1-2) is a full-height four equivalent ice basket scaled 

representation of the Westinghouse PWR ice condenser. The facility uses either a 550 Ibm/hr 

electric boiler or a 6000 Ibm/hr diesel-fired boiler for supplying saturated steam at low pressure.  

It is noted that the facility could only accommodate a maximum steam flow of 2000 Ibm/hr. The 

steam then flows to a 20 kw superheater for additional heating as necessary. A 60 hp blower 

rated at 70 scfm is the air supply, which is used to represent the air circulated through the ice 

condenser by the containment air-return fans. A 100 kw air heater is used to heat the air to any 

desired temperature. Valves are used to separately control the steam and air flows, which are 

then combined in a mixing chamber. Prior to the initiation of the test, the steam-air mixture is 

recirculated through a bypass loop. Once the test is initiated, the steam-air mixture enters the 

horizontal expanding diffuser prior to entering the test section containing the ice baskets.  

The bottom of the test section has five turning vanes (Figure 2.3.4.1-3) which redirect the 

horizontally flowing steam-air mixture upward towards the bottom of the ice baskets. A similar 

set of turning vanes are located at the test section exit. The 48 ft. tall ice baskets reside in a 281/2 

in. square cross section (Figure 2.3.4.1-4). One whole, four half, and four quarter ice baskets are 

used in a unit cell typical of the full scale ice condenser. Baskets and lattice supports are also 

typical of full scale. The air-steam mixture flows upward in the flow channels and melts the ice.  

The meltwater and condensate is collected at the bottom and is monitored by two sump systems.  

One sump system collects from the test section and one from the diffuser. The diffuser sump 

inventory is then pumped into the test section sump. The air and any uncondensed steam exits the 

test section at the top, turns, and is piped to exit the building. With the back end of the process
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open to atmosphere, the maximum pressure reached during tests is approximately 2 psig. The test 
facility is substantially insulated to reduce energy loss and minimize the impact of the steel walls 

(skin) of the test section on the test results.  

Instrumentation and Data Acquisition 

Sufficient instrumentation was included in the ICTF to characterize the steam and air flow 
boundary conditions and the ice melting process in the test section. Steam and air flowrates and 
the mixture temperature were monitored prior to entering the diffuser. Attempts to measure the 
flowrate exiting the test section proved fruitless (until near the end of the test) due to the absence 
of steam and the relatively low air flowrate and large flow area. The temperatures in the diffuser 
were measured by thermocouple rakes oriented vertically at four locations, as shown in Figures 
2.3.4.1-5 and 2.3.4.1-6. This level of monitoring was based on previous ICTF experience, which 
indicated that vertical stratification would exist in the diffuser.  

Temperatures in the test section were monitored by thermocouple rakes positioned at many 
elevations in the flow channels and in the center ice basket. The Type A and C rakes (Figure 
2.3.4.1-7) were placed in the flow channels as shown in Figure 2.3.4.1-8, and the Type B (Figure 
2.3.4.1-9) rakes were inserted in the center ice basket. Type A rakes were used only in the first 
test due to damage sustained from ice falls and the need to reconstitute rakes. The vertical 
elevations of the thermocouples (Level I at top; Level 5 at bottom) are shown in Figure 2.3.4.1-2.  
Also shown are the locations of eleven 4-in. diameter sight windows, through which the test 

section interior can be viewed.  

Of particular interest was the temperature and flowrate of the meltwater and condensate which 
collected in the bottom of the test section and diffuser. These flow streams were monitored by 
thermocouples and weighed by collection in separate tanks with a load cell and sump pump 

arrangement.  

Ice Handling 

The test section was chilled to approximately 20'F prior to ice loading. Custom-made ice 
nominally V4 inch thick and broken into 1-3 inch pieces was used (Figure 2.3.4.1-10). The ice was 
unborated (unlike plant ice), which is not considered important in terms of thermal behavior. The 
ice was hand-loaded into the baskets from the top from nominal 50-lb. bags. Each bag was 
individually weighed prior to loading. Spillage at the bottom of the test facility was weighed as it
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was removed. A rate of sublimation was determined by collecting the output from the defrost 

cycle of the chiller package. A sublimation rate of 3 lb/hr was determined from one test, and is 

used for all tests to correct for ice loss that occurred between end of loading and test initiation.  

In one test partial blockage of the flow channels due to ice sublimation and spillage was 

simulated. Wire screens (1/4 in. mesh) were inserted at the nine lattice elevations in the south half 

of the test section as shown in Figure 2.3.4.1-11. The north half was not altered. During ice 

loading ice spillage accumulated on the wire mesh, effectively blocking the desired sections of 

the flow channel.  

Since the test ice was not exactly typical in size relative to the plant ice, a plant ice crusher was 

employed in the last two tests. Visual observations made by the PNL staff concluded that the 

crushed ice in those tests was not significantly different than that used in the other tests.  

In the last test the ice loaded into the center basket was compressed into cylindrical blocks 

approximately 12 in length and 10.75 inches in diameter. The use of such block ice in the plant 

is intended to enable higher ice density, which is desirable. The intent was to attempt to identify 

any differences in the thermal-hydraulic response between typical and block ice loadings. Axial 

movement of ice within the baskets is restricted to some extent by cruciforms (Figure 2.3.4.1-12) 

which are inserted at the center of each of the six 8-ft. ice basket sections. The half-baskets were 

equipped with half-cruciforms. Special cruciforms are required with block ice (Figure 2.3.4.1

13).  

Testing Experience Summary 

Preparations for testing included ice loading and weighing, installing and checking out all 

instrumentation, and readying the data logging system. The boiler and air blower were then 

started to preheat the upstream piping and obtain the desired initial steam and air flowrates and 

temperature. The test was then initiated by opening the damper isolating the test section from the 

inlet stream. The required manual actions during the test were to throttle the steam and air 

flowrates and temperatures as detailed in the specification for each test, and to obtain the 

condensate samples. Each test was then terminated when a steady increase in exit temperature 

indicated that ice melting was complete. Data acquisition was then terminated and the data was 

archived. The details of the test program are documented in Reference 2-16.
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2.3.4.2 GOTHIC Test Facility Simulation Model 

All significant features of the ICTF were modeled to scale with the GOTHIC code. Specific 
modeling details, with particular emphasis on the test section containing the ice baskets, are as 

follows.  

Test Section 

The test section is divided axially into 13 nodes (Figure 2.3.4.2-1). The two bottom nodes are 
below the ice baskets, and the top node is above the ice baskets. The center 10 nodes span the 48 
feet of the test section containing the ice baskets. Each node contains one of the thermocouple 
measurement locations (i.e. 5A, 5B, ...1 A, IB). The nodes are not of equal height due to the 

uneven spacing of the measurement locations, but are in the range of 4.2-5.75 feet in height. The 
test section is horizontally divided into 6 equal width channels in the north-south direction.  
Since boundary condition symmetry exists in the east-west direction, the nodalization is not 

subdivided in that direction.  

The ice is contained by the cylindrical ice baskets in a symmetric array. However, the 
nodalization of the test section into 6 horizontal channels results in non-uniform ice distribution.  
Ice is actually contained in 9 separate baskets or partial baskets. Since GOTHIC models ice in 

each channel, the nodalization selected will represent the 9 actual baskets or partial baskets as 6 
cylinders of ice at each axial level. Based on the intended application of GOTHIC for the actual 
plant scale (1944 baskets), and recognizing that the modeling of the plant scale will necessitate 
combining many baskets into a significantly smaller number of channels, a symmetric and 
uniform modeling of the ice baskets will be necessary. Consequently, the modeling of the ice 
baskets in the test section should similarly be modeled as symmetric and uniform. For each 
ICTF test the actual initial ice mass is evenly distributed on a volumetric basis in each channel, 
both axially and horizontally. The initial ice temperature in each test varied within a range of 20

280 Fm with axial variations of approximately 5'F. For simplicity an initial temperature of 20°F 
is used in all tests. The initial ice density for each test is calculated based on the ice loading and 
the total volume within the ice baskets. A very significant modeling input for ice heat transfer is 

the surface area. The nominal ice surface area in the test section is calculated based on the total 
surface area of the ice baskets. The actual ice as loaded into the baskets is not like a cylinder, but 
rather is characterized by a highly irregular surface with significant air gaps distributed 
throughout the baskets. These characteristics will also change significantly as the ice melts.  
This surface area is difficult to quantify and trend. Based on this situation and the
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aforementioned [ 

] 
The structural metal in the test section, which is a heat sink during the tests, is also modeled.  

The significant structural metal masses are the 3/16 inch thick carbon steel skin enclosing the test 

section, and the ice baskets. These metal masses are combined and uniformly distributed 

throughout the test section on a volumetric basis. Since the outside of the test section is 

insulated, one surface of the structural metal conductors is modeled as a zero heat flux boundary 

condition.  

Downcomer, Diffuser Inlet, and Diffuser 

The purpose of the downcomer, diffuser inlet, and diffuser sections is to connect the steam boiler 

and air blower to the entrance of the test section. The entrance to the test section approximates 

the location of the ice condenser inlet doors in the actual plant. Therefore, the downcomer, 

diffuser inlet, and diffuser sections do not represent anything in the plant. Previous ICTF testing 

experience has shown that the steam/air mixture exiting the diffuser was not uniform in 

temperature under most test conditions. It was therefore necessary to model the diffuser section 

in order to accurately simulate the steam/air boundary condition entering the test section. The 

downcomer, diffuser inlet, and diffuser sections model is shown in Figure 2.3.4.2-2. The 

downcomer is a 12 inch diameter pipe 35 feet in length. The downcomer is modeled as a single 

volume. The diffuser inlet is a 12x12 inch square duct 6 feet in length. It is modeled as two 3 

foot long channels with 4 vertical nodes in each. The diffuser is a square duct that expands from 

12x12 inches to 28.5x28.5 inches over a length of 68.69 inches, and then is uniform for an 

additional 8 inches. The diffuser is modeled as a constant area duct with three channels 2.4, 2.4 

and 3.6 feet in length, and with 6 evenly spaced vertical levels. The effective square cross 

section of this model is 24x24 inches. The outlet of the diffuser then connects to the bottom of 

the test section.  

Test Section Outlets 

There are three outlets from the test section. The steam/air mixture exiting the vertical test 

section is piped to exit the building housing the ICTF. This part of the facility has minimal
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impact on the upstream behavior. Consequently the outlet is modeled as a simple volume, which 
is sufficient for predicting bulk exit flowstream conditions.  

The test section and diffuser section both have drain lines and sump tank systems to collect and 
monitor ice meltwater and steam condensate. These outlets have no impact on the behavior 
inside the test section. Therefore both drain systems are modeled as simple volumes sufficient to 
monitor exit flowstream conditions.  

Inlet and Outlet Turning Vanes 

Below the ice baskets in the plant there are a set of horizontal turning vanes which redirect the 
flow entering the ice condenser inlet doors from the horizontal to the vertical direction. These 
vanes are designed to distribute the flow approximately evenly across the depth of the ice 
condenser bays. In the ICTF similar scaled turning vanes exist. These are modeled as 6 flow 
paths with inlets oriented horizontally at the exit of each of the 6 diffuser axial levels, and outlets 
oriented vertically and connected to each of the 6 channels at the second level from the bottom of 
the test section. This modeling faithfully represents the turning vanes. Turning vanes also exist 
in the ICTF at the top of the test section in the uppermost node. These vanes function to turn the 
steam/air exiting the ice baskets into the horizontal pipe leading to the exhaust location in the 
wall of the ICTF building. Such vanes do not exist in the actual plant. Due to the low steam/air 
velocities exiting the ice baskets, these vanes are unimportant and have no impact on the 
upstream test conditions. They are simulated in the ICTF GOTHIC model by two flowpaths 
connecting the second and fifth channels at the exit of the ice baskets to the test exit volume.  

Boundary Conditions 

Five boundary conditions are used in the model to enable simulation of the ICTF tests. The first 
two are the steam and air flows into the top of the downcomer, which represent the mass and 
energy release entering the ice condenser doors. The remaining three are the atmospheric 
pressure boundary conditions connected to the test exit volume and at the two sump drain tanks.  
These pressure boundary conditions maintain the simulation model near atmospheric pressure, 

which is the pressure for the ICTF tests.
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2.3.4.3 Comparisons of GOTHIC Predictions To ICTF Data

2.3.4.3.1 Constant Steam/Air Flow Test 

Test Description 

The constant steam/air flow test was the first test performed (will be referred to as Test #1), and 

was designed as a simple test to enable characterization of the flow and heat transfer processes in 

the test facility, and to evaluate the types and placement of instrumentation. The steam and air 

flowrates and temperatures were selected to approximate those which would be entering the ice 

condenser inlet doors at 10 minutes into a LBLOCA event. This time was selected in order to 

get the air flow component which models the containment air return fans, which actuate at 10 

minutes for a LBLOCA, and to maximize the steaming rate. These steam and air flowrates were 

then held constant until the ice was completely melted, which took 9000 seconds. The target 

boundary conditions and the actual average test boundary conditions used in the GOTHIC 

analysis were as follows: 

Target Actual Average 

Steam flow r 
Air flow 

Temperature 

The actual boundary condition flowrates fluctuated with time as shown in Figure 2.3.4.3.1-1.  

The ice loading at the start of the test was a total of 

2 The test started at 2400 seconds and 

ended at 11,400 seconds for a duration of 9000 seconds.  

Discussion of Results 

Key results of Test #1 are as follows. Figure 2.3.4.3.1-2 shows the comparison of the steam/air 

temperatures entering and exiting the test facility. The inlet temperature boundary conditions 

were held constant in the analysis. The outlet conditions indicate the integrated cooling effect of 

the ice condenser as the steam/air mixture flows through the ice condenser. The test exit 

temperature thermocouple (labeled TI 50) is considered to be not representative of the actual test
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exit temperature until 6000 seconds due to test facility steam leakage. Therefore, the test exit 
temperature shown in this figure is the average of the highest elevation thermocouples in the 
north and south channels. The exit temperature remains below 50'F until after 6000 seconds, at 
which time it begins increasing relatively steadily towards 170'F at test termination (11,400 
seconds). The GOTHIC prediction has a similar trend, increasing abruptly above 50'F at 5600 
seconds followed by a more gradual increase until test termination, with a final temperature of 
160'F. Figure 2.3.4.3.1-3 shows the comparison of the water (ice meltwater and condensate) 
temperature flowing into the sump. The test data (T646) peaks at around I 

3Iat test termination. Figures 2.3.4.3.1-4 and 2.3.4.3.1-5 compare the sump 
mass addition rate and the integrated sump mass collected, which reflects the rate of ice melt.  
These figures clearly show that there is excellent agreement in the rate of ice melt. These figures 
also show that the ice was not completely melted at the end of the test. GOTHIC predicts that [ Jlbm of ice remains at 11,400 seconds. Figure 2.3.4.3.1-6 shows that GOTHIC prediction of 
the integrated steam mass bypassing the ice (no data exists for this parameter). Steam bypass is 
zero until 5500 seconds, at which time the bypass rate slowly increases as the ice inventory 
diminishes. A total of L ]of steam is predicted to bypass the ice. No data was recorded 

to compare with this prediction.  

These key results indicate that GOTHIC accurately predicts the rate of ice melt, but that the exit 
temperature is slightly underpredicted, and the net temperature resulting from ice melt and 
condensation of steam is [ I The remaining discussion of results 
provides additional details to demonstrate the capabilities of the code and other observations 
regarding the test data. Since some of the code output parameters do not have corresponding 

data, no comparisons can be presented.  

Figures 2.3.4.3.2-7 and -8 show the diffuser exit thermocouple temperature trends from top to 
bottom. These data indicate a significant thermal gradient across the diffuser exit that is 
predicted very well by the code. This good agreement shows the ability of GOTHIC to predict a 
complex counter-current flow situation dominated mainly by buoyancy. Figures 2.3.4.3.2-9 
through -14 show GOTHIC predictions of air/vapor and liquid flow velocity distributions in the 
diffuser and test section at 2440, 7015, and 11,010 seconds, respectively. At the beginning of the 
test (2440 seconds), the diffuser experiences stratified counter-current vapor flow. The test 
section has a recirculating flow pattern, with strong upward vapor flow in the north (near) side, 
and downward flow in the south (far) side. The liquid velocities are only evident near the bottom
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of the test section, indicating that the ice is melting and steam is condensing towards the bottom.  

Near the middle of the test (7015 seconds), the diffuser and test section vapor flow patterns 

remain similar to the previous discussion. The steam velocities in the test section are larger and 

extend into the upper test section. Liquid is now present throughout the test section, with higher 

velocities towards the bottom due to gravitational acceleration. Drain flow exiting the bottom is 

also evident. Towards the end of the test (11,010 seconds), the vapor velocity pattern remains 

essentially unchanged from that at 7015 seconds. The liquid velocities show that melting is 

nearly finished in the near north channel (little liquid present), and that the liquid is distributed 

fairly evenly in the rest of the test section. The steam and liquid flow patterns predicted by 

GOTHIC appear to reasonably agree with what would be expected with a buoyancy dominated 

system. Although no flow distribution data exists in the test, other data will be shown to agree 

with these flow pattern predictions.  

Selected comparisons of test section flow channel thermocouple temperatures to GOTHIC 

predictions are shown in Figures 2.3.4.3-15 through -20. These data are for test section levels 

5A, 3B, and 1A, for both the north and south channels. Three test data temperatures are taken in 

the north and south flow channels (in the east/west direction) between the ice baskets. The last 

letter in the test data thermocouple label (a, b, c, d, e) indicates the position along the rake from 

east to west. The six GOTHIC temperatures are from each of the six channels (1, 2, 3 are the 

north channels, and 4, 5, 6 are the south channels) in the model. Therefore, although there are 

three data temperatures and three GOTHIC temperatures in each half (north or south) of the test 

section, they are indicating the temperatures along different axes of the test section. The Level 

5A north and 5A south channel temperatures are shown in Figures 2.3.4.3-15 and -16. Upon test 

initiation the channel temperature rapidly increases from 25OF to 1750 F. The data is then very 

unstable until around 3600 seconds in the north channel, and around 4600 seconds in the south 

channel, with temperatures changing rapidly by as much as 100IF. This instability is likely due 

to meltwater splashing onto the thermocouple rakes along with unstable flow patterns near the 

beginning of the test. After the unstable behavior diminishes, GOTHIC temperature predictions 

trend the data rather closely, in particular during the 8000-11,400 second period. Temperatures 

in the north channel are hotter than the south channel for most of the test. This trend is 

consistently predicted by GOTHIC, and supports the vapor velocity pattern predictions discussed 

above. The Level 3B north and 3B south channel temperatures are shown in Figures 2.3.4.3-17 

and -18. The temperatures at this level are much cooler than at Level 5A until near the end of the 

test, which indicates cooling of the steam/air mixture as it flows upward into the test section.  

The north channel continues to be significantly hotter than the south channel. An abrupt 

temperature increase in the north channel at 5000 seconds is predicted by GOTHIC, but does not
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occur in the test data. Subsequent to that increase the temperatures are predicted well. The 
predicted temperatures in the south channel are generally within 30'F of the data. The Level IA 
north and I A south channel temperatures are shown in Figures 2.3.4.3-19 and -20. Temperatures 
slowly increase at this level near the top of the test section. Test section data temperatures in the 

north channel remain hotter than in the south until 9500 seconds, at which time they converge.  

GOTHIC predicts that the north channel remains hotter throughout the duration of the test.  
GOTHIC again predicts an abrupt increase in north channel temperatures at 5700 seconds. The 

data shows such an increase around 6300 seconds. Near the end of the test the data is 
approximately 15'F hotter than the prediction. In the south channel GOTHIC predicts an abrupt 
increase at 5700 seconds, and such an increase occurs in the data at 6400 seconds. The 

temperature increase is greater in the south channel data and results in the data exceeding the 

GOTHIC prediction by 30'F at the end of the test. Although the temperatures at Level IA are 
underpredicted by the code, the exit temperatures (Figure 2.3.4.3.1-2) at the end of the test are 
within 12'F, with the data being higher.  

Figures 2.3.4.3.1-21 through 2.3.4.3.1-25 illustrate the channel temperature distribution 
comparisons at times 3000, 5000, 7000, 9000, and 11,000 seconds. The test data are shown on 

the left side, and the GOTHIC predictions on the right side. The test data shown are the diffuser 
thermocouple temperatures, the north and south channel average thermocouple data at levels for 
which data was recorded, and the innermost (center) and outermost (ice basket) thermocouple 

temperatures in the center ice basket. The ice basket temperatures were taken at five levels. If 
no data was recorded, the block on the diagram is left blank. The GOTHIC predictions shown 
are the vapor temperatures in each node of the GOTHIC model. GOTHIC predictions of the ice 
melting pattern are shown and discussed in the next paragraph. Figure 2.3.4.3.1-21 shows the 

comparison at 3000 seconds. At this early stage of the test only the lower region of the test 
facility has begun to heat up. Insufficient data exists to confirm the north to south temperature 
and flow pattern predicted by GOTHIC. The ice basket temperature data is clearly showing a 

bottom-up and out-in melting pattern. Figure 2.3.4.3.1-22 is at 5000 seconds. The predicted 
thermal stratification in the diffuser compares very well with the data. There is also evidence of 

the north channel being hotter than the south channel at this time. The north-to-south melting 
pattern predicted by GOTHIC is very evident. The ice has completely melted at Level 5A.  
Figure 2.3.4.3.1-23 is at 7000 seconds. Previous trends are maintained at this point in time. At 
9000 seconds (Figure 2.3.4.3.1-24) the data indicates ice meltout at Level 3B, and that the north 

channel is clearly hotter than the south channel. The occurrence of crossflow from north to south 
at Level 2B (2B hotter than 2A) is also noted. The GOTHIC temperature distribution at this time 

is very consistent. Figure 2.3.4.3.1-25 at 11,000 seconds indicates that most of the test section
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has heated up to greater than 130'F. The last indications of cooler regions are at Level 3B in the 

center of the ice basket, and at Level IA south in the channel. GOTHIC predicts that the center 

nodes in the south channel along the wall are the last to heat up. Although the available 

instrumentation does not enable a total characterization of the test, many of the data trends are 

predicted by GOTHIC.  

Figures 2.3.4.3.1-26 through 2.3.4.3.1-30 show the GOTHIC predictions of the ice melt pattern at 

3000, 5000, 7000, 9000, and 11,000 seconds. The data is shown as the volumetric fraction of ice 

remaining in each of the GOTHIC nodes. The general trend of the ice melt pattern is from 

bottom to top, with a secondary trend for the north channels to melt preferentially relative to the 

south channels. Some ice at the top of the ice baskets does not begin to melt until after 7000 

seconds, or later than 4600 seconds after the start of the test. The bottom to top trend and the 

late start of ice melt at the top are both consistent with the ice basket temperature data.  

Summary 

The constant steam/air flow test was successful in characterizing the flow and heat transfer 

processes in the test facility, and the adequacy of the instrumentation. Based on the results of 

this test it became apparent that due to the asymmetric flow patterns and temperatures in the 

north and south flow channels, additional flow channel thermocouples were needed in the north 

channel in future tests. The overall behavior of flow and heat transfer during the test was 

reasonable and consistent with the natural processes that were involved. As expected, the ice 

melt pattern in the center basket was from bottom to top and outside in, with a preferential 

melting up the near north channel. Penetration of the steam/air mixture into the upper test 

section was minimal at the test flowrates until the ice in the lower regions was depleted. The test 

exit temperatures did not indicate any bypassing of significantly warm steam/air until midway 

through the test. At the end of the test, with nearly all of the ice melted, a 50'F temperature 

difference remained between the inlet and exit temperatures. The temperature of the ice 

meltwater and condensed steam I 

The GOTHIC predictions compared well with all of the data, and excellent for some of the data, 

following I I The rate of ice melt was matched 

exactly throughout the test. The predicted exit temperature trend agreed with the data to within 

25°F, and was only 10°F lower than the data at the end of the test. The predicted ice meltwater 

and condensed steam temperature accumulating at the bottom of the test section and exiting to
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the sump system was [ I 
F. GOTHIC predictions of channel temperatures also trended well with the data, considering the 

complexity of the flow patterns and heat transfer processes evident during the test. A buoyancy

driven recirculating flow pattern, with upflow in the north channel and downflow in the south 

channel was maintained throughout the test. For those GOTHIC predictions for which data was 

not recorded, the predicted trends are reasonable and consistent with the governing natural 

processes, and are supported by the data which were recorded.  

2.3.4.3.2 Large Break LOCA Test 

Test Description 

The large break LOCA test (will be referred to as Test #5) was the most important test in the 

ICTF test program. The test boundary conditions were designed to replicate as closely as 

possible the steam/air flowrate into the ice condenser following a large cold leg break LOCA.  

This objective was constrained by the limitations of the test facility, since the ICTF is an 

atmospheric pressure facility and does not have the capability to model the rapid blowdown 

resulting from a large pipe break. The LOCA was simulated by I 

]These flowrates and temperatures are based 

on an FSAR analysis. The target boundary conditions were as follows:
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Time After Start 

of Transient (sec)

Steam Flow 

(lbm/hr)

Air Flow 

(Ibm/hr)

Temperature 

ff)

The actual steam flowrate boundary condition wasL 

The test started at 880 seconds and ended at 7200 seconds, for a 

duration of 6320 seconds.  

Discussion of Results 

Key results of Test #5 are as follows. Figure 2.3.4.3.2-2 shows the comparison of the steam/air 

temperatures entering and exiting the test facility. The inlet temperatures remain L 

]The steam/air temperature exiting the ice condenser immediately begins to 

increase from 20'F at the beginning of the test, to 130-140OF near the end of the high steam flow 

period. After steam flow is throttled at 2880 seconds, temperatures decrease to near 11 0IF 

before beginning a steady increase to 175 0F at test termination. The GOTHIC predictions of the 

exit temperature trend with the test data, but are about 20-50OF hotter through 4000 seconds.  

After 4000 seconds the GOTHIC prediction converge with the test data at 5000 seconds, and 

then remain in excellent agreement with the data until the end of the test. It is noted that the 

thermocouples at Level lA near the top of the test section are averaged to obtain an exit 

temperature, due to erroneous thermocouple data in the exit piping. Figure 2.3.4.3.2-3 shows the 

comparison of the water temperature flowing into the sump. During the I I 
period, the agreement between the data and GOTHIC is very good, with data temperatures in the
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Figures 2.3.4.3.2-4 
and 2.3.4.3.2-5 compare the sump mass addition rate and the integrated sump mass collected.  
Both the data and predicted sump mass addition rates are very erratic, but average similarly. The 
integrated sump mass comparison is best discussed by separating the 

the mass accumulates linearly, with the GOTHIC prediction greater (4650 Ibm) than 
the data (4050 Ibm) at 3000 seconds. After 3000 seconds the agreement between the data and 
GOTHIC is excellent, in that the difference that has developed by 3000 seconds remains 
essentially constant. The discrepancy prior to 3000 seconds can be attributed to the method of 
obtaining the test data. The sump data is recorded by a load cell on the sump tank. As long as 
there is no outflow from the tank, the rate of mass addition is correctly recorded. However, when 
the tank fills up, a pump lowers the level to near empty. During these pumping periods with both 
inflow and outflow, the data cannot be recorded directly. In order to quantify sump inventory 
data during these periods the inflow rate is approximated by assuming that the rate prior to the 
starting of the pump remains constant during the pumping period. The error in this method 
cannot be determined. However, since the same method is used during the time period I 

J]Reduction of the 
data is further complicated by the ten second data frequency. Another possible explanation is 
that GOTHIC is predicting higher ice melting rates before 3000 seconds. This possibility is 
inconsistent with GOTHIC predicting both higher exit temperatures and higher sump 
temperatures, since some energy is required for both of these to occur, and that energy will not 
be available to melt ice. Figures 2.3.4.3.2-4 and -5 both indicate consistent decreases in the ice 
melt rate as the remaining ice inventory diminishes, and that the ice was completely melted by 
the end of the test. The GOTHIC prediction of the steam flowrate bypassing the ice condenser is 
shown in Figure 2.3.4.3.2-6. Steam bypass is minimal I 

I Then, after the steam
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flow is I 

) No data was recorded to compare with the predicted steam bypass flow.  

These key results indicate that GOTHIC comparisons with data depend greatly I 

I particularly as the ice inventory 

decreases towards meltout. The time of ice meltout is predicted very well, as is the rate of sump 

mass accumulation. The remaining discussion of results provides additional details to 

demonstrate the capabilities of the code and other observations regarding the test data. Since 

some of the code output parameters do not have corresponding data, no comparisons can be 

presented.  

Figures 2.3.4.3.2-7 and -8 show the diffuser exit temperatures entering the ice condenser doors 

from top to bottom. The diffuser behavior can be characterized by four different phases. The 

first phase is the I I 

seconds. Temperatures immediately increase at the start of the test and a gradient from top to 

bottom of 100-120'F develops. The temperatures increase and oscillate at the diffuser exit 

consistent with the inlet temperature. The data and GOTHIC predictions are similar, although 

GOTHIC predicts greater temperature stratification and both higher and lower temperature 

extremes. The second phase is the L 

eliminates temperature stratification across the diffuser exit in the data. The stratification is 

somewhat less in the prediction, but is not completely eliminated. The third phase is the 

lalong with the more stable 

flowrates and temperatures results in a restoration of the temperature gradient, and very stable 

temperatures. The gradient predicted by GOTHIC matches the data very well. The fourth phase 

evolves as the ice inventory begins to deplete, beginning in the data at around 6000 seconds.  

With ice depletion the gradient diminishes due to less cool steam/air backflowing out of the test 

section into the diffuser. GOTHIC provides an excellent prediction of this trend. Although the 

diffuser does not represent plant scale, the prediction of flow trends in the diffuser provides a 

good test of the capabilities of GOTHIC to model a complex steam/air counter-current flow 

situation.
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Figures 2.3.4.3-9 through 2.3.4.3-20 illustrate the GOTHIC predictions of the air/vapor and 
liquid flow velocity distributions in the diffuser and test section at 1020, 2002, 2642, 3003, 6016, 

and 7001 seconds, respectively. The flow patterns during theE 

]are shown in Figures 2.3.4.3-9 and -10. The diffuser shows 
strong forward vapor flow in the upper nodes, with some reverse flow at the bottom. There is 
minimal liquid present in the diffuser. The test section is characterized by a strong upward flow 
in the near north side in the lower half of the test section, and strong downward flow in the far 
south side. Air/vapor velocities are lower in the upper half of the test section. Ice melting is 
mainly in the lower regions of the test section, with the upper test section unaffected at this time.  
Meltwater and condensate exiting the bottom of the test section through the sump line are also 
shown. This recirculation pattern is characteristic of the ICTF tests. Later in the[ 

of the test (Figures 2.3.4.3-11 and -12 at 2002 seconds), the diffuser flow pattern 
remains unchanged. The recirculating flow pattern in the test section now includes the entire 
length. Ice melting is preferentially in the north side, and occurs well up into the upper test 
section. Liquid velocities are higher in the bottom of the test section due to gravitational 
acceleration. A significant meltwater and condensate flowrate is present at the bottom of the test 
section at this time. Figures 2.3.4.3-13 and -14 (2642 seconds) shows the L 

I results in forward flow at all levels in the diffuser, and 
higher velocities throughout the test section. The forward flow prediction in the diffuser is 
consistent with the diffuser temperature data during this phase. The recirculation flow pattern 
remains the same. Figures 2.3.4.3-15 and - 16 show the flow patterns during theE 

I The test section recirculation pattern remains the same. Due to ice 
depletion in the north side of the test section, the ice melting has shifted toward the center of the 
test section. Figures 2.3.4.3-17 and -18 at 6016 seconds are very similar to the previous figures, 
with the exception that the ice melting has shifted even more towards the south side of the test 
section, again due to ice depletion. Figures 2.3.4.3-19 and -20 show the flow pattern near the end 
of the test (7001 seconds). The velocities are lower due to steam flow decreasing at this time, 
but the flow recirculation behavior remains the same. The ice inventory is nearly depleted and 
only a small amount of liquid is present in the test section. Sensible heating of the structural 
metal in the test section becomes an important contributor to the overall heat transfer. Although 
no test data directly compares with these velocity predictions, the channel temperature data 
provides an indication of the validity of the flow predictions.
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Selected comparisons of test section flow channel thermocouple temperatures to GOTHIC 

predictions are shown in Figures 2.3.4.3-21 through 2.3.4.3-26. These data are for test section 

levels 5A, 3B, and IA, for both the north and south flow channels. Two or three test data 

temperatures are taken in the north and south flow channels (in the east/west direction) between 

the ice baskets. The last letter in the test data thermocouple label (a, b, c) indicates the position 

along the rake from east to west. The six GOTHIC temperatures are from each of the six 

channels (1, 2, 3 are the north channels, and 4, 5, 6 are the south channels) in the model.  

Therefore, although there are temperature data and predictions at each level, they are indicating 

the temperatures along different axes of the test section. The Level 5A north and south channel 

temperatures near the bottom of the ice are shown in Figures 2.3.4.3-21 and 2.3.4.3-22. Upon 

test initiation the temperatures in the north channel (Figure 2.3.4.3-21 ) rapidly increase to 150

210'F in the data, and to 160-190'F in the GOTHIC predictions. The oscillations in the steam 

flowrate supplied to the test section are evident in both the data and the predictions.  

Temperatures remain approximately in these ranges until I 

]north channel temperatures decrease to a range of 140-165°F, and the agreement 

between data and GOTHIC is excellent. The temperature gradient across the channel is much 

smaller at the lower steam flowrates. As the ice inventory is depleted the channel temperatures 

increase and eventually reach 180-195'F at the end of the test. The temperature increase is more 

gradual in the GOTHIC prediction than in the data, but the agreement between the data and 

predictions remains excellent. The temperatures in the south channel (Figure 2.3.4.3-22) are 

dramatically different than in the north channel. Temperatures are 50'F cooler during the 

I I GOTHIC predicts a larger 

temperature gradient across the channel than the data, but only two thermocouples were 

functioning in the test. The data and predicted temperatures agree very well throughout the test.  

Approaching the end of the test as the ice nears depletion the north and south channel 

temperatures are very similar. The Level 3B north and south channel temperatures near the 

middle of the ice are shown in Figures 2.3.4.3-23 and -24. The rate of temperature increase at 

the beginning of the test is clearly much more gradual than at Level 5A, as the steam/air flow 

penetrates upwards in the ice condenser. Temperatures are approximately 50'F hotter in the 

north channel relative to the south channel during the high steam flow phase. During the low 

steam flow phase this temperature difference decreases to 25'F. All of these temperature trends 

are predicted by GOTHIC. It is noted that one thermocouple in the south channel indicates 

abnormally low temperatures between 4500-5900 seconds. This indication appears to be due to 

some local effect, such as meltwater or condensate in contact with the thermocouple, and is not 

considered to be a good indication of channel temperature during this time period. The north

south temperature data behavior is consistent with the flow velocity distribution predicted by
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GOTHIC. The Level I A north and south channel temperatures near the top of the ice are shown 
in Figures 2.3.4.3-25 and -26. The rate of temperature increase at this high in the ice condenser 
is very gradual, with temperatures not reaching their peak values until 2300 seconds into the test.  
GOTHIC predicts earlier penetration of the steam/air flow than is seen in the data. Temperatures 
in the south channel are approximately 25°F lower than in the north channel until the ice nears 
depletion. There is good agreement between the data and GOTHIC predictions during the low 
steam flow phase, with the Level IA channel temperatures within 25'F after 3000 seconds, and 
within 5-10°F at the end of the test.  

Figures 2.3.4.3-27 through 2.3.4.3-33 illustrate the channel temperature distribution comparisons 
at times 1000, 2000, 3000, 4000, 5000, 6000, and 7000 seconds. The test data are shown on the 
left side, and the GOTHIC predictions are shown on the right side. The test data shown are the 
diffuser thermocouple temperatures, the north and south channel average thermocouple data at 
levels for which data was recorded, and the innermost (center) and outermost (ice basket) 
thermocouple temperatures in the center ice basket. The ice basket temperatures were taken at 
five levels. If no data was recorded, the block on the diagram is left blank. The GOTHIC 
predictions shown are the vapor temperatures in each node of the GOTHIC model. GOTHIC 
predictions of the ice melting pattern are shown and discussed in the next paragraph. Figure 
2.3.4.3-27 shows the comparison at the beginning of the test withI 

)At this stage of the test only the lower half of the ice condenser has begun to heat up.  
The illustration shows that the north channel is hotter than the south. These trends are evident in 
both the data and the code predictions. The ice melt pattern is indicated by the ice basket 
temperatures, and is clearly from the bottom up and from the outside in. Figure 2.3.4.3-28 shows 
the temperature data at 2000 seconds. At this time the steam/air mixture has penetrated to the 
top of the ice condenser, with the north channel significantly hotter than the south. The ice has 
begun melting at all levels except I A, but some remains at all levels. Figure 2.3.4.3-29 illustrates 
the temperatures at 3000 seconds. [ 1' the temperatures are 
cooler than at 2000 seconds. The north-to-south gradient remains a dominant characteristic. The 
vertical temperature gradient in the diffuser is also predicted well. The ice at Level 5A has been 
depleted, and melting has begun at Level I A, which shows the expected bottom-top, out-in melt 
pattern. By 4000 seconds (Figure 2.3.4.3-30) the north channel exit temperatures are hot enough 
to indicate that ice is likely depleted on that side. The south channel temperatures remain 
significantly cooler with ice present. Ice no longer exists at Levels 5A, 4A, and 2B. Since Level 
2B has been depleted of ice it appears that ice at that level has relocated down to Level 3B. The 
predicted temperature stratification in the diffuser agrees well the data. Figure 2.3.4.3-31 is at 
5000 seconds. The previous trends continue, with the north-south temperature gradient evident.
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The only level at which ice remains in the center basket is Level 3B. Due to the cooler 

temperatures in the south channel it is likely, although uninstrumented, that some ice remains in 

the half and quarter baskets on that side. At 6000 seconds (Figure 2.3.4.3-32) the bulk of the ice 

condenser is above 150'F. Some cooler temperatures remain at Level 5A south and in the lower 

diffuser. The temperature illustration near the end of the test (7000 seconds) is shown in Figure 

2.3.4.3-33. By this time there is no apparent heat sink remaining in the test data, and only a 

minimal amount of cooling occurring in the GOTHIC prediction. The temperature gradient from 

north-south no longer exists due to an absence of a cooling mechanism. Although the available 

instrumentation do not enable a complete characterization of the test results, the available data do 

capture the main testing results. These results are consistently predicted well by the GOTHIC 

code.  

Figures 2.3.4.3-34 through 2.3.4.3-40 show the GOTHIC predictions of the ice melt pattern at 

1000, 2000, 3000, 4000, 5000, 6000, and 7000 seconds. The data is shown as the volumetric 

fraction of the ice remaining in each GOTHIC node. Figure 2.3.4.3-34 (1000 seconds) shows 

that some ice has melted in all except seven of the topmost nodes. Significant melting has 

occurred only at the bottom in the north channels. By 2000 seconds (Figure 2.3.4.3-35), the 

north-south melting pattern has been established, and ice has been depleted in six nodes. Melting 

has started in all nodes. Between 3000 and 4000 seconds (Figures 2.3.4.3-36 and -37) the melted 

fractions increase and the melting pattern remains the same. Figure 2.3.4.3-38 shows that the ice 

has been depleted in the near north channel, and that steam bypass can occur by 5000 seconds.  

Ice melting continues through 7000 seconds (Figures 2.3.4.3-39 and -40) with minimal ice 

remaining in two nodes at 7000 seconds. The pattern and characteristics of ice melting as 

predicted by GOTHIC all seem to be reasonable and consistent. Since only the center ice basket 

was instrumented in the test, quantitative comparison is limited. However, the bottom to top 

melting pattern is confirmed. Also, the north-south melting pattern is consistent with the channel 

temperature data and GOTHIC predictions.  

Summary 

Test #5 was successful in obtaining data to characterize the flow and heat transfer processes that 

occur in the ice condenser following a LBLOCA. The mass and energy release was I 

I The data obtained during the test including, inlet and outlet flows, ice
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condenser channel and ice temperatures, and ice melt rates, enable validation of the GOTHIC 
computer code. The overall behavior of the flow and heat transfer during the test was reasonable 
and consistent with the natural processes involved. The ice melt pattern was from bottom to top, 
and from outside to inside in the center basket. The flow channel data showed a strong 
preference for flow up the north channel with cooler temperatures in the south channel.  
Oscillations in the steam flowrate at the inlet were present downstream, although decreasing in 
magnitude up the test section. Penetration of the steam/air mixture up the ice condenser was 
gradual, and was clearly a function of the steam/air flowrate. Some bypassing of steam/air 
occurred early in the test during the I 3 but the exit temperature did not 
exceed 150'F. As ice meltout was approached the north and south channel temperatures near the 
exit converged. Sump temperatures were much higher during the ( ]when 

approximately two-thirds of the ice melted.  

The GOTHIC predictions compared well with most of the data, and the comparison was 
excellent for much of the data, following1 3 The rate of 
ice melt was matched very well throughout the test, with the gradual degradation in the melt rate 
as the ice is depleted consistent with the data. The predicted test section exit temperatures are 25 
'F hotter than the test data until 4000 seconds into the test, at which time the prediction closely 
matches the test data for the remaining 2000 seconds. The water temperature data entering the 
sump during the I I which consists of ice meltwater and condensate, is 
predicted well by GOTHIC. During the I 

3GOTHIC predictions of channel temperatures at all 
levels compared very well with the data, including the gradient from north to south and the 
effects of changes in the steam and air flow entering the test section. GOTHIC predictions of 
parameters for which data was not available, such as velocity distributions and ice melt fractions, 
appear reasonable and consistent with related data.  

2.3.4.3.3 Large Break LOCA Ice Configuration Sensitivity Tests 

Objective 

Three tests were designed to determine the impact of different ice configurations in the ICTF 
facility during a large break LOCA test, relative to the base case test (Test #5) described in 
Section 2.3.4.3.2. Each test had the same steam and air flowrates specified as boundary 
conditions, although some variation between tests did occur as discussed below. The similarity
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in the boundary conditions also enable a check on the repeatability of the facility and the LOCA 

test. Test #4 was designed to determine the impact of ice blockage in the flow channels between 

the ice baskets. This type of blockage can occur due to relocation of ice by sublimation, a 

process which occurs in the plant. Test #6 was designed to determine the impact of the shape of 

the ice being loading into the ice baskets. The type of flake ice used in the previous tests was put 

through an ice crusher which converted the ice into shapes slightly more typical of the ice 

actually loaded into the baskets at the plant. Test #7 was designed to determine the impact of ice 

in the shape of cylindrical blocks, rather than flake ice, being loaded into the center basket in the 

facility. For all of these tests the data recorded can be compared to identify any differences 

which may be attributed to the differences in the ice characteristics. The GOTHIC simulations 

for each test can then be compared to see if there are differences in the predictions which can be 

attributed to the modeled differences in the test.  

Ice Blockage Test and Modeling Description 

The ICTF facility was modified for the ice blockage test (Test #4) by first installing 0.25 inch 

wire mesh at each of nine lattice structure elevations in the south side of the facility as shown in 

Figure 2.3.4.1-11. The ice was then loaded into all baskets similar to Test #5. The spilling of ice 

out of the baskets that occurs during loading resulted in approximately 100 Ibm of ice collecting 

on the wire screens. The total ice loaded was 5320 Ibm, which was 50 Ibm less than in Test #5.  

The test boundary conditions were very similar compared to Test #5. In particular, the flow 

oscillations during the high steam flow period also occurred in Test #4. The GOTHIC model for 

Test #4 included several modeling input changes to simulate the screens and the ice. The flow 

loss coefficients at the lattice support structures in the south channels were increased to include 

the addition of the screen mesh. The additional ice on the screens was modeled by increasing the 

ice volume fractions and surface areas in the south channels by the fractional mass increase due 

to the 100 Ibm of ice on the screens.  

Plant-Typical Ice Test and Modeling Description 

The ice loaded into the baskets for the plant-typical ice test (Test #6) was different from that 

loaded for Test #5 in that the ice was processed through a crushing machine prior to loading.  

This additional processing eliminated the larger flakes present in the raw ice supplied for all 

tests. Also, inflatable air bags were inserted in the channels between baskets during ice loading 

to minimize spilling out of the baskets. The ice loading for Test #6 was 5681 Ibm, or 311 Ibm 

greater than Test #5. Consequently, the ice density was higher. The ice density (and therefore
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ice mass) was changed for the GOTHIC simulation for Test #6. The steam flow boundary 
condition for Test #6 was somewhat different than Test #5. During theE 

3 
Block Ice Test and Modeling Description 

The ice loaded into the half and quarter baskets for the block ice test (Test #7) was identical to 
that loaded for Test #5. However, the center basket ice was first crushed and then pressed into 
cylindrical blocks prior to loading. This method of ice processing is intended to both lessen 
sublimation rates and enable higher mass loadings in the plant. The total ice loading for Test #7 
was 5579 Ibm, or 209 Ibm more than Test #5. Since the center basket ice density was higher 
than the other non-block basket sections, the GOTHIC model included an ice density and surface 
area gradient. The densities for the outer (1&6), center (3&4), and remaining (2&5) channels in 
the GOTHIC model are weighted by the fraction that the center basket occupies in each of those 
channel pairs. The steam flow boundary condition for Test #7 was very similar to Test #6.  
During the high steam flow period the flow was much more stable and about 10% higher than 

Test #5.  

Comparisons of Test Data and GOTHIC Results 

Figures 2.3.4.3.3-1, -2, and -3 show the steam and air flow boundary conditions for Tests #4, 6, 
and 7. The Test #5 data are shown in Figure 2.3.4.3.2-1. As stated above, Tests #4 and 5 are 
similar. Tests #6 and 7 are similar but I phase and 
more stable than Tests #4 and 5. Figure 2.3.4.3.3-4 shows the accumulated ice meltwater mass 
calculated for Tests #4, 5, 6 and 7. From this figure it is apparent that the melting rate is similar 

for all tests, when considering the I 

I period appear identical. The trends near the end of the test when the ice is being depleted 
are also very similar. From the final calculated masses, the as-loaded ice inventories can be 
evaluated. The sequence of lowest ice inventory to highest was verified. However, the ice 
inventory differences logged during ice loading and corrected for expected ice spillage, melting, 
and sublimation, could not be confirmed quantitatively. The inaccuracy in the sump mass 
calculational method is discussed in Section 2.3.4.3.2. Figure 2.3.4.3.3-5 shows the water 
temperature entering the sump for all four LOCA tests. The results are very similar for all tests,
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with differences generally within 25°F until ice meltout occurs and temperatures rapidly start 

increasing.  

Figures 2.3.4.3.3-6 through -8 show the test section inlet and exit temperature comparisons for 

Tests #4, 6, and 7. The figure for Test #5 is 2.3.4.3.2-2. The inlet temperatures for Tests #4 and 

#5 are higher due to theE 

3(not shown on these figures), which impacts the test section exit temperatures.  

The test section exit temperature data are generally similar for all four LOCA tests. The exit 

temperatures for Tests #5 and 6 are very similar. The ice loaded for these two tests was very 

similar, and apparently resulted in excellent repeatability despite the differences in inlet steam 

temperature and flowrate. Test #4, which modeled the ice blockage, had the most gradual 

increase in exit temperatures. This result would appear to be consistent with the potential impact 

of ice blockage in the south flow channel, which would be an increase in heat transfer due to 

greater flow mixing and heat transfer area. Test #7 , the test with block ice in the center basket, 

clearly resulted in higher exit temperatures. This result would also appear to be consistent with 

the potential impact of block ice, which would be less heat transfer area. For all tests GOTHIC 

predicts more rapid temperature increases and higher exit temperatures until later in the tests.  

During theL 3 all four tests have very similar predicted temperatures at the 

exit. There is excellent agreement for Test #7. Some of the differences between tests, as noted 

above and attributable to the differences in the ice characteristics, are also predicted by 

GOTHIC. Test #4 is predicted to have cooler exit temperatures, and Tests #6 and 7 the hotter 

exit temperatures during the [ I of the tests. The key result of both the 

GOTHIC simulations and the test data is the repeatability of the data and predictions.  

Figures 2.3.4.3.3-9 through -11 show the comparisons of the data and GOTHIC predictions of the 

water temperature entering the sump for Tests #4, 6, and 7. The corresponding figure for Test #5 

is 2.3.4.3.2-3. GOTHIC predicts a more steady temperature during theE 

J The predicted sump water temperatures are very 

similar for all LOCA tests.  

The calculated accumulated sump inventory comparisons to the GOTHIC predictions for Tests 

#4, 5, and 6 are shown in Figures 2.3.4.3.3-12 through -14. The corresponding figure for Test #5 

is 2.3.4.3.2-5. The trends are the same for all tests. A steady overprediction of the test data 

during the I I is evident, most likely due to uncertainty in the calculation of
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the test data as explained in Section 2.3.4.3.2. GOTHIC predictions of the accumulated sump 
inventory more closely track the data during the I I All tests have some 
differences relative to the test data in the total calculated and predicted sump masses, and in the 
time of meltout. For Tests #4 and #5 the ice meltout times are close to the data, whereas in Test 
#6 GOTHIC melts out prior to the data, and in Test #7 later than the data.  

Figures 2.3.4.3.3-15 through -17 show the GOTHIC predicted steam mass flow bypassing the ice 
condenser for Tests #4, 6 and 7. The corresponding figure for Test #5 is 2.3.4.3.2-6. The trends 
are generally the same for all four tests. There appears to be somewhat less bypass flow in Test 
#4, which is consistent with the ice blockage in the south channel. Other than that observation, 

the results of the four GOTHIC predictions are very similar.  

Summary and Conclusions 

The objectives of the LBLOCA ice configuration sensitivity tests were met, in that the impact of 
different ice configurations was tested, and the repeatability of the LOCA test was confirmed.  
The different ice configurations tested were shown to have minimal impact on the results of the 
test. Most observed variations in the test results could be attributed to the differences in the 
boundary conditions, and were in some cases consistent with the specific ice configuration being 
tested. Ice blockage in the flow channels was shown to result in a modest improvement in heat 
transfer, due to additional mixing and ice surface area. Cylindrical block ice appeared to result 
in a slight decrease in heat transfer due to less heat transfer area. These observed differences 
were only second order effects. The observed consistency in the test results supports the 

conclusion that the ice configuration is not an important factor in the overall flow and heat 

transfer in the ICTF facility tests.  

The results of the GOTHIC predictions for Tests #4-7 support the conclusions made based on 
observations in the test data. Differences between the simulations of the four tests were not very 
significant. Some of the results did indicate minor differences which were consistent with the ice 
configurations as modeled. The predictions of ice melting rates, test section exit temperatures, 
sump water temperatures, and steam bypass flows were very consistent and repeatable. The 
agreement with the data varied in quality depending on the time period and the parameter. There 
were no phenomena or trends that were missed by the code. Therefore, the GOTHIC code was 
successfiully validated and shown to be repeatable for a set of four similar tests, differing mainly 
in the loading and characteristics of the ice inventory.
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2.3.4.4 Summary and Conclusions

The short-term response of the ice condenser containment design to scaled LBLOCA blowdown 

tests was experimentally verified by the Waltz Mill test program as documented in the MNS and 

CNS FSARs. The computer codes that were validated by the Waltz Mill tests confirmed that the 

short-term response of the plant scale ice condenser was well within the design pressure of the 

MNS and CNS containment designs. The peak containment pressure was shown by analysis to 

occur subsequent to meltout of the ice inventory. Therefore, the longer-term response of the ice 

condenser design subsequent to the LOCA blowdown and reflood phase is of great interest. The 

tests conducted at the Ice Condenser Test Facility focused on characterizing the flow and heat 

transfer behavior of the ice condenser design during the longer-term following a LBLOCA. The 

five tests documented in this report provide a significant database for validating the GOTHIC 

code for ice condenser containment analysis. GOTHIC demonstrates the capability to accurately 

simulate the flow and heat transfer processes that occur in the ice condenser.( 

The ICTF tests and GOTHIC analyses proved that the presence of varying ice densities and 

shapes, flow channel blockage due to ice sublimation, and ice loaded as cylindrical blocks had 

minimal impact on the overall performance of the scaled ice condenser. The presence of 

complex recirculating flow patterns was established. The possibility of non-uniform ice 

inventory depletion was evident, and shown to have minimal impact on the overall energy 

absorption capability of the ice condenser. The ability of the GOTHIC code to predict the 

phenomena occurring in the test facility demonstrates its suitability for simulation of the full 

scale ice condenser.
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TABLE 2.3.3-1 
GOTHIC / LOTIC Containment Model Input Data Comparison 

LOTIC- 1 ** GOTHIC 

Building Free volume (ft3 ): 
Upper containment: 670,101 669,559 
Lower containment: 234,711 154,783 
Ice condenser (total): 157,521 180,255 
Dead-ended compartments: 130,902 131,039 

Heat sink areas, volumes: 

UPPER CONTAINMENT: 

Concrete area 65,724 20,140 
Concrete volume 109,182 27,370 
CSteel area 58,142 40,165 
CSteel volume 1,454 1,717 

LOWER CONTAINMENT: 
Concrete area 26,817 30,036 
Concrete volume 47,069 56,369 
CSteel area 48,380 18,402 
CSteel volume 2,042 1,098 

DEAD-ENDED COMPARTMENTS: 
Concrete area * 40,744 
Concrete volume * 66,015 
CSteel area * 17,913 
CSteel volume * 1,013 

• Included above 
•* LOTIC- 1 data taken from summation of volumes in Tables 6-4 &- 18 of Reference 2-14.
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FIGURE 2.1.1-1 

MNS/CNS RELAP5 Two Loop Model 

[(Page intentionally blank) ]
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FIGURE 2.3.2-1 

GOTHIC Ice Condenser Containment 
Model Nodalization Diagram 
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FIGURE 2.3.2-2

GOTHIC Ice Condenser Containment 
Model Nodalization Diagram 

Dead-Ended Compartment Mesh 
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MNS FSAR CLPS Break - GOTHIC 4.0/DUKE 
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FIGURE 2.3.3-2 
MNS FSAR CLPS Break 
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MNS FSAR CLPS Break - GOTHIC4.0/DUKE 
Upper Containment Average Temperature 
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FIGURE 2.3.3-4 
MNS FSAR CLPS Break 

LOTIC-1 Upper Compartment Temperature
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MNS FSAR CLPS Break - GOTHIC 4.0/DUKE 
Lower Containment Average Temperature 
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FIGURE 2.3.3-6 
MNS FSAR CLPS Break 

LOTIC-1 Lower Compartment Temperature
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MNS FSAR CLPS Break - GOTHIC 4.0/DUKE 
Sump Average Temperatures
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FIGURE 2.33-8 
MNS FSAR CLPS Break 

LOTIC-1 Active Sump Temperature
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MNS FSAR CLPS Break - GOTHIC 4.0/DUKE 
Ice Melted 
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FIGURE 2.3.3-10 
MNS FSAR CLPS Break 

LOTIC-1 Ice Melt
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FIGURE 2.3.4.1-2 
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FIGURE 2.3.4.1-5 
Inlet Diffuser
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FIGURE 2.3.4.1-6 
Inlet Diffuser Thermocouple Orientation
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FIGURE 2.3.4.1-8 
Types A and C Thermocouple Rakes Orientation 
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FIGURE 2.3.4.1-9 
Type B Thermocouple Rake
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FIGURE 2.3.4.1-10 
Test Ice Photograph
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FIGURE 2.3.4.1-11 
Wire Mesh Channel Blockage Orientation 
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FIGURE 2.3.4.1-12 
Ice Basket Cruciforms
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FIGURE 2-3.4.1-13 
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S513A

, %v k . 'PtA e

2-90

L -

iz" b



FIGURE 23.42-1 
GOTHIC Test Section Model 
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FIGURE 2.3.4.2-2 
GOTHIC Downcomer, Diffuser Inlet, and Diffuser Model
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FIGURE 23.4.3.1-1 

Test #1 Steam and Air Flow Boundary Conditions 
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FIGURE 2.3.4.3.1-3 

Test #1 Sump Temperature 
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FIGURE 2.3.4.3.1-6 

Test #1 Test Section Steam Bypass Flowrate 
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DIFFUSER VAPOR TEMPERATURES (4- 9) 
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FIGURE 2.3.4.3.1-9 
Test #1 Vapor Velocities at 2440 Seconds 
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FIGURE 2.3.4.3.1-10 
Test #1 Liquid Velocities at 2440 Seconds 
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FIGURE 2.3.43.1-11 
Test #1 Vapor Velocities at 7015 Seconds 

testl 
09:42:11 19-APR-94 
GOTHIC Version 4.0 - August 1993

2-103



I __________

FIGURE 2.3.4.3.1-12 
Test #1 Liquid Velocities at 7015 Seconds 
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FIGURE 23.43.1-13 
Test #1 Vapor Velocities at 11,010 Seconds 
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GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.3.1-14 
Test #1 Liquid Velocities at 11,010 Seconds 
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FIGURE 2.3.43.1-21 
Test #1 Temperatures at 3000 Seconds 

VAPOR TEMPERATURES 
ICHTTG TEST #1 

TRANSIENT TIME = 3000 SECONDS 

TOP 
OF ICE 

1 B 

1A 

2B

2A 

3B: 
D 

3A (

-, 
w 
z z 

0 -j 
U-

4B 

4A 

5B

5A

-I
FIr 

0 z 

BOTTOM 
OF ICE.

d

U

1B 

1A 

2B

m

2A 

3B "r 
I-

0 3Ac0, 

4B 

4A 

5B 

5A 
U

0

TEST DATA GOTHIC RESULTS

2-113



FIGURE 2.3.43.1-22 
Test #1 Temperatures at 5000 Seconds 
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FIGURE 2.3.4.3.1-23 
Test #1 Temperatures at 7000 Seconds 
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FIGURE 2.3.4.3.1-24 
Test #1 Temperatures at 9000 Seconds 
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FIGURE 2.3.4.3.1-25 
Test #1 Temperatures at 11,000 Seconds 
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FIGURE 2.3.4.3.1-26 
Test #1 Ice Volume Fractions at 3000 Seconds 
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FIGURE 2.3.4.3.1-27 
Test #1 Ice Volume Fractions at 5000 Seconds 
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FIGURE 2.3.4.3.1-28 
Test #1 Ice Volume Fractions at 7000 Seconds 
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FIGURE 2.3.4.3.1-29 
Test #1 Ice Volume Fractions at 9000 Seconds 
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FIGURE 2-3.4.3.1-30 
Test #1 Ice Volume Fractions at 11,000 Seconds 
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FIGURE 2.3.4.3.2-1 

Test #5 Steam and Air Flow Boundary Conditions 
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INLET AND EXIT TEST SECTION TEMPERATURE 
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FIGURE 2.3.4.3.2-3 

Test #5 Sump Temperature 
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SUMP MASS ADDITION RATE 
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ACCUMULATED SUMP INVENTORY (BOTH SUMPS) 
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FIGURE 2.3.4.3.2-6 

Test #5 Test Section Steam Bypass Flowrate 
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FIGURE 2.3.4.3.2-7 
Test #5 Diffuser Exit Temperature Profile (Data)
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DIFFUSER VAPOR TEMPERATURES 
ICHTTG TEST #5

(4-9)

2000 3000 4000 5000 6000 7000 

TIME (SECONDS)

I I I I I I I

300 

250 

200

0

S150 0_ 

w•

100 

50 

0

0

oi 

0 

0

1000 8000

II I



FIGURE 2.3.432-9 
Test #5 Vapor Velocities at 1020 Seconds 

test5 
08:57:21 19-APR-94 
GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.43.2-10 
Test #5 Liquid Velocities at 1020 Seconds 
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GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.3.2-11 
Test #5 Vapor Velocities at 2002 Seconds 
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08:57:29 19-APR-94 
GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.3.2-12 
Test #5 Liquid Velocities at 2002 Seconds
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FIGURE 2.3.43.2-13 
Test #5 Vapor Velocities at 2642 Seconds 

test5 
08:46:54 08-JUN-94 
GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.32-14 
Test #5 Liquid Velocities at 2642 Seconds 
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GOTHIC Version 4.0 - August 1993

TEST 5 

Liquid Uelocities

North

Di££user

VTax = 2.5 (ft/s) 
TiMe = 2642.66 
Channels = 9 14/

GOTHIC 4.0
Hor. Dim.  

84/22/94 11:31:21 #ý

2-136

Soutl)



FIGURE 23.43.2-15 
Test #5 Vapor Velocities at 3003 Seconds 

test5 
08:57:38 19-APR-94 
GOTHIC Version 4.0 - August 1993

2-137



I ___

FIGURE 2.3.4-3.2-16 
Test #5 Liquid Velocities at 3003 Seconds 
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GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.3.2-17 
Test #5 Vapor Velocities at 6016 Seconds 
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FIGURE 2.3.4.3.2-18 
Test #5 Liquid Velocities at 6016 Seconds 
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08:59:02 19-APR-94 
GOTHIC Version 4.0 - August 1993
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FIGURE 23.43.2-19 

Test #5 Vapor Velocities at 7001 Seconds 

test5 
08:58:11 19-APR-94 
GOTHIC Version 4.0 - August 1993
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FIGURE 2.3.4.3.2-20 
Test #5 Liquid Velocities at 7001 Seconds 
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LEVEL 5A SOUTH FLOW CHANNEL 
ICHTTG TEST #5
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LEVEL 3B NORTH FLOW CHANNEL 
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LEVEL 3B SOUTH FLOW CHANNEL 
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FIGURE 2.3.4.3.2-25 
Test #5 Level 1A North Flow Channel Temperatures
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FIGURE 2.3.4.3.2-26 
Test #5 Level IA South Flow Channel Temperatures
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FIGURE 2.3.4.3.2-27 
Test #5 Temperatures at 1000 Seconds 
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FIGURE 2.3.4.3.2-28 
Test #5 Temperatures at 2000 Seconds 
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FIGURE 2.3.4.3.2-29 
Test #5 Temperatures at 3000 Seconds 
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FIGURE 2.3.4.3.2-30 
Test #5 Temperatures at 4000 Seconds 
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FIGURE 2.3.4.3.2-31 
Test #5 Temperatures at 5000 Seconds 
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FIGURE 2.3.4.3.2-32 
Test #5 Temperatures at 6000 Seconds 
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FIGURE 2.3.4.3.2-33 
Test #5 Temperatures at 7000 Seconds 
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FIGURE 2.3.4.3.2-34 
Test #5 Ice Volume Fractions at 1000 Seconds 
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FIGURE 2.3.4.3.2-35 
Test #5 Ice Volume Fractions at 2000 Seconds 
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FIGURE 23.4.3.2-36 
Test #5 Ice Volume Fractions at 3000 Seconds 
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FIGURE 2.3.4.3.2-37 
Test #5 Ice Volume Fractions at 4000 Seconds 
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FIGURE 2.3.4.3.2-38 
Test #5 Ice Volume Fractions at 5000 Seconds 
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FIGURE 2.3.4.3.2-39 
Test #5 Ice Volume Fractions at 6000 Seconds 
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FIGURE 2.3.4.3.2-40 
Test #5 Ice Volume Fractions at 7000 Seconds 
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FIGURE 2.3.4.3.3-1 

Test #4 Steam and Air Flow Boundary Conditions 
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FIGURE 2.3.4.3.3-2 

Test #6 Steam and Air Flow Boundary Conditions 
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FIGURE 2.3.4.3.3-3 

Test #7 Steam and Air Flow Boundary Conditions 
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TESTS #4-7 ACCUMULATED SUMP INVENTORY
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FIGURE 2.3.4.3.3-5 

Tests #4-7 Sump Temperatures (Data) 
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INLET AND EXIT TEST SECTION TEMPERATURE 
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INLET AND EXIT TEST SECTION TEMPERATURE 
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FIGURE 2.3.4.3.3-9 

Test #4 Sump Temperature 
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FIGURE 2.3.4.3.3-10 

Test #6 Sump Temperature 
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FIGURE 2.3.4.3.3-11 

Test #7 Sump Temperature 
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ACCUMULATED SUMP INVENTORY 
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ACCUMULATED SUMP INVENTORY 
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ACCUMULATED SUMP INVENTORY 
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FIGURE 2.3.4.3.3-15 

Test #4 Test Section Steam Bypass Flowrate 
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FIGURE 2.3.4.3.3-16 

Test #6 Test Section Steam Bypass Flowrate 
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FIGURE 2.3.4.3.3-17 

Test #7 Test Section Steam Bypass Flowrate 
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3. LARGE BREAK LOCA MASS AND ENERGY RELEASE ANALYSES 

3.1 Overview 

LBLOCA analyses are performed to generate mass and energy release boundary conditions for 

determining the long-term containment response to a double-ended rupture of the RCS piping.  

Since the McGuire Nuclear Station (MNS) and Catawba Nuclear Station (CNS) containments are 

the ice condenser containment type, the peak pressure following a double-ended rupture of the 

RCS piping will not occur during the blowdown phase; rather it will occur after the ice meltout 

which is a long time after the initiation of the break. The RELAP5/MOD3. IDUKE version of 

the computer code is used to generate boundary conditions for the containment pressure response 

analyses from the initiation of the piping break through the blowdown, refill, reflood, and post

reflood phases of the long-term analysis. Results of some sensitivity studies performed in the 

Oconee Nuclear Station (ONS) mass and energy release analyses (Reference 3-1) will be utilized 

in this report.  

To ensure conservatism, the initial conditions and boundary conditions chosen for the LBLOCA 

analyses generally conform to the ANSI/ANS-56.4-1983 standard (Reference 3-2). The initial 

conditions are described in Section 3.2. Many boundary conditions are the same throughout the 

transient. However some boundary conditions change during different phases of the analysis.  

For example, the boundary conditions of the emergency core coolant (ECC) flows during the 

cold leg injection and cold leg recirculation phases are different. The boundary conditions for 

the analyses are discussed in detail in Section 3.3.  

In the ONS mass and energy release analyses (Reference 3-1), a sensitivity study was performed 

to compare break flow rates calculated by the Ransom and Trapp critical flow model (RELAP5 

model) to flow predicted by the Moody/Henry-Fauske critical flow models. Critical flow 

discharge coefficients were determined for the Ransom and Trapp model which yield 

comparable results to the Moody/Henry-Fauske models. The same critical flow model and 

discharge coefficients will be applied to the MNS and CNS mass and energy release analyses.  

Three double-ended guillotine pipe break locations are examined; hot leg, cold leg pump suction, 

and cold leg pump discharge. Split breaks and breaks of lesser flow areas are not examined 

because it is well recognized that these breaks will not yield the limiting containment pressure.  

The mass and energy release boundary conditions generated from these break locations are used 

as input to the GOTHIC code (Reference 3-3) to calculate the containment pressure response.
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The mass and energy exiting each break junction is integrated during each simulation. These 
integral totals include the thermal energy of the flow stream as well as the kinetic energy 
imparted to the fluid as it exits the break. The vapor and liquid phases are tracked separately to 
ensure that the energy is distributed correctly between the containment atmosphere and the fluid 

in the emergency sump.  

The MNS Unit 1 and Unit 2 (MNS-1 and MNS-2) and CNS Unit I (CNS-1) NSSSs will have 
BWI feedring steam generators (BWI FSG) in the near future, and the CNS Unit 2 (CNS-2) 
NSSS will have the Westinghouse preheater steam generators (& PSG). In this report CNS-1 
has been chosen to represent the mass and energy release analyses for NSSSs with the BWI FSG.  
Section 3.4 presents the mass and energy release analysis results for CNS-1 and CNS-2. Results 
of different break locations are first presented, then the break location result comparisons follow.  
Finally the mass and energy release analysis results for CNS-1 and CNS-2 are compared in 

Section 3.4.3.  

The current MNS and CNS emergency operating procedures direct the pumped emergency core 
coolant (ECC) flows to the cold leg pipes during the recirculation phase. Some of the pumped 
ECC flows will spill out of the RCS through the break for the cold leg pump suction and pump 
discharge break situations. If some of the pumped ECC flow was directed to the hot legs during 
the recirculation phase (hot leg recirculation), it would enter the upper plenum region of the 
reactor vessel and decrease the boiling rate. As a result, less break vapor mass and energy would 
be released into the containment atmosphere. Analyses in this report (Section 3.5) investigate 
the results of ECCS alignments which lessen the fraction of ECC spilling out the break and 
minimize the fraction of decay heat energy exiting the break in the form of vapor. This report 
presents the ECCS hot leg recirculation alignment analyses for CNS- 1 with BWI FSGs.
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3.2 Initial Conditions

The initial conditions for the LBLOCA analyses are chosen to maximize the stored energy in 

both the primary and secondary systems. Maximizing the stored energy will ensure that 

conservative mass and energy release boundary conditions are provided for the corresponding 

containment analyses. ANSI/ANS-56.4-1983 (Reference 3-2) provides criteria and guidance for 

selecting the initial values for the principal system parameters (e.g. pressures, temperatures, etc.) 

and the type of uncertainties which should be applied to these parameters. Every attempt is 

made to adhere to the criteria presented in this standard. If the initial value chosen does not 

conform to the standard, then justification is provided for the deviation. Otherwise, the initial 

conditions selected meet or exceed the requirements of the standard.  

The initial conditions for the principal parameters chosen for this analysis are presented in this 

section in the same order as they appear in Reference 3-2, Section 3.2.2. A summary of the 

initial conditions is shown in Table 3.2-1.  

3.2.1 Core Power Level 

ANS Standard 

The initial power level shall be at least as high as the licensed power error (typically 102 percent 

of the licensed power level).  

Mass and Energy Release Analyses 

An uncertainty of 2% is bounding for thermal power based upon plant performance data. This 

uncertainty is applied to the 3411 MWt rated power for MNS and CNS to yield the initial power 

assumed in these analyses (102% rated power or 3479.22 MWt).  

3.2.2 Reactor Coolant Temperature 

ANS Standard 

The initial core inlet temperature shall be the normal operating temperature consistent with the 

initial power level adjusted upward for uncertainties such as instrumentation error. The
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uncertainties shall be biased to result in maximizing energy releases through the break for the 

entire accident.  

Mass & Energy Release Analyses 

The nominal programmed average coolant temperature will be increased by 4 OF, which is a 
bounding uncertainty allowance.  

3.2.3 Reactor Coolant System Pressure 

ANS Standard 

The initial Reactor Coolant System pressure shall be at least as high as the normal operating 
pressure consistent with the initial power level plus uncertainties such as instrumentation error.  

Mass & Energy Release Analyses 

An allowance of 60 psi has been determined to bound the pressure indication uncertainty.  

3.2.4 Reactor Coolant System Flow Rate 

ANS Standard 

(not mentioned) 

Mass & Energy Release Analyses 

Since high flow rate would result in higher break energy, high design flow rate plus 2.2% 

measured uncertainty is assumed in the analyses.  

3.2.5 Steam Generator Pressure 

ANS Standard 

The initial steam generator pressure shall be at least as high as the normal operating pressure 
consistent with the initial power level plus uncertainties such as instrumentation error.
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Mass & Energv Release Analyses

In the RELAP5 model, the initial steam generator pressure is controlled for initialization 

purposes to be consistent with the initial power level and the desired Tave.  

3.2.6 Pressurizer Level 

ANS Standard 

The initial Reactor Coolant System pressurizer level shall be at least as high as the maximum 

normal operating level plus uncertainties such as instrumentation error.  

Mass & Energy Release Analyses 

The nominal programmed pressurizer level will be increased by 9%, which is a bounding high 

uncertainty.  

3.2.7 Steam Generator Narrow Range Level 

ANS Standard 

The initial steam generator water level shall be at least as high as the normal operating level 

consistent with the initial power level plus uncertainties such as instrumentation error.  

Mass & Energy Release Analyses 

In order to ensure conservative high steam generator water mass, the high steam generator level 

plus bounding uncertainty is assumed in the analyses. The bounding uncertainty is 8% and 10% 

for the W PSG and the BWI FSG, respectively.
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3.2.8 Cold Leg Accumulator Pressure and Liquid Volume

ANS Standard 

The initial safety injection tank water level and temperature and nitrogen pressure shall be based 
on normal operating values. Uncertainties shall be biased in the direction which leads to the 

maximum primary containment pressure.  

Mass & Energy Release Analyses 

Results of sensitivity studies have shown that low initial pressure and low initial liquid volume 
conditions in the accumulators generate the highest break vapor mass and energy for all three 
break locations. Therefore, low initial accumulator pressure and volume are assumed for the 
mass and energy release analyses.  

3.2.9 Cold Leg Accumulator Temperature 

ANS Standard 

(See Item 8) 

Mass & Energy Release Analyses 

A high cold leg accumulator (CLA) liquid temperature should result in higher break flow 
temperature and energy. Therefore, high CLA temperature is assumed.  

3.2.10 Refueling Water Storage Tank Initial Liquid Volume 

ANS Standard 

(Not directly mentioned, but related to ECCS). Flow from the ECCS (for example, safety 
injection tanks, containment spray pumps, safety injection pumps) shall be included. Flows and 
delay times shall be chosen in accordance with the single active failure consideration which 
results in the highest peak primary containment pressure.
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Mass & Energy Release Analyses

Low refueling water storage tank (RWST) initial volume is assumed because it would minimize 

the heat sink effect of a large volume of cold water, and delays swapping to the sump 

recirculation mode in which the injection water has a higher temperature.  

3.2.11 Main Feedwater Temperature 

ANS Standard 

Main feedwater (MFW) flow shall be included and shall be maximized. Delays and valve 

closure times used to determine the termination of flow shall be conservatively long.  

(Temperature is not mentioned).  

Mass & Energy Release Analyses 

High MFW temperature is assumed in order to maximize the heat source effect of the SG 

secondary inventory.
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3.3 Boundary Conditions 

This section presents the boundary conditions assumed in the RELAP5 mass and energy release 
analyses. The boundary conditions have been classified as energy sources, which are present at 
the initiation of the transient, and assumptions, which determine how the energy sources are 
distributed and/or how the systems and various equipment will respond during the transient. A 
summary of the boundary conditions is shown in Table 3.3-1.  

3.3.1 Energy Sources 

The energy sources assumed for mass and energy release calculations are described in this 
section in the order they appear in the ANS standard (Section 3.2.1 of Reference 3-2).  

3.3.1.1 Reactor Coolant System and Steam Generator Inventory 

Maximizing the RCS inventory and metal energy is conservative for mass and energy release 
calculations. Therefore, the volume of the RCS piping has been increased by a nominal 1% to 
account for thermal expansion between shutdown and operating temperature. Furthermore, the 
initial pressurizer level is assumed to be high (Section 3.2.6) to maximize the liquid inventory 
present in the pressurizer. To maximize the heat transfer from the steam generator secondary 
side to the primary side, steam generator tube plugging is not assumed in the mass and energy 
release analyses. Conservative high water mass inventory in the steam generator secondary side 
is also assumed as described in Section 3.2.7.  

3.3.1.2 Reactor Coolant System and Steam Generator Metal 

RELAP5 heat structures are included to model the structural metal which is in contact with the 
primary and secondary coolant. The heat structures are assumed to be in equilibrium with the 
surrounding coolant. Thus, the initial temperature distribution is flat across each structure and 
stored energy is maximized.  

3.3.1.3 Core Stored Energy 

Stored energy in the core is a function of the initial average fuel temperature which is a function 
of burnup. The maximum temperature occurs near beginning-of-cycle (BOC). Core decay heat, 
on the other hand, is at a maximum at end-of cycle (EOC). The ANS standard requires the time
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in life to be chosen such that the combination of core stored energy and decay heat is maximized 

(Section 3.2.1.3 of Reference 3-2). The initial average fuel temperature is chosen to ensure that 

the assumed value will remain conservative with respect to future fuel cycle designs.  

3.3.1.4 Fission Energy 

Moderator Density Feedback: 

The RELAP5 kinetics model, coupled with reactivity feedback from moderator density, Doppler, 

and boron, is used to determine the delayed neutron fission power as a function of time.  

Consistent with most standard LBLOCA modeling practices, all control rods are assumed to 

remain out of the core throughout the simulations. Therefore, the reactor must be brought 

subcritical with the available reactivity feedback mechanisms. The most dominant negative 

feedback during blowdown is moderator density, while boron is dominant during the refill phase.  

The positive feedback introduced by decreasing fuel temperatures during blowdown (Doppler 

feedback) is also significant. All of these mechanisms are modeled. The analyses performed to 

generate this function examine several combinations of burnup, enrichment, and time-in-cycle.  

The combination which results in the least negative reactivity feedback function has been chosen 

for conservatism. The typical blowdown moderator reactivity curve is listed in Table 3.3.1.4-1.  

The above described moderator density feedback is only applicable during blowdown since it is 

generated assuming constant boron concentration. During the refill phase, this function is no 

longer valid since the boron concentration of the RCS drastically changes. Thus, another method 

for predicting the combined effect of moderator and boron reactivity feedback during refill and 

reflood is necessary.  

Boron is dissolved in the ECCS fluid and introduces negative reactivity during refill and reflood 

, which maintains the reactor subcritical. The minimum boron concentration required by 

Technical Specifications ensures sufficient negative reactivity to offset the positive reactivity 

introduced through changes in moderator density and fuel temperatures (Doppler). This boron 

concentration corresponds to the minimum value necessary to maintain the core 1% subcritical at 

70 OF with all control rods out and establishes the minimum required shutdown reactivity 

following a LBLOCA.  

As the core is reflooded with borated liquid, the net reactivity is a function of boron 

concentration, moderator density, and fuel temperature. The specific nature of this function is
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Selection of Doppler Coefficient: 

A constant Doppler feedback value is assumed in the analysis to conservatively bound future 

reloads.  

Selection of Nff-tl 

RELAP5 requires reactivity input in terms of dollars. Thus, all reactivity values expressed in 
terms of %AK/K must be converted to $. This conversion is made by dividing these values by 

P3eff, the effective delayed neutron fraction. A bounding BOC value is chosen for moderator 
density feedback. Although a high BOC P3eff value will minimize the density feedback 
contribution, a low EOC P3eff will maximize Doppler feedback. A bounding BOC P3eff value is 
used in this analysis since moderator reactivity feedback due to core void formation dominates 
Doppler reactivity feedback (by a order of magnitude). Thus, a bounding BOC P3eff is used to 
conservatively yield the least negative density reactivity.
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Flux Weighting: 

The point kinetics model in RELAP5 is not capable of calculating spatial power distributions.  

Therefore, the reactivity contributions from each core heat structure and volume must be 

collapsed from a two-dimensional to a point representation to estimate the average fission power.  

3.3.1.5 Fission Product and Actinides Decay 

The heat produced from the radioactive decay of fission products and actinides is calculated 

conservatively as a function of time after trip using the ANSI/ANS-5.1-1979 standard (Decay 

Heat Power in Light Water Reactors) (Reference 3-4). For additional conservatism, 

uncertainties (2a) are calculated and added to the mean decay heat values.
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3.3.1.6 Metal-Water Reaction Rate 

For the blowdown and refill phases, the energy introduced through the metal-water reaction rate 
may impact the containment pressure. Therefore, the metal-water reaction is considered in the 
mass and energy analyses.  

RELAP5/MOD3 includes a zirconium-water reaction model to model the exothermic energy 
production on the surface of zirconium cladding material at high temperature. In order to have 
this model predict reasonable results, the core must be modeled in detail with separated hot 
channel, hot assembly, and average channel flow paths. This level of detail and accurate PCT 
modeling is not included in the RELAP5 model. Therefore, instead of using the RELAP5 
zirconium-water reaction model, the approach described in Section 3.3.2.1 of Reference 3-1 is 
utilized. This approach is designed to conservatively bound the expected metal-water reaction 

rate.  

One of the acceptance criteria for Emergency Core Cooling Systems for light water nuclear 
power reactors (Reference 3-5) is that the calculated total amount of hydrogen generated from 
the chemical reaction of the cladding with water or steam shall no exceed 0.01 times the 
hypothetical amount that would be generated if all of the metal in the cladding cylinders 
surrounding the fuel, excluding the cladding surrounding the plenum volume, were to react.  
Thus, a bounding value for the whole core oxidation rate of 0.01 is assumed in the mass and 
energy release analysis. This oxidation fraction is converted to a total zirconium oxidized mass, 
mzir-oxi. Then the total energy generated, Qt, due to zirconium-water reaction can be obtained.  

Significant metal-water reaction rates do not occur until cladding temperatures exceed 
approximately 1800 OF. This temperature will be exceeded only when the core has been 
uncovered for some period of time after blowdown. Therefore, the timing of cladding heatup is 
more dependent upon time after blowdown than the size and location of the break.  

Utilizing the peak cladding temperature (PCT) results described in Reference 3-6, the onset of 
significant metal-water energy generation is conservatively approximated. Reference 3-6 shows 
that the PCT exceeds 1800 OF at about 65 seconds after the initiation of the break and remains 
above 1800 OF for approximately 200 seconds. A function of the following form is assumed for 
the integrated metal-water reaction rate calculation:
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y(t) = Yo + k1t + k2 t2 

t, 

J y(t) dt = 1 
ti 

The lower and upper limits of the integration are determined below: 

t=200 

f y(t) dt = 1 
t=0 

The constants in the above equations are obtained by applying the boundary conditions y = 0 at t 

= 0 and dy/dt = 0 at t = 100 seconds. These two boundary condition assume that there is no 

reaction rate initially, and that the reaction rate follows the parabolic rate law. The following 

equation is used to distribute the total energy resulting from the metal-water reaction.  

Qm-w(t) = Qt [y(t)] 

The metal-water reaction is assumed to begin at 65.0 seconds after the initiation of the break for 

the mass and energy release analysis. The energy is assumed to be distributed within the fuel 

rods with the same axial profile as neutron and decay heat power.  

The hydrogen gas generated from the metal-water reaction rate is added directly to containment.  

The amount of gas generated is calculated below.  

The chemical formula for the metal-water reaction is: 

Zr + 2H2 0 ---- > ZrO2 + 2H 2 

The above equation indicates that two moles of H2 are generated for each mole of Zr oxidized.  

Therefore, for mzir.oxi Ibm of oxidized zirconium, the following mass of H2 gas will be 

generated.  

MaSSH 2 = mzir-oxi (lb-mole/91.22 lb) (2 H2/1 Zr) (2.0158 lb/lb-mole) 

= 0.0442 x mzir-oxi (Ibm)
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Where 91.22 lb/lb-mole and 2.1058 lb/lb-mole are the molecular weight for Zr and H2, 
respectively. This mass is assumed to be released directly to the containment atmosphere.  

3.3.2 Assumptions 

3.3.2.1 Most Limiting Single Failure 

The ANS standard (Reference 3-2) specifies that the most restrictive single active failure shall be 
considered. It also states that the possibility that the highest peak primary containment pressure 
may occur for the situation where no active failure has occurred shall not be overlooked.  

Therefore, two situations with maximum and minimum safeguards may have to be considered.  
In the maximum safeguards case no single failure is assumed in determining the mass and energy 
releases. For the minimum safeguards case, the single failure assumed is the loss of one 
emergency diesel generator in conjunction with the loss of offsite power (LOOP). This single 
failure results in the loss of one pumped safety injection (SI) train. Nevertheless, for the ice 
condenser containment, the impact of the mass and energy release during LOCA is the peak 
containment pressure after the ice melts out which occurs a long time after the initiation of the 
break. At this time the dominant heat source in the core is decay heat. A smaller core cooling 
flow (either in the injection mode or the recirculation mode) should generate a higher energy 
break flow and thus result in a higher peak containment pressure. It is also obvious that 
containment spray flow will also be minimized with this single failure. Therefore, assuming 
minimum safeguards in the mass and energy release analyses will generate a conservative 
containment peak pressure result. The minimum safeguards in the mass and energy release 
analyses include: one of two spray pumps, one of two residual heat removal (RHR) pumps, one 
of two SI pumps and one of two Chemical Volume Control System (CVCS) centrifugal charging 

pumps providing flow to the reactor core.  

3.3.2.2 Pressurizer Location 

The location of the pressurizer in the reactor coolant loop (broken loop versus intact loop) would 
only have an impact on the containment pressure response during the blowdown phase, and the 
impact would be small. The pressurizer will be modeled in the broken loop.
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3.3.2.3 Emergency Core Cooling System Injection

For the ice condenser containment, the peak containment pressure occurs after ice meltout which 

is long after the initiation of the ECCS flow. Thus, the ECCS initiation time should have no 

effect on the peak containment pressure response. Therefore, the Technical Specification 

(References 3-7 and 3-8) ECCS initiation delay time is assumed in the mass and energy release 

analysis.  

Since minimum safeguards is assumed in the analyses, the minimum ECCS injected flow is 

assumed. The minimum CVCS, SI and RHR flows without spilling are used for the hot leg and 

cold leg pump suction break cases, and those with spilling are used for the cold leg pump 

discharge break cases. To maximize break flow energy, the ECC suction temperature is assumed 

to be high during the injection mode.  

Once the RWST has been depleted, the operator must switch to sump recirculation to maintain 

ECCS injection. The minimum CVCS, SI and RHR flows, and temperature during the sump 

recirculation phase, are described in Section 3.3.3.  

3.3.2.4 Refueling Water Storage Tank Depletion 

The available RWST water volumes are minimized in the mass and energy release analyses 

(Section 3.2.11). When this volume of water is depleted, the swap from injection phase to 

recirculation phase starts. In the RELAP5 model, there is a control system to keep track of the 

ECCS flow rate (CVCS, SI, RHR, and containment spray) and the reactor coolant pump seal 

injection flow rate during the transient. When the accumulation of the injected flow volume 

reaches the total minimum RWST volume, the injection phase ends and the recirculation phase 

starts.  

3.3.2.5 Reactor Coolant Pumps 

A loss of offsite power is assumed to occur simultaneously with the turbine trip. Therefore, the 

reactor coolant pumps (RCPs) are assumed to trip coincident with turbine trip.
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3.3.2.6 Reactor Coolant Pump Two-Phase Multipliers 

The RELAP5 two-phase pump head degradation model is used to model RCP performance in a 
saturated system. Two-phase pump performance is degraded using a separate set of homologous 
two-phase curves for head and torque which are in the form of difference curves, and two-phase 
head and torque multipliers. Two-phase homologous difference curves are built into the 
Bingham and Westinghouse pump curves included in RELAP5 (Reference 3-9). These curves 
are based on data obtained during Semiscale and Westinghouse Canada Ltd. experiments. The 
build in two-phase difference curves for the Westinghouse pump are selected for use in the 
analyses. The two-phase head and torque multipliers used in the analyses are expressed as a 

function of void fraction in the RELAP5 model.  

3.3.2.7 Steam Generator Level Control Post-Trip 

Consistent with the loss of off-site power assumption, the main feedwater pumps would trip 
instantaneously. However, main feedwater flow is assumed to remain on until the feedwater 
isolation valve closes. This conservatively maximizes the delivery of hotter main feedwater to 
the steam generators. The post trip SG level is then controlled by the auxiliary feedwater flow 
(AFW). A control system is built in the RELAP5 model to simulate post-trip AFW control by 

the operator.  

3.3.2.8 Auxiliary Feedwater Flowrates/Temperature 

Consistent with the loss of one of the emergency diesel generators assumption, one of the motor
driven AFW pumps is unavailable. The AFW flow will then be provided by one motor-driven 
pump and the turbine-driven pump. Delays in actuating the system are incorporated into the 
model to reflect the time needed to start and load the diesel generator. The delay time is 
consistent with the Technical Specification (References 3-7 and 3-8) value. The AFW flow 
temperatures are conservatively maximized.  

3.3.2.9 Steam Generator Pressure Control Post Trip 

The main steam isolation valves (MSIV) and main steam PORVs will close due to the high-high 
containment pressure resulting from LBLOCA. Thus, the energy in the steam generators is 
isolated and remains available for reverse heat transfer. The closure of the MSIV will therefore 
isolate steam flowing through the condenser and atmospheric dump headers. Subsequent
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operator action may be credited to open the main steam PORVs, in accordance with procedural 

guidance.  

3.3.2.10 Cold Leg Accumulation Nitrogen 

Nitrogen from the CLA is assumed to inject into the RCS during the mass and energy release 

analyses.  

3.3.2.11 Containment Backpressure 

The ANS standard suggests directly coupling the containment response calculations to the 

blowdown, or assuming a conservatively high back pressure. The methodology in this report 

does not directly couple the RELAP5 and GOTHIC codes. An iterative process is used to ensure 

that the containment back pressure used in the RELAP5 analyses is conservatively high.  

3.3.2.12 Determine Refill Assumption 

Previous industry mass and energy release methodologies have assumed that the vessel refill 

phase does not exist (instantaneous refill). The philosophy has also been introduced into 

industry standards. The ANS standard (Reference 3-2) states that "A non-zero refill time shall 

be justified if used in the calculation of long-term releases." However, the 20 second time 

required for vessel refill (Page 3-3 of Reference 3-10) should not have a significant impact on 

the long-term ice condenser containment pressure response. Therefore, a realistic non-zero refill 

time is assumed here. RELAP5 will simulate the blowdown, refill, and reflood phases 

realistically during the transient.  

3.3.3 Cold Leg Recirculation Boundary Conditions 

When the minimum water volume in th RWST is depleted, the lo-level alarm will actuate, and 

the operator must switch the ECCS pumps suction source over from the RWST to the 

containment sump.  

3.3.3.1 Transfer to Cold Leg Recirculation Sequence Timing 

According to the current station EOPs, the alignment of the RHR system to the sump will be 

performed first, then the intermediate head and high head safety injection follows, and finally the
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RHR flow will be diverted to the auxiliary spray header at 50 minutes (3000 seconds) after the 
initiation of the LBLOCA. There is a time required to transfer the RHR, SI, and CVCS pump 
suction and also operator action delay time. Therefore, for a portion of this time frame, the 
ECCS pumps will have the RWST as their suction source. The length of time required to 
complete each pump realignment has been conservatively minimized.  

3.3.3.2 ECC Flow Rates During Cold Leg Recirculation 

As mentioned in Section 3.3.3.1, for a portion of the cold leg recirculation phase, the ECCS 
pumps will have the RWST as their suction sources. Therefore, the ECC flows during the cold 
leg recirculation phase include flows from the RWST and flows from the sump. Tables 3.3.3.2-1 
and 3.3.3.2-2 show typical minimum ECC flow rates without and with spilling, respectively, for 
CNS-1 and CNS-2. The hot leg and pump suction break analyses utilize Table 3.3.3.2-1 for 
without-spilling simulation, and the cold leg pump discharge break analyses utilize Table 

3.3.3.2-2 for with-spilling simulation.  

3.3.3.3 ECC Flow Temperature During Cold Leg Recirculation 

The ECC flow temperature after the ECC suction source is transferred from the RWST to the 
containment sump is a function of several parameters. These parameters include the 
containment sump temperature, the ECCS flow rate through the RHR heat exchanger, and the 
heat removal capability of the heat exchanger. Since the containment sump temperature is one 
of the products of the containment response analysis, the calculation of the ECC flow 
temperature during cold leg recirculation is an iterative process between the RELAP5 mass and 
energy analysis and the GOTHIC ice condenser containment response analysis.
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3.4 Mass and Energy Release Results

Utilizing the RELAP5 models with the initial and boundary conditions described in Section 3.3, 

the LBLOCA mass and energy release analyses are performed for CNS-2 with the W PSG, and 

CNS-1 with the BWI FSG. For each unit, three different break locations are analyzed. Since the 

cold leg pump discharge case is the limiting case for every unit, as presented in Sections 3.4.1.4 

and 3.4.2.4, it is analyzed out in time until the peak containment pressure occurs. The non

limiting break locations are analyzed to show that they are bounded. The hot leg break case is 

only analyzed to the end of the cold leg injection phase, and the pump suction case to 3600 

seconds.  

3.4.1 CNS-2 (W PSG) 

3.4.1.1 Hot Leg Break 

Figures 3.4.1.1-1 through 3.4.1.1-8 show the break location mass and energy release rate results.  

The reactor vessel side break generally has a higher vapor and liquid mass release rate than the 

steam generator side break during the transient. This is due to the fact that in the case of a hot 

leg break, a majority of the flow leaving the core bypasses the steam generators. Furthermore, 

safety injection flow which enters the Reactor Coolant System at the cold legs must pass through 

the core before spilling out through the reactor vessel break. The break energy release figures 

reflect the break mass release behavior.  

3.4.1.2 Cold Leg Pump Suction Break 

Figures 3.4.1.2-1 through 3.4.1.2-8 show the break location mass and energy release rate results.  

In the cold leg pump suction break case, flow that leaves the reactor vessel through the hot legs 

must pass the steam generators in the broken or intact loops. The vapor generated by the intact 

loop steam generators and not condensed by the ECCS flow bypasses the reactor vessel and exits 

to the containment through the pump suction side break. During the cold leg injection phase 

(from 0 to about 1650 seconds of the transient), the steam generator side break has a higher 

steam mass flow rate than the pump suction side break (Figures 3.4.1.2-1 and 3.4.1.2-2). During 

the cold leg recirculation phase, the amount of steam released from the pump suction side break 

increases. Figures 3.4.1.2-5 and 3.4.1.2-6 show the break liquid release rates. The steam 

generator side break releases the liquid that is not vaporized after it flows through the core and 

the broken loop steam generator, and the pump suction break releases the intact loop liquid that
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bypasses the reactor vessel due to entrainment with the vapor. The break energy figures reflect 

the break mass release behavior.  

3.4.1.3 Cold Leg Pump Discharge Break 

Figures 3.4.1.3-1 through 3.4.1.3-8 show the break location mass and energy release rate results.  
As in the cold leg pump suction break case, flow that leaves the reactor vessel through the hot 
legs must pass the steam generators in the broken or intact loops. Safety injection flow does not 
need to flow through the core to exit the RCS. The cold leg pump suction and cold leg pump 
discharge cases behave quite similarly. The difference in the magnitude of the break mass and 
energy release rates of the two break cases is mainly due to the spilling ECCS flow assumption 
in the cold leg pump discharge break case.  

3.4.1.4 Break Location Result Comparisons 

The results of the three break locations are compared in this section to determine the limiting 
LBLOCA break location for CNS-2 with W PSG. The vapor and liquid mass and energy release 
rates predicted by RELAP5 are integrated during each simulation. Since the ice condenser 
containment response is determined mainly by the total amount of released vapor mass and 
energy, they are the parameters used to determine the limiting break location case. Figures 
3.4.1.4-1 through 3.4.1.4-4 show the total integrated break vapor mass and energy for the three 
break location cases. These are the key results of the LOCA mass and energy release analyses.  

Shortly after the initiation of the break (0 to 5 seconds), Figures 3.4.1.4-1 and 3.4.1.4-3 show 
that the hot leg break case generates the highest break vapor mass and energy among the three 
break locations. This is because the hot leg break has the lowest vent path resistance and most of 
the coolant goes through the core before it exits the break. Nevertheless, at the end of the 
blowdown phase (Figures 3.4.1.4-1 and 3.4.1.4-3), the pump suction case begins to have the 
highest mass and energy release. This is due to the fact that in the hot leg break case, most of the 
coolant which flows through the core bypasses the steam generators. In the pump suction break 
case, due to some resistance provided by the reactor coolant pumps, a majority of the coolant 
also flows through the core before it exits the break. The coolant which leaves the core goes 
through a steam generator before it exits the break, and therefore absorbs additional heat. As a 
result, the pump suction case generates a higher vapor mass and energy than the hot leg break 
case. The cold leg pump suction case generates a higher break vapor mass and energy release 
than the cold leg pump discharge case during the blowdown phase. This is due to the broken-
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loop reactor coolant pump still providing some resistance to force the coolant to flow through the 

core. Thus there is more coolant in the reactor core region to generate more vapor mass.  

Figures 3.4.1.4-2 and 3.4.1.4-4 show that during the post-blowdown period the cold leg pump 

suction break case still generates the highest break vapor mass and energy release until about 

3000 seconds, which is long after the transition into the cold leg recirculation phase. The 

reasons described above also explain why the pump suction case generates the highest break 

vapor mass and energy release during this period of the transient. Figures 3.4.1.4-2 and 3.4.1.4-4 

show that the cold leg pump discharge case generates a lower break vapor mass and energy 

release than the pump suction case from the beginning of the transient until 3000 seconds. Then 

the differences in the amount of break vapor mass and energy release generated by these two 

cases decreases as a result of the ECCS spilled flow assumption in the cold leg pump discharge 

case. Eventually, the break vapor mass and energy release generated by the cold leg pump 

discharge break case exceeds that of the pump suction case after 3000 seconds. Thus, the cold 

leg pump discharge case is the limiting case for the CNS-2 W PSG mass and energy release 

analyses and would result in the highest containment pressure response during LBLOCA.  

3.4.2 CNS- 1 (BWI FSG) 

3.4.2.1 Hot Leg Break 

Figures 3.4.2.1-1 through 3.4.2.1-8 show the break location mass and energy release rate results.  

The BWI FSG and W PSG hot leg break cases behave similarly except the difference in the 

break release rate magnitude.  

3.4.2.2 Cold Leg Pump Suction Break 

Figures 3.4.2.2-1 through 3.4.2.2-8 show the break location mass and energy release rate results.  

The BWI FSG and W PSG cold leg pump suction break cases behave similarly except the 

difference in the break release rate magnitude.  

3.4.2.3 Cold Leg Pump Discharge Break 

Figures 3.4.2.3-1 through 3.4.2.3-8 show the break location mass and energy release rate results.  

The BWI FSG and W PSG cold leg pump discharge break cases behave similarly except the 

difference in the break release rate magnitude.
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3.4.2.4 Break Location Result Comparisons 

The results of the three break locations are compared in this section to determine the limiting 
break location during the LBLOCA for CNS-1 with BWI FSG. Figures 3.4.2.4-1 through 
3.4.2.4-4 show the total integrated break vapor mass and energy for the three break location 
cases. The results of the comparison is very similar to the CNS-2 with W PSG results. Like 
CNS-2, the CNS- 1 cold leg pump discharge case generates the highest total integrated break 
vapor mass and energy release during the transient. Thus, the cold leg pump discharge case is 
also the limiting case for the CNS-1 LBLOCA mass and energy release analyses with BWI FSG.  
In Figures 3.4.2.4-2 and 3.4.2.4-4 the trend of the pump suction and discharge break curves 
behave similarly to those of CNS-2 with the exception that the cold leg pump discharge curve 
crosses over the pump suction curve much earlier (at about 1800 seconds). This may be due to 
the facts that the BWI FSG has a larger secondary side mass and heat transfer area than the W 
PSG.  

3.4.3 CNS-1 (BWI FSG) and CNS-2 (W PSG) Result Comparisons 

Figures 3.4.3-1 and 3.4.3-2 show the result comparisons of the cold leg pump discharge break 
cases. The CNS-2 case with W PSG has the lowest break vapor mass and energy release. This is 
due to the fact that the CNS- 1 cases with BWI FSG have a higher steam generator mass and heat 
transfer area than the W PSG. The higher BWI FSG mass and heat transfer area result in more 
reverse heat transfer from the secondary side to the primary side during the transient, and thus 
higher vapor generation for the CNS- 1 case.  

3.4.4 Summary and Conclusions 

Results of the analyses show that for each unit, the cold leg pump discharge break case generates 
the highest total integrated break vapor mass and energy release, which is the key result.  
Therefore, the cold leg pump discharge break case is the limiting case for the LBLOCA mass 
and energy release analyses. Result comparisons also show that the BWI FSG is more limiting 
than the W PSG for the LBLOCA mass and energy release transient.
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3.5 ECCS Hot Leg Recirculation Alignment

In order to optimize the LBLOCA mass and energy release, potential realignments of the ECCS 

have been evaluated to minimize the fraction of the ECCS flow which spills to the sump, and to 

decrease the fraction of the decay heat that boils steam in the reactor vessel. These potential 

realignments and the associated operator actions involve station and procedural modifications.  

This section presents the ECCS hot leg recirculation alignment analyses for CNS- 1 with BWI 

FSGs.  

3.5.1 Description of Hot Leg Recirculation Alignment 

Hot leg recirculation has been used in the past for mitigating the concentration of boron in the 

reactor vessel following LBLOCAs. The proposed alignment would occur immediately 

following the cold leg recirculation alignment, and would align the RHR pump to two hot legs.  

Also, the subsequent alignment of the RHR for auxiliary containment spray would no longer 

occur, since the RHR flow would now be used for core cooling rather than for containment 

spray. This realignment would significantly reduce the spilling of the ECCS water out a cold leg 

pump discharge break, since none of the high flow RHR injection would be injected into the cold 

legs. The RHR injection would flow from the two hot legs into the reactor vessel above the core, 

and would then provide significant sensible core cooling. This would significantly lower the 

steaming rate due to decay heat, which is the driving force for containment pressurization. The 

remaining steam exiting the break will be within the capacity of the Containment Spray System, 

and the containment pressure will remain within design limits. For hot leg breaks this 

realignment will result in increased spilling if the broken hot leg is one of the two connected to 

the RHR injection lines. Consequently, the hot leg break must be reanalyzed to determine the 

impact of the realignment.  

3.5.2 RELAP5 Analysis Model 

Since the RHR flow is discharged only to two hot legs, the injected flow distribution becomes 

asymmetric during the proposed hot leg recirculation phase. Therefore, the three-loop model 

described in Section 2.1.2 is used for the hot leg recirculation analyses. Since there is a time 

required to transfer RHR from cold leg recirculation to hot leg recirculation, the ECCS flow rates 

as a function of time for the hot leg recirculation is different from that of the cold leg 

recirculation. Tables 3.5.2-1 and 3.5.2-2 shows the ECCS flow rates as a function of time during 

the proposed hot leg recirculation phase.
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Since the RHR flow is only discharged to two hot legs, two hot leg recirculation cases are 
analyzed for each break location utilizing the three-loop model. The first case has the flow 
boundary conditions with the broken loop having 50% RHR flow, the single intact loop 50%, 
and the lumped loop 0%. The second case has the flow boundary conditions with the broken 
loop having 0% RHR flow, the single intact loop 0%, and the lumped loop 100%.  

The hot leg recirculation analyses results are shown below for the hot leg break, cold leg pump 
suction break, and cold leg pump discharge break situations.  

3.5.3 ECCS Hot Leg Recirculation Alignment Mass and Energy Release Results 

3.5.3.1 Discussion of Phenomena 

The results for the cases performed in this hot leg recirculation study are identical to those 
presented for the base case alignment prior to receipt of the low level alarm from the RWST.  
The results of these cases diverge from those presented in Section 3.4 shortly following 
completion of the transfer of ECCS injection to cold leg recirculation. Two cases are performed 
for each break location using a three loop model. The first case assumes that RHR flow is 
supplied to each of the single loop hot legs. The second case assumes that all of the RHR flow is 
injected into the combined loop hot leg.  

The primary objective evaluated in this sensitivity study is the effectiveness of redirecting RHR 
pumped injection from the cold legs and the auxiliary spray header to the hot legs. This 
boundary condition change results in introducing a significant amount of subcooled liquid above 
the core. The result of this change is to condense vapor generated in the core as the injected 

fluid is sensibly heated.  

Cold Leg Pump Suction and Cold Leg Pump Discharge Break Phenomena 

The RHR flow injected into two of the hot legs accumulates and condenses vapor generated in 
the core until it is heated to saturated conditions. Some of the liquid flows into the reactor vessel 
where it accumulates, eventually filling all four hot legs. When decay heat drops to the point 
where sensible heating of the RHR hot leg injection is sufficient, flow through the core will 
reverse completely and the vapor release will terminate.
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Hot Leg Break Phenomena

For hot leg breaks, the break location limits the amount of liquid which may accumulate in the 

hot legs and reactor vessel upper plenum region. This effectively precludes the complete filling 

of the hot legs as described above for cold leg pump suction and cold leg pump discharge breaks.  

The RHR flow injected into the intact hot legs flows to the reactor vessel, condensing vapor until 

it is heated to saturated conditions, before flowing through the break. The boiling pot mode will 

exist for a longer period of time than either of the cold leg break cases described above.  

3.5.3.2 Hot Leg Break 

Two cases are performed for the hot leg break using a three loop model. The first case (Case A) 

assumes that RHR flow is distributed evenly to each of the single loop hot legs, one intact loop 

and the faulted loop. The second case (Case B) assumes that all of the RHR flow is injected into 

the combined loop hot leg. The basic phenomena observed during these cases are described 

above. The results from the case with the limiting break vapor mass and energy release, Case A, 

are described below.  

The mass and energy release results during cold leg injection are the same as those described in 

Section 3.4.2.1. The slope of the vapor mass release begins to change just prior to 2000 seconds 

as the RHR flow is switched from the cold legs to the hot legs. The increase in the vapor release 

is primarily due to the RHR flow that spills to the containment sump without condensing vapor.  

The results of the limiting hot leg break hot leg recirculation sensitivity case are compared to the 

CNS-1 cold leg pump discharge break base case that assumes cold leg recirculation and initiation 

of RHR auxiliary spray flow at 3000 seconds. This case provides the limiting break vapor mass 

and energy release.  

Figure 3.5.3.2-1 provides a comparison of the total break vapor mass release between the cold 

leg pump discharge break base case and hot leg break hot leg recirculation sensitivity Case A.  

The vapor mass release of the hot leg recirculation case is clearly bounded by the cold leg pump 

discharge break base case. Figure 3.5.3.2-2 provides the same case comparison for total break 

vapor energy release.
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3.5.3.3 Cold Leg Pump Suction Break 

Two cases are performed for the cold leg pump suction break using a three loop model. The first 
case (Case A) assumes that RHR flow is distributed evenly to each of the single loop hot legs, 
one intact loop and the faulted loop. The second case (Case B) assumes that all of the RHR flow 
is injected into the combined loop hot leg. The basic phenomena observed during these cases are 
described above. The results from the case with the limiting break vapor mass and energy 
release, Case A, are described below.  

The mass and energy release results during cold leg injection are the same as those described in 
Section 3.4.2.2. The vapor mass release begins to decrease at about 4000 seconds as the intact 
hot legs fill up. The difference between the two hot leg recirculation cases illustrates the 
importance of reverse heat transfer from the intact steam generators on the total vapor release.  
In Case B, where all of the RHR flow is injected to intact loops, the vapor mass release begins to 
decrease approximately 1500 seconds earlier that Case A. This difference is due to the intact 
loop hot legs filling faster in Case B, stopping the reverse heat transfer from the intact steam 
generators and thereby reducing the vapor release rate.  

The results of the limiting cold leg pump suction break hot leg recirculation sensitivity case are 
compared to the CNS-1 cold leg pump discharge break base case that assumes cold leg 
recirculation and initiation of RHR auxiliary spray flow at 3000 seconds. This case provides the 
limiting break vapor mass and energy release.  

Figure 3.5.3.3-1 provides a comparison of the total break vapor mass release between the cold 
leg pump discharge break base case and cold leg pump suction break hot leg recirculation 
sensitivity Case A. The vapor mass release of the hot leg recirculation case begins to diverge 
significantly from the base case at about 4000 seconds. Figure 3.5.3.3-2 provides the same case 
comparison for total break vapor energy release.  

3.5.3.4 Cold Leg Pump Discharge Break 

Two cases are performed for the cold leg pump discharge break using a three loop model. The 
first case (Case A) assumes that RHR flow is distributed evenly to each of the single loop hot 
legs, one intact loop and the faulted loop. The second case (case B) assumes that all of the RHR 
flow is injected into the combined loop hot leg. The basic phenomena observed during these
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cases are described in Section 3.5.2 above. The results from the case with the limiting break 

vapor mass and energy release, Case A, are described below.  

The mass and energy release results during cold leg injection are the same as those described in 

Section 3.4.2.3. The vapor mass release begins to diverge from the base case following the 

transfer of RHR flow from the cold legs to the hot legs, then significantly decreases at about 

3500 seconds as the intact hot legs fill up. The difference between the two cold leg pump 

discharge hot leg recirculation cases is similar to that described for the cold leg pump suction hot 

leg recirculation cases described in Section 3.5.3.3.  

The results of the limiting cold leg pump discharge break hot leg recirculation sensitivity case 

are compared to the CNS- 1 cold leg pump discharge break base case that assumes cold leg 

recirculation and initiation of ND auxiliary spray flow at 3000 seconds. This case provides the 

limiting break vapor mass and energy release.  

Figure 3.5.3.4-1 provides a comparison of the total break vapor mass release between the cold 

leg pump discharge break base case and the cold leg pump discharge break hot leg recirculation 

sensitivity Case A. Figure 3.5.3.4-2 provides the same case comparison for total break vapor 

energy release.  

3.5.3.5 Comparison and Summary of Hot Leg Recirculation Cases 

For each break location, those cases which assume that half of the ND flow is injected into the 

faulted loop hot legs result in a greater vapor mass and energy release. Figure 3.5.3.5-1 

compares the total break vapor mass release for these cases. Figure 3.5.3.5-2 compares the total 

break vapor energy release for these cases. The pump suction break Case A results in the 

limiting vapor release for the hot leg recirculation sensitivity cases performed for CNS-1 with 

BWI FSGs. However, the hot leg break Case A mass and energy release is continuing to 

increase at 10,000 seconds and may become limiting. Since the long term vapor release rate 

ultimately determines the peak containment pressure, the results of these cases will be input to 

GOTHIC to calculate the limiting containment pressure response. The impact of redirecting 

RHR flow from the cold legs and the auxiliary spray header to the hot legs is a siginificantly 

reduced vapor mass and energy release.
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Table 3.2-1 

RELAP5 LOCA Analysis Typical Initial Conditions

Parameter Values

Power level 

RCS Tave 

RCS pressure 

RCS flow 

Pressurizer level 

CLA pressure 

CLA liquid volume 

CLA temperature 

SG level 

RWST water volume

Nominal + 2% 

Nominal + 4 OF 

Nominal + 60 psi 

High design rate + 2.2% 

Nominal + 9% 

Bounding low 

Bounding low 

Bounding high 

Nominal + 10% for BWI FSG 

Nominal + 8% for W PSG 

Bounding Low
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Table 3.3-1 

RELAP5 LOCA Analysis Boundary Conditions

Parameter Value

Average fuel temperature 

Decay Heat 

RWST temperature 

AFW 

Single failure

Bounding high + uncertainty 

1979 ANS + 2a uncertainty 

Bounding high + Uncertainty 

Bounding high + Uncertainty 

One emergency diesel generator
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Table 3.3.1.4-1 

Example RELAP5 LOCA Analysis 

Moderator Density Reactivity Feedback 

Blowdown Table:

Density (gm/cm 3 ) 

0.702 

0.684 

0.667 

0.632 

0.562 

0.491 

0.421 

0.351 

0.281 

0.140

Density (bm/ft3) 

43.824 

42.701 

41.639 

39.455 

35.085 

30.652 

26.282 

21.912 

17.542 

8.740

Feedback (%AK/K) Feedback ($)

Refill Table:

Density (lbm/ft3) 

8.74 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

62.4

Feedback (%AK/K) Feedback ($)
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Table 3.3.3.2-1 

CNS-1 & CNS-2 ECCS Flow Rate 
During Cold Leg Recirculation (CLR) For Without Spilling Simulation 

ECC Flows from RWST 

Time from Beginning of CLR Flow Rate 

(sec) fzrn 

0.0 to 37.00 4578.84 

37.01 to 210.00 879.74 
210.01 to end 0.0 

ECC Flows from Sump 

Time from Beginning of CLR Flow Rate 

(sec) (0-M-1 

0.0 to 37.00 0.0 

37.01 to 210.00 3563.6 
210.01 to (3000.00 - tclr,cns)* 4547.7 

(3000.01 - tclr,cns)* to end 984.1 

tclr,mns and tclr,cns are the times at which the cold leg recirculation phase begins 

from the initiation of the break. 3000.00 seconds is the time at which the ND 
flow will be diverted to the auxiliary spray header. The hot leg break case and 
the cold leg pump break suction break case have different tclr,mns and tclrcns.
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Table 3.3.3.2-2 

CNS- 1 & CNS-2 ECCS Flow Rate 

During Cold Leg Recirculation (CLR) For With Spilling Simulation 

ECC Flows from RWST

Time from Beginning of CLR 

(sec) 

0.0 to 37.00 

37.01 to 210.00 

210.01 to end

Non-Spilling 

Flow Rate 

3524.7 

718.27 

0.0

ECC Flows from Sump

Time from Beginning of CLR 

(sec) 

0.0 to 37.00 

37.01 to 210.00 

210.01 to (3000.00 - tclr,cns)* 

(3000.01 - tclr,cns)* to End

Non-Spilling 

Flow Rate 

tgonml

0.0 

2474.0 

3212.5 

738.5

tclr,mns and tclr,cns are the times at which the cold leg recirculation phase begins 

from the initiation of the break. 3000.00 seconds is the time at which the ND 

flow will be diverted to the auxiliary spray header. For the cold leg pump 

discharge break, tclr,mns and tclr,cns are different.
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Flow Rate 

1512.34 

260.14 

0.0

Spilling 

Flow Rate 

(g~rn

0.0 

1081.8 

3212.5 

267.0



Table 3.5.2-1 

CNS- I ECCS Flow Rate 
During Hot Leg Recirculation (HLR) For Without Spilling Simulation 

ECC Flows from RWST 

Time from Beginning of HLR Flow Rate 
(sec) U 

0.0 to 37.00 4578.84 

37.01 to 210.00 879.74 

210.01 to end 0.0 

ECC Flows from Sump 

Time from Beginning of HLR Flow Rate 

(sec) (g~rn 

0.0 to 37.00 0.0 

37.01 to 210.00 3563.6 

210.01 to 510.0 4547.7 

510.01 to end 984.1
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Table 3.5.2-2 

CNS-1 ECCS Flow Rate 

During Hot Leg Recirculation (HLR) For With Spilling Simulation 

ECC Flows from RWST

Time from Beginning of HLR 

(sec) 

0.0 to 37.00 

37.01 to 210.00 

210.01 to end

Non-Spilling 

Flow Rate 

Wg-mr1 

3524.7 

718.27 

0.0

ECC Flows from Sump

Time from Beginning of HLR 

(sec) 

0.0 to 37.00 

37.01 to 210.00 

210.01 to 510.0 

510.01 to End

Non-Spilling 

Flow Rate 

fg9"m_ 

0.0 

2474.0 

3212.5 

738.5
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Spilling 

Flow Rate 

1512.34 

260.14 

0.0

Spilling 

Flow Rate 

0.0 

1081.8 

3212.5 

267.0



I - -

FIGURE 3.3.1.4-1 
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis - Blowdown 
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis - Blowdown 
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis - Blowdown 
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis - Blowdown 
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CNS-2 Hot-Leg Double-Ended LBLOCA 
Mass and Energy Release Analysis
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CNS-2 Pump Suction Double-Ended LBLOCA 

Mass and Energy Release Analysis - Blowdown 
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CNS-2 Pump Suction Double-Ended LBLOCA 
Mass and Energy Release Analysis
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CNS-2 Pump Suction Double-Ended LBLOCA
Mass and Energy Release Analysis - Blowdown

7.OOE+06 

-• 6.OOE+06 

M 5.OOE+06 

S4.OOE+06 

0 
0, a.OOE+06 

" 2.00E+06 

a:n 1.00E+06 

O.OOE+O0

0

�JJ

305 10 15 20 25 
Time (seconds)

-4



CNS-2 Pump Suction Double-Ended LBLOCA 
Mass and Energy Release Analysis 
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4.0 STEAM LINE BREAK MASS AND ENERGY RELEASE ANALYSES 

4.1 Overview 

4.1.1 Description of Steam Line Break Accident 

The steam line break mass and energy release is described in FSAR Section 6.2.1.4. The steam 

line break accident initiates with a double-ended rupture or split break of one of the four main 

steam lines. Since the steam lines feed into a common header, the break results in a rapid 

blowdown of all four steam generators. A safety injection signal occurs on high containment 

pressure that initiates a reactor trip. The steam line isolation valves close on high-high 

containment pressure, isolating the faulted steam generator from the intact steam generators.  

Blowdown from the faulted steam generator continues, and eventually the two phase mixture 

level falls below the top of the tube bundle. Once the tube bundle uncovers, superheated steam is 

released to the containment. The faulted steam generator continues to depressurize until 

auxiliary feedwater flow and break flow reach equilibrium.  

4.1.2 Acceptance Criteria 

Since the steam line break mass and energy release rates are considerably less than those of the 

limiting loss of coolant mass and energy release, the containment pressure response of the steam 

line break is bounded by that of the loss of coolant breaks. However, since the steam line break 

blowdown is superheated, the lower containment temperature transients for the steam line break 

analysis will be limiting. The lower containment temperature response is examined to ensure 

that the environmental qualification of the safety-related equipment inside containment is not 

compromised.  

4.1.3 Analytical Approach 

The steam line break transient requires a limiting set of physics parameters to be determined for 

use as initial and boundary conditions. These parameters are input to the McGuire and Catawba 

RETRAN-02 models for the system thermal-hydraulic analysis. The steam line break mass and 

energy releases are analyzed for both the BWI FSGs that will be installed in the future at MNS-1, 

MNS-2, and CNS-1 as well as the existing W PSGs for all of the McGuire and Catawba units.  

The CNS-2 PSG has taller U-tubes and a lower nominal steam generator mass than the PSGs at 

MNS-1, MNS-2, and CNS-I. Thus, the tube bundle will uncover sooner for the CNS-2 PSG.
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Therefore, the mass and energy release from the CNS-2 PSG bounds that of the other PSGs. The 
RETRAN-02 analyses generate the mass and energy releases that are input to the McGuire and 
Catawba GOTHIC model to calculate the lower containment temperature response to the steam 
line break accident.  

4.2 System Thermal-Hydraulic Analysis 

4.2.1 Modifications to Base Plant Model - BWI Feedring SG 

Steam Generator Nodalization

I
Auxiliary Feedwater Inlet
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4.2.2 Modifications to Base Plant Model - W Preheater SG

Steam Generator Nodalization

Auxiliary Feedwater Inlet

4.2.3 Break Modeling 

A spectrum of break sizes is analyzed using the steam line nodalization shown in Figure 4.2.3-1.  

This analysis uses the Moody critical flow model.  

4.3 Initial Conditions 

The initial conditions for the steam line break mass and energy release analyses are chosen to 

maximize the enthalpy of the releases from the faulted steam generator. Since the amount of 

superheat that occurs when steam flows past the uncovered tube surface is limited by the 

temperature of the primary fluid flowing through the tubes, maximizing hot leg temperature 

results in higher enthalpy releases to the containment. On the secondary side, initial and 

boundary conditions are selected to minimize the margin to tube bundle uncovery. A summary 

of the initial conditions is shown in Table 4.3-1.
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Core Power 

A measurement uncertainty of 2% is applied to the 3411 MWth rated power for McGuire and 

Catawba to yield the initial power level assumed in these analyses (102% rated power or 3479.2 

MWth). The high initial power level, with the essentially constant cold leg temperature program, 

results in a higher steam generator inlet temperature in the primary system.  

A steam line break from hot zero power is not analyzed since the higher initial steam generator 

inventory and lower steam generator inlet temperature would result in lower enthalpy releases 

from the faulted steam generator. For steam line breaks inside containment, reactor trip, safety 

injection, and steam line isolation signals are generated on high containment pressure trips, 

which are not significantly influenced by the initial power level. Steam line breaks initiated from 

intermediate power levels are bounded by a steam line break from full power since a lower initial 

power level would result in lower steam generator inlet temperatures. Thus, full power is the 

initial condition that provides a limiting mass and energy release.  

RCS Temperature 

A higher initial RCS temperature maximizes steam generator inlet temperature. A +4 0F 

allowance bounds the expected uncertainty associated with T-ave.  

RCS Pressure 

Pressurizer pressure is at the nominal value psig plus an allowance of 60 psig. A higher 

pressurizer pressure results in less cold SI flow which will maximize steam generator inlet 

temperature.  

Pressurizer Level 

The same concerns associated with the selection of pressurizer pressure are involved in the 

determination of pressurizer level. A higher initial pressurizer level results in a faster RCS 

depressurization, which increases SI flow. However, this effect is outweighed by the additional 

hot inventory in the pressurizer that mixes with the hot leg inventory and increases steam 

generator inlet temperature. Thus, pressurizer level is at the nominal full power value plus an 

uncertainty of 9%.
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RCS Flow Rate

A high primary system loop flow rate is assumed to maximize primary-to-secondary heat 

transfer. Thus, the initial condition for this transient is 420,000 gpm.  

Reactor Vessel Thermal Mixing 

The McGuire and Catawba RETRAN model described in Section 3.2.1 of Reference 4-5 uses 

[ I along the RCS flow path within the reactor vessel.C Iis 

defined as flow from each of the four cold legs [ I in the reactor vessel 

downcomer with flow from the other three cold legs. Although( 

] the magnitude of the return to power caused by the asymmetric cooldown of the 

RCS, it wiliL )the primary side inlet temperature to the faulted steam generator. A 

higher steam generator inlet temperature maximizes the superheating of the releases to the 

containment after tube bundle uncovery occurs. Therefore,( Iis assumed in 

order to maximize the enthalpy releases from the faulted steam generator.  

Steam Generator Water Inventory 

Steam generator narrow range level is the nominal level minus an uncertainty of 8%. A low 

initial steam generator level minimizes the margin to tube bundle uncovery.  

Steam Generator Tube Plugging 

Assuming no steam generator tube plugging maximizes the steam generator heat transfer area 

and minimizes the RCS loop flow resistance. Both of these effects enhance primary-to

secondary heat transfer and are therefore conservative. Therefore, no tube plugging is assumed 

in this analysis.  

4.4 Boundary Conditions 

This section presents the boundary conditions assumed for the steam line break mass and energy 

release analyses. A summary of the boundary conditions is shown in Table 4.4-1.
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RCS Water and Metal 

The volume of the RCS increases due to thermal expansion of the pressure boundary when the 
system is heated to operating conditions. This thermal expansion has been accounted for the in 
McGuire and Catawba RETRAN model by increasing the calculated volume of the RCS piping 
by a nominal 1%, which is representative of the expansion resulting from a temperature change 
from cold to operating conditions. In addition, zero tube plugging is assumed, which maximizes 

RCS inventory.  

Heat conductors are included in the RETRAN model for all structural metal that contacts the 
primary coolant. These heat conductors are assumed to be in equilibrium with the surrounding 
coolant and maintain an initial temperature distribution that is constant across each conductor to 

maximize the initial stored energy.  

Steam Generator Secondary Water and Metal 

The physical volume of the secondary system has not been increased to account for thermal 
expansion. However, the main feedwater flow boundary condition and initial steam generator 
inventory are chosen to ensure that secondary inventory is conservatively represented. Heat 
conductors are included in the RETRAN model for structural metal that contacts the secondary 

coolant. These heat conductors are assumed to be in equilibrium with the surrounding coolant 
and maintain an initial temperature distribution that is constant across each structure to maximize 
the initial stored energy. Zero tube plugging is assumed, which maximizes the primary-to

secondary heat transfer area.  

Core Stored Energy 

Stored energy in the core is a function of the initial average fuel temperature, which is a function 
of burnup. The maximum fuel temperature occurs near beginning of cycle. Core decay heat, on 
the other hand, is at a maximum at end of cycle. More importantly, the moderator temperature 
coefficient is most negative at end of cycle, which will result in a higher return to power.  

Therefore, end of cycle conditions are chosen to maximize the energy addition to the primary 
system. A high end of cycle initial fuel temperature is used in this analysis to maximize the 

stored energy in the fuel.
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Fission Heat

The RETRAN point kinetics model is used for the system thermal-hydraulic analysis. The 

particular option employed uses one prompt neutron group, six delayed neutron groups, eleven 

delayed gamma emitters, plus U-239 and Np-239. The point kinetics model is adequate for this 

application since the system analysis does not require detailed modeling of power distribution 

effects. The power distributions used in the system analysis are determined to be conservative as 

discussed below.  

A high effective delayed neutron fraction and prompt neutron lifetime are chosen to maximize 

the reactivity addition rate.  

In the RETRAN model,,[ 2 are specified to model reactivity feedback. A 

17- . is input to account for moderator 

reactivity effects, and af Jis input to model 

Doppler reactivity effects. The[ 3are averaged.  

The faulted loop average temperature is then [ Jof the three 

intact loops to give a core moderator temperature for the purpose of calculating feedback. This is 

conservative since it results in a greater positive reactivity insertion I 

]iThe Doppler reactivity feedback is calculated in a similar manner.  

The control rods are inserted when the reactor trips. The amount of negative reactivity 

introduced by rod insertion is sufficient to make the core subcritical by the Technical 

Specification shutdown margin. The most reactive control rod is assumed to be stuck in the fully 

withdrawn position.  

An initial boron concentration of 0 ppm is consistent with the assumption of end of cycle 

conditions. The negative reactivity inserted by boration is modeled by[ 

]boron concentrations to obtain an overall core boron concentration. This concentration is 

multiplied by a boron worth to give a reactivity.  

In addition to the physics data, a differential boron worth is needed to model the reactivity 

addition from the boron injected by the Safety Injection System. A high differential boron 

worth, in pcm/ppm is conservative in that it will minimize the negative reactivity added by these 

systems. A value of 5 pcm/ppm is selected as an upper bound on the differential boron worth 

over the range of temperatures expected during the steam line break accident.
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Decay of Actinides and Fission Product Decay 

The ANSI/ANS-5.1-1979 decay heat values for end-of-life conditions are used in this analysis 

plus a two-sigma uncertainty.  

Rod Control 

The Rod Control System is assumed to be in manual control. Since reactor trip occurs within the 
first few seconds of the transient, there is not sufficient time for a significant amount of rod 

motion to occur.  

Safety Iniection 

A safety injection (SI) signal is generated by the high containment pressure trip. A conservative 
response time is assumed from the sequencing of the first load group onto the emergency bus 
until delivery of SI flow to the RCS. Safety injection flow is varied as a function of pressure.  
The limiting head-flow curves among the various SI and CVCS pumps are adjusted to 
conservatively account for pump head degradation over time. The single failure of one train of 
safety injection is assumed in order to minimize the injection of cold, borated water to the 
primary system. An upper bound on SI temperature is assumed to maximize energy addition to 

the primary system.  

Purge volumes from the outlet of the refueling water storage tank to the inlet of the RCS for both 
the high head and intermediate head safety injection pumps are assumed to have an initial 
concentration of 0 ppm. Borated water is assumed to reach the RCS only after an amount of 
unborated water equal to the purge volume has been injected. This purging is done separately for 

the high and intermediate head pumps.  

The boron transport model is used in this analysis. The boron concentration in the injection 
water is the refueling water storage tank Technical Specification lower limit minus a 1% 

concentration measurement error.
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Reactor Trip and Main Steam Isolation

A safety injection signal occurs on high containment pressure of 1.1 psig for McGuire and 1.2 

psig for Catawba with a 2 second response time. The safety injection signal results in a reactor 

trip. The faulted steam generator is isolated from the intact steam generators when steam line 

isolation occurs on high-high containment pressure. The nominal Technical Specification high

high containment pressure trip setpoint is 2.9 psig for McGuire and 3.0 psig for Catawba with a 

10 second response time. Although a late reactor trip is conservative in that it maximizes energy 

generation in the primary system, early steam line isolation results in quicker tube bundle 

uncovery in the faulted steam generator. Since it is difficult to predict the importance of these 

two competing effects, cases are analyzed with both positive and negative uncertainties applied.  

A 2 second delay is used for reactor trip to maximize energy generation in the primary system.  

To speed tube bundle uncovery, no delay and a conservatively fast valve stroke time are used for 

steam line isolation.  

Main Feedwater 

Main feedwater is maintained at its initial flow rate until feedwater isolation occurs. This is a 

conservative assumption since the rapid depressurization of the steam generator would tend to 

increase the feedwater flow to the steam generator. Main feedwater isolation is assumed to occur 

concurrently with reactor trip. This conservatively bounds the feedwater isolation functions 

associated with safety injection signals and the reactor trip coincident with low-low T-ave 

function. Continued main feedwater flow or main feedwater isolation valve failure would result 

in inventory addition to the faulted steam generator that would in turn maintain steam generator 

level and delay tube bundle uncovery. A conservatively fast isolation valve stroke time is 

assumed to speed tube bundle uncovery.  

Auxiliary Feedwater 

Auxiliary feedwater is actuated by a safety injection signal from the reactor trip on high 

containment pressure. The Technical Specification delay of 60 seconds is conservatively 

assumed to speed tube bundle uncovery. All three auxiliary feedwater pumps are assumed to 

deliver flow to all four steam generators in order to maximize the mass releases to containment.  

A high auxiliary feedwater temperature is assumed to maximize energy addition to the faulted 

steam generator. Auxiliary feedwater flow is varied as a function of steam generator pressure.
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Offsite Power 

If offsite power is lost, the reactor coolant pumps trip, and less energy generated in the core is 
transferred to the faulted steam generator. Thus, it is conservative to assume that offsite power 

remains available.  

4.5 Results 

A range of break sizes is analyzed to determine the limiting mass and energy release due to the 
steam line break. Detailed results are presented for the 1.4 ft2 break for both the BWI FSGs and 
the W PSGs. Plots of break flow rate and enthalpy are provided for the break size sensitivity 

cases as well as the boundary condition sensitivity cases.  

Base Case - BWI FSG 

The FSG base case is a 1.4 ft2 break with maximum auxiliary feedwater flow and the high 
containment pressure and high-high containment pressure trips error-adjusted high. The 
sequence of events for this case is presented in Table 4.5-1.  

Steam line pressure (Figure 4.5-1) rapidly decreases in the faulted steam generator following 
steam line isolation. In the intact steam generators, pressure increases following closure of the 
main steam isolation valves. The break flow rate (Figure 4.5-2) decreases as steam generator 
pressure decreases. Pressure in the faulted steam generator decreases to approximately 50 psig 
after the generator boils dry. Steam line pressure remains essentially constant during the 
remainder of the transient due to the equilibrium that is reached between the break flow and the 
auxiliary feedwater addition (Figure 4.5-3) to the faulted steam generator. Steam generator 
liquid mass (Figure 4.5-4) decreases rapidly in the faulted generator. Mass in the intact 
generators increases following main steam isolation valve closure due to the continued addition 

of auxiliary feedwater flow.  

The break enthalpy (Figure 4.5-5) initially corresponds to saturated steam. Following tube 

bundle uncovery at 75.0 seconds, the break flow is superheated.  

Hot leg temperatures (Figure 4.5-6) are essentially identical for the faulted and intact loops due 
to the assumption of perfect reactor vessel thermal mixing. The cold leg temperature (Figure 4.5
7) in the faulted loop is much colder than the intact loops. The cold leg temperature in the intact
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loops increases once the main steam isolation valves close. The DT in the intact loops remains 

very small throughout the transient. Cold leg temperature in the faulted loop decreases rapidly 

following initiation of the break but increases after the faulted steam generator boils dry. The 

addition of auxiliary feedwater during the remainder of the transient keeps cold leg temperature 

in the faulted loop lower than that in the intact loops.  

Reactor power (Figure 4.5-8) rapidly decreases after reactor trip. The reactivity feedback from 

the RCS cooldown results in a return to power. Once the faulted steam generator boils dry, RCS 

temperature begins to increase and reactor power decreases.  

Pressurizer pressure (Figure 4.5-9) initially decreases due to the cooldown of the RCS. After the 

faulted steam generator boils dry, pressurizer pressure begins to increase due to the increase in 

RCS temperature. Pressurizer level (Figure 4.5-10) generally follows the trends in pressurizer 

pressure.  

Break Size Sensitivity Cases - BWI FSG 

The results of the break size sensitivity study are shown in Figures 4.5-11 and 4.5-12. Break 

sizes of 0.4 ft2 , 0.6 ft2, 0.86 ft2 , 1.1 ft2 , and 2.4 ft2 are analyzed and compared to the results of 

the 1.4 ft2 base case. The break size sensitivity cases show the same trends as the base case.  

The key difference between the cases is the timing of reactor trip, main steam line isolation, and 

tube bundle uncovery. These trips occur later for smaller break sizes and earlier for larger break 

sizes.  

Boundary Condition Sensitivity Cases - BWI FSG 

The results of the boundary condition sensitivity study are shown in Figures 4.5-13 and 4.5-14.  

These cases use the 0.86 ft2 break size sensitivity case as the base case. The first case assumes 

minimum auxiliary feedwater flow. Although the break enthalpy is higher assuming minimum 

auxiliary flow, the break flow rate is lower than that of the base case. The second case assumes 

maximum auxiliary flow with containment trips error-adjusted low. The effects of the low error 

adjustment of the containment trips are earlier tube bundle uncovery due to quicker steam line 

isolation as well as earlier reactor trip. Examination of the integrated energy releases for each 

case show that the benefit of the earlier reactor trip outweighs the penalty of quicker tube bundle 

uncovery. Thus, the assumptions made in the base case of maximum auxiliary feedwater flow 

and containment trips error-adjusted high are conservative.
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Base Case - W PSG 

The W PSG base case is a 1.4 ft2 break with maximum auxiliary feedwater flow and the high 
containment pressure and high-high containment pressure trips error-adjusted high. The 

sequence of events for this case is presented in Table 4.5-2.  

Steam generator pressure (Figure 4.5-15) rapidly decreases in the faulted steam generator. In the 
intact steam generators, pressure increases following closure of the main steam isolation valves.  
Pressure in the faulted steam generator decreases to approximately 50 psig after the generator 
boils dry. Steam line pressure remains essentially constant during the remainder of the transient 
due to the equilibrium that is reached between the break flow and the auxiliary feedwater 
addition to the faulted steam generator. The break flow rate (Figure 4.5-16) decreases as steam 
generator pressure decreases. Auxiliary feedwater flow (Figure 4.5-17) is initiated at 64.6 
seconds to all four generators with flow maximized to the faulted generator. Since pressure in 
the faulted steam generator drops below the saturation pressure of the 445°F auxiliary feedwater 
before the purge is complete, the volumetric flow rate into the faulted generator increases sharply 
due to the remaining hot water flashing to steam. The purge of hot auxiliary feedwater is 
complete at 83.6 seconds. After the faulted generator boils dry, the auxiliary feedwater flow rate 
matches the break flow rate. Steam generator liquid mass (Figure 4.5-18) decreases rapidly in 
the faulted generator. Mass in the intact generators increases following main steam isolation 
valve closure due to the continued addition of auxiliary feedwater flow.  

The break enthalpy (Figure 4.5-19) initially corresponds to saturated steam. Following tube 
bundle uncovery at 73.0 seconds, the break flow is superheated.  

Hot leg temperatures (Figure 4.5-20) are essentially identical for the faulted and intact loops due 
to the assumption of perfect reactor vessel thermal mixing. The cold leg temperature 
(Figure 4.5-2 1) in the faulted loop is much colder than the intact loops. The cold leg temperature 
in the intact loops increases once the main steam isolation valves close. The DT in the intact 
loops remains very small throughout the transient. Cold leg temperature in the faulted loop 
decreases rapidly following initiation of the break but increases after the faulted steam generator 
boils dry. The addition of auxiliary feedwater during the remainder of the transient keeps cold 
leg temperature in the faulted loop lower than that in the intact loops.
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Reactor power (Figure 4.5-22) rapidly decreases after reactor trip. The reactivity feedback from 

the RCS cooldown results in a return to power. Once the faulted steam generator boils dry, RCS 

temperature begins to increase and reactor power decreases.  

Pressurizer pressure (Figure 4.5-23) initially decreases due to the cooldown of the RCS. After 

the faulted steam generator boils dry, pressurizer pressure begins to increase due to the increase 

in RCS temperature. Pressurizer level (Figure 4.5-24) generally follows the trends in pressurizer 

pressure.  

Break Size Sensitivity Cases - W PSG 

The results of the break size sensitivity study are shown in Figures 4.5-25 and 4.5-26. Break 

sizes of 0.4 ft2 , 0.6 ft2 , 0.86 ft2, 1.1 ft2 , and 2.4 ft2 are analyzed and compared to the results of 

the 1.4 ft2 base case. The break size sensitivity cases show the same trends as the base case.  

The key difference between the cases is the timing of reactor trip, main steam line isolation, and 

tube bundle uncovery. These trips occur later for smaller break sizes and earlier for larger break 

sizes.  

Comparison of BWI FSG and W PSG Results 

Examination of the mass and energy releases of the BWI FSG and W PSG reveals very similar 

trends in the transient response due to the main steam line break. Thus, the boundary conditions 

that are conservative for the FSG analyses should also be conservative for the PSG analyses.  

The break flow rate for the FSG mass and energy release is slightly higher than for the PSG due 

to the slightly elevated pressure in the faulted steam generator. The higher steam generator 

pressure is a result of the greater heat transfer area in the FSG. Tube bundle uncovery occurs 

approximately 5 seconds earlier for the FSG due to the higher break flow rate. Break enthalpy is 

also higher for the FSG following tube bundle uncovery. The greater heat transfer area of the 

FSG results in a higher recirculation flow rate, which causes more hot steam to mix with the cold 

auxiliary feedwater in the lower downcomer before it enters the tube bundle. Thus, the enthalpy 

of the fluid at the exit of the tube bundle is higher following tube bundle uncovery.

4-13



k _________

4.6 References 

4-1 McGuire Nuclear Station Final Safety Analysis Report.  

4-2 Catawba Nuclear Station Final Safety Analysis Report.  

4-3 RETRAN-02 - A Program for Transient Thermal-Hydraulic Analysis of 

Complex Fluid Flow Systems, EPRI NP-1850-CCM, Revision 4, EPRI, 

November 1988.  

4-4 GOTHIC Containment Analysis Package, Version 4.0, RP3049- 1, Prepared for 
Electric Power Research Institute, Numerical Applications, Inc., September 

1993.  

4-5 DPC-NE-3000-PA, Revision 2, Duke Power Company, Thermal-Hydraulic 

Transient Analysis Methodology, Oconee Nuclear Station, McGuire Nuclear 

Station, Catawba Nuclear Station, December 2000.  

4-6 McGuire Nuclear Station Technical Specifications.  

4-7 Catawba Nuclear Station Technical Specifications.  

4-8 DPC-NE-3001 -PA, Multidimensional Reactor Transients and Safety Analysis 

Physics Parameters Methodology, December 2000.

4-14



Table 4.3-1 

RETRAN-02 Steam Line Break Initial Conditions 

Parameter Value - FSG Value - PSG 

Power Level 102% 102% 

T-ave +40F +40F 

RCS Pressure +60 psi +60 psi 

Pressurizer Level +9% +9% 

Steam Generator Level -8% -8% 

RCS Flow Rate 110% 110%
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Table 4.4-1 

RETRAN-02 Steam Line Break Boundary Conditions 

rameter Value - FSG & PSG

Average Fuel Temperature 

SI Temperature 

SI Boron Concentration 

Auxiliary Feedwater Temperature 

Single Failure

EOC maximum 

Maximum 

Minimum 

Maximum 

one train SI

4-16
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Table 4.5-1 

Sequence of Events 

BWI Feedring SG 1.4 ft2 Steam Line Break 

Event Time (seconds) 

Reactor trip, SI, and main FW isolation 4.5 

Turbine trip 4.7 

MSIV closure 8.5 

Safety injection starts 21.5 

Auxiliary feedwater starts 64.5 

Tube bundle uncovers 75.0 

Safety injection purge complete 357.5 

Problem end 600
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Table 4.5-2 

Sequence of Events 

Westinghouse Preheater SG (D5) 1.4 ft2 Steam Line Break 

Event Time (seconds) 

Reactor trip, SI, and CF isolation 4.6 

Turbine trip 4.8 

MSIV closure 8.9 

Safety injection starts 21.6 

Auxiliary feedwater starts 64.6 

Auxiliary feedwater purge complete for 83.6 

faulted SG 

Tube bundle uncovers 73.0 
Safety injection purge complete 353.4 

Problem end 400
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FIGURE 4.2.1-1 

Feedring Steam Generator Nodalization 
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FIGURE 4.2.2-1 

Preheater Steam Generator Nodalization 
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FIGURE 4.2.3-1 

Steam Line Nodalization 
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BWI Feedring SG 1.4 Ft2 Steam Line Break 
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BWI Feedring SG 1.4 Ft2 Steam-Line Break 
Mass and Energy Release
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BWI Feedring SG 1.4 Ft2 Steam Line Break 
Mass and Energy Release
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FIGURE 4.5.4 
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BWI Feedring SG 1.4 Ft2 Steam Line Break 
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BWI Feedring SG 1.4 Ft2 Steam Line Break 
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BWI Feedring SG 1.4 Ft2 Steam Line Break 
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BWI Feedring SG Steam Line Break 
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BWI Feedring SG Steam Line Break 
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BWI Feedring SG 0.86 Ft2 Steam Line Break 
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BWI Feedring SG 0.86 Ft2 Steam Line Break 
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5. LARGE-BREAK LOCA CONTAINMENT ANALYSIS

5.1 Overview 

Analyses are performed to determine the pressure and temperature response of the McGuire and 

Catawba containments following a LBLOCA. The containment model described in Section 2.3 

is utilized in each case. The RELAP5 results for various break locations, initial conditions, and 

boundary conditions (Section 3) are input to GOTHIC to determine the containment response. If 

a case is non-limiting then it may be discontinued without determining the peak pressure result.  

The amount of steam released out the pipe break, with all other boundary conditions being the 

same, can be used to predict if a certain break will provide the limiting containment response. If 

all of the energy produced by the core exits the break in the form of liquid, it will melt little or no 

ice and goes to the building sump, where the spray and RHR heat exchangers will remove this 

energy from the building. However, if significant quantities of the core decay heat exits the 

break in the form of steam, then this steam must be condensed by melting ice (if there is ice 

remaining), building spray, or the passive heat structures within the building. If all of the steam 

is not condensed, then the containment pressure will increase.  

The amount of steam that will condense depends on the ice mass, spray flowrate and 

temperature, and building temperature. Early in all the transients performed, the ice and building 

structures are able to condense large quantities of steam. This easily keeps the building pressure 

from exceeding the design pressure of 15 psig in the blowdown stage of all cases. The pressure 

will initially increase, and then start to decrease. At some point, there will be no more ice left to 

condense steam, and the building temperature has increased to the point where the temperature 

difference between the building atmosphere and the structures in the building prevents 

significant amounts of steam from being condensed. After ice melt, building spray and residual 

heat removal auxiliary spray are the primary means of condensation of steam in the building.  

The building pressure increases in all cases following ice meltout due to the decreased capability 

of the various containment systems to condense steam. In general, if ice meltout occurs earlier, 

peak pressures will be higher due to higher decay heat. Also, sump temperatures will be higher 

earlier in any transient; and the core injection water will be warmer and result in more boiling in 

the core. Therefore, the objective of these analyses is to determine which case results in the 

highest peak pressure following a LBLOCA.
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5.2 Initial Conditions 

Initial Pressure 

An initial building pressure of 15.0 psia (0.3 psig) is assumed in all analyses, which is the 
Technical Specification value. It is conservative with respect to building peak pressure to 
assume a high initial pressure, as this maximizes the mass of air initially in the building.  

Initial Temperature 

An initial building temperature of IOOoF in the containment lower compartment and 75oF in the 
upper compartment are assumed. These are the allowable minimum values for these 
temperatures during operation per Technical Specifications. It is conservative with respect to 
building peak pressure to assume a low initial building temperature in these regions of 
containment, as this maximizes the mass of air initially in the building. This effect has a greater 
impact on calculated building peak pressure then that of the increased heat capacity of the 
passive heat sinks in the building, which would start at a lower temperature.  

An initial temperature in the ice condenser of 30oF is assumed. This is higher than the maximum 
allowable ice bed temperature during operation of 27oF per Technical Specifications. It is 
conservative to assume high temperatures here, since this reduces the energy required to melt the 

ice.  

Initial Relative Humidity 

An initial relative humidity of 100% is assumed for all volumes. Because of the small size of the 
containment, this has no significant effect on calculated peak pressures due to slightly differing 
initial masses of air.  

Initial Ice Mass 

The initial ice mass assumed is specified for each case. The analyzed ice mass plus an allowance 
for sublimation is specified in Technical Specifications.
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Initial Refueling Water Storage Tank (RWST) Temperature

The initial RWST temperature is 105 OF, which includes 5 OF margin to the Technical 

Specification value.  

5.3 Boundary Conditions 

The RELAP5 mass and energy release data from Section 3 are input to GOTHIC. The flow out 

the pipe break is segregated by the side of the break as well as the phase (liquid and steam are 

separate). Therefore, all breaks have four junctions, mass release tables, and enthalpy tables in 

the GOTHIC input deck. The nitrogen release from the cold leg accumulators is accounted for in 

each transient by a noncondensable gas release at the time and rate calculated by RELAP5.  

Where applicable, the injection water spilled out the broken loop is accounted for with a separate 

boundary condition junction. This water spills directly into the sump and does not cool lower 

containment.  

Times and flowrates for the containment spray and RHR systems are taken from the RELAP5 

results. The RHR injection water which does not get sprayed back into the upper containment 

region is removed from the GOTHIC calculation.  

The containment spray and RHR, and component cooling heat exchanger flowrates and heat 

transfer rates are conservative values. A conservatively high temperature is assumed for the 

service water temperature, which serves as the ultimate heat sink for these heat exchangers.  

5.4 Results 

5.4.1 CNS-1 - BWI Feedring SG 

5.4.1.1 Cold Leg Pump Discharge Break (Ice Mass = 2.132 E6 Ibm) 

The pressure response for the cold-leg pump discharge break is shown in Figure 5.4.1.1-1. There 

is an initial peak of about 10 psig during the blowdown period. Following this period, the 

pressure decreases to around 6 psig. The next pressure increase begins when some of the ice 

bays become completely depleted of ice. This increase reaches a plateau of about 8 psig between 

1500 and 4000 seconds. A sharper increase begins at this time. As more and more ice baskets 

become completely empty, more steam reaches upper containment and pressure throughout the
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building increases. The pressure increases after ice meltout to a value of 11.77 psig at 5600 
seconds. There is a slow decrease in the containment pressure after this peak pressure is reached 
due to the condensation rate of steam due to building spray exceeding the rate of steam being 

released to containment through the break.  

The lower containment temperature response is shown in Figure 5.4.1.1-2. During the blowdown 
portion of this transient, a peak average temperature of about 250oF is reached. The temperature 
slowly decreases as less steam is released through the break and more energy is absorbed by the 
concrete and steel structures in lower containment. The average temperature reaches a plateau 
level of about 175oF. This temperature increases during the period when the last of the ice melts 
in the ice condenser. However, following ice meltout, the highest temperature reached in lower 

containment is about 190°F.  

The sump temperature response, shown in Figure 5.4.1.1-3, shows a gradual decrease during all 
periods of the transient. Early in the transient, much of the sump water is condensed steam.  
After the blowdown and reflood period, when the steaming rate is much lower, most of the water 
collecting in the sump is melted ice and spray water draining from upper containment.  
Therefore, the sump temperature decreases throughout the transient. At the time of ice meltout, 
the sump temperature has decreased to about 1600F, but then starts to increase. The time of 
increase exactly coincides with the time of ice meltout. This is because there is no more melted 
ice water being added to the sump, and also because the spray water (the primary means of 
condensation) is draining into lower containment at a higher temperature. The sump temperature 
has reached 1700F at the termination of the analysis at 7200 seconds.  

The upper containment temperature response is shown in Figure 5.4.1.1-4. Due to a small 
amount of steam reaching upper containment during the blowdown period via the deck leakage 
area, the temperature initially increases from 75 to 125oF, but then decreases to about 110'F as 
the containment spray condenses this steam. The upper containment temperature approaches the 
temperature of this spray water (105oF) during this period. As some of the ice bays become 
depleted of ice, more steam enters upper containment and the temperature increases to about 
150oF. Following the complete meltout of the ice in the ice bays, a plateau is reached at about 
175oF. This a common response, as the containment spray and RHR spray reach an equilibrium 
temperature. The containment spray and RHR auxiliary spray are condensing exactly as much 
steam during this period as is exiting the pipe break, causing this plateau, as well as stopping the 
increase in building pressure in Figure 5.4.1.1-1. As decay heat decreases, building pressures 

and temperatures will slowly start to decrease from these plateau values.
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The ice melt plot, shown as Figure 5.4.1.1-5, shows the ice meltout time of 4840 seconds. As is 

shown in all ice melt plots presented, the last 10% of the ice in the ice condenser takes a great 

deal of time to melt relative to the remaining 90% of ice. In this transient, the final 200,000 Ibm 

of ice takes over 1500 seconds to melt. This is due to the reduced steam release rate out the 

break as well as the very small ice surface area in the ice bed (much of the steam is going straight 

through the empty ice condenser channels during this period).  

Ice melt patterns are presented for the CNS-I pump discharge break transient. Figures 5.4.1.1-6 

to 5.4.1.1-9 represent the ice volume fractions of the ice condenser calculational nodes at 

different times during the transient. A filly loaded node will have an ice volume fraction of 

about 0.45, and is represented with a fully darkened box. A node with an ice volume fraction of 

less than 0.01 is considered empty and represented with a white box. All fractions in between 

are represented as shaded boxes, with the degree of shading showing the fraction of ice 

remaining, as shown in the legend. The three large boxes in each figure represent the outer, 

middle, and inner sections of the ice condenser baskets, with the inner section being the closest 

to the crane wall. In each box, the break is located beneath sector 2, the second sector from the 

left.  

Clear patterns may be observed from these figures. The ice melt progresses in a general fashion 

from bottom to top, from the hot side of lower containment to the cold side, and from the inner 

baskets to the outer baskets. Once the baskets directly above the break are depleted, steam starts 

to condense on the upper baskets above the cold side of lower containment, such that in the final 

stages of ice melt, the remaining ice is also melting from top to bottom.  

5.4.1.2 Cold Leg Pump Suction Break (Ice Mass = 2.132 E6 Ibm) 

Figure 5.4.1.2-1 shows the pressure response from the CNS-1 cold-leg pump suction break. The 

pressure is fairly steady at 6 to 7 psig. The transient is terminated at 3600 seconds because this 

transient will not produce the limiting pressure response for this unit. By comparison, the 

pressure for the pump discharge break during this period (Figure 5.4.1.1-1) has surged over 8 

psig. Also, examination of the integrated mass and energy release data shows that the pump 

suction break releases less steam throughout the transient than the pump discharge break.  

The ice melt plot for this transient is shown in Figure 5.4.1.2-2. When compared to Figure 

5.4.1.1-5, it is apparent that the ice is melting slower in this transient than in the pump discharge

5-5



break (Figure 5.4.1.1-5). Therefore, a higher peak pressure will result from the pump discharge 
break than from the pump suction break.  

5.4.1.3 Hot Leg Break (Ice Mass = 2.132 E6 Ibm) 

The only containment response figure presented for this transient is the building pressure, which 
has already fallen to about 3 psig by the termination of the transient at 1150 seconds (Figure 
5.4.1.3-1). The amount of steam exiting the break is much lower for this transient than for the 
two cold leg break cases discussed above. The amount of ice melted is therefore much lower, so 
the time of ice meltout for this transient would be much later in time and result in a much lower 
peak pressure. Therefore, it is determined that this is not the limiting transient in terms of 
highest peak pressure reached in the containment building for this unit.  

5.4.1.4 Summary 

The results of the GOTHIC containment analyses for CNS-I show that the cold leg pump 
discharge break is the limiting break in terms of building peak pressure. Although the pump 
suction break released higher amounts of energy to containment in the form of steam early in the 
transient, the pump discharge break becomes more severe in the 1200 - 1800 second period in the 
GOTHIC containment analysis results. The higher pressure reached following this period means 
that ice is melting at a faster rate in the pump discharge break compared to the pump suction 
break, and that the ice will be completely melted at an earlier time in this transient. The hot leg 
break is much lower in terms of energy release rate and total energy release to containment, and 
is much less severe than either cold leg break. Therefore, the pump discharge break is 
determined to be the limiting peak pressure transient for CNS-1.  

5.4.2 CNS-2 - Westinghouse Preheater SG 

5.4.2.1 Cold Leg Pump Discharge Break (Ice Mass = 2.132 E6 ibm) 

The pressure response for the cold leg pump discharge break is shown in Figure 5.4.2.1-1. The 
initial pressure peak during the blowdown period reaches about 10 psig. There is a decrease in 
building pressure to 6 psig after the blowdown is concluded. Pressure remains very steady 
around 6 psig for almost the entire part of the transient where there is ice remaining in the ice 
bed. There is no increasing trend in the building pressure due to steam passing through empty 
ice baskets and getting out the top of the ice condenser in this transient. After ice meltout, the
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pressure increases to 10.29 psig at 6850 seconds and then starts to decrease due to the decreasing 

decay heat.  

The lower containment temperature response for the cold leg pump discharge break is shown in 

Figure 5.4.2.1-2. The initial peak temperature reached in lower containment is about 245oF 

during the blowdown period. There is a general decreasing trend in the lower containment 

temperature throughout the transient. A surge in the steam flow out the break causes a temporary 

surge in the lower containment temperature at about 1500 seconds (also seen in Figure 5.4.2. 1-1) 

but this decreases shortly afterwards and continues to decrease. Just prior to ice meltout, the 

lower containment average temperature has fallen to about 150oF. The peak temperature reached 

for this transient following ice meltout is only about 185°F.  

The sump temperature response is shown in Figure 5.4.2.1-3. As more melted ice water and 

building spray water accumulates in the sump throughout the transient, the sump temperature 

decreases. A temporary surge is visible at the 1500 second point in this parameter but it also 

decreases shortly afterward. The sump temperature decreases to about 160oF before starting to 

increase after ice meltout.  

The upper containment temperature response for the cold leg pump discharge break is shown in 

Figure 5.4.2.1-4. Following the blowdown period, the upper containment temperature 

approaches the spray water temperature of 1050F. Once some of the ice bays become depleted of 

ice, the upper containment temperature starts to increase as more steam gets into upper 

containment. A peak average upper containment temperature of 170OF following ice meltout is 

shown.  

The slower steam release of this transient is revealed in Figure 5.4.2.1-5, the ice melt plot for this 

transient. The first 50% of the ice does not melt in this transient until after 1000 seconds, while 

the final 25% of the ice requires almost 3000 seconds to melt. The ice meltout time is 5960 

seconds for this transient.  

5.4.2.2 Cold Leg Pump Suction Break (Ice Mass = 2.132 E6 Ibm) 

The CNS-2 pump suction break pressure response is shown in Figure 5.4.2.2-1. Per the 

integrated break vapor energy release table for the CNS-2 transients in Section 3, the pump 

suction break energy is higher than the pump discharge break energy until about 3000 seconds.  

After this, the pump discharge break is higher in terms of vapor energy released out the break.
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The pressure response in Figure 5.4.2.2-1 shows that the pump suction break pressure is higher 
than for the pump discharge break, shown in Figure 5.4.2. 1-1. The pump suction break remains 
around 7 psig (except for another temporary break flow-induced surge), while the pump 
discharge case is around 6 psig during this time. The pump suction case is not analyzed far 
enough to show that this case will be limited by the pump discharge case further out in time.  

Likewise, the ice melt plot for the CNS-2 pump suction break (shown in Figure 5.4.2.2-2) shows 
that slightly more ice has been melted over the first 3600 seconds for this break than for the 
pump discharge break (Figure 5.4.2.1-5). The increase in break steam flow in the pump 
discharge break relative to the pump suction break after 3000 seconds is not apparent in these 
results. However, the integrated energy release tables show that the pump suction break is 
limited in terms of peak pressure by the pump discharge break.  

5.4.2.3 Hot Leg Break (Ice Mass = 2.132 E6 Ibm ) 

The pressure response for the CNS-2 hot leg break is shown in Figure 5.4.2.3-1. The amount of 
energy released out the break in this transient is much less than in the two cold leg breaks 
described above. Therefore, the pressure and temperature transient is much less severe. The 
pressure has decreased to almost 3 psig by the end of the analysis at 1150 seconds. It is apparent 
from this figure and from the integrated energy release figure for CNS-2 transients in Section 3 
that the hot leg break is not limiting in terms of peak pressure for this unit.  

5.4.2.4 Summary 

The results of the GOTHIC containment analyses for CNS-2 show very similar overall trends 
when compared with the CNS-1 results. The cold leg pump discharge break is again the limiting 
break in terms of building peak pressure. Although the pump suction break released higher 
amounts of energy to containment in the form of steam early in the transient, the pump discharge 
break becomes more severe later in the GOTHIC containment analysis results. The hot leg break 
is again much lower in terms of energy release rate and total energy release to containment, and 
is much less severe than either cold leg break. Because of the smaller heat transfer area in the D5 
steam generators and the smaller RCS inventory, the CNS-2 transients show lower temperatures 
and pressures than the CNS-I transients. The pump discharge break is determined to be the 

limiting peak pressure transient for CNS-2.
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5.4.3 ECCS Hot leg Recirculation Alignment

RELAP5 mass and energy release analyses were performed with alignment of the RHR flow to 

two hot legs following the transfer to cold leg sump recirculation. This replaces the alignment of 

the RHR for auxiliary containment spray. The GOTHIC results for these analyses are discussed 

below. The CNS-I RELAP5 model with BWI FSGs is analyzed.  

5.4.3.1 Hot Leg Break (Ice Mass = 2.132 E6 Ibm) 

The pressure response for this case is shown in Figure 5.4.3. 1-1. The containment pressure 

decreases from its initial peak during the blowdown period to a level of about 6 - 7 psig. The 

pressure remains around this level until about 5000 seconds, when more steam starts to get 

through the ice bed without condensing. In previous cases, this steam was mostly condensed by 

containment spray and RHR auxiliary spray, but with only containment spray in this case, the 

spray cannot condense all of this steam as before. Therefore, a slow pressurization starts even 

though ice meltout has not yet been reached. By the time of ice meltout at 7210 seconds, 

pressure has increased to about 8 psig. No sudden pressure increase occurs at this time since 

pressure has been slowly increasing all along. By the end of the analysis at 10,000 seconds, 

pressure has exceeded 9 psig and is still very slowly increasing. It is anticipated that pressure 

will start to decrease shortly afterwards due to decreasing decay heat levels.  

The lower containment temperature response for this transient is shown in Figure 5.4.3.1-2.  

Again, the lower containment temperature decreases throughout the transient as the steel and 

concrete heat structures there absorb more energy with time. The lower containment average 

temperature falls below 150oF until the time of complete ice meltout approaches. Due to reduced 

condensation of steam, the lower containment temperature starts to increase at this time. A 

plateau level is reached at just below 175oF at the end of the analysis, when the rate of steam 

release out the break is equal to the steam being condensed in containment.  

The sump temperature for this transient is shown in Figure 5.4.3.1-3. This parameter also 

decreases throughout the transient as more melted ice water collects in the sump. Due to the lack 

of RHR spray in this transient, the sump water temperature does not decrease at the same rate as 

in previous transients. However, due to the slower melt rate of the ice, the temperature at which 

the sump water starts to increase (about 160oF) is about the same as in cold leg break transients.  

The sump water starts to increase at this point due to warmer spray water draining from upper 

containment.
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The upper containment average temperature for this transient is shown in Figure 5.4.3.1-4. This 
parameter again approaches the spray water temperature of 105OF early in the transient. The 
temperature starts to increase as more steam enters upper containment through depleted ice 
baskets. Once the ice in the condenser completely melts, upper containment temperature 

continues to increase and reaches a level of about 160oF at the end of the analysis. Despite the 
lack of RHR spray, this upper containment temperature is comparable to that reaches in the cold 
leg break analyses. This is due to the reduced steaming rates out the break in the hot leg 

recirculation case.  

The change in recirculation modes causes a much later ice meltout time, as is shown in Figure 

5.4.3.1-5. The last 25% of the ice requires almost 5000 seconds to melt in this transient. The 
delay in ice meltout time causes a much later peak pressure for the hot leg recirculation case.  
Because of this delay, decay heat levels are much lower and the building spray is able to keep the 
pressure well below 15 psig without the use of RHR auxiliary spray.  

5.4.3.2 Pump Suction Break (Ice Mass = 2.132 E6 Ibm) 

The cold-leg pump suction break pressure response is shown in Figure 5.4.3.2-1. It is very 
similar to the hot-leg break case shown in Figure 5.4.3.1-1. The higher steam release rate earlier 
in the transient causes ice meltout time to occur sooner, but the near complete suppression of the 
steam release out the break causes the pressure to increase only to about 9 psig. The building 
pressure is increasing extremely slowly after about 7200 seconds, as an equilibrium state is again 
reached. The building spray condensation rate of steam exactly matches the rate of steam being 
released out the break and generated in lower containment. There is a small but significant 
amount of steaming of the liquid spilling out the break in this case, adding to the mass of steam 

in the building. Because lower containment is at a lower partial steam pressure than the NC 
system, some of the NC liquid exiting the break at saturation will flash to steam upon entering 
the lower containment region. This effect was either absent (due to colder water exiting the pipe 
break) or insignificant in all other cases. However, this steaming rate is higher than the steam 
exiting the pipe break in this transient and is the primary source of steam in the containment for 

this case.  

The integrated mass and energy release figures for the cold-leg pump discharge break shown in 

Section 3 are almost identical to, and actually slightly lower than, the cold-leg pump suction
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break for this transient. Therefore, a containment response to the cold-leg pump discharge break 

for the hot leg recirculation alignment is not generated.  

5.4.3.3 Summary 

The GOTHIC results for the ECCS hot leg recirculation alignment cases show that the 

containment peak pressure reached following a LBLOCA is much lower when compared to the 

continuous cold leg recirculation alignment. This is chiefly due to the reduced steaming levels 

out the pipe break. The ice meltout time is much later for the hot leg recirculation alignment 

because of the reduced steaming levels. This allows more energy to be removed from the 

building by the RHR and NS heat exchangers while there is still ice left in some of the ice 

baskets. By the time the ice is completely melted, the decay heat level is reduced to the point 

where there is little or no pressure increase in containment despite the reduced steam 

condensation capability (no RHR spray).  

5.5 Summary and Conclusions 

The GOTHIC results from the CNS- I transients verified the conclusion reached from the mass 

and energy release data that the greater heat transfer area and primary system inventory of the 

BWI FSGs of that unit caused the containment response to be more severe for this unit than for 

CNS-2, which has the W PSG (D5) design. The peak pressure reached for the limiting cold leg 

break transient was 11.77 psig for CNS-I and only 10.29 psig for CNS-2. This is despite the 

equal ice masses, heat exchanger capabilities, and passive heat sink data assumed for the two 

units.  

The cold leg pump discharge break is shown to be the limiting break location for both SG 

designs. This is due to the spilling of a portion of the ECCS water directly into the sump when 

the pipe break is assumed to be in this location. This causes slightly higher steaming rates later 

in the transient, as less colder water is available for core injection for a cold leg pump discharge 

break. The containment response resulting from a hot leg break location is found to be much less 

severe than for either cold leg break location.  

The GOTHIC results show that portions of the ice condenser can be expected to melt out much 

earlier than other sections, and that some steam will escape into upper containment without being 

condensed for all breaks analyzed. However, this does not cause a substantial increase in 

containment pressure for any transient, as the containment spray water is sufficient to condense
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this steam. Once the ice bed is completely depleted of ice, pressure will start to increase as the 
only means of condensing steam after this point is the building spray systems. It has been 
demonstrated, however, that in no case is the design limit of 15 psig exceeded. The minimum ice 
masses required by the Technical Specifications of both stations have been used, with an 
additional allowance for ice sublimation conservatively included. The GOTHIC containment 
models may be used in the future to reduce these minimum required ice masses since ample 
margin exists between the peak pressures calculated here and the design limit of 15 psig at MNS 
and CNS.  

The GOTHIC model also demonstrates the effect of ECCS hot leg recirculation alignment 
directly after the transfer to sump recirculation mode. The model results show that lower 
containment pressures result from the reduced steaming out the break in this alignment.  

In conclusion, the GOTHIC code is shown to accurately predict the containment response 
following a LBLOCA for an ice condenser containment. The mechanistic ice heat transfer 
algorithms discussed in Chapter 2 allow for more precise modeling of the ice condenser and 
allow for study of ice melt patterns and the effects of melt-through of ice bays early in the 
transient. In all transients, no substantial pressure increase is observed until the ice is completely 
melted. The effects of differing break steaming rates based on break location and ECCS 
injection flowrates and temperatures may also be observed from GOTHIC results. The results of 
these analyses are conservative based on the initial condition and boundary condition 

assumptions made.  

5.6 Minimum Containment Pressure Analysis 

A minimum LBLOCA containment pressure analysis is performed to provide a conservatively 
low backpressure boundary condition for the LBLOCA blowdown and reflood analyses to show 
that the acceptance criteria of 1OCFR50.46 are met. The analysis incorporates assumptions 
which are essentially the opposite of those described above, since the intent is to minimize rather 
than maximize the post-LOCA containment pressure. Since the blowdown and reflood analyses 
are performed only for the first 10 minutes or less of the event, many of the longer term 
assumptions used for the maximum containment pressure analysis are not applicable. The 
LBLOCA mass and energy release for this analysis is from an NRC approved LOCA Evaluation 
Model, and is not related to the methodology in this report. The following table shows the key 
assumptions used in the current FSAR licensing basis minimum containment pressure analysis, 
and those used in the GOTHIC methodology.

5-12
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Key Assumptions In The Minimum Containment Pressure Analysis 

Assumption Current Licensing Basis GOTHIC Methodology 

Containment volume 1,219,764 (ft3) (MNS) Nominal +1% 

1,196,498 (ft3) (CNS) 

Containment initial pressure 14.7 psia 14.7 psia 

Containment initial temperature 

Upper containment I 00°F 1 00°F 

Lower containment 125°F 125 0F 

Ice condenser inventory W proprietary Conservative maximum 

Ice temperature 270F 27 0F 

Containment spray flowrate 9600 gpm Conservative maximum 

Containment spray temperature 70°F 70°F 

Service water temperature 320F Conservative minimum 

Containment spray actuation time 25 seconds (MNS) 25 seconds 

30 seconds (CNS) 

Bypass leakage area None Nominal 

Passive heat sinks UFSAR Table 6-66 (MNS) Nominal + 5% 

UFSAR Table 6-64 (CNS) 

Ice condenser drains heat transfer W proprietary Minimum droplet size 

The GOTHIC methodology, using the above conservative assumptions, will result in a 

conservative minimum containment backpressure transient. That backpressure transient, a lower 
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bound relative to that backpressure transient, or the current licensing basis methodology, can 
then be used as a boundary condition for the LOCA peak cladding temperature analysis. If any 
of the above assumptions become nonconservative for any reason, a reanalysis with revised 
assumptions will be necessary.  

5.7 References 

5-1 McGuire Nuclear Station Technical Specifications, through Amendment Nos. 142 and 
124, Duke Power Company.  

5-2 Catawba Nuclear Station Technical Specifications, through Amendment Nos. 118 and 
112, Duke Power Company.
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6 STEAM LINE BREAK CONTAINMENT ANALYSIS

6.1 Overview 

Analyses are performed to determine the pressure and temperature response of the McGuire and 

Catawba containments following a steam line break. The mass and energy release data generated 

by the RETRAN analyses detailed in Section 4 is used as input to the GOTHIC Version 

4.0/DUKE code. Data used to generate the integrated mass and energy release figures in Section 

4 is directly placed in the GOTHIC input deck in tabular form, exactly as was done in the LOCA 

analyses. The containment model used for the steam line break analyses is I 

I but is identical to the model discussed in Section 2.3 in all other 

features.  

The purpose for calculating the containment response following a steam line break is to 

determine if the temperature in lower containment is higher than the environmental qualification 

(EQ) requirements established for instrumentation in that area. Due to the extended release of 

superheated steam from the steam generators (in both the W PSG D5 design and the BWI FSG 

design), it is expected that temperatures in lower containment will be higher for a steam line 

break than for any LOCA.  

The steam line break containment response is calculated for 360 seconds in each case run. The 

long-term containment response is not calculated because once the affected steam generator is 

isolated, the release of steam to the containment is essentially finished. The mass of ice initially 

in the ice condenser and the time that the ice melts out are not of importance in this analysis.  

The ice heat transfer rate, however, is very important because the ice condenser drain flow is a 

major factor in the cooling of the lower containment.  

6.2 Containment Model Modifications 

Unlike a LOCA, the pressure at which the steam is released into containment remains much 

higher than the containment pressure for an extended period of time. Therefore, it is important to 

[I
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C 

1in this direction allows 
for the simulation of mixing patterns, with the jet fanning out upon hitting the wall and diffusing 
the steam/droplet mixture around lower containment. The local low pressure region induced by 
the jet pulls the vapor/droplets from behind the jet into the flow stream, further mixing the lower 

containment environment.  

This local low pressure region also means that the pressure differential between lower 
containment and the ice condenser doors directly above the break decreases enough such that the 
ice condenser doors above the break close soon after initiation of the transient. To accurately 

model this phenomena, t 

This added detail allows a more exact pressure 
differential between the ice condenser doors and lower containment to be calculated by 
GOTHIC, making the closing of the ice condenser doors easier. This conservatively models the 
containment response phenomena following a steam line break.  

This is not to say that there I " I 
There is no jetting effect in a LOCA because the pressure differential between the Reactor 
Coolant system and the lower containment is insufficient to cause high-velocity jetting to occur 
once the blowdown portion of the LOCA is concluded. The GOTHIC lower containment model 
for LOCA will allow the ice condenser doors to close partially or completely should the pressure 
differential between lower containment and the ice condenser drop enough for this to happen; 
however, this has not been observed in any LOCA simulation. The ice condenser doors are not 
expected to close following a large break LOCA, particularly once the air return fans initiate, 

about 10 minutes into the transient.  

The passive heat structures in the newly subdivided lower containment nodes are divided as 

follows: £ 

J
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These changes are the only differences between the GOTHIC models utilized for LOCA and 

SLB simulation. The spray and RHR heat exchangers, air return fans, and sump recirculation 

flowpaths are still present in the GOTHIC SLB model but remain dormant since the transient is 

not simulated far enough for them to become active.  

6.3 Initial Conditions 

Initial Building Pressure 

An initial building pressure of 15.0 psia (0.3 psig) is assumed in all SLB analyses. It is 

conservative with respect to building peak temperature to assume a high initial pressure, as this 

maximizes the mass of air initially in the building. CNS Technical Specification 3.6.1.4 

(Reference 6-1) requires the building pressure to be no higher than 0.3 psig during operation, so 

the use of 0.3 is conservative.  

Initial Building Temperature 

An initial building temperature of 120°F in the containment lower compartment and IOOoF in the 

upper compartment are assumed. These are the allowable maximum values for these 

temperatures during operation per CNS Technical Specification 3.6.1.5 (Reference 6-1). It is 

conservative with respect to building peak temperature to assume a high initial building 

temperature in these regions of containment, as this maximizes the temperatures of the passive 

heat structures in containment, minimizing their capability to condense steam on their surfaces or 

to conduct heat inward during the transient.  

Ice Condenser Initial Conditions 

[
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All other initial conditions of the GOTHIC SLB model are identical to those assumed for the 
LOCA analyses. These are discussed in Section 5.3 above.  

6.4 Boundary Conditions 

The mass and energy release data shown in figures in Section 4 are placed in the GOTHIC input 
tables in tabular from. The flow out the pipe break is included in a single flow boundary 
conditions. Since almost all of the flow is steam, there is no need for segregation by phase for 
the steam line break analyses. A third table giving the steam generator pressure is included so 
that the flow enters the break at the proper velocity.  

The assumptions for the containment spray boundary condition flow rate, start time, and 
temperature are unchanged from those used in the LOCA analyses described in Section 5.3.  

6.5 Results 

Mass and energy release data is given in Section 4 for a range of steam line break sizes. Only the 
results from the largest break size case for CNS-1 (with the BWI FSG design) are given here.  
The GOTHIC results demonstrate that the highest temperatures result from the largest size break.  
Once the ice condenser drain flow initiates, the temperatures in lower containment decrease to a 
level far below the EQ limit. Therefore, the largest break results in the highest temperature, 
since it releases the largest amount of energy to containment the fastest.  

Figure 6.5-1 shows the average lower containment temperature following a 2.4 ft2 main steam 
line break. The initial temperature increase stops whenever a sufficient head of water is 
developed at the bottom of the ice condenser to open the ice condenser drain valves. A peak 
temperature of 2970F is reached. At this time, the surge of drain water, a portion of which is 
converted to droplets upon exiting the valves, quickly cools lower containment. This occurs not 
so much due to condensation of steam by these droplets but rather by the heating of them. This 
heat reduces the degree of superheating in lower containment and brings the temperature in lower 
containment closer to Tsatr Although the saturation temperature is never reached due to the
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constant release of superheated steam out of the steam line break, the ice condenser drain flow 

keeps the temperature well below the EQ requirement of 3400F. Some slight oscillations in the 

average temperature are observed in Figure 6.5-1. This is due to ice condenser doors or drains 

closing due to varying pressure differentials during the course of the transient.  

The break compartment temperature is shown in Figure 6.5-2. The cooling effect due to the 

jetting effect is visible here, as the temperature is well below the temperature of the exiting 

steam. (If the size of the break compartment were reduced to include only the volume in the 

immediate vicinity of the steam line break, the temperature would approach the steam jet 

temperature.) The peak temperature reached in the break compartment is 313 0F. When Figures 

6.5-1 and 6.5-2 are compared, it may be seen that there is a maximum difference of only about 

20 - 250F between the break compartment temperature and the average lower containment 

temperature. The mixing induced by the jetting effect of the steam line break keeps this 

temperature difference from being any higher.  

The average lower containment pressure is shown in Figure 6.5-3. The peak pressure reached is 

only about 7 psig. The decrease in pressure coincides with the increasing ice condenser drain 

flow in the vicinity of about 50 seconds. The reduction in steam flow out the break as the 

affected steam generator pressure starts to drop also aids in this reduction, as does the increasing 

conduction of energy into the passive heat structures in lower containment.  

In Figure 6.54, the mass of ice melted is shown. By the end of the 360 second simulation, less 

than 25% (500,000 Ibm) of the ice has been melted. The melt rate decreases after the first 100 

seconds. This is due to reduced steam flow out the break as well as the ice condenser doors 

directly above the break closing early in the transient. Other doors around lower containment 

close at various times during the transient. However, enough doors remain open to keep lower 

containment pressures and temperatures from increasing during the transient.  

6.6 Summary 

The ] performed in the GOTHIC steam line 

break analyses demonstrates that the jetting effect produced by the high velocity steam line break 

jet causes the lower containment region to mix considerably. The break compartment 

temperature is only about 20 - 25 0F warmer than the lower containment average. This mixing 

effect combined with the ice condenser drain flow keeps the lower containment temperature well 

below the EQ limit of 340OF in lower containment.
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This containment response calculation is conservative due to the assumptions made with regard 
to the [ 

Despite these 
assumptions, the drain flow is able to reduce the degree of superheat in lower containment and 
bring the temperature much closer to the saturation temperature despite the constant addition of 
superheated steam out the break.  

The extensive modeling capabilities of the GOTHIC code are essential in the determination of 
these steam line break containment response calculations. A [ 3is regarded as inadequate to correctly determine the jetting phenomena of the 
steam line break transient in lower containment. Conservative assumptions are utilized in these 
calculations to ensure a conservatively high temperature. A smaller nodalization mesh in the 
vicinity of the break would give a higher temperature near the break but would not affect the 
average temperature calculated in lower containment.  

6.7 References 

6-1 Catawba Nuclear Station Technical Specifications, through Amendment Nos. 118 and 
112, Duke Power Company.
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7. SUMMARY AND CONCLUSIONS

This topical report describes the Duke Power Company methodology for simulating the mass and 

energy release and containment response to high energy line breaks for the McGuire and 

Catawba Nuclear Stations. The potentially limiting scenarios, which are the LBLOCA for peak 

containment pressure, and the steam line break for peak containment temperature, have been 

reanalyzed with modem methods and updated initial and boundary conditions. Analyses have 

been performed for both the current steam generator designs and the future design. The 

methodology has been shown to be suitably conservative. Reanalyses utilizing the methodology 

will establish the performance requirements for engineered safeguards, and will be the bases for 

future Technical Specification revisions.
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Appendix A

GOTHIC Ice Condenser Model With Finer Nodalization 

For the purpose of analyzing a non-uniform initial ice mass distribution within a subset of the ice 

baskets, a revised GOTHIC ice condenser containment model is developed with a finer 

nodalization in the ice condenser region.  

The nodalization of the ice condenser for the existing model, as described in Section 2.3.2 of the 

main body of this report, is 

It is desired to nodalize the ice condenser with different ice weights in various regions. This may 

be accomplished by finer nodalization in the
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I There are no modeling changes introduced as a result of the finer nodalization 

which would alter the basic thermal-hydraulic behavior of the model.
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Figure A-I

Revised GOTHIC Containment Model Nodalization
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Duke Power Company M. S TRD 
P.O. Box 1006 Senior Vice President 
Charlotte, NC 28201-1006 Nuclear Generation 

(704)382-2200 Office 
(704)382-4360 Fax 

r DUKE POWER 

September 30, 1994 

U S Nuclear Regulatory Commission 
Document Control Desk 
Washington, D. C. 20555 

Attention: Document Control Desk 

Subject: Duke Power Company 
McGuire Nuclear Station 
Docket Nos. 50-369 and 50-370 
Catawba Nuclear Station 
Docket Nos. 50-413 and 50-414 
Topical Report DPC-3004-P, "Mass and Energy Release and 

Containment Response Methodology" 

Enclosed for your review is Duke Power Company's Topical Report DPC-NE-3004-P, 
"Mass and Energy Release and Containment Response Methodology." This report 
describes Duke's methodology for simulating the mass and energy release from high
energy line breaks, and the resulting containment response for the Catawba and McGuire 
Nuclear Stations. The methodology described in this report was used in analyses which 
will support replacement of the steam generators at McGuire and Catawba Nuclear 
Stations. Duke Power is requesting review and approval of this submittal by 
September 30, 1995, in order to support the replacement schedule for McGuire Unit 1.  

In accordance with 10CFR 2.790, Duke Power Company requests that this report be 
considered proprietary. Information supporting this request is included in the attached 
affidavit. A non-proprietary version of DPC-NE-3004 will be submitted following receipt 
of the Safety Evaluation Report.  

If you have any questions or need more information, please call Mary Hazeltine at 
704-382-6111.  

M S Tuckman

ý, ec, c-ý, nar,,



U S Nuclear Regulatory Commission 
September 30, 1994 
Page 2 

Mr. V. Nerses, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 141125, OWFN 
Washington, D. C. 20555 

Mr. R. E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region II 
101 Marietta Street, NW - Suite 2900 
Atlanta, Georgia 30323 

Mr. G. F. Maxwell 
Senior Resident Inspector 
McGuire Nuclear Station 

Mr. R. J. Freudenberger 
Senior Resident Inspector 
Catawba Nuclear Station

I -



U S Nuclear Regulatory Commission 
September 30, 1994 
Page 3 

bc: (w/o attachments) 
G A Copp 
K S Canady 
G B Swindlehurst 
S A Gewehr 
File: MC/CN 1201.37-28
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AFFIDAVIT OF M S TUCKMAN 

1I am Senior Vice President, Nuclear Generation Department, Duke Power 
Company ("Duke"), and as such have the responsibility of reviewing the 
proprietary information sought to be withheld from public disclosure in 
connection with nuclear plant licensing, and am authorized to apply for its 
withholding on behalf of Duke.  

2. I am making this affidavit in conformance with the provisions of 10 CFR 2.790 of 
the regulations of the Nuclear Regulatory Commission ("NRC") and in 
conjunction with Duke's application for withholding which accompanies this 
affidavit.  

3. I have knowledge of the criteria used by Duke in designating information as 
proprietary or confidential.  

4. Pursuant to the provisions of paragraph (b)(4) of 10 CFR 2.790, the following is 
furnished for consideration by the NRC in determining whether the information 
sought to be withheld from public disclosure should be withheld.  

(i) The information sought to be withheld from public disclosure is owned by 
Duke and has been held in confidence by Duke and its consultants.  

(ii) The information is of a type that would customarily be held in confidence 
by Duke. The information consists of analysis methodology details, 
analysis results, supporting data, and aspects of development programs, 
relative to a method of analysis that provides a competitive advantage to 
Duke.  

(iii) The information was transmitted to the NRC in confidence and under the 
provisions of 10 CFR 2.790, it is to be received in confidence by the NRC.  

(iv) The information sought to be protected is not available in public to the 
best of our knowledge and belief 

(v) The proprietary information sought to be withheld in this submittal is that 
which is marked in the proprietary version of the report DPC-NE-3004, 
"Mass and Energy Release and Containment Response Methodology" and 
supporting documentation, and omitted from the non-proprietary versions.  

M S Tuckman



(continued) 
AFFIDAVIT OF M S TUCKMAN (Page 2) 

This information enables Duke to: 

(a) Simulate the mass and energy release rates from loss-of-coolant 
accidents and steam line break accidents in pressurizer water 
reactors of the Westinghouse design.  

(b) Simulate the response of an ice condenser dry containment design 
to a high-energy line break inside containment.  

(vi) The proprietary information sought to be withheld from public disclosure 
has substantial commercial value to Duke.  

(a) It allows Duke to reduce vendor and consultant expenses 
associated with supporting the operation and licensing of nuclear 
power plants.  

(b) Duke intends to sell the information to nuclear utilities, vendors, 
and consultants for the purpose of supporting the operation and 
licensing of nuclear power plants.  

(c) The subject information could only be duplicated by competitors at 
similar expense to that incurred by Duke.  

5. Public disclosure of this information is likely to cause harm to Duke because it 
would allow competitors in the nuclear industry to benefit from the results of a 
significant development program without requiring a commensurate expense or 
allowing Duke to recoup a portion of its expenditures or benefit from the sale of 
the information.  

M S Tuckman



AFFIDAVIT OF M S TUCKMAN (Page 3) 

M S Tuckman, being duly sworn, on his oath deposes and says that he is the person who 
subscribed his name to the foregoing statement, and that the matters and facts set forth in 
the statement are true.  

M S Tuckman 

Sworn to and subscribed before me this :36 day of/I)C&• 1994.  
Witness my hand and official seal.  

Notary Pubc 

My commission expires , Z 2 i'7b

I



UNITED STATES 
0 NUCLEAR REGULATORY COMMISSION 
t WASHINGTON, D.C. 2o055-000i 

May 3, 1995 

Mr. M. S. Tuckman 
Senior Vice President 
Nuclear Generation 
Duke Power Company 
P. 0. Box 1006 
Charlotte, NC 28201 

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION ON TOPICAL REPORT DPC-NE-3004-P, 
"MASS AND ENERGY RELEASE AND CONTAINMENT RESPONSE METHODOLOGY," 
CATAWBA NUCLEAR STATION, UNIT 1, McGUIRE NUCLEAR STATION, UNITS 1 
AND 2 (TAC NOS. M90646, M90647, AND M90648) 

Dear Mr. Tuckman: 

The NRC staff is reviewing the Duke Power Company Topical Report 
DPC-NE-3004-P, "Mass and Energy Release and Containment Response Methodology" 
as submitted with your letter dated September 30, 1994. Additional 
information is requested, as identified in the enclosure, to enable the staff to complete its review. We are requesting that a response be provided within 
30 days of the date of this letter.  

This requirement affects nine or fewer respondents, and therefore, it is not 
subject to the Office of Management and Budget review under P.L. 96-511.  

Sincerely, 

ertt E.Martin, Senior Project Manager 
Project Directorate 11-2 
Division of Reactor Projects - I/II 
Office of Nuclear Reactor Regulation 

Docket Nos. 50-369, 50-370, and 50-413 

Enclosure: Request for Additional 
Information 

cc w/enclosure: 
See next page



Duke Power Company 

cc: 
A. V. Carr, Esquire 
Duke Power Company 
422 South Church Street 
Charlotte, North Carolina 
0001

McGuire Nuclear Station 
Catawba Nuclear Station

28242-

County Manager of'Mecklenburg County 
720 East Fourth Street 
Charlotte, North Carolina 28202 

Mr. J. E. Snyder 
Regulatory Compliance Manager 
Duke Power Company 
McGuire Nuclear Site 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

J. Michael McGarry, III, Esquire 
Winston and Strawn 
1400 L Street, NW.
Washington, DC 20005 

Senior Resident Inspector 
c/o U. S. Nuclear Regulatory 

Commission 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078 

Mr. T. Richard Puryear 
Nuclear Technical Services Manager 
Westinghouse Electric Corporation 
Carolinas District 
2709 Water Ridge Parkway, Suite 430 
Charlotte, North Carolina 28217 

Dr. John M. Barry 
Mecklenburg County 
Department of Environmental 

Protection 
700 N. Tryon Street 
Charlotte, North Carolina 28202

Mr. Dayne H. Brown, Director 
Department of Environmental, 

Health and Natural Resources 
Division of Radiation Protection 
P. 0. Box 27687 
Raleigh, North Carolina 27611-7687 

Ms. Karen E. Long 
Assistant Attorney General 
North Carolina Department of 

Justice 
P. 0. Box 629 
Raleigh, North Carolina 27602 

Mr. G. A. Copp 
Licensing - EC050 
Duke Power Company 
526 South Church Street 
Charlotte, North Carolina 28242-0001 

Regional Administrator, Region II 
U.S. Nuclear Regulatory Commission 
101 Marietta Street, NW. Suite 2900 
Atlanta, Georgia 30323 

Elaine Wathen 
Lead REP Pl anner 
Division of Emergency Management 
116 West Jones Street 
Raleigh, North Carolina 27603-1335

L -



Duke Power Company 

cc: 
Mr. Z. L. Taylor 
Regulatory Compliance Manager 
Duke Power Company 
4800 Concord Road 
York, South Carolina 29745 

North Carolina Municipal Power 
Agency Number 1 

1427 Meadowwood Boulevard 
P. 0. Box 29513 
Raleigh, North Carolina 27626-0513 

County Manager of York County 
York County Courthouse 
York, South Carolina 29745 

Richard P. Wilson, Esquire 
Assistant Attorney General 
South Carolina Attorney General's 

Office 
P. 0. Box 11549 
Columbia, South Carolina 29211 

Piedmont Municipal Power Agency 
121 Village Drive 
Greer, South Carolina 29651

Saluda River Electric 
P. 0. Box 929 
Laurens, South Carolina

McGuire Nuclear Station 
Catawba Nuclear Station 

North Carolina Electric Membership 
Corporation 

P. 0. Box 27306 
Raleigh, North Carolina 27611 

Senior Resident Inspector 
4830 Concord Road 
York, South Carolina 29745 

Mr. David L. Rehn 
Vice President, Catawba Site 
Duke Power Company 
4800 Concord Road 
York, South Carolian 29745 

Mr. T. C. McMeekin 
Vice President, McGuire Site 
Duke Power Company 
12700 Hagers Ferry Road 
Huntersville, North Carolina 28078

29360

Max Batavia, Chief 
Bureau of Radiological Health 
South Carolina Department of 

Health and Environmental Control 
2600 Bull Street 
Columbia, South Carolina 29201



REQUESTS FOR ADDITIONAL INFORMATION 

1. Figure 2.1.3-12 of the topical report illustrates a difference between 
the FSAR analysis and RELAP analysis for the mass and energy release 
rate during the period from 300 to 1500 seconds. In Section 2.1.3 of 
the topical report, this difference is attributed to differences in 
intact S/G reverse heat transfer due to RELAP using mechanistic modeling 
in which heat transfer is dependent on mass flow rate. Please provide a 
more detailed discussion of these differences.  

A description of the FSAR methodology "Westinghouse Mass and Energy 
Release Data for Containment Design", WCAP-8264-P-A (Proprietary) and 
WCAP-8312 (Non-proprietary) is provided in the NRC letter of March 12, 
1975 (reference 1). Also the NRC staff letter of February 17, 1987 
(reference 2) provides an evaluation of WCAP-10325, "Westinghouse LOCA 
Mass and Energy Release Model for Containment Design" relating to the 
vendor methodology. To what extent are the differences discussed above 
related to issues discussed in these two references? 

2. Referring to the discussion of the ice condenser heat transfer 
correlations available in GOTHIC-4.0/DUKE (pg 2-16 of DPC-NE-3004), 
describe which correlations and/or heat transfer coefficient values are 
actually selected. Indicate if an upper limit value for heat transfer 
coefficient is input to the program. Refer to the staff's SER "Staff 
Evaluation of the Tests conducted to-Demonstrate the Functional Adequacy 
of the Ice Condenser Design," of April 25, 1974 (PDR #8603040079) in 
which an upper limit coefficient of 10,000 BTU/hr-sq.ft was established.  

3. Section 2.3.2 discusses the spray droplet size used, which is 
significantly less than the size used for Oconee. Was this decrease 
intentional? If possible, relate your selection to the data in 
WCAP-8258, "SPRAYCO Model 17143A Nozzle Spray Drop-Size Distribution".  

4. A low initial containment temperature is generally conservative for the 
blowdown peak pressure determination. However, if the limiting peak is 
relatively late in the event, might a high initial containment 
temperature be conservative due to reduced heat structure heat 
absorption capacity. Provide assurance that the initial conditions of 
2.3.2 are indeed conservative for the LBLOCA analyses.  

5. It would be useful to include, for each LBLOCA analysis, a table 
identifying the peak pressure and time of peak pressure for each 
identifiable peak (similar to those included in DPC-NE-3003P).  

6. Section 3.3.2.12 states that the long-term analyses are insensitive to a 
20-sec refill assumption. Since the staff has no other information 
readily available to confirm this, and since ANS-56.4-1983 states that 
justification should be provided for use of a non-zero refill time in 
long-term analyses, please explain the reason for the non-zero refill 
assumption.  

7. Section 3.4 postulates that the LBLOCA case having the greatest

Enclosure

I -
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integrated steam release will produce the limiting peak pressure (i.e., 
insensitivity to timing effects). Has this phenomenon been shown by 
analysis? 

8. Please explain the phenomena of the 3000 sec crossover (3.4.1.4) where 
spilled ECCS fluid causes the RCP discharge case M&E to be greater than 
the RCP suction case.  

9. Paragraph 4.4 states that primary and secondary metal structures are 
initially in equilibrium with the surrounding coolant, with a constant 
temperature distribution. Explain how this assumption is applied to 
structures in contact with both primary and secondary coolant.  

10. Referring to Figure 4-24, explain why such a large percentage of the 
total AFW flow is delivered to the intact S/Gs (instead of the faulted 
S/G which is at a much lower pressure). At what time is AFW flow to the 
faulted S/G terminated? Explain the differences between the AFW flow 
rate curves for W and BWI S/Gs (Figures 4.5.3 and 4.5.17).  

11. For MSLB temperature analysis, it is the reviewer's understanding that 
the limiting break size is normally that at which entrainment starts to 
occur. Provide a discussion of how entrainment is accounted for in the 
RETRAN model for large MSLBs. Also, provide the staff with information 
regarding the sensitivity of MSLB temperature to A(T)[ref page 2-16 of 
DPC-3004].

12. Section 5.2 indicates that the initial ice 
Specification (TS) value (which includes a 
the sublimation ice mass allowance assumed 
containment heat removal? Is the ice mass 
greater than FSAR/LOTIC-1 values?

mass is the Technical 
sublimation allowance).  
to be available for 
assumption for McGuire

13. The RETRAN-02 code has been approved by the staff for generic use in 
1984 and 1991 (references 3 and 4). Section II.C of the Safety 
Evaluation (SE) identifies "General Limitations" regarding use of the 
code. Provide a general discussion of the extent, if any, to which your 
use of RETRAN-02 deviates from the limitations.

14. Provide a general discussion of the extent to which 
RELAP-5 code deviates, if any, from the recommended 
described in the Code Manual (NUREG/CR-5535, Vol. 5 

15. Provide a discussion of the significant reasons for 
break location of the limiting LBLOCA from the pump 
discharge.

DPC's use of the 
uses and practices 
User's Guidelines).  

the change in the 
suction to pump

16. The new LBLOCA analyses produce significantly lower peak pressure.  
can be attributed to both the mass and energy release modeling and 
containment modeling. Has the GOTHIC model been run with the FSAR 
and energy data to determine the relative contribution of each?

This 
the 
mass

17. Describe DPC's intentions with respect to Appendix K minimum pressure 
analyses. Does DPC seek approval for use of GOTHIC to establish a 
higher Appendix K minimum pressure? Would structural heat transfer 
coefficients be consistent with the guidance of ANS-56.4-1983? Is the

Is
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70°F spray temperature Key Assumption in Section 5.6 conservative for 
winter conditions? 

18. Section 6.1 states that "once the affected steam generator is isolated, 
the release of steam to the containment is essentially finished." Is 
this statement intended to refer to the feedwater flow? 

19. From Section 6.5 it is not clear as to what was the highest peak 
temperature among all the cells of the lower compartment. The fact that 
the break volume was cooled by jetting raises the question as to whether 
other areas were subjected to increased local temperatures. What is the 
peak temperature experienced in the lower compartment? 

20. The Safety Evaluation Report, NUREG-0847 Supplement 7, for Watts Bar 
describes COBRA-NC analyses performed by Westinghouse for Catawba and 
subsequently applied also to Watts Bar. TVA found that the MSLB hot 
spot locations are not locations containing environmentally qualified 
equipment. To what degree can DPC state that the Catawba COBRA-NC 
analyses are consistent with DPC GOTHIC analyses? To what extent can 
DPC state that the COBRA-NC methods described in WCAP-10988-P 
(proprietary version) and WCAP-10989 (non-proprietary version) are 
consistent with DPC's GOTHIC code and models? 

21. McGuire Unit 2 LER 85-29 of October 31, 1985 describes how spray (NS) 
pump switchover initiation time and delay interval could cause LOCA peak 
pressure to exceed the containment design pressure depending on initial 
FWST level. Does the DPC-NE-3004-P methodology account for the concerns 
identified in this LER? 

References 

(1) Letter from Mr. D. B. Vassallo, NRC, to Mr. C. Eicheldinger, 
Westinghouse Electric Corporation, dated March 12, 1975, transmitting an 
evaluation of topical report WCAP-8264 (Proprietary); WCAP-8312 (Non
proprietary), "Westinghouse Mass and Energy Release Data for Containment 
Design".  

(2) Letter from Mr. Charles E. Rossi, NRC, to Mr. William J. Johnson, 
Westinghouse Electric Corporation, dated February 17, 1987, Acceptance 
for Referencing of Licensing Topical Report WCAP-10325, "Westinghouse 
LOCA Mass and Energy Release Model for Containment Design (Proprietary) 
- March 1979 Version" 

(3) Letter from Cecil 0. Thomas, NRC, to Dr. Thomas W. Schnatz, Middle 
South Services, Inc, dated September 4, 1984, 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" 

(4) Letter from Ashok C. Thadani, NRC, to W. James Boatwright, RETRAN02 
Maintenance Group, Texas Utilities Electric Co., dated November 1, 1991, 
Acceptance for use of RETRAN02 MODO005.0.
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Duke Power Company ._- _" M.S.TLWN 
P.O. Box 1006 __.. ..... Senior Vice President 
Charlotte, NC 28201-1006 . - Nuclear Generation 

(704)382-2200 OMce 

(704)3824360 Fax 

DUKE POWER 

May 12, 1995 

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

Attention: Document Control Desk 

Subject: Duke Power Company 
McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nulear Station 
Docket Numbers 50-413 and -414 
Topical Report DPC-3004-P, "Mass and Energy Release and Containment Response 
Methodology"; Reponse to NRC Questions 

On September 30, 1994, Duke Power Company submitted the subject topical report for review and 
approval. By letter dated May 3, 1995, the NRC staff requested additional information about the 
report. Attachment II provides responses to the Staffs questions.  

Please note that the responses to several of the questions contain information that Duke considers 
proprietary. In accordance with 10CFR 2.790, Duke requests that this information be withheld from 
public disclosure. An affidavit which attests to the proprietary nature of this information is included as 
Attachment I. Attachment 1I1 contains a non-proprietary version of the responses.  

The May 3, 1995 request for additional information refers to McGuire Units 1 and 2, and Catawba 
Unit I only. It should be emphasized that, as indicated in the September 30, 1994 letter which 
submitted the topical report, the analyses contained therein are also applicable to Catawba Unit 2.  
While the primary purpose of the topical report is to support the replacement of the steam generators 
at McGuire Units I and 2, and Catawba Unit 1, the topical will also be used to support activities at all 
four units which are unrelated to steam generator replacement; such as a change in ice condenser 
loading.

Prmted o>i recycied po



U. S. Nuclear Regulatory Commission 
May 12, 1995 
Page 2 

If you have any questions, or need more information, please call Scott Gewehr at (704) 382-7581.  

M. S. Tuckman 

cc: Mr. R. E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. V. Nerses, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region II 
101 Marietta Street, NW - Suite 2900 
Atlanta, Georgia 30323 

W. 0. Long 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0- 8 H7, OWFN 
Washington, D. C. 20555

I -



U. S. Nuclear Regulatory Commission 
May 12, 1995 
Page 3 

bxc: (w/o Attachments) 
G. A- Copp 
K. S. Canady 
G. B. Swindlehurst 
M. H. Hazeltine 
ELL



Attachment I 
Affidavit to Support Proprietary Designation



AFFIDAVIT OF M. S. TUCKMAN

I am Senior Vice President, Nuclear Generation Department, Duke Power Company ("Duke"), 
and as such have the responsibility of reviewing the proprietary information sought to be 
withheld from public disclosure in connection with nuclear plant licensing, and am authorized 
to apply for its witholding on behalf of Duke.  

2 I am making this affidavit in conformance with the provisions of 10 CFR 2.790 of the 
regulations of the Nuclear Regulatory Commission ("NRC") and in conjunction with Duke's 
application for withholding which accompanies this affidavit.  

3. I have knowledge of the criteria used by Duke in designating information as proprietary or 
confidential.  

4. Pursuant to the provisions of paragraph (b)(4) of 10 CFR 2.790, the following is furnished for 
consideration by the NRC in determining whether the information sought to be withheld from 
public disclosure should be withheld.  

(i) The information sought to be withheld from public disclosure is owned by Duke and 
and has been held in confidence by Duke and its consultants.  

(ii) The information is of a type that would customarily be held in confidence by Duke.  
The information consists of analysis methodology details, analysis results, supporting 
data, and aspects of development programs, relative to a method of analysis that 
provides a competitive advantage to Duke.  

(iii) The information was transmitted to the NRC in confidence and under the provisions of 
10 CFR 2.790, it is to be received in confidence by the NRC.  

(iv) The information sought to be protected is not available in public to the best of our 
knowledge and belief 

(v) The proprietary information sought to be withheld in this submittal is that which is 
marked in the proprietary version of the report DPC-NE-3004, "Mass and Energy 
Release and Containment Response Methodology" and supporting documentation, and 
omitted from the non-proprietary versions.  

M. S. Tuckmnan

(continued)
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AFFIDAVIT OF M. S. TUCKMAN (Page 2) 

This information enables Duke to: 

(a) Simulate the mass and energy release rates from loss-of-coolant accidents and 
steam line break accidents in pressurizer water reactors of the Westinghouse 
design.  

(b) Simulate the response of an ice condenser containment design to a high-energy line 
break inside containment.  

(vi) The proprietary information sought to be withheld from public disclosure has substantial 
commercial value to Duke.  

(a) It allows Duke to reduce vendor and consultant expenses associated with 
supporting the operation and licensing of nuclear power plants.  

(b) Duke intends to sell the information to nuclear utilities, vendors, and consultants 
for the purpose of supporting the operation and licensing of nuclear power plants.  

(c) The subject information could only be duplicated by competitors at similar expense 
to that incurred by Duke.  

5. Public disclosure of this information is likely to cause harm to Duke because it would allow 
competitors in the nuclear industry to benefit from the results of a significant development 
program without requiring a commensurate expense or allowing Duke to recoup a portion 
of its expenditures or benefit from the sale of the information.  

M. S. Tuckman

(continued)



AFFIDAVIT OF M. S. TUCKMAN (Page 3)

M. S. Tuckman, being duly sworn, on his oath deposes and says that he is the person who subscribed 

his name to the foregoing statement, and that the matters and facts set forth in the statement are true.  

M. S. Tuckman 

Sworn to and subscribed before me this /5 IV day of 1995. Witness my 
hand and official seal.  

My commission expires J996 2 2) /q 46



Attachment III 
Responses to Questions 

(Non-Proprietary Version)



Response to NRC Questions on DPC-NE-3004

Question 1: 
Figure 2.1.3-12 of the topical report illustrates a difference between the FSAR analysis and 
RELAP analysis for the mass and energy release rate during the period from 300 to 1500 seconds.  
In Section 2.1.3 of the topical report, this difference is attributed to differences in intact S/G heat 

transfer due to RELAP using mechanistic modeling in which heat transfer is dependent on mass 
flow rate. Please provide a more detailed discussion of these differences.  

A description of the FSAR methodology "Westinghouse Mass and Energy Release Data for 
Containment Design", WCAP-8264-P-A (Proprietary) and WCAP-8312 (Non-Proprietary) is 

provided in the NRC letter of March 12, 1975 (reference 1). Also the NRC staff letter of February 
17, 1987 (reference 2) provides an evaluation of WCAP- 10325, "Westinghouse LOCA Mass and 
Energy Release Model for Containment Design" relating to the vendor methodology. To what 
extent are the differences to which you refer related to issues discussed in these two references.  

Response: 
The March 12, 1975 safety evaluation provides details regarding the treatment of heat transfer 
from the steam generators during reflood. The W REFLOOD code is used to calculate the mass 
and energy release during this portion of the analysis. The W REFLOOD code utilizes a loop 
hydraulic resistance model and an energy balance model The steam generators are assumed to be 
cooled to the temperature of saturated steam at the containment pressure during the reflood phase 
of the transient This process is determined to have been completed after 960 seconds, as stated on 
page 6. This assumption is based upon 'the maximum steam flow based upon the hydraulic 
resistance and steam generator heat transfer." During the post-reflood phase of the transient, heat 
transfer from the steam generators is determined by the containment depressurization rate. The 
February 17, 1987 staff evaluation describes changes to the original methodology. The change 
made with respect to steam generator heat transfer is to assume that only saturated steam exits the 
steam generators. Eliminating the release of superheated steam from the steam generator side of 
the break increases the overall steam mass flow released to containment.  

In the McGuire/Catawba RELAP5 model. heat transfer from the steam generators is determined, in 
part, by the mass flow through each steam generator. The flow split between the broken and intact 
loops is determined by the hydraulic resistances in the model, and is not modified in the analysis.  

The broken steam generator rapidly cools down to the temperature of saturated steam in the RCS 
as expected, due to high flow rates in the affected loop. Heat transfer from the intact steam 
generators is limited by the mass flow through the primary side of the tube bundle and the degree 
of superheat that can be achieved. The steam generator secondary side initial conditions are 
specified to maximize the available stored energy, thereby maximizing the heat transfer to the 
primary and the mass and energy release out the break.  

Question 2: 
Referring to the discussion of the ice condenser heat transfer correlations available in 
GOTHIC-4.0/DUKE (pg. 2-16 of DPC-NE-3004), describe which correlations and/or heat transfer 
coefficient values are actually selected. Indicate if an upper limit value for heat transfer coefficient 
is input to the program. Refer to the staffs SER "Staff Evaluation of the Tests conducted to 
Demonstrate the Functional Adequacy of the Ice Condenser Design," of April 25, 1974, (PDR 
#8603040079) in which an upper limit coefficient of 10,000 BTU/hr-sq.ft was established.
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Response Is used to determine a heat transfer coefficient 
for the ice condenser heat transfer equations in all GOTHIC-4.0/DUKE containment analyses 
discussed in DPC-NE-3004. This correlation[ 

]provided the best matches with the data generated in the Ice Condenser Test 
Facility heat transfer tests. Heat transfer from the steam to the ice is calculated in GOTHIC for 
each node containing ice. Separate heat transfer coefficients are calculated for each node. This is 
different then the LOTIC- 1 ice condenser heat transfer logic, where the ice melt rate (and hence, 
the heat transfer coefficient to the ice) is dependent on the steam flow rate into the condenser, 
assuming constant meltwater temperatures and complete condensation of steam prior to ice 
meltout. Even if one or more nodes exceeded the 10,000 BTU/br-sq.ft-F heat transfer coefficient 
value (the limit imposed on ice condenser heat transfer in LOTIC-I, per PDR #8603040079) in a 
GOTHIC analysis, the heat transfer coefficient for the entire ice condenser would still be well 
below the value of 10,000.  

There ir 
7as there is in the Uchida correlation. Therefore, it is possible for 

the heat transfer coefficienf 1to exceed the 10,000 BTU/lr-sq.ft-F 
value in a single node. In determining what the maximum heat transfer coefficient is in the DPC
NE-3004 GOTHIC analyses, it is observed that the 

] The highest velocities through the ice condenser occur 
during the very early stages of blowdown. At this time (0-2 seconds) the highest ice melt rates are 
also observed. The highest heat transfer coefficient for any ice condenser node was on the order of [ ]BTU/ir-sq.ft-F, directly above the break, at the lowest elevation in the ice condenser. The 
flow velocity through this node was the highest of any ice condenser location at any time during the 
transient. The 10,000 value is not approached in any transient.  

Question 3: 
Section 2.3.2 discusses the spray droplet size used, which is significantly less than the size used for 
Oconee. Was this decrease intentional? If possible relate your selection to the data in 
WCAP-8258, "SPRAYCO Model 17143A Nozzle Spray Drop-Size Distribution".  

Response: 
The difference in the assumed droplet size for the spray droplets between the McGuire/Catawba 
and Oconee containment models was intentional. The spray headers arm required at McGuire and 
Catawba to produce a droplet size spectrum with a mean diameter of less than 700 pm. Figure 
6-195 of the McGuire FSAR shows the distribution produced by the McGuire spray headers. This 
figure shows that the assumption of 700 -m for an average droplet size is therefore conservative.  

At Oconee, there is no corresponding requirement for a maximum spray droplet size. An average 
droplet size of 700 gm is assumed in the Oconee FATHOMS base model. This is increased to 
7000 pm in the long-term containment response analyses, which introduces additional 
conservatism. The FATHOMS containment response is very insensitive to changes above the 700 
pm size.
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Question 4: 
A low initial containment temperature is generally conservative for the blowdown peak pressure 
determination. However, if the limiting peak is relatively late in the event, might a high initial 
containment be conservative due to reduced heat structure heat absorption capacity. Provide 
assurance that the initial conditions of 2.3.2 are indeed conservative for the LBLOCA analyses.  

Response: 
A sensitivity run was conducted for the CNS-l cold leg pump discharge break with the initial lower 
and upper containment temperatures increased to the upper Tech Spec limits of 120 and 100 OF, 
respectively. (The ice condenser initial temperature remained unchanged at 30 oF.) The peak 
pressure decreased in the sensitivity case from 11.76 psig to 10.79 psig. The effect of an increased 
air mass (low initial temperature) on the eventual peak pressure following a LOCA is greater than 
that of reduced heat stnxcture heat absorption capacity (high initial temperature), as stated in 
Section 5.2. It is expected that this trend would hold for all MNS/CNS cases.  

Question 5: 
It would be useful to include, for each LBLOCA analysis, a table identifying the peak pressure and 
time of peak pressure for each identifiable peak (similar to those included in DPC-NE-3003P).  

Response: 
See Table A.  

Question 6: 
Section 3.3.2.12 states that the long-term analyses are insensitive to a 20 second refill assumption.  
Since we have no other information readily available to confirm this, and since ANS-56.4-1983 
states that justification should be provided for use of a non-zero refill time in long-term analyses, 
please explain the reason for the non-zero refill assumption.  

Response: 
The 20 second refill time mentioned in Section 3.3.2.12 is obtained from page 3-3 of NSAC/86 
(Reference 3-10). The refill phase of a large break LOCA transient is defined as the period of time 
between the end of blowdown and the beginning of reflood. The reflood phase of the transient 
begins when the mixture level in the reactor vessel lower plenum reaches the core inlet. The timing 
of refill and reflood can be significant in a dry containment design because the peak containment 
pressure occurs during the early reflood period. For the ice condenser containment design the refill 
phase and associated phenomena are short-term concerns and the peak pressure occurs much later.  
Therefore the timing of refill has no effect on the peak pressure response.  

Question 7: 
Section 3.4 postulates that the LBLOCA case having the greatest integrated steam release will 
produce the limiting peak pressure (i.e., insensitivity to timing effects). Has this phenomena been 
shown by analysis? 

Response: 
Analyses have been performed for each of the three break locations for the durations necessary to 
establish the long-term mass and energy release trends, and to identify the limiting location. The
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key considerations are the time of ice meltout, and the steaming rate out the break after ice meltout.  
The steaming rate out the break is maximized for the pump discharge break, where ECCS is lost 
due to spilling out the break and less steam condensation results.(Refer to the response to Question 
7 for details) The containment pressure is higher for the pump discharge break at the time that the 
long-term steaming trends are established. Therefore, it has been shown by analysis that the pump 
discharge break is the limiting location.  

Question 8: 
Please explain the phenomena of the 3000 sec crossover (3.4.1.4) where spilled ECCS fluid causes 
the RCP discharge case M&E to be greater than the RCP suction case.  

Response: 
Both the pump discharge break case and pump suction case are initiated from the same initial 
conditions. The initial differences in the integrated break vapor mass and energy release observed 
in Figure 3.4.1.4-2 and Figure 3.4.1.4-4 are a result of break location specific blowdown 
phenomena. These differences are consistent with those presented in the current FSAR analyses.  
The integrated steam release for the pump suction case following blowdown initially exceeds that 
from the pump discharge case. The primary cause for this difference is implicit to the break 
location assumptions. For the pump discharge break location, all ECCS to the broken loop is 
assumed to be spilled directly to containment and is therefore not available for condensing steam 
before it reaches the break. ECCS flow is not spilled directly to containment for the pump suction 
case, allowing steam to be condensed in the broken cold leg prior to reaching the break. The 
impact of this difference is that the steam release for the pump discharge case eventually exceeds 
that of the pump suction case. The timing of the crossover is approximately 3000 seconds for the 
case illustrated in Figures 3.4.1.4-2 and 3.4.1.4-4. The same phenomena is demonstrated in Figure 
3.4.2.4-2 and Figure 3.4.2.4-4, although the timing of the crossover differs.  

Question 9: 
Paragraph 4.4 states that primary and secondary metal structures are initially in equilibrium with 
the surrounding coolant, with a constant temperature distribution. Explain how this assumption is 
applied to structures in contact with both primary and secondary coolant.  

Response: 
This assumption applies to structures that are only in contact with either the primary or secondary 
coolant, but not both. The only structures that are physically in contact with both the primary and 
secondary coolant are the steam generator tubes and the tubesheet. The tubesheet metal is at the 
temperature of the primary coolant flowing through it. The small amount of primary-to-secondary 
heat transfer that occurs at the top of the tubesheet is neglected. Therefore, the tubesheet is 
modeled by a one-sided conductor connected to the primary side. The steam generator tubes are 
modeled with a linear temperature gradient across the heat conductors, which is determined by the 
adjacent water temperatures.
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Question 10: 
Referring to Fig 4-24, explain why such a large percentage of the total AFW flow is delivered to 
the intact S/Gs (instead of the faulted S/G which is at a much lower pressure). At what time is 
AFW flow to the faulted S/G terminated? Explain the differences between the AFW flow rate 
curves for W and BWI S/Gs (Figs 4.5.3 and 4.5.17).  

Response: 
The AFW flow rates plotted in Figures 4.5.3 and 4.5.17 represent the total AFW flow to the three 
intact steam generators and the AFW flow to the single faulted steam generator. Thus, AFW flow 

to the faulted steam generator (- 1200 gpm) is nearly double that seen by each intact steam 
generator (- 2000 gpm total or 670 gpm each).  

AFW flow to the faulted steam generator is not terminated prior to the end of the mass and energy 
release analysis. Isolating AFW flow to the faulted steam generator would non-conservatively 
terminate the flow of steam through the break. Thus, the mass and energy release is analyzed with 
continued AFW flow past the time of peak containment temperature.  

AFW flow is specified in the RETRAN input deck as a function of steam generator pressure with 
an enthalpy corresponding to a given temperature. For the Westinghouse preheater steam 
generators, a purge volume of hot water is assumed to be delivered before the cold AFW reaches 
the steam generators. For break sizes above 0.6 ft2 , pressure in the faulted steam generator drops 
below the saturation pressure of the hot AFW before the purge of the hot AFW is completed.  
When pressure in the faulted generator falls below the saturation pressure of the hot AFW, it is 
assumed that the water in the AEW piping flashes and is added to the faulted generator as steam.  
Thus, a sharp increase in the volumetric AFW flow rate is seen between 65 and 85 seconds in 
Figure 4.5.17 due to the much lower density of the steam. Figure 1 shows the AFW mass flow rate 
to the faulted steam generator that corresponds to the volumetric flow rate shown in Figure 4.5.17.  

Question 11: 
For MSLB temperature analysis, it is the reviewer's understanding that the limiting break size is 
normally that at which entrainment starts to occur. Provide a discussion of how entrainment is 
accounted for in the RETRAN model for large MSLBs. Also, can you provide the staff with 
information regarding the sensitivity of MSLB temperature to X(T)[ref page 2-16 of DPC-3004].  

Response: 
From a peak containment temperature perspective, it is conservative to assume that all of tlh break 
flow is released in the form of steam. Therefore, the steam dome volume is modeled as a bubble 
rise volume with a very large separation velocity. This provides nearly instantaneous and complete 
separation between the liquid and vapor phases in that volume and precludes any liquid from being 
entrained in the flow leaving through the steam generator outlet nozzle.  

-Me[ Jassumed in the GOTHIC containment model has a negligible impact on the 
lower containment temperature response following a MSLB. The peak temperature in lower 
containment is reached in the first few minutes following a steam line break. This is well before 
the time of ice meltoutf " It is also well before the time when 
ice above any one sector of lower containment would be meled.1
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Question 12: 
Section 5.2 indicates that the initial ice mass is the Technical Specification (TS) value (which 
includes a sublimation allowance). Is the sublimation ice mass allowance assumed to be available 
for containment heat removal? Is the ice mass assumption for McGuire greater than 
FSAR/LOTIC-1 values? 

Response: 
The allowance for ice sublimation is not assumed to be available in the GOTHIC containment 
model. Although this sublimed ice may still be present in the condenser, in the form of water 
vapor/frost, no credit is taken for it in the GOTHIC model. The ice mass in the GOTHIC analyses 
is 13.9% below the Tech Spec value of 2.475 E6 Ibm. The GOTHIC ice mass assumptions in both 
McGuire and Catawba analyses are the same as those in the most recent respective FSAR 
analyses, performed with LOTIC-1.  

Question 13: 
The RETRAN-02 code has been approved by the staff for generic use in 1984 and 1991 
(references 3 and 4). Section II.C of the Safety Evaluation (SE) identifies "General Limitations" 
regarding use of the code. Provide a general discussion of the extent, if any, to which your use of 
RETRAN-02 deviates from the limitations.  

Response: 
The conclusions regarding the limitations specific to the steam line break mass and energy release 
analysis are given below. The numbers and letters correspond to those listed in the SERs.  

Limitations from the MOD5.0 SER: 
2.1 The general transport model is used to simulate the injection of boron into the primary system. The 

conservative application of this model with respect to purge volumes and assumed boron 
concentrations is discussed in Section 5.3.2.5 of DPC-NE-3001.  

2.2 The 1979 ANS Standard decay heat model is used in the analysis with an added two-sigma 
uncertainty to bound all uncertainties associated with the input parameters to the decay heat model.  

Limitations from the MOD2.0 SER: 
i, n3. .  

•.The mass and energy release results are relatively unaffected by the use of this model since liquid is not 
allowed to exit the steam generator as discussed in the response to Question 10 above. The AFW 
flow rate and primary-to-secondary heat transfer are of primary importance in this analysis, and 
their conservative application produces a limiting mass and energy release.
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Question 14: 
Provide a general discussion of the extent to which DPC's use of the RELAP-5 code deviates, if 

any, from the recommended uses and practices described in the Code Manual (NUREG/CR-5535, 

Vol. 5 User's Guidelines).  

Response: 
In general, the practices presented in the User's Guidelines (Vol. 5 of the RELAP5/MOD3 Code 

Manual) represent the basic information required to perform transient analyses. These practices 
are consistent with those used at Duke Power. A review of Vol. 5 identified three instances where 
our use of RELAP5 differed from the author's recommendations. These instances are discussed 
below.  

In Section 4.6.8.1. it is recommended that the frictional torque specified for a pump component be 
divided equally between TFO and TF2. The frictional torque input to the McGuire/Catawba 
RELAP5 model is specified entirely as TF2. The pump model used in the RELAP5 model is the 
same as that described in the Duke Power RETRAN model for McGuire/Catawba, which is 
documented in the NRC-approved topical report DPC-NE-3000-PA.  

In Section 4.6.9, the author of VoL5 recommends against using the multiple junction component, 
based upon the potential for confusion in identifying the location of a specific junction in the 
output. The multiple junction component is used in the secondary side of the tube bundle in the 
BWI FSG model.  

In Section 5.1.8, the final recommendations made in this section are to use a two-component 
representation for the core if simulation of the high-powered fuel rod behavior is important in 
meeting the analysis objectives, to not model crossflow in the downcomer, and use a simplified 
system nodalization if possible. The first recommendation does not apply for a mass and eriergy 
release analysis. In the McGuire/Catawba RELAP5 large break LOCA model, the reactor vessel 

[J 

were both necessary to accurately model the LOCA mass and energy release.  

Question 15: 
Provide a discussion of the significant reasons for the change in the break -location of the limiting 
LBLOCA from the pump suction to pump discharge.  

Response: 
The mass and energy release analyses in the current FSAR encompass the blowdown phase for the 
hot leg break, the blowdown and reflood phase for the pump discharge break and long-term for the 
pump suction break case only. If the limiting transient were to be selected based solely on the 
current FSAR analyses, the same conclusion would be reached. The RELAP5 analyses presented 
for each break location are analyzed further out in time, thereby gaining additional insights into the 
long-term response for different break locations. A crossover in the integrated mass and energy 
release occurs for the two cold leg break locations during the cold leg recirculation phase of the 
transient. The phenomena behind the crossover in the integrated mass and energy release are 
discussed in the response to Question #7 above.
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Question 16: 
The new LBLOCA analyses produce significantly lower peak pressure. This can be attributed to both the mass and energy release modeling and the containment modeling. Has the GOTHIC model been run with the FSAR mass and energy data to determine the relative contribution of 
each? 

Response: 
The GOTHIC runs conducted to benchmark the containment simulation model, described in Section 2.3.3, use the FSAR mass and energy release data. As mentioned at the bottom of p. 2-22, there are some uncertainties as to the exact data used in some phases of the LOTIC-l FSAR analyses. The results of this run indicate approximately how much the change in containment analysis methods alone improved the peak pressure result. In this GOTHIC run, a peak pressure of 12.90 psig was calculated. Compared with the FSAR result of 14.07 psig, a decrease of 1.17 psig is achieved in the peak containment pressure when utilizing GOTHIC alone, without new 
mass and energy release data.  

The CNS-2 cold leg pump discharge run documented in Section 5.4.2 utilizes RELAPS mass and energy release data and the GOTHIC containment analysis model. In addition, the CNS-2 analysis is for the Westinghouse preheater steam generator type; the impact of the BWI feedring S/G is not present in this analysis. The results of this analysis shows the significance of the RELAP5/GOTHIC analysis package, without the differing S/G geometry effect. As documented in Section 5.4.2, the CNS-2 cold leg pump discharge analysis resulted in a peak containment pressure of 10.29 psig. When subtracted from the Catawba FSAR peak pressure of 14.05 psig, a decrease of 3.76 psig is achieved when utilizing the RELAP5/GOTHIC analysis package. This is roughly 3 times the decrease when using GOTHIC alone, as mentioned above. Therefore, the relative contribution of each code may be generalized as 2 parts RELAP5, I part GOTHIC.  

Question 17: 
Describe DPC's intentions with respect to Appendix K minimum pressure analyses. Does DPC seek approval for use of GOTHIC to establish a higher Appendix K minimum pressure? Would structural heat transfer coefficients be consistent with the guidance of ANS-56.4-1983? Is the 70°F spray temperature Key Assumption in Section 5.6 conservative for winter conditions? 

Response: 
The minimum containment pressure analysis methodology described in Section 5.6 will be used to calculate the minimum containment backpressure boundary condition for future LOCA PCTanalyses. The GOTHIC model and inputs used for the peak pressure analyses will be significantly modified as described in order to conservatively predict a minimum pressure response. The predicted pressure response may be higher or lower than the current FSAR analysis, depending on 
the initial and boundary conditions assumed.  

Due to the large heat sink effect of the ice condenser, the modeling of structural heat sinks plays a much smaller role than in conventional dry containment design. A +5% allowance for structural heat sinks is included. The ANS-56.4-1983 heat transfer coefficient modeling guidance is 
unnecessary, and is not used.
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The 70°F spray temperature assumption is consistent with the minimum temperature specified in 
Technical Specification 3.5.4 for the Catawba Nuclear Station and Technical Specification 3.5.5 
for the McGuire Nuclear Station.  

Question 18: 
Section 6.1 states that "once the affected steam generator is isolated, the release of steam to the 

containment is essentially finished." Is this statement intended to refer to the feedwater flow? 

Response: 
Yes. Main feedwater flow is auwomatically isolated, and once the auxiliary feedwater flow is 

manually isolated ftrom the faulted generator, the steam release to containment is finished.  

Question 19: 
From Section 6.5 it is not clear as to what was the highest peak temperature among all the cells of 

the lower compartmenL The fact that the break volume was cooled by jetting raises the question as 
to whether other areas were subjected to increased local temperatures. What is the peak 
temperature experienced in the lower compartment? 

Response: 
The steam line break is assumed to occur in the node closest to the crane wall, pointed towards the 
crane walL As discussed in Section 6.2, there are Jthe GOTHIC 
steam line break containment model. Due to the high pressure at which the steam is injected 
through the break in the early stages of the transient, aF .3are at 
essentially the same temperature. The cooler air coming in behind the break due to the jetting 
effect is forced along with the steam to the next node downstream of the break until hitting the 
crane waIl _ ]in this sector of lower containment, are at the same 
pressure, temperature, and steam/air concentration. Upon hitting the crane wall, the steam/air jet is 
re-directed in all directions and mixes around containment. The break compartment peak 
temperature is referred to as the peak temperature in lower containment, although the nodes 
adjacent to the break compartment in the direction of the break flow are at the same temperature.  

This does not hold true throughout the transient, however. As the steam line pressure decreases, 
the jetting force decreases, and the jetting flows decrease relative to the break flow. The node 
adjacent to the crane wall is slightly hotter than the node at the break location later in the transient.  
However, the peak temperature for the entire transient has already been reached by the time this 
jetting decrease occurs.  

Question 20: 
The Safety Evaluation Report, NUREG-0847 Supplement 7, for Watts Bar describes COBRA-NC 
analyses performed by Westinghouse for Catawba and subsequently applied also to Watts Bar.  
TVA found that the MSLB hot spot locations are not locations containing environmentally
qualified equipment. To what degree can DPC state that the Catawba COBRA-NC analyses are 
consistent with DPC GOTHIC analyses? To what extent can DPC state that the COBRA-NC 
methods described in WCAP-10988-P (proprietary version) and WCAP-10989 (non-proprietary 
version) are consistent with DPC's GOTHIC code and models?
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Response: 
The location of environmentally-qualified equipment within the Catawba/McGuire containment 
buildings would not be significant since the maximum temperatures calculated by GOTHIC 
following a MSLB do not exceed the EQ limit of 34O0F.  

The GOTHIC analyses are consistent with the COBRA-NC results in the Westinghouse WCAP10988-P insofar as the COBRA-NC code is a precursor of the GOTHIC code. The prediction of the jetting effect and its subsequent cooling of lower containment are consistent between the analyses, although the magnitude of the cooling may be different between analyses. Other consistencies include the closing of the ice condenser doors above the break due to the jet-induced pressure decrease. The maximum bulk temperature of 29 1*F in the COB RA-NC analysis (Model 2) is very close to the 297-F peak in the GOTHIC analysis. The peak temperature is about 15oF 
warmer in the COBRA-NC results, which can be attributed to the smaller node sizes used.  

Many other modeling factors are involved which could impact the differences in flow patterns and longer-term temperature increase in the COBRA-NC analysis which is not present in the GOTHIC 
analysis. Among these factors is thqf 

The GOTHIC code itself is technically more advanced than COBRA-NC. The separate set of energy equations present in GOTHIC for the droplet phase could have a major impact on the analysis results. The modeling of flow paths (junctions) in GOTHIC is completely different than 
COBRA-NC, in which these flow paths were simply left as gaps in the calculational mesh. The interfacial heat transfer routines have been fine-tumed with an additional ten years of comparisons with test data during the development from COBRA-NC to FATHOMS to GOTHIC 4.0. All differences between the COBRA-NC and GOTHIC codes would provide a higher degree of accuracy and certainty with the GOTHIC code. The conservatism required to ensure a 
conservatively high peak building temperature is applied through the selection of conservative 
initial and boundary conditions throughout all GOTHIC analyses, as well as in the mass and 
energy release calculations.  

Question 21: 
McGuire Unit 2 LER 85-29 of October 31, 1985 describes how spray (NS) pump switchover 
initiation time and delay interval could cause LOCA peak pressure to exceed the containment design pressure depending on initial FWST level. Does the DPC-NE-3004-P methodology account 
for the concerns identified in this LER? 

Response: 
The primary concern identified is the potential for ice meltout prior to completing the transfer of the containment spray pump suction from the FWST to the containment sump. This would result in a time frame during which no ice remained without containment spray. The time at which auxiliary containment spray is initiated was changed from 60 minutes to 50 minutes to address this concern. The same timing assumptions regarding auxiliary containment spray initiation are made 
in the DPC-NE-3004 methodology.
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TABLE A 
DPC-NE-3004 GOTHIC Analyses - Peak Pressures

Title Figure Peak pressure Time of 
No. (psig) peak pressure (sec) 

MNS FSAR CLPS Break 2.3.3-1 12.90 4900 

CNS-1 Pump Discharge Break 5.4.4.1-1 11.77 5600 

CNS-2 Pump Discharge Break 5.4.2.1-1 10.29 6850 

Note: Only cases run past the time of ice meltout have peak pressures reported. Cases which were 
not the limiting cases were not run to this point. Initial peaks (within a few seconds of the end of 
initial NC System blowdown) are not reported, as the maximum pressure in all cases is expected to 
be reached after ice meltout.
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P .O . B o x 1 0 0 6 S V c P e in 
Charlotte, NC 28201-1006 Senior Vice Prnident Nuclear Generation 

(704)382.2200 Offce 
(704)382-4360 Fax 

DUKE POWER 

July 25, 1995 

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

Attention: Document Control Desk 

Subject: Duke Power Company 
McGuire Nuclear Station 
Docket Numbers 50-369 and -370 
Catawba Nulear Station 
Docket Numbers 50-413 and -414 
Topical Report DPC-3004-P, "Mass and Energy Release and Containment Response 
Methodology"; Revised Proprietary Designations 

On September 30, 1994, Duke Power Company submitted the subject topical report for review and 
approval. Discussion between Duke and the NRC Staff has resulted in some changes to the proprietary 
designation of information in the topical report, and a subsequent response to a request for additional 
information (Reference letter, M. S. Tuckman to USNRC, May 12, 1995). Attachment II contains 
several new original pages, which replace the comparable pages in the topical, that have been 
appropriately marked (bracketed) to reflect the revised proprietary designations. The Attachment also 
contains a list of the affected pages.  

Note that some of the pages still contain information that Duke considers proprietary. In accordance 
with 10CFR 2.790, Duke requests that this information be withheld from public disclosure. An affidavit 
which attests to the proprietary nature of this information is included as Attachment I. Attachment ITI 
contains a non-proprietary version of the appropriate pages.
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U. S. Nuclear Regulatory Commission 
July 25, 1995 
Page 2 

If you have any questions, or need more information, please call Scott Gewehr at (704) 382-7581.  

M. S. Tuckman 

cc: Mr. R1 E. Martin, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. V. Nerses, Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 14H25, OWFN 
Washington, D. C. 20555 

Mr. S. D. Ebneter, Regional Administrator 
U.S. Nuclear Regulatory Commission - Region HI 
101 Marietta Street, NW - Suite 2900 
Atlanta, Georgia 30323 

W. 0. Long 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0- 8 H7, OWFN 
Washington, D. C. 20555
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Attachment I 
Affidavit to Support Proprietary Designation



AFFIDAVIT OF M. S. TUCKMAN 

I am Senior Vice President, Nuclear Generation Department, Duke Power Company ("Duke"), and as such have the responsibility of reviewing the proprietary information sought to be withheld from public disclosure in connection with nuclear plant licensing, and am authorized 
to apply for its witholding on behalf of Duke.  

2 I am making this affidavit in conformance with the provisions of 10 CFR 2.790 of the regulations of the Nuclear Regulatory Commission ("NRC") and in conjunction with Duke's application for withholding which accompanies this affidavit.  

3. I have knowledge of the criteria used by Duke in designating information as proprietary or 
confidential.  

4. Pursuant to the provisions of paragraph (bX4) of 10 CFR 2.790, the following is firnished for consideration by the NRC in determining whether the information sought to be withheld from public disclosure should be withheld.  

(i) The information sought to be withheld from public disclosure is owned by Duke and and has been held in confidence by Duke and its consultants.  

(ii) The information is of a type that would customarily be held in confidence by Duke.  The information consists of analysis methodology details, analysis results, supporting data, and aspects of development programs, relative to a method of analysis that 
provides a competitive advantage to Duke.  

(iii) The information was transmitted to the NRC in confidence and under the provisions of 
10 CFR 2.790, it is to be received in confidence by the NRC.  

(iv) The information sought to be protected is not available in public to the best of our 
knowledge and belief 

(v) The proprietary information sought to be withheld in this submittal is that which is marked in the proprietary version of the report DPC-NE-3004, "Mass and Energy Release and Containment Response Methodology" and supporting documentation, and omitted from the non-proprietary versions.  

M. S. Tuckman

(continued)

I -



AFFIDAVIT OF M. S. TUCKMAN (Page 2)

This information enables Duke to: 

(a) Simulate the mass and energy release rates from loss-of-coolant accidents and 
steam line break accidents in pressurizer water reactors of the Westinghouse 
design.  

(b) Simulate the response of an ice condenser containment design to a high-energy line 
break inside containment.  

(vi) The proprietary information sought to be withheld from public disclosure has substantial 
commercial value to Duke.  

(a) It allows Duke to reduce vendor and consultant expenses associated with 
supporting the operation and licensing of nuclear power plants.  

(b) Duke intends to sell the information to nuclear utilities, vendors, and consultants 
for the purpose of supporting the operation and licensing of nuclear power plants.  

(c) The subject information could only be duplicated by competitors at similar expense 
to that incurred by Duke.  

5. Public disclosure of this information is likely to cause harm to Duke because it would allow 
competitors in the nuclear industry to benefit from the results of a significant development 
program without requiring a commensurate expense or allowing Duke to recoup a portion 
of its expenditures or benefit from the sale of the information.  

M. S. Tuckman

(continued)



AFFIDAVIT OF M. S. TUCKMAN (Page 3)

Ni S. Tuckman, being duly sworn, on his oath deposes and says that he is the person who subscribed his name to the foregoing statement, and that the matters and facts set forth in the statement are true.  

M. S. Tuckman 

Sworn to and subscribed before me this ,5;ý day of Jt 1995. Witness my 
hand and official seal.  

Notary lic 

My commission expires- ZZ ,/A 6.
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Duke Duke Energy Corporation 
526 South Church Street 

Energy- P.O. Box 1006 (EC07H) 
Charlotte, NC 28201-1006 
(704) 382-2200 OFFICE 

M. S. Tuckman MA 1E 1999 (704) 382-220 6 FAX 

Executive Vice President 

Nuclear Generation DUKE POW 

DUEPOWER CO
NUCLEAR ENGINEERING 

May 20, 1999 

U. S. Nuclear Regulatory Commission 
Washington D. C. 20555-0001 

ATTENTION: Document Control Desk 

Subject: McGuire Nuclear Station 

Docket Numbers 50-369 and 50-370 

Catawba Nuclear Station 
Docket Numbers 50-413 and 50-414 

Topical Report DPC-NE-3004P, Revision 1 

Enclosed for review is Duke Energy Corporation Topical Report 

DPC-NE-3004, "Mass and Energy Release and Containment Response 

Methodology," Revision 1. DPC-NE-3004, Revision 0, was approved 

by a NRC Safety Evaluation Report dated September 6, 1995.  

Revision 1 consists of a finer nodalization of the ice condenser 

region, which is necessary to support an upcoming technical 

specification amendment request for McGuire Nuclear Station.  

This forthcoming technical specification amendment request will 

propose non-uniform ice weight requirements by row. This matter 

was previously discussed in a meeting with the NRC staff on May 

14, 1998.  

Some of the information in the attachments is considered 

proprietary. The proprietary information is that which is 

indicated by the bold brackets shown in Attachment 2. In 

accordance with 10CFR 2.790, Duke Energy Corporation requests 

that this information be considered proprietary. An affidavit 

supporting this request is included with this letter. A non

proprietary version is also included within as Attachment 1.



I _________

U. S. Nuclear Regulatory Commission 
May 20, 1999 
Page 2 

If there are any questions or if additional information is 
needed on this matter, please call J. S. Warren at (704) 382
4986.  

M. S. Tuckman 

Attachments (2) 

xc w/Attacment 1: 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. S. M. Shaeffer 
NRC Senior Resident Inspector 
McGuire Nuclear Station 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 

xc w/Attachments 1 and 2: 

Mr. F. Rinaldi, Senior Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. P. S. Tam, Senior Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001



U. S. Nuclear Regulatory Commission 
May 20, 1999 
Page 3 

AFFIDAVIT 

1. I am Executive Vice President of Duke Energy Corporation; 
and as such have the responsibility for reviewing 
information sought to be withheld from public disclosure in 
connection with nuclear power plant licensing; and am 
authorized on the part of said Corporation (Duke) to apply 
for this withholding.  

2. I am making this affidavit in conformance with the 
provisions of 10CFR 2.790 of the regulations of the Nuclear 
Regulatory Commission (NRC) and in conjunction with Duke's 
application for withholding, which accompanies this 
affidavit.  

3. I have knowledge of the criteria used by Duke in 
designating information as proprietary or confidential.  

4. Pursuant to the provisions of paragraph (b) (4) of 10CFR 
2.790, the following is furnished for consideration by the 
NRC in determining whether the information sought to be 
withheld from public disclosure should be withheld.  

(i) The information sought to be withheld from public 
disclosure is owned by Duke and has been held in 
confidence by Duke and its consultants.  

(ii) The information is of a type that would customarily be 
held in confidence by Duke. The information consists 
of analysis methodology details, analysis results, 
supporting data, and aspects of development programs 
relative to a method of analysis that provides a 
competitive advantage to Duke.  

M. S. Tuckman 

(Continued)
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May 20, 1999 
Page 4 

(iii)The information was transmitted to the NRC in 
confidence and under the provisions of 10CFR 2.790, it 
is to be received in confidence by the NRC.  

(iv) The information sought to be protected is not 
available in public to the best of our knowledge and 
belief.  

(v) The proprietary information sought to be withheld in 
this submittal is that which is marked in the 
proprietary version of the Duke Topical Report DPC-NE
3004, Revision 1, "Mass and Energy Release and 
Containment Response Methodology." This information 
enables Duke to simulate the response of an ice 
condenser containment design to a high-energy line 
break inside containment.  

(vi) The proprietary information sought to be withheld from 
public disclosure has substantial commercial value to 
Duke.  

(a) It allows Duke to reduce vendor and consultant 
expenses associated with supporting the operation 
and licensing of nuclear power plants.  

(b) Duke intends to sell the information to nuclear 
utilities, vendors, and consultants for the 
purpose of supporting the operation and licensing 
of nuclear power plants.  

(c) The subject information could only be duplicated 
by competitors at similar expense to that 
incurred by Duke.  

M. S. Tuckman

(Continued)
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5. Public disclosure of this information is likely to cause 

harm to Duke because it would allow competitors in the 

nuclear industry to benefit from the results of a 

significant development program without requiring 

commensurate expense or allowing Duke to recoup a portion 

of its expenditures or benefit from the sale of the 
information.

M. S. Tuckman

(Continued)



U. S. Nuclear Regulatory Commission 
May 20, 1999 
Page 6 

M. S. Tuckman, being duly sworn, states that he is the person 
who subscribed his name to the foregoing statement, and that all 
the matters and facts set forth within are true and correct to 
the best of his knowledge.  

M. S. Tuckman, Executive Vice President 

Subscribed and sworn to before me this 20T- day of

f I I• ,Y 1999

Not

My Commission Expires: 

f&A W z 2 , 2 &V1

SEAL
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u,.. El STATES 

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

July 6, 1999 

Mr. M. S. Tuckman 
Executive Vice President JUt 73 999 
Nuclear Generation I DUKE POWER CO.  
Duke Energy Corporation 
P. 0. Box 1006 N G 
Charlotte, NC- 28201 

SUBJECT: CATAWBA AND MCGUIRE NUCLEAR STATIONS - WITHHOLDING 
INFORMATION FROM PUBLIC DISCLOSURE (TAC NOS. MA5511, MA5512, 
MA5517, AND MA5518) 

Dear Mr. Tuckman: 

By letter dated May 20, 1999, you submitted revised pages for the approved version of Topical 
Report DPC-NE-3004-PA, Revision 1, "Mass and Energy Release and Containment Response 
Methodology." In the same letter, you transmitted an affidavit requesting that the information 
provided in Attachment 2 be withheld from public disclosure pursuant to Title 10 of the Code of 
Federal Regulations (10 CFR) Section 2.790 of the Commission's regulations. A nonproprietary 
version of the document was submitted for placement in the NRC's Public Document Room.  

The affidavit stated that the submitted information should be considered withheld from public 
disclosure for the following reasons: 

1. The information sought to be withheld from public disclosure is owned by Duke [Duke 
Energy Corporation] and its consultants.  

2. The information is of a type that would customarily be held in confidence by Duke. The 
information consists of analysis methodology details, analysis results, supporting data, 
and aspects of development programs, relative to a method of analysis that provides a 
competitive advantage to Duke.  

3. The information was transmitted to the NRC in confidence and under the provisions of 
10 CFR 2.790, it is to be received in confidence by the NRC.  

4. The information sought to be protected is not available in public to the best of our 
knowledge and belief.  

5. The proprietary information sought to be withheld in this submittal is that which is 
marked in the proprietary version of the Duke Topical Report DPC-NE-3004[P-A], 
Revision 1, "Mass and Energy Release and Containment Response Methodology." This 
information enables Duke to simulate the response of an ice condenser containment 
design to a high-energy line break inside containment.  

6. The proprietary information sought to be withheld from public disclosure has substantial 
commercial value to Duke.  

(a) It allows Duke to reduce vendor and consultant expenses associated with 
supporting the operation and licensing of nuclear plants.
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(b) Duke intends to sell the information to nuclear utilities, vendors, and consultants for 
the purpose of supporting the operation and licensing of nuclear power plants.  

(c) The subject information could only be duplicated by competitors at similar 
expenses to that incurred by Duke.  

We have reviewed your application based on the requirements and criteria of 10 CFR 2.790, 
and on the basis of your statements, have determined that the submitted information sought to 
be withheld contains trade secrets or proprietary commercial information. Therefore, the 
version of the submitted information marked as proprietary will be withheld from public 
disclosure pursuant to 10 CFR 2.790(b)(5) and Section 103(b) of the Atomic Energy Act of 
1954, as amended.  

Withholding information from public disclosure shall not affect the right, if any, of persons 
properly and directly concerned to inspect the documents. If the need arises, we may send 
copies of the information to our consultants working in this area. We will, of course, ensure that 
the consultants have signed the appropriate agreements for handling proprietary information.  

If the basis for withholding this information from public inspection should change in the future, 
such that the information could then be made available for public inspection, you should 
promptly notify the NRC. You should also understand that the NRC may have cause to review 
this determination in the future, such as, if the scope of a Freedom of Information Act request 
includes your information. If the NRC determines that the information should be made publicly 
available as a result of future review, you will be notified in advance of any public disclosure.  

Sincerely, 

Frank Rinaldi, Project Manager, Section 1 
Project Directorate II 
Division of Ucensing Project Management 
Office of Nuclear Reactor Regulation 

Docket Nos.: 50-369, 50-370, 50-413, 
and 50-414

cc: See next page

I



Duke Power Company 
A Duke Enerrj Company 

SPower. EC07H 
A D..J-ý E C...py 526 South Church Street 

ti P.O. Box 1006 

M. S. Tuckman 1 y9(7)Charlotte, NC 28201-1006 

Executive Vice President N .f .. 1999 (704) 382-2200 oFFICE 

Nuclear Generation DUKE POWER CO. (704) 382-4360 FAX 

NUCLEAR ENGINEERING 

November 10, 1999 

U. S. Nuclear Regulatory Commission 
Washington D. C. 20555-0001 

ATTENTION: Document Control Desk 

Subject: McGuire Nuclear Station 
Docket Numbers 50-369 and 50-370 

Catawba Nuclear Station 
Docket Numbers 50-413 and 50-414 

Topical Report DPC-NE-3004P, Revision 1 

TAC Nos. MA5S11, MA5512, MA5517, M15518 

By letter to the NRC dated May 20, 1999 Duke Energy Corporation 
submitted Topical Report DPC-NE-3004P, "Mass and Energy Release 
and Containment Response Methodology," Revision 1 for NRC review 
and approval. In a telephone conference call held on October 

14, 1999 the NRC asked two questions that had been identified 
during the review of this topical report. These questions are 
stated and answered in the attachments to this letter.  
Attachment 1 contains a proprietary version of the Duke 
response. Attachment 2 contains a non-proprietary version.  

Some of the information in Attachment 1 is considered 
proprietary. The proprietary information is that which is 

indicated by the bold brackets. In accordance with 10CFR 2.790, 
Duke Energy Corporation requests that this information be 
considered proprietary. An affidavit supporting this request is 
included with this letter.
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If there are any questions or if additional information is 
needed on this matter, please call J. S. Warren at (704) 382
4986.  

M. S. Tuckman 

Attachments 

xc w/Attachment 2: 

L. A. Reyes, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, GA 30303 

Mr. S. M. Shaeffer 
NRC Senior Resident Inspector 
McGuire Nuclear Station 

Mr. D. J. Roberts 
NRC Senior Resident Inspector 
Catawba Nuclear Station 

xc w/Attachments 1 and 2: 

Mr. F. Rinaldi, Senior Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001 

Mr. P. S. Tam, Senior Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission 
Mail Stop 0-8 H12 
Washington, D. C. 20555-0001



U. S. Nuclear Regulatory Commission 

November 10, 1999 
Page 3 

AFFIDAVIT 

1. I am Executive Vice President of Duke Energy Corporation; 

and as such have the responsibility for reviewing 

information sought to be withheld from public disclosure in 

connection with nuclear power plant licensing; and am 

authorized on the part of said Corporation (Duke) to apply 

for this withholding.  

2. I am making this affidavit in conformance with the 

provisions of 10CFR 2.790 of the regulations of the Nuclear 

Regulatory Commission (NRC) and in conjunction with Duke's 

application for withholding, which accompanies this 

affidavit.  

3. I have knowledge of the criteria used by Duke in 

designating information as proprietary or confidential.  

4. Pursuant to the provisions of paragraph (b) (4) of 10CFR 

2.790, the following is furnished for consideration by the 

NRC in determining whether the information sought to be 

withheld from public disclosure should be withheld.  

(i) The information sought to be withheld from public 

disclosure is owned by Duke and has been held in 

confidence by Duke and its consultants.  

(ii) The information is of a type that would customarily be 

held in confidence by Duke. The information consists 

of analysis methodology details, analysis results, 

supporting data, and aspects of development programs 

relative to a method of analysis that provides a 

competitive advantage to Duke.  

M. S. Tuckman 

(Continued)
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(iii)The information was transmitted to the NRC in 
confidence and under the provisions of 10CFR 2.790, it 
is to be received in confidence by the NRC.  

(iv) The information sought to be protected is not 
available in public to the best of our knowledge and 
belief.  

(v) The proprietary information sought to be withheld in 
this November 10, 1999 submittal is that which is 
marked in the proprietary version of the response to 
NRC questions on Duke Topical Report DPC-NE-3004, 
Revision 1, "Mass and Energy Release and Containment 
Response Methodology." The information contained in 
this topical report enables Duke to simulate the 
response of an ice condenser containment design to a 
high-energy line break inside containment.  

(vi) The proprietary information sought to be withheld from 
public disclosure has substantial commercial value to 
Duke.  

(a) It allows Duke to reduce vendor and consultant 
expenses associated with supporting the operation 
and licensing of nuclear power plants.  

(b) Duke intends to sell the information to nuclear 
utilities, vendors, and consultants for the 
purpose of supporting the operation and licensing 
of nuclear power plants.  

(c) The subject information could only be duplicated 
by competitors at similar expense to that 
incurred by Duke.  

M. S. Tuckman

(Continued)
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5. Public disclosure of this information is likely to cause 

harm to Duke because it would allow competitors in the 

nuclear industry to benefit from the results of a 

significant development program without requiring 

commensurate expense or allowing Duke to recoup a portion 

of its expenditures or benefit from the sale of the 

information.  

M. S. Tuckman

(Continued)
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M. S. Tuckman, being duly sworn, states that he is the person 
who subscribed his name to the foregoing statement, and that all 
the matters and facts set forth within are true and correct to 
the best of his knowledge.  

S. VC½V'A 
M. S. Tuckman, Executive Vice President 

Subscribed and sworn to before me this T- day of 

K)6v$ \PQW 1999 

Notary Pu lic 

My Commission Expires: 

gý1 J 2-2-, ~

SEAL

I



Attachment 2

Non-Proprietary Version 

Response to NRC Questions Regarding DPC-NE-3004, Revision I 

1. Regarding the language in the final paragraph of pg. A-1 of the DPC-NE-3004 revision: 

"This separation provides for finer nodalization detail within the ice condenser region 
without the addition of excessive lower inlet door or drain junctions." 

It is not clear from the wording if the intended meaning is an excessive number of junctions, 

or if it is in reference to some other attribute of a junction.  

Response 

The intent of the word "excessive" is in reference to the number of junctions used to model the 
ice condenser lower inlet doors and drains. It is judged that the current number of junctions 
modeling the lower inlet doors and drains is sufficient to capture the thermal-hydraulic behavior 
following a high energy line break in this region of containment.  

2. The proposed renodalization could affect the code's ability to estimate the thermal-hydraulic 
response of the ice condenser. In order to conclude that the potential effects of renodalization 
are acceptably small, it would be useful to have a comparison of the pressure / temperature 
response of the ice condenser / containment system for selected DBA scenarios.  

Response 

The following figures show the effects of the renodalization in the ice condenser region. The 
transient analyzed is a cold leg pump discharge large break LOCA, the same event that is 
described in the peak containment pressure analysis of Section 6.2.1 of the McGuire UFSAR.  
The magnitude of the effect of the differences of the nodalization shown in the following figures 
is expected to be typical of other applications of the model.  

* Figure 2-1: Lower containment pressure 
* Figure 2-2: Sump temperature (RHR heat exchanger inlet) 
* Figure 2-3: Lower containment temperature 
* Figure 2-4: Ice condenser lower inlet doors - total flow 
* Figure 2-5: Total ice melt 
* Figures 2-6, 2-7, 2-8: Ice volume fractions above break location 

The containment pressure prediction (Figure 2-1) demonstrates that there is very little difference 
in the pressure response between the GOTHIC analyses with the original model and the model 
with the finer nodalization in the ice condenser region. The model with the finer nodalization in 

C I of the ice condenser region gives a containment peak

2-1



pressure that is about 0.3 psi higher than the original model. Both models result in peak pressures 
below the containment design pressure of 15 psig.  

The sump (residual heat removal heat exchanger inlet) temperature (Figure 2-2) illustrates very 
similar profiles between the two models. It should be noted that the model with finer 
nodalization gives a sump temperature about 0.5°F lower than the original model.  

The lower containment temperature (Figure 2-3) again demonstrates that there are no substantial 
differences between the GOTHIC models. The model with the finer nodalization gives an 
average lower containment temperature which is about 5-10'F warmer than the original model 
from the period from about 1000 - 3000 seconds. However, this temperature difference 
decreases to 0-2°F at about the time of ice meltout.  

The ice condenser lower inlet door flow (Figure 2-4) is shown to examine the reason for the 
difference in lower containment average temperature. This figure illustrates the total vapor flows 

The plot of total ice mass (Figure 2-5) shows that there is no significant difference in this 
parameter for the analyses performed with the two GOTHIC models. The largest difference 
between the two cases for the total ice mass at any point in the transient is about 15,000 Ibm, or 
about 1.4% at that particular point in time. For most of the transient, the difference is less than 
I %. It is apparent that the differences in lower containment temperatures and ice condenser door 
flows illustrated in the previous two figures have no significant impact on the overall prediction 
of ice melt.  

The next three figures (Figures 2-6, 2-7, 2-8) illustrate the ice volume fraction for the lowest three 
elevations in the ice condenser, for the channel located directly above the assumed break location.  
In these figures, the ice volume fraction fort )in the original ice condenser model 
(shown with a heavy black line) is compared with the ice volume fraction for the corresponding 
nodes I Iin the model with the finer nodalization. These locations are the 
exact spots where the finer nodalization is introduced in the ice condenser calculational mesh.  
Refer to Figure 2.3.2-1 and Figure A- 1 from the proposed Appendix A to DPC-NE-3004-PA for 
the exact locations of these nodes within the ice condenser model. In Figures 2-6, 2-7, and 2-8, 
the ice volume fraction starts at[ Jfor all nodes. This value represents a fully loaded ice 
basket, with a total analyzed ice mass for the entire ice condenser that is consistent with the 
minimum allowable ice mass per the McGuire technical specifications.  

As shown in Figure 2-6, for the lowest nodes locating directly above the assumed break location, 
the ice melts [

2-2



It is concluded that there may be variations in localized ice melt patterns between the models due 

to different flow patterns prevailing at various times in the transient, but that the total ice mass 
and overall pressure / temperature response for the ice condenser containment is nearly identical 
for the original GOTHIC model and the finely nodalized model.

2-3
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MNS LOCA Containment Response 
Cold Leg Pump Discharge Break 

Sump (NDHX Inlet) Temperature - Comparison 
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MNS LOCA Containment Response 
Cold Leg Pump Discharge Break 

Lower Containment Temperature - Comparison

0 1000 2000 3000 4000 5000 6000 7000 8000 

Time (seconds)

f ( I I I I I I

260 

240 

,- 220 

U

T 200 
E 

180 
a 

E 
C) 
0, 
> 180 

"2 140

120 

100

In 

m 
!)

9000 10000
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MNS LOCA Containment Response 
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SDuke Duke Energy Corporation McGuire Nuclear Station 
Pa Energy. 12700 Hagers Ferry Road 

Huntersville, NC 28078-9340 

H. B. Barron (704) 875-4800 OFFICE 

Vice President (704) 875-4809 FAX 

May 18, 2000 

U. S. Nuclear Regulatory Commission 
Document Control Desk 
Washington, D.C. 20555-0001 

Subject: McGuire Nuclear Station and Catawba Nuclear Station 
Docket Nos. 50-369, 50-370, 50-413 and 50-414 
Review of Topical Report DPC-NE-3004-PA, Revision 1 
Proposed Finer Nodalization of Ice Condenser (TAC Nos. MA55 11, MA5512, 
MA5517 and MA5518) 

By letter dated May 20, 1999, Duke Energy Corporation (DEC) proposed a revision to its 
Topical Report DPC-NE-3004, "Mass and Energy Release and Containment Response 
Methodology," Revision 0. This proposed revision applied to both the McGuire and Catawba 
facilities.  

The NRC staff approved the proposed revision and issued a Safety Evaluation Report on 
February 29, 2000. This SER was titled "Safety Evaluation by the Office of Nuclear Reactor 
Regulation Relating to the Dynamic Rod Worth Measurement Technique." The SER should be 
titled "Safety Evaluation by the Office of Nuclear Reactor Regulation Relating to Mass and 
Energy Release and Containment Response Methodology." Duke Energy Corporation requests 
the subject SER be reissued with the correct title.  

Should you have questions or require any additional information, please contact Kay Crane, 
McGuire Regulatory Compliance at (704) 875-4306.  

H. B. Barron, Vice President 
McGuire Nuclear Station


