
UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, DC 20555 - 0001

 
 

January 10, 2008 
 

MEMORANDUM TO:  Sanjoy Banerjee, Chairman 
Subcommittee on Thermal-Hydraulic Phenomena  

 
FROM:    Hossein Nourbakhsh, Senior Staff Engineer /RA/ 
 
SUBJECT:   STATUS REPORT FOR THE MEETING OF THE JOINT 

SUBCOMMITTEES ON THERMAL-HYDRAULIC PHENOMENA 
AND ON RELIABILITY AND RISK ASSESSMENT, JANUARY18, 
2008, IN ROCKVILLE, MARYLAND 

 
The purpose of this memorandum is to forward written materials for your use in preparing for the 
meeting of the ACRS  joint Subcommittees on Thermal-Hydraulic Phenomena and on Reliability 
and Probabilistic Risk Assessment on January18, 2008.  The Subcommittees will discuss the 
results of Cable Response to Live Fire (CAROLFIRE) testing and fire model improvement 
program, including staff’s resolution of public comments. In addition the Subcommittees will be 
briefed on the fire model Phenomena Identification and Ranking Table (PIRT). The purpose of 
the meeting is to gather information, analyze relevant issues and facts, and formulate proposed 
positions and actions, as appropriate, for deliberation by the full Committee.  Attached please 
find the agenda, status report, and background materials. 
 
Attendance by the following members is anticipated and reservations have been made at the 
following hotels for January17-19, 2008. 
 
Banerjee  BETH. N. MARRIOTT   
Abdel-Khalik  BETH. N. MARRIOTT   
Apostolakis  RESIDENCE INN  
Bley    None (Local) 
Corradini  RESIDENCE INN    
Shack   RESIDENCE INN 
  
Please notify Ms. Kendra Freeland at 301-415-0517 if you need to change or cancel the above 
reservations.



 

Attachments1 
 
1. Agenda 
 
2. Status report 
 
3. U.S. NRC, “Cable Response to Live Fire (CAROLFIRE) Volume 1: Test Descriptions 

and Analysis of Circuit Response Data,” NUREG/CR-6931, Vol. 1 
SAND2007-600/V1, Final Prepublication Draft, December, 2007 

 
4. U.S. NRC, “Cable Response to Live Fire (CAROLFIRE) Volume 2: Cable Fire 

Response Data for Fire Model Improvement,” NUREG/CR-6931, Vol. 2 
SAND2007-600/V2, Final Prepublication Draft, December, 2007 
 

5 U.S. NRC, “Cable Response to Live Fire (CAROLFIRE) Volume 2: Modeling,” 
NUREG/CR-6931, Vol. 3, NISTIR 7472, December, 2007 

 
6. A summary of author responses to public comments on Draft NUREG/CR-6931 

including the corresponding changes implemented in the report Revision 12/18/2007 
 
 
 
cc:   ACRS Members 
cc w/o attach:  F. Gillespie 

C. Santos 
 
 

                                                           
1 Electronic copies of the supporting documents have been sent to members 

separately. 



 
Attachment 1 

 
Advisory Committee on Reactor Safeguards 

Meeting Of the Joint Subcommittees on Thermal-Hydraulic 
Phenomena and on Reliability and Probabilistic Risk Assessment  

Rockville, MD 
January 18, 2008 

 
- Proposed Agenda – 

 
Cognizant Staff Engineer: Hossein Nourbakhsh (301-415-5622, hpn@nrc.gov) 

 
 

 Topic Presenter(s) Time 

 Opening Remarks and 
Objectives Sanjoy Banerjee, ACRS 8:30-8:40 am 

I 
CAROLFIRE and Fire Model 
PIRT Overview Mark Salley, RES 

 
      8:40 -8:50 am 
 

II 
Completion of CAROLFIRE 
Project 

Steven Nowlen, SNL  8:50-10:00 am 

 Break  10:00- 10:15 am 

 
Completion of CAROLFIRE 
Project 

Steven Nowlen, SNL  10:15 am -12:15 pm 

 Lunch        12:15-1:00 pm 

III 
CAROLFIRE Fire Model 
Improvement 

Kevin McGratten, NIST        1:00-2:15 pm 

 Break          2:15-2:30 pm 

IV 
Overview/Status of Fire 
Model PIRT Project 

Steven Nowlen, SNL         2:30-4:40 pm 

V Discussion ALL         4:40-5:00 pm 

 Adjourn  5:00 pm 
 
Notes: 

• Presentation time should not exceed 50% of the total time allocated for a specific item. 
Number of copies of presentation materials to be provided to the ACRS - 25. 
 
 
 



 
Attachment 2 

 
Advisory Committee on Reactor Safeguards 

Joint Subcommittees on Thermal-Hydraulic Phenomena and on 
Reliability and Probabilistic Risk Assessment  

Rockville, MD 
January 18, 2008 

 
- Status Report - 

 
 
 

PURPOSE 
 
The purpose of the meeting is to discuss the results of Cable Response to Live Fire 
(CAROLFIRE) testing and fire model improvement program, including staff’s resolution of public 
comments. In addition the Subcommittees will be briefed on the fire model Phenomena 
Identification and Ranking Table (PIRT).  
 
BACKGROUND AND DISCUSSIONS 
 
The importance of fire-initiated accidents was made profoundly evident by the 1975 fire at the 
Browns Ferry Plant. At Browns Ferry, many cables were damaged by the fire and caused short 
circuits between energized conductors. These short circuits (i.e., “hot shorts”) caused certain 
systems to operate in an unexpected manner. In general hot shorts can fail equipment important 
to safety and instrumentation relied on for human actions, and can initiate accidents that 
challenge the nuclear power plant’s response. Under certain circumstances, such events can 
contribute significantly to overall nuclear power plant risk.  
 
The ability to determine risk due to fire damage to electrical power, control and instrumentation 
cables in nuclear power plants has been a concern for many years. The issue of cable hot-
shorts (including spurious actuation) has been a source of uncertainty for the NRC and 
licensees.  In order to better understand this issue, Nuclear Energy Institute (NEI) and Electric 
Power Research Institute (EPRI) jointly conducted a series of cable fire damage tests that were 
witnessed by the NRC staff in 2001. Data from these tests, as well data from previous tests 
available in literature, led the NRC to issue Regulatory Issue Summary (RIS) 2004-003, 
Revision 1, “Risk-Informed Approach for Post-Fire Safe Shutdown Circuit Inspections.”  This 
RIS provides guidance for NRC inspectors in deciding which causes of fire-induced hot-shorts 
are important to safety and should be considered during inspections. The RIS specifically 
describes four categories of concerns that should be considered during inspections (called ‘Bin-
1 items’). Other issues whose importance still needed to be determined were also described in 
the RIS and are referred to as ‘Bin-2 items’.  These included inter-cable shorting for thermoset 
cables, inter-cable shorting between thermo-plastic and thermo-set cables, configurations 
involving three or more cables, multiple spurious actuations in control circuits, and prolonged 
fire-induced hot-shorts that could impair the ability of a plant to achieve hot shutdown. NRC 
identified the need for empirical testing to provide additional data in certain cable configurations 
to support further development of guidance and modeling capabilities.  
 
The CAROLFIRE Testing Program was undertaken to complete and complement previous 
testing with the following objectives:  



 
 
 1. Providing empirical data to determine the safety importance of the Bin-2 items noted 

in the RIS 2004-003, Revision1. 
 2.    Fostering the development of cable thermal response and electrical failure fire 

modeling tools.  
 
CAROLFIRE consisted of 78 small-scale cable fire tests and 18 intermediate-scale open-burn 
cable fire tests conducted in 2006 and early 2007. The small-scale tests involved one to six 
lengths of cable exposed to grey-body radiant heating in a cylindrical exposure chamber called 
Penlight. The intermediate-scale tests involved exposure of cables in various routing conditions 
to open fires created by a propene (propylene) gas diffusion burner. In both test series cables 
were tested as individual lengths of cable, in bundles of from 3 to 12 cables, and in a limited 
number of tests, fully loaded electrical raceways. Cables were tested in cable trays, in conduits, 
and in air drop configurations. The intermediate-scale tests included exposure of cables both in 
the fire plume and under hot gas layer exposure conditions. A broad range of representative 
cable types were tested including both thermoset and thermoplastic insulated cables that are 
typical of the cable types and configurations currently used in U.S. nuclear power plants. All 
tests measured the thermal cable response using thermocouples placed both on the surface 
and embedded within the target cables, and electrical cable response based on two different 
electrical monitoring systems. 
 
The test results are documented in two volumes of a draft report (NUREG/CR-6931) prepared 
by Sandia National Laboratories (SNL). The first volume, “Cable Response to Live Fire 
(CAROLFIRE) Volume 1: General Test Descriptions and the Analysis of Circuit Response 
Data,” contains the small-scale and intermediate-scale test results for electric circuit failures 
(i.e., "hot shorts" data). The second volume, “Cable Response to Live Fire (CAROLFIRE) 
Volume 2: Cable Fire Response Data for Fire Model Improvement,” contains thermal test data 
from these same experiments aimed at improvements in cable fire response models. The test 
results (Draft NUREG/CR-6931, Volumes 1 and 2) were reviewed by the ACRS as a part of its 
FY 2007 quality assessment of selected research projects.  The Committee commented that 
“the project had an ambitious set of objectives that were difficult to meet within the allotted time 
and budget.  Nonetheless, satisfactory progress was made.”  The Committee further noted that 
“the qualitative understanding derived from the empirical test data provided improved 
understanding and characterization of Bin-2 Items” and “the tests provided a wider database for 
cable fire response modeling by other researchers in the field.” 
 
As a part of CAROLFIRE project a simple model was developed to predict thermally-induced 
electrical failure when a given interior region of the cable reaches an empirically determined 
threshold temperature. The description and validation of the THIEF (Thermally-Induced 
Electrical Failure) model are reported in volume 3 of NUREG/CR- 6931, “Cable Response to 
Live Fire (CAROLFIRE) Volume 3: Modeling.” The THIEF model is essentially nothing more 
than the numerical solution of the one dimensional heat conduction equation within a 
homogenous cylinder with fixed, temperature independent properties.  The model can only 
predict the temperature profile within the cable as a function of time, given a time-dependent 
exposing temperature or heat flux. Current Fire Probabilistic Risk Assessment (PRA) methods 
employ simple linear regression techniques to predict cable performance in a fire. These 
methods take into account the general composition of the cable (thermoset versus 
thermoplastic) but not other information, like its mass or diameter. The THIEF model described 
in this report uses the general cable construction and bulk properties, but does not require more 
detailed thermo-physical properties. For example, the mass per unit length and diameter are 
needed, but the thermal conductivity, specific heat, and emissivity are assumed, based on the 
current generation of cables in existing nuclear power plants. This latter detailed information is 
not always readily available for the wide variety of often proprietary cable materials, and bench-



 
scale experiments to measure the properties can be expensive and difficult to perform for all 
existing and future cable materials. 
 
The THIEF model has been incorporated into a computational fluid dynamics (CFD) model 
called the Fire Dynamics Simulator or FDS. For the purpose of testing the THIEF model, the 
penlight apparatus was crudely modeled as a rectangular cavity. The cable was modeled as a 
rectangular obstruction running the length of the cavity. Even though the obstruction is 
rectangular and much larger than the actual cable (to conform to the uniform, gas phase 
numerical grid), the one-dimensional heat conduction calculation within the “cable” is performed 
in cylindrical coordinates with appropriate dimensions. The rectangular obstruction is merely a 
convenient “target” for calculating the radiative and convective heat flux boundary condition for 
the solid phase heat conduction solver.  The model was then used to predict the inner cable 
temperature of 100 instrumented cables from the CAROLFIRE Penlight (35 single cable 
experiments; 66 point to point comparisons). Because the Penlight experiments tested single 
strands of cable that were heated uniformly on all sides, the one-dimensional THIEF model 
accurately predicted the times for the temperature inside the cable jacket to reach “threshold” 
values that are typically observed when the cable fails electrically. The model under-predicted 
the times for the internal temperature of the cables to reach threshold values by 3 %, on 
average.  
 
Initially, the Intermediate Scale experiments were simulated using the FDS, and predictions 
were made for the cable failure times based on the THIEF model that was embedded within 
FDS.  However, because the heat release rate of the burning cables was not measured, it was 
not possible to predict accurately the gas temperatures in the vicinity of the various cable trays. 
Without sound predictions of the enclosure gas temperatures, it was not possible to test the 
THIEF model within a larger simulation of the entire compartment.  Therefore, the measured 
gas temperatures from the experiments were used for testing the cable failure algorithm. Thus, 
the THIEF model was used to predict the inner temperature of every cable with an embedded 
thermocouple and a gas temperature measurement in its vicinity (usually above or below the 
tray). In the case of conduits, the measured conduit temperature was used as the “exposing” 
temperature.  In the Intermediate Scale experiments, where the cable configurations were more 
typical of actual installations, the model under-predicted the times for the internal temperature of 
the cables to reach threshold values by 15 %, on average.  The THIEF model does not account 
for the shielding effects of cable bundles, and thus over-predicts cable temperatures and under-
predicts “failure” times.  
 
 
SUBCOMMITTEE ACTION 
 
The Subcommittee should be prepared to provide its views and recommendations to the Full 
Committee, at the February 2008 meeting.  The Committee is expected to write a letter on 
CAROLFIRE testing and model improvement program. 
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