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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Docket Nos. 50-272 
and 50-311 

July 28, 1993 

LICENSEE: Public Service Electric and Gas Company 

FACILITY: Salem Nuclear Generating Station, Units 1 and 2 

SUBJECT: MEETING SUMMARY, INSTALLATION OF DIGITAL FEEDWATER CONTROL SYSTEM 
AT SALEM NUCLEAR GENERATING STATION, UNITS 1 AND 2 
(TAC NOS. M85782 AND M85783) 

On July 19, 1993, a meeting was held between Public Service Electric and Gas 
Company (the licensee) and the NRC staff to discuss the installation of the 
digital feedwater control system at Salem 1 and 2 and the removal of one 
reactor trip signal (Steam Flow/Feed Flow Mismatch coincident with Low Steam 
Generator Level) from the system. 

Background 

By letter dated February 5, 1993, the licensee requested approval to modify 
the technical specifications for Salem Units 1 and 2 by deleting the Steam 
Flow/Feed Flow Mismatch coincident with Low Steam Generator Level reactor trip 
signal. This change would be accomplished after installation of the digital 
feedwater control system at the Salem units. The digital feedwater control 
system uses three steam generator level signals as opposed to one steam 
generator level s i gna 1 u·sed by the analog feedwater contra l system. The use 
of multiple level signals will allow the deletion of the aforementioned trip 
signal and still satisfy the single failure criteria. 

Summary 

During the review of the licensee's application, the staff had some questions 
about the procedure used by the licensee for maintaining and modifying process 
CT>mputers (Procedure NC.NA-AP.22-0054(Q), Rev. I) and about the testing that 
was done by Westinghouse to determine the susceptibility of the system to 
electromagnetic interference. In addition, the State of New Jersey, by letter 
dated June 29, 1993, provided a comment which was discussed during the 
meeting. The questions were attached to the meeting notice dated July 9, 
1993. The questions are repeated below and the licensee's response follows 
immediately after the question. 

1. Questions about Procedure NC.NA-AP.22-0054(0). Rev. l, Process Computer 
Maintenance and Modification Control Program 

a. 

030098 
modification testing of software. For instance, the procedure only 0 

refers to requirement tracing and doesn't mention static and dynamic 

The procedure doesn't provide much guidance with respect to post- ~ 
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errors that can only be detected with a particular type of testing 
(i.e., requirement tracing, static and dynamic). 

Response 

The procedure was issued to provide some general guidance in controlling 
computer maintenance and modifications and is not a handbook for testing 
of software. For post-modification testing of software, all three types 
of testing, requirement tracing, static testing and dynamic testing, will 
be used. 

b. The procedure describes that post-modification tests are developed in 
the work plan by the assigned engineer and only witnessed by the 
Verification and Validation (V&V) Group. How will this ensure 
adequate independence from the software design? Why isn't the V&V 
Group involved in the development of the post-modification tests? 

Response 

The software has been developed external to the licensee, therefore, the 
licensee's computer group is independent of the design group. There is no 
separate V&V Group within the licensee's organization at this time. The 
Senior Project Engineer assigned to the task will perform the V&V duties. 
Post-modification testing will be developed by the group responsible for 
the system. Modifications that involve function changes to the software 
will require a design change package (DCP) to be developed. DCPs get 
multiple levels of review including review and approval by the Station 
Operations Review Committee. 

2. Questions about WCAP-11313. Results of Electromaanetic Interference Tests 
Applied to the Westinghouse Distributed Processing Family 

a. WCAP-11313 only addresses radiative electromagnetic interference (EMI) 
and doesn't address conductive EMI. Since digital equipment is also 
susceptible to conductive EMI, what type of testing was performed on 
the Median Signal Selector (MSS) to ensure that it will operate 
satisfactorily if subjected to conductive EMI? 

Response 

Conductive EMI can be defined as any noise that enters the system via a 
hard connection to the system, i.e., wire. The potential sources of 
conductive EMI are: 

• Power supplies 
• Communications 
• Analog inputs and outputs 
• Contact inputs and outputs 
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AC and DC filters have been installed on the input from the power 
supplies. All the analog inputs have filters installed. Optical 
isolators are installed on the contact inputs and outputs and the analog 
outputs. There will be some site-specific measurement of conductive EMI 
on selected electrical busses. No site-specific EMI data was provided to 
Westinghouse; however, there are certain bands that are associated with 
power pl ants and the syst.em design took that into account. The new 
cabinets that house the equipment will be located near the control room. 
Existing digital systems installed at Salem have not experienced any 
problems associated with conductive EMI. 

b. WCAP-11313 describes at least six cases where the O/P signals are 
degraded to bad signals between 66 and 74 MHz or between 66 and 86 
Mhz, including at least one case where the O/P signal goes to zero 
temporarily at 74 MHz. A bad signal is defined as a signal that has 
increased or decreased beyond the specified limits. Why is this 
acceptable for satisfactory operation of the MSS? 

Response 

The failures noted in the WCAP were in field on 10 volts/meter or greater 
at a frequency of between 66 and 86 MHz. Also, once the signal was 
removed, the system functioned normally. Although a survey has not been 
done at Salem, surveys done at similar plants found fields of less than 1 
volt/meter. Also, there are no sources of noise in the plant between 15 
and 100 MHz. Station radios are greater than 150 MHz. In addition, the 
cabinets will be in a radio-free environment. 

3. State of New Jersey Question 

PSE&G recently experienced problems with the Salem, Unit 2 rod control 
system supplied by Westinghouse. This is the subject of NRC information 
Notice 92-46 and resulted in a NRC Augmented Inspection Team 
Investigation. The Bureau of Nuclear Engineering is concerned that the 
advanced digital feedwater control system may be susceptible to electronic 

~ failures similar to those experienced in the rod control system. Once the 
causes of failure in the rod control system are completely understood and 
corrected, a detailed review of the design of the feedwater control system 
must be performed to assess the system's ability to withstand voltage 
spikes or any other anomaly identified to be a contributing cause of the 
rod control failures. 

Response 

The cause of the rod control system failures was a back electromagnetic 
force (EMF) being generated by step counters. These are inductive loads 
in the system. There were also human errors involved in the trouble
shooting efforts. During the maintenance that was performed on the rod 
control system, there were no precautions taken to prevent electrostatic 
discharge (ESD) from degrading sensitive components. The digital 
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feedwater control system will have ESD controls in place throughout the 
installation and during any maintenance activities. The digital feedwater 
control system does not have any inductive loads associated with it, and 
the output contacts all have optical isolators. In addition, all 
maintenance performed on the system will be controlled. 

At the end of the meeting the staff requested the licensee to submit the 
following: 

I. A commitment that all changes to the system or software will be considered 
a critical change and that Westinghouse, the system/software designer, 
will be consulted on the change. 

2. A commitment that surveillance testing will be done monthly for the first 
year of operation in each unit. After the first year, assuming 
satisfactory results, surveillance testing will be done every fuel cycle. 

3. A copy of the functional requirements for the feedwater control system. 

4. The response to the State of New Jersey's comment. 

Enclosed is the handout provided by the licensee at the meeting and a list of 
attendees at the meeting. 

Enclosures: 
I. Licensee's Handout 
2. List of Attendees 

/S/ 
James C. Stone, Senior Project Manager 
Project Directorate I-2 
Division of Reactor Regulation - I/II 
Office -0f Nuclear Reactor Regulation 
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ENCLOSURE 1 

DIGITAL FEEDWATER 

CONTROL SYSTEM 

JULY 19, 1993 

SALEM 
GENERATING STATION 



NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
AGENDA 

•PURPOSE M. METCALF 

• SOFTWARE CONTROL C. WAITE 

• WCAP 11313 QUESTIONS L. RAJKOWSKI 

• STATE OF NEW JERSEY CONCERN 
L. RAJKOWSKI 

•SUMMARY 
M. METCALF 
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NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
PURPOSE 

• ADDRESS QUESTIONS/CQNCERN WITH RESPECT TO 
PSE&G'S SUBMITTAL OF LCR 92·14, REMOVAL OF THE 
STEAMFLOW/FEEDFLOW MISMATCH REACTOR TRIP 

• QUESTIONS IDENTIFIED IN JULY 9, 1993 MEMORANDUM 



NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
SOFTWARE CONTROL 

• COMPUTER GROUP 

- BACKGROUND 

- CHANGING ROLES AND RESPONSIBILITIES 

- DIGITAL SYSTEMS 

l". 



NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
SOFTWARE CONTROL 

• QUALITY APPROACH 

- CRITICAL DESIGN REV,EW 

- EQUIVALENCY REVIEW 

- APPLICATION VERIFICATION 

•TESTING 

- STATIC FACTORY ACCEPTANCE TEST 

- DYNAMIC "HARDWARE IN THE LOOP11 SIMULATION 
TEST 

- STATIC PREOPERATIVE TEST 

• MAINTENANCE 

- CONFIGURATION CONTROL 

- CRITICAL SOFTWARE PACKAGE 

___J 



NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
SOFTWARE CONTROL 

• MEDIAN SIGNAL SELECT 

- ALGORITHM 

- WCAP 13502 
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FIGURE 3 
MEDIAN SIGNAL SELECTOR - FUNCTIONAL DIAGRAM 1,c,e,f 
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NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
WCAP-11313 

QUESTION #2A 

• CONDUCTIVE EMI DEFINITION 

• POTENTIAL SOURCES 

- POWER SUPPLIES 

- COMMUNICATIONS 

- ANALOG INPUTS 

- CONTACT INPUTS 

- ANALOG OUTPUTS 

- CONTACT OUTPUTS 

• PLANT EXPERIENCE ON EXISTING DESIGNS 

• EID CONTROLS 
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NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
WCAP-11313 

QUESTION #28 

• FAILURE'S NOTED IN WCAP 

- 10 VOL TS/METER OR GREATER 

- BETWEEN 66 AND 86 MHZ 

- DEGRADED AS LONG AS NOISE SIGNAL APPLIED 

• CABINETS IN RADIO FREE ENVIRONMENTS 

• NO SOURCES OF NOISE BETWEEN 15 AND 100 MHZ 

•STATION RADIOS GREATER THAN 150 MHZ 

• EMI MAPPING REPORTS AT OTHER STATIONS LESS 
THAN 1 VOLT/METER 

t: • ALGORITHM PERFORMED FUNCTION SATISFACTORY 

B1M6-7 
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NRC MEETING 

DIGITAL FEEDWATER CONTROL SYSTEM 
STATE OF NEW JERSEY CONCERN 

• ROD CONTROL SYSTEM FAILURES 

- BACK EMF 

- HUMAN ERRORS 

.... ESD 

• ESD CONTROLS 

• NO INDUCTIVE LOADS 

• OUTPUT CONTACTS HAVE OPTICAL ISOLATION 
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LIST OF ATTENDEES 

DIGITAL FEEDWATER CONTROL SYSTEM 

JULY 19. 1993 

J. Stone 
J. Zimmerman 
S. Athavale 
R. Skokowski 
J. Mauck 
H. Onorato 
M. McGovern 
L. Raj kows k i 
C. Waite 
M. Metcalf 
H. Trenka 
M. Bursztein 
W. Daczkowski 
R. Chan 
S. Karimian 

ORGANIZATION 

NRC/NRR 
NRC/NRR 
NRC/NRR 
NRC/NRR 
NRC/NRR 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 
PSE&G 

ENCLOSURE 2 

R. Pinney 
S. Mil ioti 
E. Jacobson 
J. Huckabee 

NJ Bureau of Nuclear Engineering 
ABB lmpell Corporation 
UE&C Nuclear 
Westinghouse - Site Rep. 


