
Mr. Leon R. Eliason 
Chief Nuclear Officer &. President 
Nuclear Business Unit 
Public Service Electric and Gas Company 
P. 0. Box 236 
Hancocks Bridge, New Jersey 08038 

September 25, 1997 

SUBJECT: POWER RANGE NEUTRON DETECTOR ENVIRONMENTAL QUALIFICATION 

Dear Mr. Eliason: 

On September 4, 1997, I and other members of NRC staff had a conference call with 
Mr. David Powell, Director of Licensing, PSE&G, and others, to discuss the results of NRR 
review of the above issue. Details of the issue were previously included in NRC Inspection 
Report 50-272 & 311 /97-02, Unresolved Item 94-04-01 (enclosed). In that report, we 
stated that the " ... licensee had provided sufficient additional documentation to . 
demonstrate the ability of the power range neutron detectors to perform their safety 
function in the postulated Salem environment." However, the Unresolved Item was left 
open pending NRR confirmation of qualification requirements .. 

NRR has now confirmed that the words "exempt" used by Franklin Research in the 
Technical Evaluation Report did not imply or grant an exemption from 10 CFR 50.49 for \ / \ 
the power range detectors. We stated, during the phone call, that the power range 
neutron detectors needed to be either added to the EQ list or shown that they were not 
required to mitigate any design basis accident, including the establishment of initial ~ 
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conditions for the design bases accident analysis. ~ 

During that call and a subsequent call by Mr. Rick Villar, PSE&G Licensing, your staff 
stated PSE&G would either add the power range detectors to the list of environmentally 
qualified equipment or show that the equipment is not needed as stipulated above. 

We intend to followup on this Unresolved Item during our routine inspection program. 
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Mr. Leon R. Eliason 2 

If your understanding of your commitment to us is different, please call me promptly at 
(610) 337-5376. 

Enclosure: As stated 

Docket Nos. 50-272; 50-311 

cc w/encl: 

Sincerely, 

ORIGINAL SIGNED BY: 

William H. Ruland, Chief 
Electrical Engineering Branch 
Division of Reactor Safety 

L. Storz, Senior Vice President - Nuclear Operations 
E. Simpson, Senior Vice President - Nuclear Engineering 
E. Salowitz, Director - Nuclear Business Support 
A. F. Kirby, Ill, External Operations - Nuclear, Delmarva Power & Light Co. 
D. Garchow, General Manager - Salem Operations 
J. McMahon, Director - Quality Assurance & Nuclear Safety Review 
D. Powell, Manager, Licensing and Regulation 
R. Kankus, Joint Owner Affairs 
A. Tapert, Program Administrator 
J. J. Keenan, Esquire 
J. A. Isabella, Manager, Joint Generation 

Atlantic Electric 
Consumer Advocate, Office of Consumer Advocate 
William Conklin, Public Safety Consultant, Lower Alloways Creek Township 
Public Service Commission of Maryland 
Lynn G. Canton, Regional Director, FEMA, Region II (EP Exercise/IRs Only) 
State of New Jersey 
State of Delaware 
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ENCLOSURE 

E8.2 (Open) Unresolved Item 50-272/94-04-01 and 50-311194-04-01: Power Range 
Neutron Detector Qualification Issue 

This issue was originally identified during a 1 993 Quality Assurance (QA) audit 
(93-101 ). The QA auditor raised a concern that pertained to the qualification of the 
power range neutron detectors at Salem. The concern was that, following a small 
size steam line break (0. 1 ft2 to 0. 25 ft2

) inside the reactor containment, the harsh 
environment in the containment could cause the power range neutron detectors to 
malfunction and the control rod to move in an outward direction, before the reactor 
trip. 

This item was reviewed and closed during a December 1994 inspection, IR 94-33. 
During this inspection, the NRC reviewed again engineering evaluation No. EE-S-C
NIS-CEE-0702·, Revision 1, entitled "Evaluation of Applicability of Salem 
Environmental Qualification Program Requirements for Nuclear Instrumentation 
System Flux Detectors," which was used for the December 1994 closure of this 
item. The NRC concluded that the document did not provide sufficient basis for the 
closure of this item. 

Each Salem unit uses four power range neutron detector assemblies supplied by 
Westinghouse. Each assembly, consisting of two neutron detectors (top and 
bottom detectors), has three electrical connections: one for the power supplies (the 
power supply can be varied from 300 Vdc to 1500 Vdc, but at Salem it. was set at 
800 Vdc); one for the top detector signal; and. one for the bottom detector signal. 
The signal range for 100% full power could be from 100 microamperes to 
3.6 milliamperes. The cables connecting the three detector terminals and the field 
cables at the nearby junction box are aluminum-insulated coaxial cables, 
hermetically sealed to the detector by a series of metallic joints and terminated with 
ceramic-to-metal seals. The connections between the aluminum-insulated coaxial 
cables and the field cables (Rockbestos RSS-6-108, XLPE insulated and polyolefin 
jacketed triaxial cables) used Westinghouse crimp-on Kynar triaxial connectors, 
sealed with Raychem type WCSF seals, making all connections moisture and 
condensate resistant. The lengths of the fie.Id cables from the junction boxes to the 
containment penetrations varies froi:n 78 feet to 180 feet. The junction boxes were 
in concrete wells above the neutron detector assemblies. The concrete wall 
between the junction boxes and the reactor vessel provided substantial shielding 
from neutron and gamma radiation. 

The functional capabilities of the affected components following a postulated small 
size steam line break are discussed as follows: 

Field cables and Raychem Seals Due to Temperature Increase 

According to the licensee, the original field cables were Westinghouse-supplied 
coaxial cables. In a Technical Bulletin dated February 27, 1986, Westinghouse 
recommended to replace the field cables with better quality cables. One of the 
cables recommended by Westinghouse was Rockbestos RSS-6-108 triaxial cable. 
Th~ licensee completed the cable replacement for both units in 1991 . 
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The licensee stated that the new field cable had been environmentally qualified by 
the cable manufacturer (Rockbestos). The qualification tests were documented in 
Rockbestos Test Report QR-6802, "Report on Qualification Tests for Rockbestos 
Adverse Service Coaxial, Twinaxial, and Triaxial Cable Generic Nuclear Incident for 
Class 1 E Service in Nuclear Generating Stations," Revision 1 , dated July 2, 1987. 
The inspectors' review of this report determined that the Rockbestos tests had 
qualified the cables for general application. For special applications, where current 
signals are low ( 100 microamperes), the impact of leakage currents (caused by low 
insulation resistance) on the accuracy of the instruments should be evaluated. 

Rockbestos tested the cables to a· maximum temperature of 346.2 ° F and a 
maximum pressure of 122.1 psig. The test report shows that, after eight hours, the 
measured insulation resistance (IR) dropped to 0.54 x 106 ohms. The measured IR 
recovered to 36 x 106 after 18 hours, when the temperature dropped to 251.3° F 
and the pressure to 18.9 psig, and remained at a much higher resistance 
afterwards. 

To address the inspectors' concern, the licensee calculated the leakage current of 
the field cable using a minimum IR of 36 x 106 ohms and a cable length of 180 feet. 
The _licensee's bases for choosing the above IR value were: 1) the steam lines are 
located at a much higher elevation than that of the triaxial cables, therefore, steam 
impingement following a small size steam line break was improbable; 2) because the 
triaxial cables are inside electrical conduits, the thermal lag effect would limit cable 
temperature rise during the thermal transient before the reactor trip, estimated by 
Westinghouse to be several minutes. The licensee estimated the cable temperature 
would be not higher than 250° F and the containment pressure 4 psig (containment 
high pressure trip set point). The inspectors considered the licensee's engineering 
reasoning and the calculated leakage current acceptable. 

The Raychem seals are located inside junction boxes in concrete wells, The 
temperature increase inside the junction boxes during the short duration following a 
small size steam line break would be insignificant. Therefore, the seals IR would 
not be affected by the temperature increase. 

Field cables and Raychem Seals Due to Radiation 

The triaxial cable used in the Rockbestos tests was preaged to 40 years and 
irradiated to a total integrated dose (TIO) of 200 x 106 rads before the LOCA (loss 
of coolant accident) test. The Raychem seals had also been qualified for a radiation 
TIO of 200 x 106 rads as indicated in Salem's EQ data sheets. To demonstrate that 
the expected Salem total integrated dose (TIO) would be less than the qualification 
test dose, the licensee prepared Calculation DS2.6-0063, "Estimates of Gamma and 
Neutron Fluxes at the Top of the Reactor," dated January 22, l997. The 
inspectors' review of this calculation determined that the licensee took credit for the 
shielding effect of various concrete thickness between the junction boxes and the 
reactor cavity. Based on 16 inches concrete thickness, the licensee calculated that 
it would take 96 years for the TIO (gamma plus neutron) to reach the qualified value 
of 200 x 106 rads (accident dose was negligible in this case). ·The inspectors' 
review of construction drawing determ_ined that the concrete thickness between the 
reactor core and the junction boxes was greater than 17 inches. 

I. 
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Based on his review of the above calculation, the inspectors concluded that the 
licensee had adequately demonstrated the radiation capabilities of the field cable 
and Raychem seals in the _postulated small steam line break accident. 

Design Life of Power Range Neutron Detectors 

The power range neutron detectors supplied by Westinghouse are boron depletion 
type uncompensated ionization chambers. Westinghouse technical manual for 
"W-23686 Power Range Uncompensated Ionization Chamber," dated 
September 1, 1972, specifies that the neutron exposure required to cause a 10% 
decrease in sensitivity (each section) is 2 x 1019 nvt (neutron-density velocity time), 
which is the same as N/cm2 (neutrons per square centimeter). In Salem QA Audit 
93-101 , the auditor stated that the total neutron dose design limit was 2 x 1018 

N/cm2 and estimated that the detector design life was 8 years. Because the power 
range nuclear instrumentation is required to be calibrated frequently per Technical 
Specification requirements, 10% decrease in the detector sensitivity does not affect 
the calibrated accuracy of the nuclear instrumentation. 

During this inspection, the licensee calculated the neutron fluence of both units at 
the reactor cavity inner concrete surface where the neutron detectors are located. 
The calculation showed that the 32 EFPY (effective full power year) neutron fluence 
at the highest flux plane was 4.89 x 1011 N/cm2

• The licensee stated that 32 EFPY 
is equivalent to a neutron fluence of 40 normal plant operation years. The results of 
this calculation imply that the design life of the power range neutron detectors is 
much higher than the expected neutron fluence. 

The inspectors also reviewed Salem Calculation DS1 .6-0132, "PTS (Pressure 
Thermal Shock) Calculations with New Chemistry Compositions," dated 
November 8, 1995. This calculation showed that the 32 EFPY fluence for the inner 
wall of the reactor vessel at the maximum flux plane was 1 .63 x 1019 N/cm2

, which 
was also lower than the specified design fluence of the neutron detectors. Based 
on the above, the inspectors concluded that the design life of the power range 
neutron detectors was sufficient to cover 40 years normal plant operation. 

The inspectors concluded that the licensee had provided sufficient additional 
documentation to demonstrate the ability of the power range neutron detectors to 
perform their safety function in the postulated Salem environment. The restart 
issue of this item is resolved. 

In the enclosure entitled "Master List of Electrical Equipment for Environmental 
Qualification, Salem Generating Station, Units 1 and 2" to a letter to the NRC dated 
June 8, 1984, the licensee requested environmental qualification (EQ) exemption for 
the neutron detectors for both units (not in the scope of 10 CFR 50.49). This 
exemption request was accepted by the NRC in the subsequent Safety Evaluation 
Report dated January 14, 1985. Exemption from qualification of this equipment 
(equipment item no. 59) was also discussed in the Technical Evaluation Report 
(TER) issued by Franklin Research Center on July 15, 1982. · 
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However, based on the conditions discussed in the above paragraphs, the power 
range neutron detectors could be subject to a brief harsh environment following a 
certain size high energy line break. Region I will refer this issue to NRR for 
resolution. This item remains open pending the result of additional NRR review to 
confirm that this equipment, although demonstrated qualifiable as discussed above, 
does not require qualification. 

E8.3 (Closed) Unresolved Item 50-272/89-13-07 and 50-311189-12-07: lnadequat~ 

Cable Separations and Electrical Isolation for Various Regulatory Guide (RG) 1.97 
Instrumentation · 

This item pertains to cable separation and electrical isolation deficiencies identified 
by the licensee in 1989 associated with RG 1 .97 instrumentation. These 
deficiencies were documented in the 1989 NRC RG 1.97 inspection report (89-13; 
89-12). 

The licensee's resolution of these issues was evaluated during the review of item 
11.21 of the NRC restart plan for Salem, as documented in Section E1 .3 of this 
report. Based on the satisfactory closure of that item, this item is also closed. 

E8.4 (Closed) Unresolved Item 50-271: 311/93-82-13: Molded Case Circuit Breaker 
Testing 

a. Inspection Scope 

Inspection reports 93-82 and 96-16 documented the NRC's concerns regarding the 
acceptability of the licensee's testing of the molded case circuit breakers (MCCBs.) 
The licensee's test program was limited to those circuit breakers that provided 
protection for the containment electrical penetrations and did not include other 
safety-related MCCBs such as those used for 1 E to non-1 E isolation. The 
inspectors reviewed the licensee's progress to expand the test program to other 
MCCBs. 

b. Observations and Findings 

The inspectors reviewed the licensee's evaluation No. S-C-VAR-EEE-105 7, 
Revision 0, "Tabulation of Molded Case Circuit Breakers and Parameters, dated 
April 30, 1996." The inspectors observed that the scope of this engineering 
evaluation was limited to safety-related MCCBs and those nonsafety-related MCCBs 
that provided protection for the containment electrical penetrations. The inspectors 
noted that the evaluation made the following recommendations: 


