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The Walt Disney World Resort opens in FloridaUSA
• The Voting Age in the United States is lowered to 18 years old
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• Intel releases world's first microprocessor, the 4004.
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 Risk Amuck
 Specification Amuck
 Commercial Grade Dedication Amuck
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 Environmental Qualification of Safety‐ Related 
Electrical Equipment at Nuclear Power Plants
– Commission's April 13, 1978 Order in response to a 

petition from the Union of Concerned Scientists.
– specific deficiencies were identified 
– Poor installation practices 
– inadequate consideration of subcomponents 
– omission of certain environmental parameters in 

the design
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Bendix Connector test at Wyle

Bulletin 77‐05: Electrical Connector Assemblies



 Sandia Laboratories
 electrical connector/cable assemblies
 While electrical connectors of the type tested are 

not normally used in applications that are 
required to survive LOCA conditions, it is not 
possible in the absence of specific information to 
conclude that such applications do not exist.

 Determine whether your facility utilizes or plans 
to utilize electrical connector assemblies of the 
type tested by Sandia Laboratories, or any other 
similar type, in systems that are located inside 
containment, are subject to a LOCA environment 
and are required to be operable during a LOCA.
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 Qualification Criteria – Clause 7.6 {PROPOSED 
VERSION}

 Instrument channels shall be type tested to the 
anticipated severe accident conditions. Type  testing 
may be done sequentially.

 If during testing the required test conditions are not 
reached, due to test equipment limits, and  the 
tested equipment does not experience a failure, then 
a survivability analysis shall be performed for the 
untested anticipated severe accident conditions.

 The survivability analysis shall determine the 
constraints for the reliable use of the instrument 
data and these constraints shall be provided to the 
end user.
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 Added Type F Variables for severe accident specific instrumentation
 – Selection Criteria ‐ Clause 4.6
 Type F variables are those variables that provide primary information 

to accident management personnel to indicate fuel damage and the 
effects of fuel damage. The selection of these variables represents a 
minimum set of plant variables that provide the most direct indication 
of the parameters needed to execute the severe accident management 
guidelines (SAMGs) and / or variables needed to mitigate those 
accidents postulated in a plants severe accident analysis.

 Selection Criteria for the Variable Type:
 •   Indicate fuel Damage
 •   Monitor the direct effects (e.g. combustible gasses concentration, 

radiation, pressure, or  temperature) of fuel damage
 Potential Source Documents:
 •   Plant SAMGs
 •   Plant Severe Accident An
 Severe Accident Analyses
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• EQ Engineering should lead not QA• EQ Engineering should lead not QA

NQA‐1

• Safety Function Performance before Failure Modes
• EQ is the most Critical Characteristic
• Safety Function Performance before Failure Modes
• EQ is the most Critical Characteristic

CGD

• Much more common than LOCA
• Need SA Qualification
• Much more common than LOCA
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Bulletin 77-05: Electrical Connector Assemblies 
                       NUCLEAR REGULATORY COMMISSION  
                    OFFICE OF INSPECTION AND ENFORCEMENT  
                          WASHINGTON, D. C. 20555  

                              November 8, 1977  

                                                          IE Bulletin 77-05  

ELECTRICAL CONNECTOR ASSEMBLIES  

Description of Circumstances  

Recent tests conducted by the Sandia Laboratories of electrical  
connector/cable assemblies in a simulated post-LOCA containment environment  
(LWR) demonstrated that the assemblies, failed to perform in an acceptable  
manner. The connectors are the pin and socket type, with metal shell and  
screw couplings. The specific test specimens were manufactured by Bendix,  
ITT Cannon and Gulton Industries using combinations of Anaconda and ITT  
Surprenant cables. Details of the specific connector/cable combinations,  
test conditions, test results and other pertinent information are described  
in the Attachment.  

While electrical connectors of the type tested are not normally used in  
applications that are required to survive LOCA conditions, it is not  
possible in the absence of specific information to conclude that such  
applications do not exist. Further, it is unknown whether other  
manufacturers have supplied similar assemblies, whether such assemblies have  
been properly qualified for the intended service, or whether these types of  
assemblies are utilized in applications that must continue to operate  
reliably in a LOCA environment.  

Action To Be Taken By Licensees and Permit Holders:  

For all power reactor facilities with an operating license or a construction 
permit:  

1.   Determine whether your facility utilizes or plans to utilize electrical 
     connector assemblies of the type tested by Sandia Laboratories, or any  
     other similar type, in systems that are located inside containment, are 
     subject to a LOCA environment and are required to be operable during a  
     LOCA.  

2.   If any such applications are identified, review the adequacy of  
     qualification testing for the assemblies and submit the documentation  
     for NRC review.  
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3.   If evidence is not available to support a conclusion of adequacy,  
     submit your plans and programs toward qualifying existing equipment or  
     your plans for replacing unqualified assemblies with qualified  
     equipment.  

4.   Provide your response in writing within 30 days for facilities with an  
     operating license and within 60 days for facilities with a construction 
     permit. Reports should be submitted to the Director of the appropriate  
     NRC Regional Office and a copy should be forwarded to the U. S. Nuclear 
     Regulatory Commission, Office of Inspection and Enforcement, Division  
     of Reactor Construction Inspection, Washington, D. C. 20555.  

Approved by GAO, B180225 (R0072); clearance expires 7-31-80. Approval was  
given under a blanket clearance specifically for identified generic  
problems.  

Attachment: 
Trip Report by W. R. Rutherford  
  Electrical Connector Assemblies  
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                                                       November 8, 1977  

                               TRIP REPORT  
                                    by  
                             W. R. Rutherford 

                      ELECTRICAL CONNECTOR ASSEMBLIES 

On September 1, 1977 a meeting was held in Alburquerque, New Mexico to  
investigate the electrical connector assembly malfunctions or failures that  
occurred during tests under LOCA conditions performed by Sandia  
Laboratories. The following is a description of the equipment, test scope  
and results of these tests.  

Equipment  

The test assemblies of particular interest consisted of three types of  
connectors: Bendix, ITT Cannon, and Gulton installed on two types of cables; 
Anaconda and ITT Surprenant.  

1.   Bendix Connector: A 3 conductor/No. 12 AWG with crimp pin conductors,  
     anodized aluminum shell, silicone rubber insert, rigid back plane,  
     potting, pliable over-potting.  

2.   ITT Cannon Connector; A 3 conductor/No. 12 AWG with crimp pin  
     conductors, anodized aluminum shell, silicone rubber inserts anodized  
     aluminum back shell, rubber packing boot, mechanical retaining clamp.  
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3.   Gulton Connector: A 3 conductor/No. 12 AWG with crimp pin conductor,  
     stainless steel shell, hard fiber insert, pin back sealed with RTV 112, 
     stainless shell, back plane poured with Sylgard potting, mechanical  
     clamp termination.  

4.   Anaconda Cable: A 3 conductor/No. 12 AWG, tinned copper conductor, 30  
     mil ethylene propylene rubber insulation 15 mil Hypalon jacket, cable  
     asbestos tape, 60 mil Hypalon Jacket, rated 600 volts, cable diameter  
     0.55".  

5.   ITT Surprenant Cable: A 3 conductor/No. 12 AWG, tinned copper  
     conductor, 30 mil Exane II insulation, silicone glass tape, 65 mil  
     Exane jacket, rated 600 volts, cable diameter 0.455".  

                                                            Attachment A  
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                                                            November 8, 1977 

Test Scope  

The three tests performed by Sandia were composed of two sequential and one  
simultaneous exposure to LOCA environments. In each case the equipment was  
exposed to radiation and thermal aging prior to operating under the  
simulated LOCA conditions. Figures 1 and 2 describe the test profiles for  
sequential and simultaneous tests respectively (Sandia tests were designed  
to study synergistic effects). Each of the tests satisfy the intent of IEEE  
323-1974. The assemblies were electrically loaded to 20 amperes and 600  
volts at the start of the tests. Insulation resistance and capacitance  
measurements were recorded during the tests to indicate damage.  

The equipment assemblies with respect to the sequential and simultaneous  
tests performed were as follows:  

1.   Sequential Tests (Two)  

     Gulton Connector/ITT Cable              1 Assembly  
     Gulton Connector/Anaconda Cable         1 Assembly  
     Bendix Connector/ITT Cable              2 Assemblies  
     ITT Connector/ITT Cable                 1 Assembly  

2.   Simultaneous Test (One)  

     ITT Connector/ITT Cable                 1 Assembly  
     Bendix Connector/ITT Cable              1 Assembly  
     Bendix Connector/Anaconda Cable         2 Assemblies  

Test Results  

Both ITT Cannon connector assemblies and both Gulton connector assemblies  
showed almost immediate damage in terms of insulation resistance and  
capacitance as the 70 psig steam was applied.  

The ITT Cannon connector assembly failures appeared to be back plane boot  
seal leakage failures. The assembly construction did not contain potting  
compound (by design) to protect the pin backs. Therefore, boot failure leads 
directly to connector failure.  
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In the case of the Gulton Assemblies, failures were attributed to both the  
mating surface interface and the back plane seal. The design uses a rigid  
insert around the mating pins and the O-ring seals are  

                                                            Attachment A  
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bypassed by an alignment key slot. This design may lead to leaks due to  
non-uniform confinement of the O-ring which could cause arcing between pins. 
Neutron radiography revealed inadequate amounts of potting compound (voids)  
and cracking of potting compound. These conditions could account for back  
plane failures. Neutron radiography performed on untested connectors  
revealed similar conditions, i.e., voids and cracking, thus indicating an  
apparent quality control problem at Gulton's facility. Other problems  
detected were identified as:  

1.   The shrink tube used over the pin cable interface was split length-wise 
     and had pulled away.  

2.   The potting material showed virtually no adhesion to, or sealing  
     between, the cable jacket, insulation, and the connector shell.  

3.   The mechanical clamp had been secured so tightly that it cut the cable  
     jacket.  

The Bendix connector assembly was the only type to survive an entire test  
cycle. One Bendix/Anaconda assembly malfunctioned after about eight days  
into the 10 psig profile and the Bendix/ITT assembly experienced decreasing  
resistance and increasing capacitance through the simultaneous tests until  
both readings were off scale at the end of the 10 psig profile. A second  
Bendix/Anaconda assembly survived the simultaneous tests. During the  
sequential tests only Bendix and ITT Cannon assemblies were involved and  
both assemblies failed. The failures of these assemblies would be difficult  
to define as either connector or cable failures. The ITT cable exhibited a  
shrinking characteristic which could have provided a leak path through the  
sealing medium of the connector.  

Page Last Reviewed/Updated Tuesday, September 01, 2015
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IE Circular No. 78-08, Environmental Qualification of Safety-
Related Electrical Equipment at Nuclear Power Plants 
CR78008  

                              UNITED STATES  
                      NUCLEAR REGULATORY COMMISSION  
                         WASHINGTON, D. C. 20555  

                               MAY 31, 1978  

MEMORANDUM FOR:     B. H. Grier, Director, Region I  
                    J. P. O'Reilly, Director, Region II  
                    J. G. Keppler, Director, Region III  
                    K. V. Seyfrit, Director, Region IV  
                    R. H. Engelken, Director, Region V  

FROM:               Norman C. Moseley, Director, ROI, IE  

SUBJECT:            IE CIRCULAR 78-08, ENVIRONMENTAL QUALIFICATION OF  
                    SAFETY-RELATED ELECTRICAL EQUIPMENT AT NUCLEAR  

POWER PLANTS  

The subject document is transmitted for issuance on May 31, 1978. The  
Circular should be issued to all holders of Reactor Operating Licenses and  
Construction Permits. Also enclosed is a draft copy of the transmittal  
letter.  

                                        Norman C. Moseley, Director  
                                        Division of Reactor Operations  
                                          Inspection  
                                        Office of Inspection and Enforcement 

Enclosures: 
1.  IE Circular 78-08  
2.  Draft Transmittal Letter  

CONTACT:  V. D. Thomas, IE  
          49-28180  
. 

(Transmittal letter for Circular 78-03 to each holder of an NRC Reactor  
Operating License and Construction Permit.)  

                                                        IE Circular 78-08   
Addressee:  
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The enclosed Circular 78-08 is forwarded to you for information. If there  
are any questions related to your understanding of the suggested actions,  
please contact this office.  

                                        Signature  
                                        (Regional Director)  

Enclosure:  
1.  IE Circular 78-08  
2.  List of IE Circulars  
      Issued in 1978   
. 

                             UNITED STATES  
                      NUCLEAR REGULATORY COMMISSION  
                   OFFICE OF INSPECTION AND ENFORCEMENT  
                         WASHINGTON, D. C. 20555  

                              May 31, 1978   

                                                        IE Circular 78-08   

ENVIRONMENTAL QUALIFICATION OF SAFETY -RELATED ELECTRICAL EQUIPMENT AT  
NUCLEAR POWER PLANTS  

The NRC staff initiated a series of actions to confirm the environmental  
qualification of electrical equipment required to perform a safety function  
under postulated accident conditions. These actions are summarized in the  
Commission's April 13, 1978 Order in response to a petition from the Union  
of Concerned Scientists. Information obtained from recent licensee equipment 
tests and evaluations have indicated potential problems in qualification of  
installed equipment. As a result, the NRC expanded these actions to include  
an environmental review of safety-related electrical equipment at selected  
older plants.1/ This review did not identify generic qualification  
deficiencies. However, as a result of IE Bulletins and the aforementioned  
testing to confirm qualification, specific deficiencies were identified.  
Poor installation practices, inadequate consideration of subcomponents and  
omission of certain environmental parameters in the design are examples of  
such deficiencies. In addition, the documentation of qualification was found 
to be inadequate in many cases and the initial response to some licensees  
indicated a lack of detailed knowledge of the quality of installed  
equipment.  

The purpose of this Circular is to bring to your attention such deficiencies 
and to highlight the important lessons learned. In its April 13, 1978 Order, 
the Commission indicated that  

     "In order to fulfill its regulatory obligations, NRC is dependent upon  
     all of its licensees for accurate and timely information. Since  
     licensees are directly in control of plant design, construction,  
     operation and maintenance, they are the first line of defense to ensure 
     the safety of the public. NRC's role is one primarily of review and  
     audit of licensee activities, recognizing that limited resources  
     preclude 100 percent inspection.  

     Furthermore, the Commission notes that some of the licensee's initial  
     responses indicate a lack on their part of detailed knowledge of the  
     quality of installed plant equipment. Licensees must have this detailed 
     understanding of their own plants in order to meet their obligations  
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     for public,safety by ensuring a  
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     sound basis for making assessments of plant safety. The NRC establishes 
     general safety criteria, sets specific requirements for many aspects of 
     reactor design and operation, and ensures compliance with these  
     criteria and requirements by independent audit. While, in the  
     Commission's view, these activities play a vital role in ensuring safe  
     plant operation, they are not a substitute for licensee safety reviews.  
     The licensees must be knowledgeable and vigilant and must take more  
     initiative in ferreting out details of potential plant weaknesses."  

As part of this obligation, you should examine installed safety-related  
electrical equipment, and ensure appropriate documentation of its  
qualification to function under postulated accident conditions. Specific  
guidance on the subject of environmental qualification can be found in IEEE  
323-1971 and 1974, as augmented by Regulatory Guide 1.89.  

Examples of specific deficiencies identified in information provided by  
licensees are as follows:  

1.   Connectors: Responses to IE Bulletins 77-05 and 77-05A revealed in  
     certain instances a lack of qualification data for environmental  
     parameters and inadequate design of connectors for postulated accident  
     conditions.2/  

2.   Penetrations: A failed penetration prompted issuance of IE Bulletin  
     77-06. Responses to this bulletin showed adequate documentation for the 
     qualification of the penetration assembly was not readily available in  
     some cases.2/ In one instance, the electrical connections of the  
     penetrations were not qualified ih conjunction with the penetration  
     assembly,3/ which demonstrates a lack of consideration for  
     qualification of interfacing components.  

3.   Terminal blocks: Because of unprotected terminal blocks in penetration  
     areas inside containment of Haddam Neck, Bulletin 78-02 was issued.  
     These unprotected blocks were replaced with blocks designed to function 
     in the LOCA and main steam line break environments.4/ Responses to the  
     Bulletin revealed two other facilities, Yankee Rowe and Ginna, with  
     such unprotected blocks.5/,6/ Other terminal blocks were found to be  
     inadequately qualified due to poor design or installation practices,  
     even though they were in enclosures.7/,8/,9/ and 10/  

                                  2 of 3  
. 

IE Circular 78-08                                       May 31, 1978        

4.   Limit switches: While examining the documentation for the qualification 
     of all safety-related equipment installed inside containment, a vendor  
     identified limit switches mounted on otherwise qualified valves at  
     certain facilities. Preliminary review by the staff of responses to IE  
     Bulletin 78-04 indicates such switches are installed in similar  
     applications at other facilities. Corrective action is presently in  
     progress.  
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5.   Cable splices: Electrical cable splices associated with electrical  
     penetration assemblies were determined to be unqualified by licensees  
     during their search for qualification documentation.11/  

6.   Other potential problems for specific components currently under staff  
     review include:  

     -radiation and temperature effects on electrical cables10/  

     -adequacy of qualification testing of components by separate effects  
      versus sequential testing of environmental parameter10/  

     -temperature limitations on nylon components of solenoid valves12/  

     -qualification of electrical transmitters 13/, 14/  

The review of these issues may result in the need for other followup or  
corrective actions.  

No written response to this Circular itself is required. Each licensee  
should determine the applicability of the qualification items identified  
above for its facility. Appropriate corrective action should be taken for  
any problem identified by the licensee as a result of its review. NRC  
inspectors will review these matters with licensees in future inspections.  
If further information is required, contact the Director of the appropriate  
Regional Office.   
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10.  Letter from Indiana & Michigan Power Company to NRC, dated April 21,  
     1978, regarding terminations at D. C. Cook Unit Nos. 1 and 2, Docket  
     Nos. 50-315 and 50-316.  

11.  Staff memorandum, "Status of Monticello Electrical Splice Upgrade,"  
     dated May 10, 1978, Docket No. 50-263.  

12.  Letter from Consumers Power Company to NRC, "'Environmental Qualifica- 
     tion for Big Rock Point," dated February 24, 1978, Docket No. 50-155.  
. 

                                  -2-    

13.  Letter from Consumers Power Company to NRC, "Environmental Qualifica- 
     tion for Palisades," dated February 24, 1978, Docket No. 50-255.  

14.  Letter from Westinghouse to E. G. Case, dated April 26, 1978, regarding 
     environmental qualification status for D. C. Cook Unit 2, Docket No.  
     50-316.  
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