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EXECUTIVE SUMMARY

Wolf Creek Generating Station 
NRC Inspection Report No. 50-482/99-17 

Engineering 

The licensee's engineering organization was effective in identifying the causes of erratic 
Train A emergency diesel generator voltage regulator operation which was frequently 
observed by operators. The erratic operation of the voltage regulator resulted in several 
significant reactive load swings when the Train A emergency diesel generator was 
operated in parallel with the grid and significant voltage swings when operated on the 
emergency bus alone. This erratic operation was limited to the operating range of the 
voltage adjuster card, which was ±10 percent of the Train A emergency diesel generator 
nominal output of 4160 volts. Nevertheless, significant generator current fluctuations 
occurred when reactive load swings occurred. The licensee was able to re-create 
erratic voltage adjuster card behavior in the lab and concluded that it was caused by 
electronic noise from relay contact bouncing. Preliminary modifications to a prototype 
electronic adjuster card were effective in eliminating the sensitivity to relay contact 
bouncing. However, the licensee was not able to identify why the Train A emergency 
diesel generator was susceptible to relay contact bouncing and why the Train B 
emergency diesel generator was not (Section E8.1.2).  

* The licensee evaluated how the erratic voltage regulator affected the Train A emergency 
diesel generator operability and concluded that an engineering review was needed 
whenever the transient resulted in operation of the Train A emergency diesel generator 
outside the design limits specified in Drawing M-018-00371-WO1, Sheet 2. The 
inspectors identified two transients which were outside the limits specified in this 
drawing that had not been evaluated by the licensee's engineers as required by system 
operating procedures. Subsequent evaluations determined that the transients had no 
deleterious effect on the emergency diesel generator. This Severity Level IV violation of 
Technical Specification 6.8.1 was a noncited violation, consistent with Appendix C of the 
NRC Enforcement Policy (50-482/9917-01) and was placed in the licensee's corrective 
action program as Performance Improvement Requests 99-3142 and 99-3143 
(Section E8.1.3).  

* The licensee complied with existing procurement and design control program 
requirements when emergency diesel generator voltage regulator control modifications 
were developed. The diodes were rated sufficiently for their proposed application.  
Although not the proper corrective actions for the observed problem, the modification 
was found to be a good engineering practice to minimize contact arcing, reduce 
electromagnetic interference, and prolong relay contact life. The reuse of a diode which 
had been installed backwards and subjected to excessive current was a poor practice 
which most likely resulted in the reinstallation of a diode with reduced reliability. This 
diode was the second to fail on the Train A emergency diesel generator 
(Section E8.1.4).  

The diodes installed in August 1998 in both emergency diesel generators were 
manufactured by International Resistor Corporation and were commercially procured 
and classified as safety related in 1984. Nine months later, after two failures, they were
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removed from the emergency diesel generators and found to be defective. The diode 
installation resulted in the introduction of a potential common mode failure of the 
emergency diesel generators. However, because the failure mode of the defective 
diodes was use dependent, the highest overall exposure time for the common mode 
failures was reduced. The licensee calculated a risk increase of approximately 
113 percent for an exposure period of 16 days. The NRC staff concluded that the actual risk increase was greater than 113 percent based on an exposure period of 32 days 
(since the last successful run) and an overall increase in risk resulting from the increase 
in common cause failure probability. The resulting change in the core damage 
frequency was determined to be risk significant (Section E8.1.5).  

* The licensee's procurement of the defective diodes was performed in accordance with 
the licensee's program requirements and the program met the regulatory guidance and requirements that were applicable in 1985, when the diodes were procured. Under the licensee's current procurement process, it would be unlikely that the defective diodes 
would be procured because the procurement program encourages the purchase of safety-related components. The inspectors noted that the licensee did not evaluate the use of other diodes purchased under the same order which could be used in the plant and found that this reflected a lack of rigor or completeness in the licensee's corrective 
actions (Section E8.1.6).



Report Details

II. Enjineering 

E8 Miscellaneous Engineering Issues (92903) 

E8.1 (Closed) Inspection Followup Item 50-482/9902-01: review engineering and root cause analysis regarding emergency diesel generator (EDG) diode failures.  

A special inspection was conducted by the NRC to assess the circumstances surrounding erratic operation of the Wolf Creek Train A emergency diesel generator (EDG NE01) voltage regulator and subsequent corrective actions which may have introduced a common mode failure of both EDGs. The objectives of the NRC special 
inspection were as follows: 

* Ascertain what the EDG NE01 voltage regulator volt-amps reactive (VAR) spiking issue was and determine the short- and long-term impact on EDG NE01 
reliability.  

* Evaluate the circumstances leading up to the design modification that resulted in the installation of diodes in the EDG NE01 voltage regulating circuits.  

* Determine the failure mode of the diodes and their impact on the operability and 
reliability of EDGs NE01 and NE02 [Train B].  

* Evaluate the licensee's reportability review.  

* Evaluate the licensee's implementation of their commercial grade dedication program as it applied to the procurement and dedication of the subject diodes 
and any corrective actions which have been implemented or planned.  

Evaluate the implementation of the licensee's design control and modification 
processes as they apply to the EDG NE01 and NE02 modifications.  

* Evaluate licensee corrective actions for issues identified during resolution of the 
diode issues.  

E8.1.2 Emergency Diesel Generator Electronic Voltage Adiuster Card 

a. Inspection Scope 

The inspectors conducted an independent assessment of the erratic operation of the EDG NE01 voltage regulator by reviewing the design of the EDG NE01 voltage regulation and control systems, the results of troubleshooting, and data accumulated in the licensee's engineering lab. In addition, the inspectors observed electronic voltage adjuster card testing, inspected EDG NE01 control cabinets in the field, and discussed electronic noise propagation effects on the electronic voltage adjuster card with the 
licensee's engineer.
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b. Observations and Findings 

The electronic adjuster is comprised of two circuit boards, a logic board, and a counter board. These boards have a common connector on the logic board and are interconnected by wire jumpers. Inputs to the electronic adjuster are provided by relays controlled by an operator during manual operation or through pre-position circuitry activated by an emergency EDG initiation signal. The logic board contains two multivibrator circuits (TM1 and TM2) which run continuously as long as power is supplied to the card. Multivibrator TM1 runs at a relatively slow frequency and is used when the operator manually adjusts EDG output voltage. Multivibrator TM2 runs at a much higher frequency and is in control when the regulator is initially energized or when the EDG is pre-positioned during an emergency start.  

During manual operation of the EDG voltage regulator, the operator places the manual voltage adjust switch in the raise or lower position to adjust EDG output voltage or reactive loading. This energizes the appropriate control relays which apply a +15 Vdc control signal to the raise or lower inputs to the logic board. This +15 Vdc control signal activates two "AND" gates which allow the multivibrator signal from TM1 to be transmitted to the counter board. The 8-bit counter board then counts from 0 to 255 at a rate equivalent to the frequency of TM1 (3 to 5 Hertz). A digital to analog converter on the counter board converts the 8-bit binary signal to an analog output ranging from zero to +10 Vdc. During laboratory testing of the electronic adjuster circuit, the licensee found that control relay bounce occurring during control logic transition could result in counter rates in the kilo-Hertz range which could rapidly and unpredictably change EDG output voltage. Control relay bounce is a mechanical phenomenon which occurs when relay contacts initially close. The contact bounce phenomenon and its effect on the electronic voltage adjuster card is shown on Figure 1 (provided by the licensee) below.  Traces 2 and 4 (Oscilloscope Channels 2 and 5, Channel 4 was not used) on Figure 1 below show the control relay bounce and the subsequent signal sent to the counter board. Trace 5 (Channel 6) depicts the 8-bit output of the counter and demonstrates how the counter reacts to each of the bounces by counting at a much higher rate than TM1. Trace 6 (Channel 7) is the analog output of the card and demonstrates how it 
reacts to the 8-bit signal.
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Figure 1: Shows the counter output changing from 1110 1000 to 1101 0111 in a regular 
(sequential) fashion but at a much higher rate than normal. The counter changes correspond 
to the input transitions which correspond to the noise from the contact bouncing.  

During emergency operation, pre-position circuitry ensures the EDG output is 
automatically maintained at the design output voltage. As discussed above, 
multivibrator TM2 is used during this mode of operation. The much higher frequency of 
TM2 assures a stable EDG output. Because of its high frequency, any potential 
electronic noise in the electronic adjuster circuit resulting in an output change would 
almost instantaneously be corrected and would not be observable at the EDG output.  
Because of this, the inspectors concluded that, during emergency modes of operation, 
the EDG is not susceptible to the erratic voltage regulator operational problem.  

The inspectors reviewed several potential design modifications being evaluated by the 
licensee to decrease the electronic voltage adjuster's sensitivity to relay bounce. These 
were primarily noise suppression modifications installed in various locations on a 
prototype electronic voltage adjuster card, which would clearly reduce the card's 
susceptibility to noise. The inspectors observed prototype testing in the lab which 
revealed that the proposed modifications effectively eliminated the erratic electronic 
adjuster card operation caused by relay contact bouncing.  

c. Conclusions 

The licensee's engineering organization was effective in identifying the causes of erratic 
Train A emergency diesel generator voltage regulator operation which was frequently 
observed by operators. The erratic operation of the voltage regulator resulted in several 
significant reactive load swings when the Train A emergency diesel generator was 
operated in parallel with the grid and significant voltage swings when operated on the 
emergency bus alone. This erratic operation was limited to the operating range of the 
voltage adjuster card, which was ±10 percent of the Train A emergency diesel generator 
nominal output of 4160 volts. Nevertheless, significant generator current fluctuations 
occurred when reactive load swings occurred. The licensee was able to re-create 
erratic voltage adjuster card behavior in the lab and concluded that it was caused by
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electronic noise from relay contact bouncing. Preliminary modifications to a prototype electronic adjuster card were effective in eliminating the sensitivity to relay contact bouncing. However, the licensee was not able to identify why the Train A emergency 
diesel generator was susceptible to relay contact bouncing and why the Train B 
emergency diesel generator was not.  

E8.1.3 Emergency Diesel Generator Operability 

a. Inspection Scope 

The inspectors assessed whether the licensee's operability evaluation encompassed the range of problems experienced with the EDG NE01 voltage regulator. Interim corrective 
actions were also reviewed to determine their effectiveness.  

b. Observations and Findings 

The inspectors reviewed Performance Improvement Request (PIR) 98-1458, dated May 16, 1998, and the subsequent operability evaluation performed in accordance with Procedure AP 28-001, "Evaluation of Nonconforming Conditions of Installed Plant Equipment," Revision 1. These documents were developed after operators observed a significant and unexpected change in EDG NE01 reactive loading from 1,615,000 voltamps reactive (1.615 MVAR) to 5.497 MVAR on May 16, 1998. During this unexpected VAR surge, EDG NE01 load changed from 3.20 MW to 3.60 MW and generator current increased from 504 amps to 843 amps. The operability review concluded that EDG NE01 remained operable. This conclusion was based on the fact that the May 16, 1998, surge, which had been the largest documented, was well within the EDG design ratings of 4784 volts, 1290 amps, and 9.3 MVA at a .8 power factor. In addition, the operability review evaluated how postulated worst case swings in reactive loading would be limited.  For example, the electronic voltage adjuster card range is from 90 percent to 
110 percent of rated voltage (4160 volts) and the firing circuit card input has a limit of 115 percent rated voltage (the Technical Specification 4.8.1.1.2.g.1 limit of 4784 volts).  The inspectors agreed that the EDG NE01 design appropriately limited potential voltage 
surges to within design parameters.  

The inspectors noted that, although the licensee's operability review considered 
automatic emergency operation of EDG NE01 and when EDG NE01 is operated 
manually in parallel with the grid, it failed to consider the operating mode when EDG NE01 is supplying power to the emergency bus in manual. This was a concern because erratic voltage regulator operation in this mode would result in unexpected bus voltage changes and, although EDG NE01 control circuits would limit this voltage swing, 
protective relaying setpoints needed to be evaluated to assure the EDG NE01 output breaker would not trip. The inspector reviewed the EDG NE01 protective relay scheme and found that the only nonemergency electrical trip which could affect continued 
operation of EDG NE01 when in manual was the generator overcurrent trip. The generator overcurrent trip setpoint was sufficiently high to preclude operation when the voltage regulator operated erratically; therefore, it posed no risk of inadvertently tripping the EDG. Nevertheless, the licensee's failure to evaluate the impact of erratic voltage
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regulator operation when EDG NE01 is supplying power to the emergency buses alone 
was a weakness in their operability review. The licensee wrote PIR 99-3146 and 
addressed this issue in Revision 2 to the operability evaluation.  

In Configuration Change Package (CCP) 07770, dated October 25, 1998, the licensee 
developed Drawing M-01 8-00371 -WO1, Sheet 2, which provided simplified EDG NE01 
and NE02 operating limits for operators. This drawing was referenced as providing the 
operating limits for both EDG NE01 and NE02 in all EDG operating procedures. The 
inspectors reviewed the EDG operating data collected as part of the corrective actions in 
PIR 98-1458 and found that the EDG NE01 transients appeared to be occurring more 
frequently and more severely with time. Notable documented transients are listed 
below: 

Date Initial Peak Initial Peak Initial Peak Initial Final 

Voltage Voltage Current Current j MVAR j MVAR MW FnMW 

5/16/98 4206 V 4324 V 573 A 843 A 1.615 5.497 3.537 2.887 

7/30/98 4225 V 4410 V 667 A 1284 A 2.423 8.824 4.126 3.401 

3/17/99 4238 V 4417 V 754 A 1280 A 2.492 8.469 4.893 4.893 

4/18199 4077 V 4285 V 357 A 1077 A .799 7.576 2.399 1.875 

6/16/99 4246 V 4108 V 823 A 968 A 2.452 Leading 5.438 6.401 

A review of corrective action documentation revealed that, of the five transients listed 
above, only two had been formally evaluated by the licensee's engineering department.  
The transient which occurred on May 16, 1998, was evaluated as part of the corrective 
actions for PIR 98-1458. This transient clearly did not challenge the design limits of 
EDG NE01. The second transient evaluated by the licensee occurred on April 18, 1999.  
This engineering review was documented as a supplement to an operability evaluation 
and was also dated April 18, 1999. The supplement concluded that, since EDG NE01 
operated above the operating limits for only a short duration with generator output 
current less than its rated output current, no degradation of the generator windings 
occurred. The inspectors agreed.  

With respect to the transients that were not evaluated, the inspectors noted that 
Technical Specification 6.8.1 required, in part, that written procedures be implemented 
as recommended in Appendix A of Regulatory Guide 1.33, Revision 2, February 1978.  
Regulatory Guide 1.33, Revision 2, Appendix A, recommends that instructions be 
developed for operating onsite emergency power sources. The licensee developed 
EDG operating procedures that specified operating limits for EDGs NE01 and NE02, 
such as the limits specified in plant Drawing M-01 8-00371 -WO1, Sheet 2. Note 2 of this 
drawing states "For Any Operation Outside the Shaded Area, Contact Engineering for 
an Evaluation." The inspectors found that the July 30, 1998, and March 17, 1999, 
transients exceeded design limits specified by EDG operating procedures and no 
subsequent review was conducted. These two examples of not following written 
instructions to conduct an engineering review when EDG NE01 was operated outside
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the design limits was a violation of Technical Specification 6.8.1. This Severity Level IV violation is being treated as a noncited violation, consistent with Appendix C of the NRC Enforcement Policy (50-482/9917-01) and was placed in the licensee's corrective action 
program as PIRs 99-3142 and 99-3143.  

The inspectors considered the licensee's failure to conduct an engineering review of the two aforementioned transients to be of concern because neither of the transients were bounded by the previous review conducted on April 18, 1999. The July 30, 1998, transient occurred before CCP 07770 was completed on May 2, 1999, and should have been included in that engineering review. This transient resulted in a generator output of 9.46 MVA at a 0.36 lagging power factor and an output current of 1284 amps. This was 0.16 MVA above the reactive loading limit and 6 amps below the generators rated amperage. The March 17, 1999, transient resulted in a peak generator output of 9.78 MVA at a 0.5 lagging power factor and an output current of 1280 amps. This was 0.48 MVA above the reactive loading limit and 10 amps below the generators rated 
amperage.  

The June 16, 1999, transient was in the opposite direction, resulting in a leading power factor which EDG instrumentation is not capable of measuring so no reactive loading data was available to review. Nevertheless, after performing calculations, this transient was found to be within the EDG operating curve and posed no risk to the generator.  

The impact of operating an EDG outside its operating limits would be increased heating of the generator windings and, in the extreme, damage to the winding insulation. The licensee concluded that none of the events recorded for EDG NE01 were of sufficient magnitude or duration to cause damage or decrease generator reliability. The data obtained by the licensee showed the duration of each of the events to be less than 30 seconds, indicating that no degradation of the generator had occurred. Given the minor overloading that occurred in the aforementioned examples, and the probable short duration of the overloading, the inspectors agreed with the licensee's conclusion that the unevaluated transients had no short- or long-term deleterious effect on 
EDG NE01.  

c. Conclusions 

The licensee evaluated how the erratic voltage regulator affected the Train A emergency diesel generator operability and concluded that an engineering review was needed whenever the transient resulted in operation of Train A emergency diesel generator outside the design limits specified in Drawing M-018-00371-WO1, Sheet 2. The inspectors identified two transients which were outside the limits specified in Drawing M-01 8-00371 -WO1, Sheet 2, that had not been evaluated by the licensee's engineers. Subsequent evaluations determined that the transients had no deleterious effect on the emergency diesel generator. This Severity Level IV violation was a noncited violation, consistent with Appendix C of the NRC Enforcement Policy (50-482/9917-01) and was placed in the licensee's corrective action program as Performance Improvement Requests 99-3142 and 99-3143.
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E8.1.4 Emergency Diesel Generator Relay Arc Suppression Modifications 

a. Inspection Scope 

The inspectors reviewed the licensee's development and implementation of the modification to install shunt diodes on the EDGs NE01 and NE02 voltage regulator relay coils. This information was then compared to the licensee's design control and implementation process requirements to ascertain if they were implemented properly.  

b. Observations and Findings 

The licensee initiated PIR 98-1466 on May 19, 1998, to report EDG NE01 VAR spiking during parallel operation for unit load testing. Troubleshooting was conducted and corrective actions were developed to replace an automatic voltage adjust switch and develop a modification to install reverse-biased diodes across the control relay coils for voltage regulator circuitry. The diode installation was recommended by an engineering consulting firm the licensee engaged to identify the reason for the erratic voltage regulator output (EDG excitation) causing the reactive power surge problem.  

Accordingly, CCP 07767 was developed to install diodes to suppress the voltage transient that resulted from de-energizing the voltage adjust relay coil which caused relay arcing and the generation of electromagnetic interference, which could have caused undesirable changes in voltage regulator output. The inspectors noted that the installation of diodes in a relay control system is a typical engineering practice to minimize contact arcing, minimize electromagnetic interference, and lengthen relay 
contact life.  

The diodes installed by CCP 07767 were Catalog Model 1 N4005. These diodes were rated for an average forward current of 1 amp, had a peak (one time) current rating of 30 amps, and were rated at 600 volts peak repetitive reverse bias. The relays used in the EDG voltage regulating circuit were designed with a holding current, and a subsequent deenergization current, of less than 0.1 amps. Therefore, the diodes were capable of handling 10 times the expected current from the collapse of the relay coil field and were rated sufficiently for their proposed use. Nevertheless, the inspectors' review of the independent contractor's review, which recommended the diode installation, found that the proposed modification, although a good practice, would not have corrected the erratic voltage regulator problem. The contractor's report indicated that the erratic EDG NE01 voltage regulator operation occurred as soon as the remotemanual voltage adjust switch was first placed in the raise or lower position, not after the switch was released. This means that the transient occurred when the relay contacts closed, not when they opened. The proposed modification would have only corrected the problem of relay contact arcing which would have occurred after the voltage adjust 
switch was released.  

After the diodes were installed in EDG NE01 on June 16, 1998, and power was restored to the voltage regulating circuits, the voltage regulator control power fuses blew.  Subsequent troubleshooting revealed that the diodes had been installed backwards.  The diodes were removed and tested. One diode had failed from excessive current prior to the fuses failing and had to be replaced. The inspector found that the diodes
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were installed incorrectly because the work packages assumed that electricians were proficient in determining proper diode orientation, which was a level of craft knowledge expected of an instrument and control technician but not necessarily expected skill of the craft for an electrician. The functional failure was evaluated and determined not to be a maintenance preventable failure because the failure occurred in postmodification testing. Work packages were modified, the diodes were then reinstalled properly, and EDG NE01 was tested satisfactorily on June 17, 1998. The inspectors reviewed the EDG NE01 postmodification testing and found that it properly tested all the newly 
installed diodes.  

The inspectors noted that because of the standby voltage regulator control circuit configuration, another diode, the one for Relay 410, had been subjected to excessive current prior to the fuses blowing and was not replaced. It turned out that this diode was the second EDG NE01 diode failure which occurred on March 16, 1999. The inspectors found it an unusual and a poor practice to reuse a diode that had been potentially subjected to current beyond its design capability, even after it tested satisfactorily. The inspectors concluded that this diode had been excessively stressed, which most likely resulted in a reduction in its reliability. It could not be concluded that this was a maintenance preventable functional failure because an original manufacturing defect could have contributed to the failure.  

The engineering disposition in CCP 07767 properly specified the critical characteristics of the diodes and provided maximum or minimum values as appropriate. The characteristic values were validated against a commercial standard (Motorola) for semiconductor technical data that was included in the package. The inspectors determined that the licensee had implemented the change in accordance with approved program procedures. The inspectors agreed with the assertion by licensee representatives that it was unlikely the defective diodes would have been procured and used under the current programs. The inspectors also observed that the licensee had issued an industry 
operational event report for the failure event.  

The licensee's Maintenance Rule program identified the EDG NE01 reactive power spiking problem as a functional failure of the EDG system. The function that failed was to provide local/remote control, indication, and alarms for the EDG. The inspectors agreed with the licensee's Maintenance Rule program evaluation.  

The corrective action developed in PIR 98-1466 to install the diodes evolved through the licensee's normal design and configuration control processes into CCP 07767, which was used to implement the design change. A CCP was used instead of an available alternative process called a design change package. The CCP was analogous to a minor modification process, while the design change package process fully used all the elements of the design control process.  

The licensee's design implementation and control programs relied on other programs (procurement, quality assurance) to assure that plant changes were implemented with suitable material in quality and safety-related applications. This practice is typical.  However, the material used in the voltage regulator modification was procured under a less stringent program over 15 years prior to being installed.
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c. Conclusions 

The licensee complied with existing procurement and design control program 
requirements when EDG voltage regulator control modifications were developed. The 
diodes were rated sufficiently for their proposed application. Although not the proper 
corrective actions for the observed problem, the modification was found to be a good 
engineering practice to minimize contact arcing, reduce electromagnetic interference, 
and prolong relay contact life. The reuse of a diode which had been installed backwards 
and subjected to excessive current was a poor practice which most likely resulted in the 
reinstallation of a diode with reduced reliability. This diode was the second to fail on the 
Train A EDG.  

E8.1.5 EDG Arc Suppression Diode Failures' 

a. Inspection Scope 

The inspectors reviewed the circumstances surrounding the diode failures, including the 
licensee's failure analyses, reliability, and risk assessment of the introduction of a 
potential common mode failure of both EDGs from June 17, 1998 (when both trains of 
EDGs had diodes installed in their voltage control circuits), to March 16, 1999 (when 
diodes were removed from EDG NE01).  

b. Observations and Findings 

As discussed in Section E8.1.4 above, after the diodes were installed in EDG NE01 on 
June 16, 1998, and power was restored to the voltage regulating circuits, the voltage 
regulator control power fuses blew. Subsequent troubleshooting revealed that the 
diodes had been installed backwards. The diodes were removed and tested. One 
diode had failed from excessive current prior to the fuses failing and had to be replaced.  
The inspector noted that, because of the standby voltage regulator configuration, 
another diode, the one for Relay 410, was connected to the 125 VDC power supply and 
had been subjected to excessive current prior to the fuses blowing. This diode was not 
replaced and was the second EDG NE01 diode failure which occurred on March 16, 
1999. The excessive current through the Relay 410 diode most likely decreased its 
reliability.  

After the Relay 410 diode and fuses were replaced, EDG NE01 was restarted but was 
immediately secured because operators noted that a volt/hertz relay flag had dropped.  
After the flag was reset, EDG NE01 was restarted but failed to generate voltage and 
was again immediately secured. Another fuse had blown in the voltage regulator 
controls and the diode across Relay 41-R (exciter shutdown relay reset coil) was found 
shorted. By March 17, 1999, the licensee implemented another modification to remove 
the diodes from EDG NE01 and test EDG NE01 operability. The inspectors reviewed 
the work order and postmodification testing and found that they were appropriate and 
implemented properly.  

EDG NE02 was then tested satisfactorily in its as-found condition, proving that it was 
capable of performing its intended function. As EDG NE02 was being secured, 
Relay 41 was again cycled. After the diodes were removed from EDG NE02, the diodes
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were tested satisfactorily, proving that EDG NE02 had at least one additional cycle of operation. The inspectors reviewed the work order and postmodification testing and found that they were appropriate and implemented properly.  

The licensee labeled and quarantined the removed diodes until they could be sent to an independent laboratory for analysis. The laboratory analysis conducted by Performance Improvement, International found that the diodes were constructed with inconsistent die 
attachment. See Figure 2 below.  

Figure 2: Shows an electron microscope cross
sectional view of the second diode failure, which 
demonstrated that the diode die attachment was 
incomplete.  

The incomplete diode die attachment resulted in concentrating current flow to the areas where die attachment was acceptable. This created excessive local heat generation during operation and a corresponding decrease in the diode's capability to handle current flow. This problem resulted in a reduction in the reliability of the diodes and a corresponding decrease in life expectancy.  

To ascertain the impact the diode installation had on overall EDG reliability and the subsequent risk of a common mode failure, the inspectors had to develop a reasonable failure rate of the diodes. Three diode failures occurred in a 9-month period during which 31 start demands occurred. The first diode failure was not included because it was caused by improper installation and failed prior to restoring the EDG to service.  The second diode failure was indicative of an increased probability of EDG NE01 failing because it had been stressed by being installed backwards and subjected to excessive current. Therefore, its failure rate should be applied to EDG NE01 only. The third diode failure was indicative of a common mode failure of the degraded diodes and should be counted in the failure rate for both EDGs.  

The failure-to-start-on-demand assumption in the licensee's Probabilistic Safety Assessment model was 5.43E-03, which provided an at-power internal core damage frequency (including maintenance) of 5.5 E-5 per reactor year. The licensee applied a failure of 2 of 31 start demands for the period the diodes were installed in the Trains A and B emergency diesel generators. Both of these failures occurred on the Train A
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emergency diesel generator as a result of diode failures. This resulted in a revised failure probability of 7.0 E-02 for this period. The licensee used a previously determined common cause factor of 0.015 (Beta factor) in assessing the impact of the diodes being installed on both the emergency diesel generators. The exposure period for the Train A emergency diesel generator was determined to be one-half the period since the last successful run. The licensee calculated a 113 percent increase in the core damage 
frequency (1.17E-4 per reactor year).  

The NRC staff reviewed the licensee's risk assessment and performed a limited independent assessment. The staff concluded that the exposure period for the Train A emergency diesel generator should include the entire period since the last successful operation given that the failure of the diodes would occur during the emergency diesel start or shutdown. It was concluded that, following the last successful run, the Train A emergency diesel generator would not have operated as required for any time during the 32-day period. In addition, some increase in the common cause factor was appropriate given the additional common cause failure probability from the installation of the diodes in both diesel generators. During the 32-day period for the Train A emergency diesel generator, the failure rate of the Train B emergency diesel generator would have been represented by the common cause factor. Using both the licensee's and the NRC staff's risk assessments, this condition was determined to be risk 
significant.  

c. Conclusions 

The diodes installed in August 1998 in both EDGs were manufactured by International Resistor Corporation and were commercially procured and classified as safety related in 1984. Nine months later, after two failures, they were removed from the EDGs and found to be defective. The diode installation resulted in the introduction of a potential common mode failure of the EDGs. However, because the failure mode of the defective diodes was use dependent, the highest overall exposure time for the common mode failures was reduced. The licensee calculated a risk increase of approximately 113 percent for an exposure period of 16 days. The NRC staff concluded that the actual risk increase was greater than 113 percent based on an exposure period of 32 days (since the last successful run) and an overall increase in risk resulting from the increase in common cause failure probability. The resulting change in the core damage 
frequency was determined to be risk significant.  

E8.1.6 Procurement of Diodes 

a. Inspection Scope 

The inspectors reviewed the procurement of discrete electronic components (diodes) that were defective and eventually installed in a safety-related modification of both trains of EDGs. The inspectors reviewed all applicable revisions of the licensee's procurement procedures to establish how the process had changed and how the specific procurement would be performed under the current process.
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b. Findings and Observations 

The inspectors reviewed Purchase Order 27250, dated January 20, 1984. This purchase order specified the purchase from a local electronic components vendor of 50 each of 47 different sizes and types of diodes. This represented a total of 2,350 diodes that were supplied by the local vendor. The purchase order specified that the material was to be acceptable for use in nuclear safety-related applications. The diodes that eventually failed were identified as line Item 21 and Vendor Catalog Number 1 N4005 on 
the purchase order.  

The diodes were procured in accordance with Procedure ADM 01 -049, "Procurement Level I and V List," Revision 0. Following this procedure, the licensee developed an item entry for the Commodity List of Level V safety-related material that could only be obtained commercially and was restricted to procurement from qualified suppliers on the Approved Suppliers List. The procedure allowed the commercial-grade purchase of Level V safety-related or special scope items that were manufactured to industry or commercial standards and normally used for other than nuclear power plant applications. The process required these Items to be placed on the Safety-Related, Level V Commodity List with sufficient characteristic detail to preclude unauthorized 
substitutions.  

In accordance with Procedure ADM 01-048, "Material and Services Procurement," Revisions 0, 1, and 2, these Level V items could not have nuclear part qualification requirements in any potential installed use. Inclusion of items on the commodities list was to be based on an engineering analysis that established that item characteristics were sufficiently controlled by the industry to assure adequate quality to meet safetyrelated applications. The procedure also stated that the Level V procurement did not require any special technical or quality assurance procurement requirements. Finally, the procedure for Level V procurement allowed visual examination during receipt inspection as the acceptable method of product acceptance.  

The inspectors also reviewed NRC Generic Letter 91-05, "Licensee Commercial-Grade Procurement and Dedication Programs," April 9, 1991, and noted the following: 

NUMARC 90-13, "Nuclear Procurement Program Improvements," October 1990 committed licensees to assess and improve their procurement programs.  

Licensees were not expected to review all past procurements.  

The NRC staff would not initiate enforcement action for past programmatic 
violations that were adequately corrected.  

Generic Letter 91-05 did not request licensees to respond; however, the inspectors observed that the licensee had initiated improvements in the commercial grade procurement process prior to issuance of the letter. Procedure KGP-1251, "Dedication of Commercial Grade Items," Revision 0, was implemented in 1990 and improved the use of Level V bulk purchase procurement of commercial grade material for safetyrelated applications. Additional requirements were put in place to require nuclear engineering to develop procurement specifications, the verification of critical
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characteristics based on the most severe safety-related application, and the 
development of acceptance criteria to verify critical characteristics.  

The inspectors reviewed the current commercial-grade item procurement requirements 
in Procedure AP 24G-001, "Dedication of Commercial Grade Items," Revision 2. The 
process delineated in this procedure was restrictive and detailed. A dedication 
performance flow chart provided an exact path to follow depending on determinations 
made during the dedication process. This process included elements of safety 
classification, verification of commercial-grade item applicability, evaluation to verify 
process applicability, and development of a verification inspection plan for item 
acceptance.  

During document review and interviews with licensee engineering and procurement 
representatives, the inspectors learned that insufficient attachment between the 
component dielectric material and leads had resulted in premature failure of the diodes.  
Detection of this condition prior to installing the diodes was unlikely unless destructive 
testing was performed. As a result of the EDG voltage regulator failure, the licensee's 
corrective action program issued PIR 99-893 and the licensee obtained engineering 
laboratory services as part of the root cause determination. Destructive testing analysis 
determined that the majority of a sample of installed and spare diodes was defective 
and prone to premature failure.  

The licensee's engineering personnel recognized that this failure and a previously 
identified failure of a resistor in the speed control governor circuit for the turbine-driven 
auxiliary feedwater pump could represent a generic concern with the procurement of 
discrete electronic components. This recognition prompted the initiation of PIR 99-2219 
to access the procurement of discrete electronic components. The PIR remained open.  
The inspectors noted that the diode identified as Line Item 21 and Catalog 1 N4005 had 
been purged and eliminated to preclude the use of potentially defective diodes in any 
other application. The inspectors asked licensee representatives what actions were 
taken in regard to other sizes/types of diodes purchased on the same order. The 
response was that two unrelated previous diode failures had been identified through a 
database search of the corrective action program and future failures would be tracked.  
The licensee had not planned to look at any of the remaining diodes from the 46 other sizes/types purchased on the same order. The licensee had not determined where any 
of the diodes may have been used in safety-related applications. The number of diodes 
remaining in the licensee's supply system from the original 2300 was not known and no 
attempt had been made to determine if any of the remaining diodes had been produced 
by the same manufacturer under the same quality conditions as the defective diodes.  
The inspectors stated to licensee representatives that the lack of a vigorous response to 
this condition did not reflect a concern about the future use of potentially defective 
material in safety-related applications. The licensee's staff initiated PIR 99-3144 to 
address this inspector observation.
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c. Conclusions 

The licensee's procurement of the defective diodes was performed in accordance with the licensee's program requirements and the program met the regulatory guidance and requirements that were applicable in 1985, when the diodes were procured. Under the licensee's current procurement process, it would be unlikely that the defective diodes would be procured because the procurement program encourages the purchase of safety-related components. The inspectors noted that the licensee did not evaluate the use of other diodes purchased under the same order which could be used in the plant and found that this reflected a lack of rigor or completeness in the licensee's corrective 
actions.  

E8.1.7 Corrective Action Status 

a. Inspection Scope 

The inspectors reviewed the status of corrective action related to the voltage regulator 
failure.  

b. Findings and Observations 

The table below summarizes the status of the proposed, developed, and implemented 
corrective action associated with the EDG voltage control issue.  

CORRECTIVE ACTION STATUS

PIR # 
PIR 98-1458 

PIR 98-1466 

PIR 98-1732 

PIR 98-2166

DESCRIPTION Clarity to operations personnel the significance of 
the operability evaluation for the EDG A voltage 
regulator perturbation and explain the long-term 
effects.  

Screen EDG A failure and operability evaluation for 
evaluation by the Maintenance Rule program.  

During implementation of CCP 07767on EDG A on 6/16/98, electrical personnel installed eight diodes in 
a forward-bias instead of a reverse-bias 
configuration as required by the work instructions 
and drawings.  
S-§elf-assessment finding (engineering assist visit) 
recommended revising CCP 07767 to include the 
performance of an evaluation on diode failure 
impact on accident analysis and basis.

STATUS 
The PIR was closed.  

Determined to be a train 

functional failure, but not 
maintenance related or 
preventable. The PIR was 
closed.  
Immediate and followup 
action completed. The PIR 
is closed with a corrective 
action effectiveness followup 
review scheduled.  
The recommendation 
became moot once the 
modification was removed 
because the concern 
became a single failure 
which is already assumed.  
The PIR was closed.
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PIR 99-0893 This PIR reported the failure of EDG A to field flash This PIR initiated a root 
due to failed diode in the voltage regulator circuit. cause determination of the 

field to flash. The cause was 
determined and other PIRs 
were opened to correct other 
identified conditions separate 
from the failed diodes. This 
PIR is closed with a 
corrective action 
effectiveness followup 
scheduled.  

PIR 99-0901 Requested Maintenance Rule functional failure Maintenance Rule evaluation 
determination of Function KJ 01. identified functional failure, 

but the failure was not 
maintenance preventable 

PIR 99-1083 Missing safety classification and request for Missing safety classification 
procedure interpretation, analysis. Licensee was 

evaluating a conflict in 
procedures to resolve the 
issue.  

PIR 99-1297 During testing, while adjusting EDG A voltage in The event was evaluated per 
manual, voltage inexplicably went to maximum. program requirements and 

the PIR was closed.  
PIR 99-2034 Track resolution of the electrical noise interference This PIR remains open 

problem in the EDG voltage control circuits. pending development and 
implementation of corrective 
action.  

PIR 99-2063 This PIR was initiated to pursue and track resolution This PIR remains open with 
of the problem identified by PIR 99-0893, failure of corrective actions being 
voltage on EDG A. developed and implemented.  

PIR 99-3142 Failure to perform an engineering evaluation for This PIR was identified 
EDG operation outside the reactive capability curve during the inspection.  
on 7/30/98.  

PIR 99-3143 Failure to enter the corrective action system for EDG This PIR was identified 
operation outside the reactive capability curve on during the inspection.  
3/17/99.  

PIR 99-3144 Unknown status of spare and installed diodes with This PIR was identified 
the potential to be defective, during the inspection.  

PIR 99-3146 Potential for large voltages on Bus NBO1 during This PIR was identified 
Train A EDG operation. during the inspection.  

PIR 99-3149 Failure of established measures to preclude the This PIR was identified 
installation of defective material during a safety- during the inspection.  
related modification.
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V. Management Meetings 

Xl Exit Meeting Summary 

The inspectors presented the results of the inspection to members of the licensee management in a preliminary briefing on September 24, 1999, and in a telephonic exit meeting on October 29, 1999. The licensee acknowledged the findings presented. No 
proprietary information was identified.



ATTACHMENT 1

SUPPLEMENTAL INFORMATION 

PARTIAL LIST OF PERSONS CONTACTED 

Licensee 

M. J. Angus, Manager, Licensing and Corrective Action 
J. W. Johnson, Manager, Resource Protection 
C. Younie, Manager, Operations 
B. T. McKinney, Plant Manager 
R. Muench, Vice President Engineering 
S. R. Koenig, Manager, Performance Improvement and Assessment 
R. Artegua, Supervisor, Electrical Engineering 
G. R. Beckett, Supervisor Engineer, Material Engineering 

INSPECTION PROCEDURE USED 

IP 92903 Followup - Engineering 

ITEMS OPENED, CLOSED, AND DISCUSSED

Opened

50-482/9917-01 NCV Two examples of a failure to conduct an engineering review 
as required by procedures (Section E8.1.3)

Closed

50-482/9902-01 

50-482/9917-01

IFI Review Engineering Root Cause Analysis Regarding 
Emergency Diesel Generator Diode Failures (Section E8.1) 

NCV Two examples of a failure to conduct an engineering review 
as required by procedures (Section E8.1.3)
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LIST OF ACRONYMS USED

CCP 

EDG 

EDG NE01 

EDG NE02 

MVA 

MVAR 

MW 

NUMARC 

PIR 

TM1 

TM2 

VAR

configuration change package 

emergency diesel generator 

Train A emergency diesel generator 

Train B emergency diesel generator 

mega-volt-amps 

mega-volt-amps reactive 

mega-watts 

Nuclear Utility Management Resource Council 

Performance Improvement Request 

electronic adjuster card multivibrator 1 

electronic adjuster card multivibrator 2 

volt-amps reactive



ATTACHMENT 2 

List of Documents Reviewed

Design Documents 

NUMBER 

CCP 07767 

Diode data sheet 

KUP relay data sheet 
CCP 07770 

CCP 07788 

CCP 5045 

DCP 05588 

DCP 05590 

PMR 04195 

E-13KJ01A 

E-13KJO1B 

E-13KJ02 

E-13KJ03A 

E-13KJ03B 

E-1 3KJ04 

E-113KJ06 

E-1 3KJ07 

E-13NE01 

E-13NE02 

E-13NE10 

E-13NE11 

E-13NE12 

E-13NE13 

J-200-00170 

J-200-00175 

M-01 8-00071 

M-018-00076 

M-01 8-00077 

M-018-00078 

M-018-00079 

M-01 8-00105 

M-01 8-00107 

M-01 8-00108 

M-018-00114 

M-018-00115 

M-018-00184 

M-018-00185

DESCRIPTION 

Design Documents 
Installed diode suppression 
Included with CCP 07767 
Included with CCP 07767 
Clarified the reactivity curve 
SEVR 15 amp fuses 
SEVR 15 amp fuses 
V/Hz relay 

Fuse failure indication installation 
Add capacitors for speed sensor 

Drawings 

A EDG engine control 
A EDG engine control 
A EDG Misc 

A EDG engine control 
A EDG engine control 
A EDG Misc 
A EDG MOP 

B EDG MOP 

A EDG system meter and relay diagram 
EDG system meter and relay diagram 
A EDG Feeder Breaker 
B EDG Feeder Breaker 
A EDG SEVR 

B EDG SEVR 

RL015 Control room panel drawings 
RL015 Control room panel drawings 
KJ panel layout 
Generator Control 

EDG NE Control 

Generator Indication Engine Governor 
Generator Indication Engine Governor 
KJ panel schematic 
KJ panel schematic 

KJ panel schematic 

KJ panel schematic 

KJ panel schematic 
EDG NE control 
EDG NE control
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M-01 8-00186 

M-018-00246 

M-018-00247 

M-018-00248 

M-01 8-00249 

M-01 8-00250 

M-018-00251 

M-01 8-00252 

M-01 8-00254 

M-018-00258 

M-01 8-00259 

M-01 8-00261 

M-01 8-00262 

M-01 8-00371 

M-01 8-00634 

M-01 8-00635 

M-018-00636 

M-01 8-00637 

M-018-00688 

M-01 8-00905 

Corrective Action 

PIR # 

PIR 99-1297 

P11 99-1352 

PIR 98-1458 

PIR 98-1466 

PIR 98-1732 

PIR 99-0893 

PIR 99-0893 

PIR 99-0901 

PIR 99-1083 

PIR 99-2034 

PIR 99-2063 

RER 99-012

EDG NE control logic diagram 
NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

Wiring diagram 

Wiring diagram 

NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

NE wiring diagram 

EDG reactivity capability curve 
SEVR system detail 

SEVR system 

Relay control circuit 

SEVR connection diagram 
NE panel layout 

Generator vendor manual (voltage regulator section)

Documents

Description 

Evaluation of High Voltage Condition on B EDG 
P1I root cause analysis 
VAR surge reactivity capability 
VAR surge CHAR troubleshoot services 
Improper diode installation 
Diode failure investigation 
Diode failure root cause analysis 
Maintenance Rule Evaluation 
Missing SCA 
Investigate electrical noise 
Investigate VAR surge 
Diode failure reportability evaluation
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Procedure Number 

AP 24G-001, Revision 1 
12/6/96 

Al 26A-001, Revision 1 
10/17/97 

AP 26A-003, Revision 4 
3/24/99 

AP 28A-001, Revision 14 
KGP-1250, 4/7/85 
KGP-1250 Revision 4 
7/10/89 

KGP-1251, Revision 0 
7/18/90 

SYS KJ-123 
STS KJ-005A 

STS KJ-015A 

SYS KJ-124, Revision 8 
3/18/99 

STS KJ-015B, Revision 9 
3/25/99 
ADM 01-048, Revision 0, 1, and 
2 

ADM 01 -049, Revision 0, 1, 2, 
and 3 
ADM 09-003, Revision 4 
AP 05-002, Revision 3 
AP 05-005, Revision 4 

AP 05A-007, Revision 4 

Work Package Numbers 
WO 98-200510-00 

WO 98-200510-01 

WO 98-200680-00 

WO 98-200680-01 

WP 129707/AP 28-001 

CHAR report (5/25/98) 

PO 27250 

Miscellaneous Documents 

Diode Matrix 

INFO Paper 

Generic Letter 89-02

Procedure Description 

"Dedication of Commercial Grade Items" 

"WCNOC Reportability Handbook" 

"Screening and Evaluating Changes, Tests, and 
Experiments" 

Performance Improvement Request 
"Procurement" 

"Requisition and Procurement Process" 

"Dedication of Commercial Grade Items" 

EDG system procedure 

A EDG surveillance procedure 
A EDG surveillance procedure 
"Post Maintenance Run of EDG 'B"' 

"Manual/Auto Fast Start SYNC and Loading of EDG 
NE02" 

Material and Services Procurement 

Procurement Level I and V List 

Receipt Inspection Procedure 
Dispositions and Change Packages 
Design Implementation and Configuration Control of 
Modifications 

Determination of Safety Classification 

Description 

Implement CCP 07767 on EDG NE01 
Work Instructions for PMT on EDG NE01 
Implement CCP 07767 on EDG NE02 
Work Instructions for PMT on EDG NE02 
Operability Evaluation 

Included with AP 28-001 

Includes related information 

Description or Title 

"VAR SURGES IN THE "A" DG CONTROL 
CIRCUITRY" 

Descriptive paper on design and operation of the 
control circuitry 

"Actions To Improve The Detection Of Counterfeit 
And Fraudulently Marketed Products"
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PO-27250 

KO1-006B, Item No. 061 

NP 90-03 

EPRI CGIDIO1 

Information Notice 
84-52 

Generic Letter 91-05 

NUMARC 90-13 
October 1990

Purchase Order for Safety-Related Shop Spare 
Diodes 

Item Evaluation for Placement of Commercially
Procur'ed diodes on Safety-Related Commodities 
List (161-006B) 

Programmatic Deficiency Report for the Commercial 
Grade Dedication Program 
Commercial Grade Item Evaluation for Silicon 
Voltage Regulator Diodes 
"Inadequate Material Procurement Controls On The 
Part Of Licensees And Vendors" 
"Commercial-Grade Procurement and Dedication 
Programs" 

"Nuclear Procurement Program Improvements"


