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1.0 ABSTRACT

On June 29, 2017 at 0857, VCSNS Unit 1 automatically tripped due to low Feedwater (FW) flow to the 'B' Steam Generator (SG). The
trip was the result of a spurious closure of the Main FW to ‘B’ Steam Generator Flow Control Valve, IFV00488-FW. The Flow Control
Valve’s closure resulted in low SG level coincident with the low FW flow, which caused an automatic reactor trip. The plant trip

response was normal.

The cause of this event was determined to be the inadvertent closure of IFV00488-FW due to solenoid valve failure. The solenoid valve
failure appears to be a result of an inadequate solder applied to the solenoid coil during the manufacturing process.
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NARRATIVE
2.0 EVENT DESCRIPTION

On June 29, 2017 at 0857, VCSNS Unit 1 automatically tripped due to low FW flow to the 'B' Steam Generator (SG). The
trip was the result of a spurious closure of the Main FW to ‘B’ Steam Generator Flow Control Valve, IFV00488-FW. The
Flow Control Valve's closure resulted in low SG level coincident with the low FW flow which caused an automatic reactor
trip. The plant trip response was normal. Both Motor Driven (MD) Emergency Feed (EF) pumps and the Turbine Driven EF
pump started on SG level LO/LO, as designed. Some secondary atmospheric steam dumps did lift and reseat due to the
pressure excursion per design. No other automatic actuations occurred.

The apparent cause of this failure appears to be a manufacturing deficiency due to the lead wire to solenoid coil wire
having inadequate solder applied to prevent intermittent failure of the solenoid coil. The faulty solenoid coil failure resulted
in the closure of IFV00488-FW, which caused the plant trip.

The air supply solenoid was sent off for testing to Exelon PowerlLabs for inspection, disassembly, and testing. During the
testing, Exelon PowerlLabs found the lead wire easily unwound from the solenoid coil wire with no indication of a wetted
solder bond. The evidence found during the cause investigation suggests the lack of wetted solder bond was due to a
manufacturing deficiency (Cause Code — N1) that has a low probability of recurrence from the manufacturer.

During the June, 2017 plant downpower, the ‘A’ and ‘B’ air supply solenoids were replaced on the ‘B’ Feedwater Regulator
Valve (FRV). These 2 valves were sent to Exelon PowerlLabs for testing. Disassembly results showed the ‘A’ solenoid
with a properly soldered connection while the ‘B’ solenoid showed no indications of a wetted solder bond.

Following a subsequent downpower on August 28, 2017, in service ‘B’ air supply solenoids were removed from the ‘A’ ‘B,
and ‘C’' FRVs, as a preventative measure. The 2 solenoids removed on June 30, 2017, the 3 solenoids removed on
August 28, 2017, and a spare solenoid from the warehouse were sent to be tested by DfR Solutions at the request of
ASCO. During this investigation, all other solenoids were found to have properly soldered connections between the lead
wire and the solenoid coil wire.

During disassembly testing at DfR Solutions (contracted by ASCO), it was found that Exelon PowerLabs did not include
the lead wire to solenoid coil wire connections from the failed ‘B’ FRV solenoid in the return shipment. Follow-up with
Exelon PowerLabs concluded that these parts were unintentionally disposed of and therefore could not be independently
investigated by DfR solutions. As detailed in the Exelon Powerl.abs report, one lead to solenoid coil wire connection
exhibited no indication of a wetted solder bond, while the other exhibited some localized indications.

ASCO previously issued an information notice, dated March 6, 2017, informing consumers that RTV 108C off-gases acetic
acid during the curing process. The acetic acid then attacks the solder that is applied to the connection between the lead
wire and the solenoid coil wire, causing an intermittent loss of electrical power. The lack of evidence for testing led ASCO
to attribute the failure of the ‘B’ solenoid to the use of acetic acid off-gassing sealant. Additional analysis requested of
Exelon exhibited no presence of acetic acid or the associated corrosion products on the areas where the solder should be
applied.
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3.0 EVENT ANALYSIS

The FW System continuously supplies FW from the Condensate System to the steam generators at the same rate as the
steam leaves the steam generators, thus maintaining steam generator water level.

The FW System transports the condensate collected in the deaerator storage tank to the steam generators via a series of
pumps, FW heaters, and flow control valves. Four FW booster pumps take suction on the deaerator storage tank. These
pumps discharge to the suctions of three FW pumps.

The FW pumps discharge through two parallel strings of FW heaters, which preheat the FW before it enters the steam
generators. From the outlet of the FW heaters, the water flows through three separate flow paths, one to each steam
generator. Each of these three flow paths contains a FW regulating valve and a FW isolation valve for FW flow control and
FW isolation.

The main feed regulating valves (IFV-478, 488, 498) are 16-inch, angled, plug valves. They are direct-acting and
pneumatically-controlled. The actuator's air diaphragm is connected to the valve stem and receives its air signal from one
of two redundant Digital Valve Controllers.

Air to the Feed Water Regulator Valve (FRV) must pass through 2 solenoid valves, 20A & 20B. These solenoid valves
port plant supplied air to the Digital Valve Controllers that control the FRVs and also provide control air to the quick
exhaust valves. The quick exhaust valve vents actuator air from the valve to provide quick closure of the FRVs to meet
stroke time requirements. In this event, the 20B solenoid valve intermittently deenergized and allowed the quick exhaust
valve to open, venting the FRV actuator. The ‘B’ FRV quickly closed, isolating FW flow to the ‘B’ SG. The low SG level
coincident with low FW flow caused the automatic reactor trip.

4.0 SAFETY SIGNIFICANCE

A PRA sensitivity study was performed as a result of this reactor trip. This trip was modeled as a partial loss of main FW.
VCSNS uses a frequency for partial loss of main FW of 0.206/yr. based on a generic frequency of 0.1615/yr. updated with
plant specific experience of 3 events in 10.8 years.

For the sensitivity study, the partial loss of main FW initiating event frequency was set to 1.0/yr. The resulting change in
CDF is 2.70E-07/yr. and the resulting change in LERF is 1.17E-08/yr. The baseline CDF and LERF for the model (version
8a2) used for this study are 3.28E-06/yr. and 1.01E-07/yr. respectively, so the changes constitute an 8% increase in CDF
and an 11% increase in LERF.

The changes in CDF and LERF described above are not considered significant.

5.0 PREVIOUS OCCURRENCE

No previous occurrence within the last three years.
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6.0 CORRECTIVE ACTIONS

A troubleshooting plan was performed to provide backup monitoring to IPCS for FRV and Feedwater Isolation Valve limit
switch position indication.

The potential failed components were replaced per the Failure Modes Analysis and post maintenance testing was
successful.

The following components associated with the ‘B’ FW Regulating Valve IFV00488-FW were replaced under Work Order
1708087:

- Primary XACT Feedback Transducer IFY00488A-ZT

- Solenoid Valve 1IFV00488-20A-FW

- Solenoid Valve IFVV00488-20B-FW

- Quick Exhaust Valves IFV00488-EV2 and IFV00488-EV3

- Contacts 7 and 8 on relay K636

- Solenoid Valve IFV00478-20B-FW was replaced under Work Order 1712469
- Solenoid Valve IFV00488-20B-FW was replaced under Work Order 1712471
- Solenoid Valve IFV00498-20B-FW was replaced under Work Order 1712472

The following components were sent off for testing:

- K636 Contacts 7/8 Cartridge: No issues identified by Applied Technical Services

- IFV00488-20A-FW and IFV00488-20B-FW ASCO Solenoid Valves: Inadequate solder connection identified at magnet
wire on IFV00488-20B-FW.

- Solenoid Valve IFV00478-20B-FW

- Solenoid Valve IFV00488-20B-FW

- Solenoid Valve IFV00498-20B-FW

- Spare Solenoid Valve S/S A612152-015, Date Code 1038 — never placed in service

NRC FORM 366A (04-2017) . Page 4 of 4




