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On December 31, 1990, at 1638 hours with the plant in Mode | a1 86% power, 380 degrees Fuhrenheit
and 2250 psia, a manual reactor trip was initiated due 10 1wo six ineh Maoisiure Separator Reheater drain
line (DSM) piping breaks in the Turhine Building. Following the trip a Main Steam Line lsolation was
intuated to mitumize the release of steam imo the Turbing Building.  Breaks ogourred in lines
downstream ol the respective level control valves IDSM«LVZ0A] and B1, due 1o severe wull thinning
caused by erasion/corrosion (refer 10 Figure 2). The piping failure resulted in the release of
approximately 127,000 gallons of steam water from the condensate piping angd hotwell and 63,000 galions
of water {rom the gondensate surge tank. The thermal eneryy of the Hukl released from the ruptured
piping activated the fire protection sprinkler system releasing an additional 23,000 gallons of water 1nto
the Turbine Building. In addition to mechanical and electrical damage in the Turbine Bullding. a power
loss caused the iselation ol instrument air to the comtainment, resulting in the loss of normal pressurizer
spray flow and the solation of normal letdown flow. Reagror Coolant Pump Seal Injection was reduced
10 the munimum allowable. Pressurizer level and pressure mcereased. One Power Operated Relief Valve
(PORY') liftedd three tmes 10 control reagtor Soolant system pressure

Al the tme of the trip, operators verihed that the reacior trip and bypass breakers were open, that all
control rods were fully inserted, and that neutron flux was decreasing.  An Auxilinty Feedwater actuation
occurred as a result of steam generator low=low level sighals. This s & normal plant response following a
trip from %6% power A Main Steam Line Isolation was manually initiied due to the line break in the
Turbine Building No addwional engineered safely feawres were required or initiated.  There was no
operational, maintenance. or Construction activities in progress at the ume which affected the event. The
plant stabilized at approximately 1841 hours based on stable reactor coolant sysiem temperatures, the
restoration of normal letdown flow, and restoration of normal pressurizer pressure control

The cause of the failure of the DEM lines was severe wa!l thinning downstream of the contral valves

The wal! thickness of the carbon steel, six ingh, schedule 40 pipe had decreased from a nominal
thickness of 0.280 inches 0 (020 inches at the failure sites. The cause of the thinning is attributed (o
single phase erosion/corrosion. Piping design. fluid temperature, high fluid velogity, and oxygen content
of the flud contributed to the accelerated wear rate. The original piping design in the eurly 70's had not
considered the significant reductions in fluid oxygen levels that would be achieved by the time the unit
was ready for operation. The minimum thickness oceurred adijacent to the ¢control valve(s), and
increased by U 011 inches per inch downstream from the valve(ss

The configuranon of the failed piping was & horizontal run of 10" piping which reduced (o 6" piping
upsiream of a 6" control valve. The 6" piping extended up to a 6" manual solation valve, then
expanded to 10" piping, before tying inte the Condensate System. While it 5 normal to reduce the line
size Of piping directly upstream of a control valve, in typigal piping designs, the piping 13 increased to the
onginal line size immediately downstream of the assogiated control valve (see Figure 2)  The fluid
velocity in the piping downstream of the control valves has been cal¢ulated 10 be in the range of

17 Iusec. which when coupled with the low oxvgen levels produces a high erosion rate

An erosion/corrosion montioring and inspection program for these non-safety related piping systems was
developed and has been in use [ollowing the failure of non=salety related piping at Surry in 1986 NRC
Nouge 86106, Cieneric Letier 89=08 and other documents aided in this development by providing
information regarding computer programs such as the EPRI CHEC program to predict piping areas
susceptible 1o single phase erosion/corrosion and the developmental MIT program. A data entry error
resulted in the DSM system piping not being entered nto the computer program. A comprehensive
review has determined that no other piping was omitled
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This event is being reported in accordance wich 10CFRA0.73(a)(2)(iv) as an event or condition that
resulted in manual or automauc actuation of any Engineered Safery Feature, in¢luding the Reactor
Protection System. An immediate notihidation was made in accordance with 10CFRS0.72(b) (2) (i

There were no significant safety consequences due to this event. The loss of instrument air o
Containment resulted in a loss of normal non-safety relued pressurizer pressure and ievel control. Ac g
result, pressurizer pressure increased 1o the PORV setpoint. The PORV's funcuoned as designed to
prevent pressure increases bevond the PORV setpoint. The safety grade lewdown flowpath was available,
but 1t was not used because restoration of the normal flowpath was expected. After the PORV cycled
the second time, both the valve open and valve ¢losed lights on the main control boards remained
illuminaied, PORV discharge tailpiece temperature was used to verify the PORV had reseated. The loss
of power in the Turbine Building led 10 & loss of power to the plant process computer, rendering the
Safety Parameter Display System (SPDS) unavailable. Control Room operators used the backup status
trees to venty criucal stawus functions. Monitoring functions normally performed by the computer were
performed manually until power was restored to the computer

- , ‘

The damaged sections of pipe were removed. Temporary pipe caps of & material consistent with the
original svstem design were instalied, The plam returned to power utilizing the Moiswure Separator drain
system afternate drain lines. (See Figure 1). During the third refueling cutage (RFO3), which began on
February 2, 1991, the six~inch diameter piping unstream and downsiteam of the level control valves was
replaced with six-inch piping having greater erosion/corrosion resistant properues (i.e., 5% chrome-moly,
schedule 40 pipe (A=33%8, grade PS)). The exisung piping configuration was determined to be acceptable
with the ¢hange in piping materig!

The erosion/corrosion program was reviewed to verify that no other systems of portions of systéems were
omitted fraom the erosion/corrosion analysis. The affected DSM lines were added 10 the inspection
program. These lines will remain in the inspection program even though they would be exempted
pecause of the high chrome content of the replacement piping. Prior to the restart of the plant following
the pipe break, nondestructive examinations were performed on the remaining sections of piping, on
weids upstream and downstream of the {ailed piping, on @ representative sample of piping with similar
¢onfigurations, and downstream of the alternate drain line control vaives. The DSM piping downstream
of the aiternate drain line control valves was inspected again during the refueling outage. The remaining
piping svstems with similar configurations were inspected during the refueling outage

The complete erosion/corrosion program was remodeled using the CHECMATE program. The
CHECMATE inspection output was analyzed to identify any piping that required inspection prior 1o
returning to service following the refueling outage. A tatal of 164 erosion/corrosion examinations were
performed prior to and during RFO3. Three piping lines were identified as requiring repairs in addition
10 the original DSM piping. All repairs have been completed. In addition, three piping lines were
identifted as requiring monitoring during the operatng cvcle (i.e., Cycle 4)

The instrumen! air containment isolation valve control cirguitry was modified to prevent valve Isolation on
a loss of power to the current 16 pneumatic (I/P) controller

An engineering task force was formed 1o investgate the root cause and 10 provide corrective action
recommendations. The task force report has been 1ssued and the report 18 gurrently being reviewed. An
update repart will be sumitted by June 7, 1991, to discuss implementation of the corrective action
recommendations
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