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EXECUTIVE SUMMARY

At 4:33 p.m., December 31, 1990, a pipe braak occurred in the turbine
building at Millstone 3. The operators responded prompily with a manually
‘nitiated turbine trip and a manually initiated main steam line isolation
trip. NRC Region | formed an Augmented Inspection Team (AIT) to investigate
the event. The AIT leader was James Trapp, NRC Region [. Other NRC staff
nembers of the AlT were David Jaffe, NRR; Herbert Kaplan, Region [. Stephen
Koscielny, NRR; Tom Shedlasky, Region 1; Eugene Trager, AEOD: and Jimi
verokun, Region 1. Urville Meyer, ldaho Nationa)l Engireering Laboratory
(INEL) provided assistance as part of an AEOD program to study the human
factors of operating events. The AIT conducted an on-site investigation from
January 3 to January 7, 1991. This trip report provides a review of the
operational details of the event and an analysis of the human factors that
were part of the event,

On December 31, Millstone 3 was at about 86% power on the last few weeks
of a power coastdown cycle before refueiing. At approximately 1:30 p.m.,
December 31, a pencil si-ed leak was identified in the discharge piping of the
moisture separator drain (OSM) pump A. This piping is 6-inch carbon steel and
carries 380°F water at a nominal pressure of 600 psig and velocity of 17
ft/sec to the condensate header. The leak was a through wall leak immediately
downstream of a flow contro) valve. The area of the leak was examined
visually by maintenance engineering, a Unit 3 plant engineer, and operations
management. It was decided to isolate the Jeak by using manual valves
spstream and downstream of the leak, allow the pipe to cool, and inspect and
repair the pipe.

The evening shift (3:30 - 11:30 p.m.) proceecad to carry out the
isolation of the pipe. The shift control operator (SC0) elected to personally
close the two manual valves. He closed the valve on the pump side of the leak
and then moved to a phone box about 20 ft distant where he contacted the
balance of plant control operator in the control room and directed him to tu™n
of f DSM pump A. The leaking pipe ruptured immediately after DSM pump A was
turned off. In addition, the discharge pipe tor DSM pump B ruptured at



apparestiy the same time, tubsequent fnvestigation found that the inner wa!l
of Loth p.oes had been thinned by an erosfon/corrosion mechanism,

The SRO was sprayed with moisture and rust but was not injured. He made
his way through the turbine butlding, which was rapidly filling with steam,
ang to the cantrol room where he ordered & manual reactor trip. The reactor
trip and manua) steam line fsolation trip were executed by the control room
operators within two-and a-half minutes of the pipe rupture.

The most pressing problem was the loss of instrument air to air operated
calves within the contatnment. The moisture in the turbine building had
caused a loss of electrical power tC an elertrical -to-pneunstic (1/P)
converter which in turn closed an fsolation vaire in the instrument air line.
The loss of instrument air closed the letdown vilves and the pressurizer spray
salves. The immediate response of the operators wai t¢ reduce charging to the
ninimum required by the reactor coolant pump seals ard to assure that
pressurizer pressure control by the PORVs occurred. Teamwork by the operators
ind instrument an¢ control cechnicians then successfully diagnosed the problem
and devised an expedient method of resolving it. This orovides an example of
successful, knowledge-based, problem solving.

The plant operators responded well to viier pro (% caused by the pipe
ruptures, principally, the rising water leve) in .6 curbine building from the
ruptured condensate system and frow melted fire sprivkler heads and the
fatlures and grounds in non-class 1E electrical load centers. The response to
these problems appeared to have been well prioritized and coordinated.

The root cause of the event was human error in applying a computer
program to {dentify piping in the secondary systems that mignt be sub ect to
erocion-corrosion. Evidently, the result: of the computer program nad not
received final engineering valid=:ion, nor had there been a follow up review
of progress of the program,

The r'sk to personne) that was evidenced by the through-wall pipe leak
was not recognized nor controlled. The SCO and several other plant staff
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personne] were rnear the leaking pipe and expnsed to risk {n the approximately
3 hours detween discovery of the leak and the pipe rupture,

In addition, command and control was diminished when the SCO elected to
manually fsolate the leaking pipe by himself. In doing so he was out of
direct communication with the control room and out of contact with any other
operator. His escape from the turbine building and resumption of control room
command facilitated the prompt response of the operators.
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1. INTRODUCT[ON

1.1 Burpoie

Nuclear Regulatory Commission (NRC) Region | formed an sugmented
inspection team (AIT) to fnvestigate the turbine building pipe break and
subsequent manual reactor trip, which occurred at Mil1stone 3 on December 31,
1990, During that event two 6-inch moisture separator drain (DOSM) pump
discharge 1ines failed catastrophically while the plant was operating at 86%
power, releasing 380°F water from the condensate system. This report
descrives the results of on-site analysis of the human factors involved in
that event,

1.2 Scope

The human factors study focused primarily on the actions of control room
operators during the December 31, 1990, pipe rupture event at Millstone 3
hased on data from discussions, plant logs, and interviews with control room
operators and other station staff. Idaho National Engineering Laboratory
(INEL) provided assistance to the AIT as part of the Analysis and Evaluation
of Operational Data (AEOD) program to study the human factors of operating
events,

1.3 Qn-site Analysis

The on-site AIT consisted of:

James Trapp, NRC/Region | (Team Leader)

David Jaffe, NRC/Nuclear Reactor Regulation (NRR)
Herbert Kaplan, NRC/Region |

Stephen Koscielny, NRC/NRR

fugene Trager, NRC/AEQD

Tom Shedlosky, NRC Haddam Neck

Jim{ Yerokun, NRC/Region |

Orville Meyer, INEL.

The team was at the Millstone 2 site from January 3 to January 7, 1991,
1



[PTION OF THME EVENT ANALYS]S
¢. 1 Raskaround
The Millstone Nuclear Station 1s located on Long Island Sound near the
town of Niantic, Cennecticut There are three units, essentially independent

Ptk

with 2 separate .ontrol room for each nit 1 15 a 660 Mwe BWR that begat

5 - 2 . ada a But
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that began commercial operation in 1975 Unit 3 1s & 1154 Mie, 4 lo0p
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westinghouse PWR that began commercial operation on 4/23/86

nit 3 was in nd of cycle, power coastdown operation wi
wh planned f J 199) The poner lTevel at the time of the event
vas approximately
The pipe break occurred in the DSM system, which returns water collected
by the turbine generator moisture separators to the condensate header, which
also serves as the suction header for the main feedwater pumps There are twe
OSM pumps, 30SM-P1A and 30SM-P1B, which discharge through individual flow
ontrol values and 6-inch, 600 psig, carbon steel pipes into the condensate
header The flow in the 6-inch discharge pipes consists of 3B0°F 1iquid at a
sminal velocity of 17 ft/sec. The AIT found that the.e flow conditions made
these 6-inch pipes susceptible to thinning of the pipe wall by

OR

sion/corrosion, Millstone 3 had reviewed piping in the secondary systems

for susceptibility to erosion/corrosion using guidelines provided by EPRI;

however, these two 6-inch pipes were not fdentified as susceptible due to
man error in the application of a computer program for use of the Electric
wer Research Institute (EPRI) guidelines.

Both 6-inch discharge pipes fatled essentfally simultaneousl;. The NSM
PIA discharge pipe fatlure opened about half of the pipe circumference, while
the P1B discharge pipe suffered a complete break, he pipe breaks permitted
the condensate system to blow down through the condensate header and back
through the fa‘led 6-inch pipes. The pipe breaks were preceded by a pencil:
1ze leak that existed for at least three hours,




The Millstone 3 staff had previous experiences with relatively minor
steam leaks 1n the secondary system, At least one of these had been a leak
through the wall of a pipe rather than through a mechanical seal. The leak
had been caused by jet impingement from a smaller pipe, which was fed into the
larger pipe, The consequent thinning of the pipe wall was localized and did
not cause significant weakening of the strength of the piping section,

The pipe breaks on December 31, 1991, occurred about an hour after the
evening shift (3:30 to 11:30 p.m.) had assumed contro), The control room crew
consisted of:

Shift Supervisor (55), Senior Reactor Operator (SRO) licensed
Shift Contro) Operator (SCO), SRO licensed

Reactor Contro)l Operator (RO), RO licensed

Balance of Plant Control Operator (BOP), RO licensed

Shift Supervisor’s Staff Assistant (SSSA)

These operators had worked together on this crew for approximately two
years, The BOP had been a licensed operater since 1987, while the §§, SCO,
and PO had been licensed operators at Millstone 3 since the first nuclear
operction in 1985, The $CO had 10 years experience on nuclear submarines
prior to joining the Millstone 3 staff,

The SCO was in the turbine building in close proximity (approximately
20 ft) to the two 6-inch pipe sections when they ruptured. He was on a phone
communicating with the BOP, who had just turned off pump 3DSM-P1A, when the
pipes ruptured. This helped define the time of the pipe break. The SCO
exited from the turbine building with some difficulty but without harm and
entered the contro) room in about 2 minutes. He reported a steam leak in the
turbine building, and a manua)l reactor trip and main steam line isolation were
promptly initiated.



2.2 Lime Ling of the Lvent

The following event-time-1ine sequence was develnped from interviews with
the control room cperators and the duty officer, copies of control room logs,
and data derived from the plant computer by the Millstone 3 staff,

22 LAl

1:00 p.m.

2:30 -
30 p.m,

The management duty officer began a tour of the turbine building
and did a complete walk-through of the toncrete floor (elev

14 ft 6 in). Upon his return to an ared where mechanics were at
work he noticed a growing puddle of hot water. The mechanics
confirmed that the leak was growing rapidly. The duty officer
obtained the help of the turbine building plant equipment
opecatar (PEQ) and found the leak was coming from under the
thermal insulation package around flow control valve 3DSM-LCV.
20A1, which 1s located above the turbine building mid-level
(elev. 38 ft 6 in) and below the concrete operating floor (elev
64 ft 6 in) and is accessible by ladders and catwalks,

During this period the control room was notified of the leak.
Maintenance workers removed the insulation package from valve
30SM-LCV-20A1, and a visible, penci) sized jet of steam and
1iquid was seen shooting upward from the pipe wall about four
inches from the outlet port of the flow control valve. The area
of the leak was inspected by the duty officer, the maintenance
supervisor for the turbine building, a maintenance engineer, and
an engineering supervisor. The leak was discussed with the
Millstone 3 Superintendent. The decision reached was to (2)
isolate the leak early on t“: “vening shift by shutting manual
valves 30SM-V4 and V7 and (b) allow the pipe to cool down for
inspection and repair,

(This aciion would permit the repairs to be made while
continuing power generation since the flow from moisture
separator drain tank 3DSM-TK1A could be diverted directly to the

-



3:30 p.m.

a:15 p.m.
\approx)

o

133:49 .66
p.N.

F=

:33:52 p.m,

e

133:52.84
p.m.

e

:35:14.968
o.M,

4:35:15.96
p.m.

condenser through valve 30SM.-VI7. Evidently, there was no
remark or discussion of the possible hazard posed for personne!
by the leak or of the possibility that the leak could be an
{ndicator of an impending failure of the pipe. The manual
valves that were to be closed for isolation of the Teak were in
the immediate area of the leak. Use of remotely operable valves
for isolation of the leak would have required a shutdown from
power operation to hot standby.)

The evening shift assumed control room duty responsibilities.

The $C0 elected to isolate the leaking OSM pipe section and went
to the locatic of the 3DS4-v4 valve between the 3DSM-PIA pump
and the flow control valve. He was unaccompanied and the
turbine building PEO was unaware of his presence. After closing
10SM-V4 the SCO went to a "Hear-Here" phone box located on 3
grating deck above the DSM piping, approximately 20 feet distant
from the leaking pipe. He contactad the BOP in the control room
and directed him to turn off pump 30SM-PIA.

The BOP tripped the breaker for 3DSM-PIA. The 80P was still on
the phone witt “he SCO and heard a loud exclamation from the
$CO, and then .he phone went silent.

The steam-flow-greater-than-feedfiow mismatch alarm sounded for
all four steam generators, (Feed pumps had lost suction

pressure.)

The bus 32A ground alarm sounded,

Main feedwater pump A tripped on low suction pressure.

The feeder breaker for bus 32A tripped open.



$:35 p.m,

£

:35:45.72
p.m,

=

135:45 (o4

P
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135:46, 26
p.m,

K

136:03 p.m,

4:38:13.548
p.m,

The SCO had been near enough to the ruptured pipes to have his
shirt thoroughly wetted and covered with rust from the internal
wall of he pipe. However, he was not burned. He was concerned
about & safe route for exit frox ‘“e turbine building, which was
fi111ng with conuensed steam. MHe exited using the concrete main
operating deck, which provided some protection from the steam.
The SCO re-entered the control room, reported a major steam leak
in the turbine building, and ordered a reactor trip,

‘he RO manually trippe « v, The RO recommended
inftiation of a matr s, em line isolation trip,

The turbine was tripped automatically by the reactor trip. This
greatly reduced condensate flow to *he hot well and out the
break.

The motor driven auxiliary feedwater puwps A and B started
automatically and provided feedwater flow to the steam
generatars from the demineralized water storsge tank,

The main steam isolation valves (MSIVs) were closed by the
manual main stream 1ine isolation (MSLI) trip. Clesing the
MSIVs prevented any steam from the steam generators from feeding
the break flow through any secondary system path.

Inverter 6 was lost, resulting in loss of the plant computer
logging of plant parameters. (This meant a loss of computer
data for this event after this time, but the operators also
reported that this inconvenienced their plant recovery efforts.
Times are aporoximate after loss of the plant computer.)

The loss of inverter 6 had resulted in loss of instrument air to
air-operated valves in the containment. The operators observed
that air operated valves in the containment had failed closed,
but had no direct indication that the cause was the loss of
invertor 6. The rormal pressurizer spray valve had failed



closed as had valves for auxtitary spray from the charging

system, This left the pressurizer power-operated relief va)ves
(PORVS) as the means of pressure control, and the operators
allowed PORV-455A to cycle on automatic pressure contro)

Pressurizer level continued to increase. Air operated letdown
valves in containment fatled closed, and the operators ~educed
charging flow to the minimum flow required by the reactor
solant pump seals This stil] caused a slow increase in
pressurizer level, which was not stopped unti) instrument air

was restored to the containment

Reactor temperature was increasing and use of the turbine bypass
vilves was not possible because of the pipe break in the
condensate system, Steam generator secondary pressure was
increasing correspondingly but the steam generator atmospheric
dump valves (ADVs) did not 11ft. (Inftiation of the MSLI trip
had also blocked the automatic opening of the ADVs on increasing
steam generator pressure.)

Re-entry into the turbine building was now possible. Condensate
system water at 70°F flowed from the failed pipes. Various fire
deluge "~ tem sprinkler heads had melted from the heat and the
flow was adding to the water from the condensate system. Water
level was increasing to underneath the condensate pumgs. 01)
was present in the water, which meant that an of) water
separator had to be rigged before the water could be pumpad into
Long Island Sound. Fire deluge main valves were shut to stop
the flow from the sprinkler heads. Work to remove water and dry
out electrical load centers continued through the remainder of
this shift and beyond but was not directly related to the

efforts in the control room to recover norma) contro) of reactor
plant parameters,

Control room operators reset the MSLI trip, thereby unblocking
automatic operation of the ADVs. An ADV began cycling to limit




6:35 p.m,

6:40 p.m,

steam generator pressure to 1065 psi, which corresponds to 588°F
reactor coolant temperature. The pressure had not reached the
setpoint for the ASME code safety valves. Steam flew througt
the ADVs with feedwater supplied Uy the motor-driven auxiliary
feedwater pumps was removing decay heat,

Control room operators had continued to diagnose the loss of
instrument air to the containment and had pulled the electrical
control logic diagrams. Two instrumentation and control (I&C)
technicians had observed the steam in the turbine building and
had gone to the control room to offer assistance. They decided
that the probable cause of the loss of instrument air was that
loss of invertor 6 had caused loss ~f “lectrical power to an
electrical-to-pneumatic (1/P) conver .-, which had caused a
containment air pressure regulating valve 31AS-PV-15 to fail
closed, Although 31AS-PV-15 1s ciassified as a containment
isolation valve, the /P converter could be bypassed since two
solenoid valves in series provided a redundant containment
isolation means. [The need for autcmatic pressure regulating
mode of 31AS-PV-15 through the [/P converter had been deleted
before this event by a design change. The PV-15 valve was
required to operate now only in the open/closed mode). The SS
and the duty officer zuthorized a "jumper-bypass® of the /P
regulator per the station’s administrative procedures. The [A&C
technicians founo that the [/P converter mechanisms could be
mechanically wedged open, which would open 31AS-PV-15, This was
a more expeditious method than installing tubing to bypass the
I/P converter. Instrument air to containment was logged as
restored at 6:35 p.m,

Normal control of the letdown system was restored and thus
normal control of charging and letdown and primary system
inventory. The pressurizer level increase was limited to R3%
and pressure increase had been limited by the PORVS to prevent
11fting of the ASME code safety valves,
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2.3 Analyais
2.3.1 Ceerater Response

Licersee personne) performed well during this event. They quickly
identified the problem, manually tripped the reactor, isolated the main steam
system, and initiated recovery activities. During recovery the operators kept
the plant in a stable condition in spite of problems due to equipment damage
resulting from steam and flooding, including a loss of instrument air to the
containment and numerous alarms caused by both real equipment problems and
false electrical signals.

The constructive teamwork among the station staff {s also noteworthy.
The event occurred at 4:30 p.m. New Year's Eve and adequate support personne!
were avatlable, many of whom volunteered. Among those who assisted the
control room operators were [AC technicians, four PEOs from Unit 2, and two
engineers from Unit 3 engineering. In addition, "ocal operations were carried
on in parallel in the turbine building to de-cil and remove the water and to
carry out other recovery efforts.

The emergency operating procedures were entered and properly executed.
vowever, after the immediate actions were performed, recovery of the plant was
based upon the operators’ knowledge of plant systems as derived from training
and experience and the use of normal operating procedure where applicable.

2.3.2 Qisgnostics and Decision-making

A major problem in maintaining control of reactor pressure and inventory
was created by the loss of instrument air to the pneumalic operated control
valves within containment. The indications of this problem were the
increasing pressure and level in the pressurizer because the RCS letdown
valves and pressurizer spray valve were closed. The SCO and the RO realized
that the pressure increase would be limited Ly the automatic action of the
PORVs and by the ASME Code safety valves. No automatic means of limiting the
increase in level was present. The SCO took immediate action to limit the



rate of increase in level by manually reducing the charging flow to the
minimum required flowrate for the reactor coolant pump (RCP) seals.

The SCO and the RO deduced that the basic problem was loss of instrument
air to the containment and fn reviewing panel indications found that the air
pressure regulator valve PV-15 was closed. The control logic diagram for this
valve was pulled and confirmed that PV-15 was controlled by an [/P converter.
Since indications of loss of some electrical power load centers were present,
it was concluded that #V-15 had failed closed due to a loss of electrical
power to 1ts converter. At this point the SCO and the RO were jeined by an
I8¢ specialist who was not assigned to the shift but who volunteered to help
the control room operators.

The SCO and the RO deduced that the [/P converter for PV-15 should be
bypassed and that this should be permissible, even though PV-15 was a
containment isolation valve, because there were two solenoid-operated
isolation valves in series with the converter. The SCO obtained the proper
authorization for bypassing PV-15 and then directed the IAC specialist to
install a bypass around the converter for PV-15, The I&C specialist examined
the instrument air tubing around PV-15 and suggested to the SCO that the I/¥
converter for PV-1% be wedged open since this would be more expediant than
installing bypass tubing. The SCO agreed and the wedge was installed. This
opened PV-15, restored instrument air to containment and restored control of
the pressurizer spray valves and letdown system valves,

The SCO, the RO, and the I&C specialist had thus moved efficiently
through problem identification, diagnostics, action selection, and action to
restore normal contro) of pressurizer pressure and level. The pressurizer
level increase was limited to 83%.

2.3.3 Control of Risk to Personnel

The Unit 3 duty officer, a maintenance engineer, an engineering
supervisor, a maintenance supervisor, operators, and other Unit 3 staff had
observed the st~im leak prior to the pipe rupture. There was apparently a
lack of awareness by these individuals that the through-wall pipe leak could

1¢



O€ 3 precursor to a catastrophic fatlure. Othe through-wall lesks in the

secondary systems piping had been experienced durf
eaks had been due to localized flaws,

g Unit 3 operation. These
SUCh a8 those cause by Jet impingement
where a smal) pipe tee’'d into a larger diameter pipe. There ippeared to be 2
'ow level of awareness among Unit 3 staff that a through-wall leak in

pressurized piping Indicates diminished strength as well as tightness and

particular, that there are mechanisms such as erosion-corrosion that can

-

Jecrease the piping strength to the ,.int of incipient fatlure. As & resy

velween the time that the leak was detected and the time of the pipe rupture
perators and other station staff unnecessar! s rigked serious or lethal

Ury when they ware in proximity to the pipes that uitimately failed

.4 (ommand and Control

Although 1t 1s beneficial for & conirol room operator to retain a “hands

"

state of knowledge of local operations, command and contro) was diminished

when the SCO elected to manually 1solate the leaking pipe section by himse!f

This was because the SCO operated in mid-levels of the turbine building

without direct means of communication with the control room and without
-Ontact with a local operator. (The turbine building PEO did not know that

the 5C0 was in the butlding.)

contro)

The SCO escaped injury and returned to the
room where he played an mportant role in recovery of the plant

¢.3.5 Human Error

This report 15 concerned with the human factors that influence the
performance of reactor plant operators. However, the root cause of this event
that placed out-of-the-ordinary .ask demands upon the plant operators was the

error by non-operating personne! who were applying a computer prooram for

H
v

Jetermining vhich pipes were subject to erosiyon/corrosion t was obvious

5

after-the-fact that the DSM pump discharge pipes would have been susceptible <Te
erosion/corrostion.

A contributing factor was management's failure to verify
that the erosion/corrosion program was adequate.




3. SUMMARY OF FINDINGS

The plant operetors responded promptly and effectively to the
consaguences of the pipe ruptures in the turbine building. The support to the
operators provided by other station staff was well-coordinated and was
volunteered to & significant extent. Actions seem to have been prioritized
w611 since varfous measures were taken in their proper time frames, for
example reactor trip and main steam fsolation in 2 172 minutes followed by
restoration of letdown control fn 2 hours.

Restoration of instrument air to containment provides an instructive
examnle of diagnostic problem solving using know)edge rather than a diagnostic
procedure. The time required was approximately two hours, which 1s
representative of the times required for effective, cognitive problem solving.

The possible risk to personnel that was created by the through-wall leak
was unrecognized by station personnel and management . This situation seems
related to the lack of a periodic or final validation of the erosion/corrosion
program, which might have provided a defense against the human error that
caused the DSM pipes to be overlooked. Such a validation might have also
provided increased awareness among the operating staff of the risk of
erosion/corrosion of secendary piping.

Finally, the SCO experienced a close call and escaped serfous injury.

This highlighted the somewhat diminished state of control room command and
control that resulted when the SCO chose to isolate the piping by himself.

12



