
+

# ll I
'

* liuke huter Cvmpu% (Wil MI W.

Gatan bu Nuclear Statron<

H!!0 Concord Rd,

brk. 5 C 9?d.

.. DUKEPOWER
2

March 30, 1992

Document-Control Desk
. U. S. Nuclear Regulatory Cocunission
Washington, D.C. 20555

Subject: Catawba Nuclear Station
Docket No. 50-414
IIR 414/92-003

Gentlemen:-

Attached is Licensee Event Report 414/92-003 concerning AUXILIARY FEEDWATER
SYSTEM DESIGN DEFICIENCY.

This event was considered to be of no significance with respect to the health
and safety of the public.

Very truly yours,
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W. R. McCollum
Station Manager
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ABSTRACT

-on March 2, 1992,. Units 1 and 2 were in Mode 1, Power Operation, when a design
deficiency was discovered. The Auxiliary Feedwater (CA)-System motor. driven
pumps (MDP).were conservatively declared inoperable at 2040 hours. Design
Engineering discovered that failure affecting one train the CA System control
circuitry would disable control functions of the opposite train. The
preliminary- conclusion t as that under the we ? case accident conditions as

described by the FSAR., the CA System would not provide the required minimum CA
. flow to two intact Steam Generators (S/Gs) without operator action. The
design intent of the CA Systems is to incorporate physical and electrical
separation between trains in order to accommodate a single failure without
-loss of the intended-safety-function. The CA MDps were declared opcrable on
March 2, at 0130 hours upon implementation of temporary compensatory actions
which employed the use of operators dedicated to manual operation of CA flow.
Subsequent analysis showed that adequate core cooling would have been
maintained under the postulated conditions. This incident has been attributed
to design oversight. The CA control circuits were modified to ensure control
circuit separation. An analysis will be performed to determine if the CA
Turbine Driven pump can be aligned to all four S/Gs.
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BACKGROUND

The Auxiliary Feedwater [E1IS:BA) (CA) System provides a safety related source
of emergency feedwater to the steam generators lEIIS:HX) (S/G) during plant
conditions where the Main Feedwater |EIIS:SJ) (CF) System is not available.

,

}
Loss of CF is defined as rapid reductions in S/G water levels, a turbine
(EIIS:TRB) trip, and CA actuation by the protection system logic. During
these conditions the CA System is relied upon to remove energy from the
primary coolant due to residual core energy in order to prevent
overpressurization and expansion of the Reactor Coolant lEIIS.AB) (NC) System
which could result in fuel damage. Following a reactor [E1IS:VSL) (Rx) trip
from power operation, the power quickly falls to decay heat levels. If CA is
' not available and no operator action is taken, secondary water levels will
continue to decrease as pressure is released from the S/G through the S/G

relief valves IEIIS:V).

L The CA System for each unit includes two motor driven pumps lE1IS:P) (MDP A li,
B), powered by separate and redundant safety related power supplies, and a
steam powered turbine dr2Ven pump (TDP). Normally, MDP A is aligned to S/Gs A

,

and B, and MDp B is aligned to S/G C and D. The TDP is normally aligned to

S/Gs B and C.

The CA MDPs auto-start signal is initiated from any one of the following
conditions;

1) safety injection

2) loss of off-site powerr
3) low-low level in any S/G

4) both main feedwater pumps tripped
5) start signal from the Anticipated Transients Without Scram (ATWS)

mitigation system actu; tion circuitry (AMSAC)

The CA TDP is automatically started on Loss Of Off-site Power and 1,ow-Low
Level in any two S/Gs.

The preferred sources of water for the CA Systerr - the upper ar ge tank, the
CA condensate storage tanks, and the condenser ' wells. The :,t. lear Service

Water (EIIS:BI) (RN) System is the assured source of weer fcc the C, System.

A CF line rupture is of particular concern in that the unit not or y loses
feedwater flow to the S/Gs, but also results in loss of CA flow 50 the
renaining effective S/Gs since the CA System would deliver more flow to the
f aulted loop becat,se of lower backpressure. CA flow to the faulted loop may
be partially ineffective in removing core heat because the water would escape
through the break without being converted to ateam. The CA System decign
limits the flow to the faulted loop to ensure that sufficient flow i s,
delivered to the remaining intact S/Gs. The CA System shall provide a minimum

|
!
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' flow of 490 GPM to two intact S/Gs following a feedwater line break. For
__

certain combinations of a f aulted S/G and one inoperable CA motor (EIIS:M0] 3
driven pump, the operable MDP and the TDP are required to operate at the same
time to provide the minimum flow assumed in the design analysis.

' The flow optimization circuit for the CA System is used to close motor *

operated isolation valves on the supply lines to S/G B or C when a motor
'

driven ;2 ump has. been started manually or automatically, the turbine driven
pun:p is operating, and the motor driven pump on the' opposite train has f ailed
to start or the discharge pressure was below 200 PSI. This ensures that the
minimum CA_ flow will be established if the operating motor driven pump is
connected to'the failed S/G. For example, if motor driven punip D and the
turbine driven pump are running, and mot r driven pump A is not running 60
seconds after the CA start signal, the C MDP B Discharge Isolation Valve, CA-
46B, will automatically close and isolat. 3/G C from MDp B.

Problem Investigation-Report 0-C92-0014 was initiated to resolve concerns with
the accident analysis _of Final Safety Analysis Report 15.2.8. The concern was
the amount of time required to develop full CA System flow af ter receiving the-
CA start signal which was assumed to be 60 seconds. It was discovered that in
a feedwater line break accident where one CA motor driven pump falls to
operate and a faulted S/G exists on the supply line from the operating motor
driven pump, up to 35 additional seconds lu required to allow for operation of
the isolation valves initiated by the flow optimization circuit. Resolution
of.this question concluded that a total delay of.95 seconds was acceptable.
JDuring subsequent analysis of the original question, a design deficiency in
the' flow optimization circuitry was discovered.

,

-EVENT DESCRIPTION

On January. .10, 1992, Unit I was in Mode 1, Power Operation and Unit 2 was -in
Mode 2,-Startup. A Problem Investigation Report was initiated concerning-

O Final Safety Analysis Review (FSAR) Accident Analysis Section 15.2.8,
Feedwater System Pipe Break.

-_On March 2, 1992, Unit I and Unit 2 were in Mode 1, Power Operation. Design
Engineering notified the station of the operability question involving the CA

L ' System and its flow optimization circuitry. The flow optimization circuit had
| been found to ba vulnerable to a single failure which could affect the ability

of the CA System to provide adequate hest removal during a feedwater line
break event.

At 2040 hours, inoperability statements for the motor driven CA pumps were
received by Operations. Compensatory actions were developed in order to keep
-both units conditionally operable. The compensatory actions required
dedicated operators to monitor the CA system flow in case of a feedwater line

Y nern mA m
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break. The extra operators would then icolate the oppropriate S/G to enoure
that t he nd nimum required f low was maint ained, taking act ion based upon
existing emergency procedure guida:ce.

!
e On March 3, at 0030 houro, a tour hour NHC not111 cation was mado du- to the

potential of lona of heat removal capability under certeln postulated accident
. conditlena.

At 0130 7. caro, the corpensa. tory action was approved and iraplemented.

On March 11, at 0900 hours, Unit I flow optimination circuit modificationu
were completed. The Technical Specification Action item 1.og (TSAIL) wan
cleared and the compensatory actions were discontinued.

On March I'), at 1400 hourr,, Unit 2 flow optimization circuit modifications
t<ere completed, t he TSAIL was cleared, and the corrpensatory actionn were
discontinued.

i

CONCLUS13

During an unrelated design review, analyclu of the CA System flow optim12at ion
1 circuit concluded that per the exinting FSAR analynia, ningle failure coulde

cauce an undercooling event under postulated worst ca.nc feedwater line break
conditions. The CA System MDPs for both unita were conservatively declared
inoperablo, and a four hour NRC notification was made. Compenuat ory measures
were feveloped and implement ed An order to return t he MDPu to an operablo
stat us until the modilicationa could bo inctalled on the f.< w ed 'm$ nation
circuit ry .

Thic event has been attributed to a Design Deficiency aM. ,a r px inblo por
Section (a)(2)(11)(li) of 10CFR50.73 becauce the units were operated under
conditiona out. side the cui rent design basis due to a singlo ialluro
vulnerability in the flow optimization circuitry. Crocifically, the feedwater
1.ine break analyals acaumen CA flow to the f aulted S/G is 1 rotated early in
the feudwater line break event. Flow optimization circuitry in provided to
aat aatically accomplish thin f unction. Liecauce of a single failure
vulnerability, it la possible that the flow optimizataon circuitry would not
hat t autccatically isolated flow to the inulted S/G.

Although discussed later under Safety Analyuic, it la important to note that

,
.

the existing emergency proceduren covering feedwater line break events da
! \ l'iclude a step to identif y and isolate the f aulted S/G. This in a manual

m Llon that occurs later, within 15 minutes in the feedwater 11ne break ev t,

tann at.sumed in the FSAR analyels (f>0 ceconda). However, further analysis nan
dm tmined that the delay in isolat ing the S/G uull the manual action would

, _ _ - ..
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be accomplisned (within 15 minuten) would utill maintain adequate heat removal
and est ablich proper CA f low in an acceptable time tramo.

It should also be noted that thin conclubion in dif f erent from the in Rial
det erminat ion t hat t he MDPs f or both unito were inoperable (4 hour NkC
notification). However, the initial determination and nubcequent compennatory
actionu were connervative.

During this period, tho analynin of t he postulated f eedwater line break event
continued and ultimately determined that. under actual candit ions, the heat
removal capability of the faulted S/G and oporator actionu required by
emergency procedurea to luolate the faulted S/G would maintain adequate heat
removal and entablich proper CA flow wit hin an accept able t ime i rame. In
additior., the amount of heat removal provided by the uniuolated f ault ed S/G
would corvert the postulated f eedwater line break neenario f rom an
undercooling event, an ntated in the current FSAR, into an event bounded by
the Main Steamline Break Accident Analynia (FSAR Chapter lb.1).

The dcoign intent of neparated redundant trains for t he CA Syst em was def eat ed
becoune c aponents, recniving cont rol actions on one t rain were dependent an
power irom the other train. The existing circuit required power irom one
train in order to open the normally closed contactn which initiated the
cont rol action on the opposit e train. The modified circuit now employs
normally open contacts which ensure that the control action takes place
regardleun of the oppoulte train power condit ion, planned corrective actions

inclub an analyuin into the possibility of aligning the TDP to all four S/Gn.

A review of the Operating Experience Program Database for the pact 24 aantim
revealed two other incidento attributed to Design Deficiency. hicenneo Event
Report (1.ER) 413/91-08 addr ecsed the inability of the Cont rol Room Vent ilat ion
iElls:VC) System to maintain centrol room pressure. Loan of non unfety power
to non-safety related instruments would have closed control room air intaken
which could not have been opened in time to avoid exceeding General Design
criteria 19 requiremants. LER 413/91-2S addreones inoperability of the CA
sump pump system. Throttling of the CA nump discharge valve created a
situation where there was inuuf ficient f lowpat h f rom t he cumpu. Altbugh
these events involved design deficient les, none of those eventa involved the
CA System flow optimization circuita. Therefore, thin in not connidered to be
a recurr2ng problem.

CORRFCTIVE ACTION

IMMEDIATE

1) Four hour NRC notification made,

fACFew Do4Ast.8h
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D 1mplemented compensatory action.

SUliSEQUENT

1) Developed and implemented nadif icat aann f or CA control circulta.

P1JJ414ED

1) Perform an analyais to determine if the TDP can be aligned to all
four S/Go.

SAFETY ANALYSIS

The f low optimization circuit automatically isolat es a inulted S/G f rom the
operating MDP and the TDP in an event where the opponite MDP la not
functioning. This circuit ensuren that the minimum required CA flow in
delivered to two intact S/Gu from the operable MDP and 1he TDP. The FSAR
Chapter 15 Feedwater line break accident ar.alyria takes credit for heat
removal by the two intact S/Gs only. Under thin analyulu, 490 GPM niunt be
delivered to two intact S/Ga within 60 seconda. No credit was taken for CA
flow to the f ault ed S/G.

Under the now analysis (performed using NRC approved methodology), 190 GPM ic
required within 60 seconda and 600 GPM in required within 95 neconde;
feedwater flow to the. faulted 8/G in analyzed for an intermediate period of
.ime, in this case, operator action la accumed por emergency procedure
guidance to isolate the faulted S/G f rom the operating MDP. With the operator

taking action within 15 minutes to isolate the faulted n/G, CA would provide
839 GPM to two intact S/Ga.

In actuality, a feedwater line break event would result in decreaced S/G water
level Joe to blowdown through the break. With the CA System actuated and
providing flow to maintain adequate water levels and heat trar.sf er, CA f low to
the faulted S/G would remove heat in amounta that result in an overcooling
event. The amount of heat removed in a feedwater line break la leco than the
amou'at thmt ib removed during the most signiticant overcooling event which in
a steam line break (the limiting overcooling event). Operator action
terminates the overcooling event at 15 minutes. The pontulated feedwater line
break in actuality la an overcooling eve-t and is bounded by the steam line
break accident analysin covered in FSAR nection 15.2.8.

Thus, the cignificance of the discovered design deficiency ic very low. The
analysis ultimately concluded that the concequences of a feedwater line break
without automatic flow optinization circuit response was acceptable and
concictent with the current design basis analysis. The MDPn were found to

*
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hwe been operstble }vr Technical Spec 111 cat ions f unctional requirenent s. 'l h e

CA pumps would have received thn appropriate signalo to start and perf orm
their intenued safety function. 1.dequate decay heat renoval would have Seen
nialntained under the postulated scenario. The health and c-tety of the public

were not af f ected by t his event.
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