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Dr. Thomas B. Murley

Aduinistrator, Ragion | L
U.S., Nuclear Regulatory Commission
631 Park Aveous '
King of Prussia, PA 19406

Operations

SUSQUERANNA STEAM ELECTRIC STATION
TURBINE BYPASS TRANS[ENT
ER 1003508 FILE 841

PlA=2329 Docket No. 50388

Dear Dr. Murley: 2

As & followup te our meating with your staff oo May 31, 1984, attached 1s &
detailed description and evaluation of the turbine bypass tranaient which

occurred at Susquahanna SES Unic 2 om May 28, 1984, Also attached is the ¥SAG .
report s the transient.

Very truly yours, O.
’
Vice Prasidant-Nuclear Operations
Attachment
eer R, V, Starostecki - NRC Region |
R, M, Jacobs =~ NRC Resident Inspector
R, L, Perch ~ NRC Bathesda
.
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Attachment |
PLA-2229

ITusbine Bypass Transient

Following shift turmover om May 27, 1984, Operations personnel began
establishing plant conditions to perform tha RCIC comtroller hot functional
tune-up test (HF+250-010). The EHC pressurs setpoint was reduced from an
initial value of approximately 930 PSIG to 920 PSIG ac the complation of CRD
soram Cime testing at 00:10 on May 28, 1984. Control rode were then withdrawn
£0 ineresss reactor power to open the #l turbine bypass valve to approximately
50X to ensure adaquate pressure control during the RCIC hot fumctional test.

Steam dilution flow to the secondary Steam Jet Alr Riactor (SJAR) began to
oscillate (+/«150 1b/hr) at approximately 23:50 based on strip chart recorder
data, This corresponds to the decrease of the EHC pressurs setpoint, At
spproximately 00145 the SJAR eteam flow increased from 9400 1b/hr to 9650
Ib/hr as reactor pressurs increased. The flow then decressed to 9400 1b/hr as
FAACLOT pressure decressad,

At approxzimately 01100 & control rod was selected and vithdrawn. This action
directly preceded an increasing smplitude oscillation of turbine bypass valve
position as the /1 bypass valva re-poeitioned to saintain s Tessurs setpoint,
The oscillation induced reactor pressurs and tyzm steam flow perturbations
which apparently induced offgas system steam dilution flow oseillations.
Variations in the offgas system flow rete would have & negligiblea effect on
reActor pressurs and would not be expected to influence FHC operation. The
offges system oscillations ware further complicated by the fact that two root
valves to the offgas main steam pressure reducing controller (PC-20701A) vers
inolated causlag the pressure control valves to bde open fully. A raview of
previous oscillations in the SJAE steam flow showed two oscillations occurred
on May 27, 1984 whan reactor pressure vas adjusted. Had the prassure
regulating valves been operable, the oscillations would have been dampened.
Offgan iwolated on low steam dilution flow at approximataly 01:01:03 due to
the oscillations in the steam flow caused by the incressing magnitude of the
oscillations in the total bypass valve capacity. This generated the first
indication to the plant control oparator (PCO) that an abnormal plant
condition existed. Subsequent engineering simulations of the resulting
transient support the supposition that the #2 turbine bypass velve openad at
01101115 which pressurised the #2 bypass valve discharge piping and caused
DATTOW TANRS TeaOtor pressurs to drop to 898 PSIG. Dats in the attached
Figure | shows an expected resctor pressurs drop of 20 pounds hased on main
staam line surge flow vhen two bypase valves {nitially open, This correlates
well wicth the recorded pressurs decreass of 19 and recorded steam flow
inereass. As resctor pressure decreased, vessel level swelled to
approximataly +33" due to increased. void formation and & MPCI high level trip
. vas generated. Process tomputer data indicates the bypass valves went

ly closed to recover reactor pressurs. Vesssl lavel dropped to 30" and the
fandvater system, in automatic vessel level control using the low load
controller (LIC-2R602), responded to the lavel perturbation by increasing
feadwater flow, Tha effact of reactor pressurs increasing due to the bypass
valve closure provided a net reactivity increase and subsequent small power
."“c
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The maximum AFRM power level recorded in the Shift Supervisor and Startup Test
loge during the transfent was 10X on APEM "E'. This APRN had & gain
adjustment factor of |.A5 as determined by Startup Test (ST) 12.1 which would
indicate an actual power lavel of 5.4% rated powar, This 4is eupported by the
fact that a rod block vas received, however no resctor scram signals vers
genarated. Based on APEM settings for a rod block at 112 indicated pover and
scram function at 14% tndicated power, and applying the curvent gain
adjustment factors for individual APRN's, the minimum pover at which a rod
block would occur was 4,62 actual power. The minimum power et which & half
scram would occur was 5,9% actual power. This would !ndicate that the sctual
powar lavel reached during the transient is bounded by 4.6% to 5.9% rated
POWaT, A separats transient power analysis using the actual IRM recorder
traces, as adjusted by a Mot Punctional test whichk correlated observed IRN
readings to the calibrated APRM raadiogs, indicates the initial power level
wes 3.2% and that actual power reached during the transient wvas between 4.7%
and 3.0% rated power,

Reactor pressurs continued to increass to & maxisum valus of 929 PSIG at
01101:48 at which potnt turbine bypass valves #1 and #2 re~opened to 34X of
tocal bypass valve capacity, RNeactor pressure decrsased to 911 PSIC and both
bypass valves reclosed at 01:01:3) to regulate prassure basad on the pressure
satpoint. The /1 bypass veive re-opened at 01:102:03 and oscillated three
times vhile attempting to stabilize reactor pressura. When pressurs again
axceeded the pressure setpoint at 01:02:58 the #2 bypass valve re-opened and »
aximum of 28% total bypass valve capacity was recorded by tha process
Computer. Maximum reactor pressure reached prior to the second bypass valve
operation wvas 924 PSIC. Figure 2 graphically depicts the total bypass valve
open position and narrow range reactor pressurs rasponse during the transient,
At 01103:09 the #2 bypass valve reclosed and the #1 bypass valve scabilized
reactor prassure at approximately 918 PSIG, Minor vesctor vessel level svinge
and & powar transient, less savers than the initial power spike, also occurred
during these subeequent bypass valve oparations.

To mitigate tha transient, Operations parsonnel began to insart control rode
and placed the feedvater low load controller in manual to minimize further
vessel lavel oscillations. Plant conditions stabilized at approximately 01:04
and the offgas eystem hydrogen recombiner was reaturned to servics. Shife
supervision, believiag the offgas system had initiated the transient, then
directed the PCO to manually isolats the offgas system to preclude further
transient operation. At 01:05119 the wain steam supply (HV<20701A/8) to
offgas was isolated. At 01115 the Unit #2 recombiner was shutdown and the
sachanical vacuum pump vas placed in service, HP=290-010 and ST 14.7 (RCIC
Quick Start to the Vesssl) wers satisfectorily completed at 04138,

Subsequant plant etaff I4C and General Blectric investigation of the ENC
pressure control and bypass valve control logie indicated that all control
functions were operating normally. Plant staff Machanical Maintenance
investigation of the #1 bypase valve revealed that & chipping hammer was found
wadged betwveen the # valve seat and the valve disc praventing the #1
bypass valve from fully closing., Since the valve indicated fully closed on
two occasions during the transient, it can be reasonably assumed that the
hammer became lodged in the valve either during the final stages of the
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transient or when plant conditions had stabilised following the transient.

The prasence of the hasmer in the vicinity of the #1 bypase valve nay have
impeded the ateam flow rate through the valve, possibly producing the pressurs
incrasss vhich precipitated the initial observed bypass valve oseillation.

T™he chipping hammer that was retrieved was tha nr typically used during
walding procedures. The head of the hammar wes 6" vide and taparad to a point
with & chisel design at the opposite and. Apparantly the bypess velve, upon
closing, seversd the spring portion from the handla and the spring was lost in
the main condenser. Approximately 6" of che handle rameined intact. The
upper portiom of the handle was flattenad on both sides dus to operation of
the bypass valve. Machanical interference of the bypass valve operation
caused by either the hammer or the spring dezice attached to the handle can
only be inferred but not conclusively demonstrated. Dissssembly of the #1
bypass valve showed small dents on the disc and the seat of the valve, ALl
the dents on the disc appearsd to bea concentrated in an ares approximately |
Square inch, The dents on the seat corresponded to the mame relative position
48 on the dise. The seat wes machined to remove the dents and the disc vas
replaced dus to the difficulties in removing the old dise.

An avaluation of the event by PPAL's Ragineering Analysis Group hae determined
that the event is less limiting than the main turbine trip without bypass
transient from <30L power which ia discussed in Section 15.2.) of the PSAR,
The turbine trip event results in & greater reduction in steam flov and is
inictiated from & r powar lavel. The higher initial power lavel results
in & larger void co in the core causing a higher power spike. Section
15.2.3.3.3.3 of the FSAR states that the turbine trip without bypass svent
results 10 & high vessel pressurs scram. Therefore, the peak power remains
balow the flow blased simulated thermal powar upscale trip setpoint and the
MCPR remalne well above the GETAD safety limic. fSince the inttial powear was
lowar, the stesam flow reduction and subsaquent prassurization was less. The
preassurisation increase was durud by bypass valve oparation, and therefors
the event that occurred om May 28, 1984 was less severe than & turbine trip
without hypass event from low power,
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