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U.S. NUCLEAR REGULATORY COMMISSION
'

REGION I

DOCKET / REPORT NO: 50-271/94-10

LICENSEE: Vermont Yankee Nuclear Power Corporation (VYNPC)

FACILITY: Vermont Yankee
Vernon, Vermont

DATES: March 21-25,1994

MV%INSPECTOR: e,/

' Larry 6. Scholl, Reactor Engineer Date

Electrical Section
Division of Reactor Safety

APPROVED BY: dv\ @ 5/4 fM
'

James //I. Trapp, A'cting Chief Datef'
Electrital Section
Division of Reactor Safety

A_reas_Jnspggicd: The hardware modification, installed as requested in NRC Bulletin 93-03,
was reviewed. The purpose of the modi 6 cation was to ensure the reactor vessel level
instrumentation design was of high functional reliability for long-term operation. The
instrumentation provides for continuous flow of water from the control rod drive (CRD) >

system to the reactor vessel water level instrumentation reference legs. This flow was
designed to prevent the buildup of noncondensible gases in the reference leg water that could
reduce the reliability of the vessel level instrumentation during plant depressurization. The
modi 6 cation design, installation, testing, and associated procedures were reviewed. The
vulnerability of the Vermont Yankee plant design to problems identified at other facilities,
with similar modiEcations, was also reviewed. These problems were discussed in NRC
Information Notice 93-89, " Potential Problems With BWR Level Instrumentation Backfill
Modi 0 cations."

9405120179 940504DR ADOCK 05000271
PDR



. . _ _ _ _ . ... . . _ . . _ . _ _ _ . ~ . _ _ _ . _ _ - - . _ . ,

,

-

.

1

|

,

Emits: The modification installed at Vermont Yankce was well designed. The modification
was adequately tested and a system operating procedure had been established. The inspector ,

!
identified improper assumptions that were used by the Yankee Atomic Electric Company
(YAEC) engineers during the analysis of thermal stresses that could be created by the flow of

_

backfill system water. The stress analysis was reperformed by YAEC following the
inspection using more appropriate assumptions. The revised stress analysis concluded that
the potential thermal stresses were acceptable. The licensee also stated that they would
review the need for periodic calibration and/or testing of the backfill system flow indicators.
The inspector also noted that, due to differences in plant designs, the plant transients that
could result from inadvertent valve operations at Vermont Yank.ee would not be as severe as
for those plants described in NRC Information Notice 93-89.
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DETAILS

1.0 BACKGROUND

On May 28,1993, NRC Bulletin 93-03, " Resolution of issues Related to Reactor Vessel
Water Level Instrumentation in BWRs," was issued to address a concern that noncondensible
gases may become dissolved in the reference legs of boiling water reactor (BWR) vessel
water level instrumentation. These gases could result in false high level indications after a
plant depressurization event. In the bulletin, the NRC requested that licensees implement
short-term compensatory actions to ensure that potemial level errors, caused by reference leg
de-gassing, would not result in improper system response or improper operator actions
during transients and accident scenarios initiated from reduced pressure events. These short-
term measures augmented previous short-term compensatory measures, requested in NRC
Generic Letter 92-04, " Resolution of Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs Pursuant to 10 CFR 50.54(f)," to mitigate the consequences of
potential level indication errors after a rapid depressurization event during power operation.
This generic letter also requested that licensees provide the NRC staff with plans for long
term corrective actions, including any proposed hardware mc41ifications. The licensees,
through the BWR Owners Group, requested a delay in the implementation of long-term
corrective actions until a de-gas test program could be completed. The NRC staff agreed to
extend the time for submission of licensee plans for long-term corrective actions; and,
subsequently, NRC Bulletin 93-03 requested that licensees implement hardware modifications
during the next cold shutdown beginning after July 30,1993. VYNPC responded to NRC
Bulletin 93-03 by letter dated, July 30,1993, and agreed to implement hardware
modifications during the next cold shutdown.

2.0 MODIFICATION DESCRIPTION (37700/37701)

Four reference legs provide a constant reference pressure to the reactor vessel level
instrumentation. The piping for each reference leg is maintained full by condensed steam
provided from a condensing pot located at the top of the reference leg. This design has been
found to be potentially susceptible to the accumulation of noncondensible gases that may
result in the climination of steam flow to the condensing pot, thus resulting in the loss of
makeup water to the reference leg. Another potential effect is that the water in the reference
legs may absorb significant amounts of dissolved gases. The dissolved gases may then come
out of solution during a depressurization of the reactor vessel and introduce voids in the
piping and, during rapid depressurizations, may expel significant amounts of the reference
leg water inventory. The loss of inventory or the introduction of voids can result in false
high level indications.

Vermont Yankee Modification 93-404 provides continuous makeup water to the reference
legs, ensuring they remain full, and also prevents the accumulation of significant amounts of
dissolved gases in the reference leg water. The source of the backfill water is the control
rod drive (CRD) system that is maintained at approximately 1500 psig during normal-plant
operations. The water from the CRD is filtered to prevent the introduction of particulates in
the piping that could interfere with the operation of system components. Fine control needle
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valves are used to maintain the flow rate to each reference leg between .001 and .005 gallons
per minute (gpm). A flow indicator was installed in each of the four individual supplies to
the reference legs. The backfill water enters the reference leg at the connection point where
the instrumentation tubing connects to the containment isolation valve. Prior to the
connection point at the containment isolation valve, two check valves have been added to
provide a boundary between the nonsafety-related CRD system piping and the safety-related
reactor vessel instrumentation system.

3.0 MODIFICATION REVIEW

hiediQcation Design

The design of the modification was based on testing sponsored by the BWR Owners Group
(BWROG). This testing was performed to determine the effects of noncondensible gases
dissolved in reference leg piping and to evaluate the effectiveness of continuous backfill
systems. The modification was installed during the last refueling outage and has been in
operation since the plant startup following the outage.

,

Backfdl Flow Rate and Differential Pgssure (DP) Analysis

Tia minimum and maximum backfill system flow rates were evaluated and documented in
Yankee Atomic Electric Company (YAEC) Calculation VYC-1199, " Reactor Vessel Water
Level Reference Leg Back-Fill System Flow and DP." The assumptions, calculations and
conclusions of this analysis are summarized in the following sections.

himimuaEow Rats
1

The criteria used to establish the minimum backfill system flow rate was that the flow into
each reference leg must exceed the potential leakage from the reference leg piping. With
adequate backfill system flow, the water at the top of tne reference legs, that could begin to
absorb noncondensible gases, would be continually purged into the reactor vessel and would
not be permitted to migrate down the reference leg piping. A one drop per minute leak rate
was assumed to exist on each reference leg. This low amount of leakage is believed to be a
conservative assumption. This amount was determined based on periodic inspections
performed over a period of six months during which time very low leakage was observed.
Also, the majority of the reference leg piping from the condensing chamber to the instrument
racks is welded stainless steel piping, minimizing the potential for tubing mechanical joint
leaks One drop per minute is equivalent to approximately 0.000016 gpm. For additional
conservatism, a minimum flow rate of 0.001 gpm was chosen, a factor of 63 times the
postulated leak rate.

The inspector performed a walkdown of the system piping located outside of the primary -
containment. During this inspection, two slow leak.s were noted at the packing of two
reference leg isolation valves (one inch manual globe valves). One leak was approximately
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one drop per three minutes while the other was one drop per approximate ten minutes. No
other leaks were identified at the instrumentation tubing connections. Based on the results of
this walkdown, the inspector concluded that the leakage rates assumed in the calculation were
appropriate.

Mittimum Flow 14tig

The considerations for establishing the maximum flow rate were the thermal stress effects on
the reactor vessel nozzles, the pressure drop effects on the reactor vessel instrumentation and
the reference leg density effects on the vessel instruments.

Since the temperature of the backfill system water is lower than that of the reactor vessel, the
effects of thermal stresses on the reactor vessel nozz!cs, condensing chamber inlet steam

piping and condensing chamber were required to be analyzed.

A General Electric (GE) analysis determined that high cycle fatigue of inlet steam piping and
condensing chambers are not a concern for flow rates of less than approximately 45 lb/hr and i

that high cycle fatigue of the reactor vessel nozzles is not a concern for such low Gow rates
as long as the differential temperatme between the backfill water and the nozzle is less than
50*F. GE also determined that low cycle fatigue of the inlet steam piping and the
condensing chambers is possible; and, therefore, plant specific calculations are necessary to
confirm that the thermal stresses associated with low How rates will not be of concern for the
life of the plant. The analysis stated that piping failures due to low cycle fatigue would take
several operating cycles; and, therefore, interim operation was determined to be acceptable
during the period when plant specific calculations are being performed. ;

1

YAEC performed the stress analysis for high fatigue and determined that limiting the backfill
|system flow to 10% of the normal condensing rate present in the condensing chamber would

ensure that temperature effects on the reactor vessel nozzle would be negligible. YAEC
calculated that the normal condensing rate for a chamber was 0.1 gpm; and, therefore, a
0.01 gpm backfill flow rate would not cause the returning condensate to cool down
sufficiently and subsequently cause a detrimental effect on the vessel nozzles. Since there
are two reference legs per condensing chamber, the flow in each should be limited to 0.005
gpm.

liased on this maximum flow rate of 0.005 gpm, the calculation showed that the differential
pressure (DP) effects on the level instruments would result in a 0.012 inch bias during
normal operation. The calculation also determined that, if there was a failure of a needle
valve, the maximum reference leg flow would be 0.08 gpm, resulting a 0.19 inch level error.
YAEC determined that the level errors that could result due to the density effects of the
cooler water in the reference leg would be insigniGeant.

The inspector reviewed the engineering approach utilized in the calculation and following
discussions with YAEC engineers had the following concerns:
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1) In assessing the thermal effects of the backfill system flow the calculation assumed
that the condensing chamber was at rated reactor temperature (545 degrees F) and that
it was producing design condensate flow back to the reactor vessel. The accumulation
of noncondensible gases in the condensing chamber could result in the reduced steam j

transfer from the reactor vessel to the condensing chamber thereby reducing the rate
of condensate flow and a reduced temperature in the condensing chamber. This could
result in nonconservative conclusions regarding the temperature of the backfill water j

when it reaches the vessel nozzle. |

2) The calculation only assessed the thermal effects on the nozzles and did not evaluate
the potential effect:, on the condensing chamber or its associated piping, j

YAEC engineers performed additional stress analysis, utilizing more conservative
assumptions, following the completion of this inspection. They concluded that the thermal
stresses resulting from the backfill Dow would be acceptable. |

HackG1LheLSamcr

The CRD system was chosen as a source for the backnll system for the following reasons:

- it is a source of clean, reactor grade water that is low in dissolved gases;

- the CRD pump discharge pressure is sufficiently high to permit injection flow into the
reactor vessel at normal and transient condition reactor vessel pressures; and

- the CRD system operation is essential for keeping the hydraulic control unit scram
accumulators pressurized during plant operation and, as a result, provides a highly
reliable source of water for the back0ll system. Also, in the event that the system is
lost, a plant shutdown would be required by plant procedures, due to decreasing
scram accumulator pressure, before significant quantities of noncondensible gas
buildup in the reference leg water.

Systein Flow Pmh

Although the CRD system water is relatively clean, the backfill system modification includes
a fifteen micron filter downstream of the point where the backnll system connects to the
CRD system. These filters reduce the possibility of particulates entering the backfill system
that could affect the operation of the system components. System components, such as the
flow control needle valves and check valve seating surfaces have close tolerances that may be
impaired by the introduction of foreign particulates. After passing through the filter, the
backfill flow passes through a fine control needle valve and then divides into four branches,
one branch for each reference leg. Each branch has an additional throttle controi valve and a
now indicator to permit accurate adjustment and monitoring of individual reference. leg flow
rates. The branch leg piping then connects to its respective reference leg piping immediately
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outside of primary containment at the excess flow check valve. This connection point ;

climinates any impact on the existing ceatainment isolation boundary. Two in-series safety
,

grade check valves have been added to establish a boundary between the safety grade
(instrumentation) piping and the nonsafety grade (backfill system) piping. These valves are
intended to prevent a failure in the back0ll system piping from affecting the operability of
the reactor vessel level instrumentation.

!

!

Sntem Tesin.g

The inspector reviewed testing performed on the system in accordance with the installation
and test procedure for Modification EDCR 93-404. The system was filled, Dushed, and I

'

hydrostatically tested. A leak test was then performed on the system check valves in
accordance with procedure OP 4030, " Type B and C Primary Containment Leak-Rate
Testing." While monitoring the response of one reactor vessel level instrument connected to
each reference leg, the following actions were performed to assess the effects of the back0ll

,

'

system flow:

- the individual reference leg flow rates were varied between no flow and 0.008 gpm I

with the reactor shut down and depressurized, )
1

- with a flow rate of 0.005 gpm to each reference leg the control rod drive system j
pump was started and stopped with the reactor shut down and depressurized, |

i

- the individual reference leg flow rates were varied between no now and 0.005 gpm |
with the reactor at rated pressure, and

- a second CRD pump was started with the reactor at rated pressure. During these.
operations, no significant effects were observed on the reactor vessel level
instrumentation. The effects of control rod motion, both during normal operations !

and during a scram, were not tested. VYNPC considered the above tests to be
bounding conditions.

The inspector noted that there were currently no plans established to perform any periodic
calibration or functional tests of the system Dow indicators. The flow element within the
indicator is a turbine wheel Dow sensor that is caused to rotate by the system now. Radio
frequency pulses, at a rate that varies with the speed of the turbine wheel, are transmitted to
a microprocessor that converts the pulse train to an indicated flow. The inspector questioned
how the accuracy of the Dow instrumentation could 1,e assured over the life of the plant.
The sustained accurate performance of the instrumentation is of particular concern since the ~
flow sensors contain moving parts located in the CRD water environment. The inspector
noted that, without testing or calibration, gradual fouling or corrosive effects on the sensor
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components cannot be assessed. The plant manager acknowledged the inspector's concerns
and stated that they would evaluate the need for additional testing. The inspector concluded j

that tne post-modification system testing performed at Vermont Yankee adequately ;
demonstrated system operability. 1

!

I

System Oncration j
!

The operation of the backn11 system has been incorporated in Procedure OP 2111, " Control
Rod Drive System." The inspector reviewed this procedure and determined that it provided ,

,

detailed instructions and precautions for operation of the system. When in operation, the !

only required action is to monitor the system flow rates. The inspector reviewed the |

auxiliary plant operator rounds sheet for the reactor building and conGrmed that the
monitoring of the backGil system flows was included as an item to be verified at least once
per day.

Procedure OP 211I speciGed an allowable out of service time for the backfill system of 14 |

days. The YAEC engineers assumed that, during this period, the amount of reference leg
piping water that would absorb significant amounts of noncondensible gases would be limited
to a ten foot, one inch diameter, section of vertical piping immediately below the condensing

,

chambers. The volume that would be affected was based on the assumed leakage rate
utilized in the calculation for minimum flow rate of the system. YAEC further concluded, |

based on the results of the BWROG testing that, if a plant depressurization occurred and the I

ten feet of piping contained dissolved gases, no significant level errors woeld be introduced.'

fauclusion
.

The inspector concluded that the water level instrumentation reference leg bacidill
modi 0 cation has been well designed, properly installed and adequately tested. A system 1

operating procedure has been established and implemented and contains adequate directions
'

to support system operation. After additional thermal stress analysis, YAEC determined the
stresses were acceptab!c. The licensee plans further review of the necessity to periodically'

test the system flow indicators, j

i
'

4.0 NRC INFORMATION NOTICE 93-89: POTENTIAL PROBLEMS WITII IlWR
LEVEL INSTRUMENTATION llACKFILL MODIFICATIONS

lhKkUmind

At the Susquehanna nuclear power plant, the licensec determined that severe plant transients
could result if a plant operator inadvertently shuts an isolation valve in the reference leg
piping. Closing a manual isolation valve could cause the reference leg to become pressurized
to CRD system pressure via the backfill system. The transient resulting from pressurizing
the reference leg would result in erroneous indication of low reactor water level and high
reactor pressure. This could result in a reactor scram and the opening of all safety relief-
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(SRVs), depending on which leg was pressurized. Loss of reactor vessel inventoryva .

and decreasing pressure, caused by the open SRVs, could eventually result in the initiation of
the emergency core cooling systems. Furthermore, if a single failure in the ECCS low
pressure permissive logic is postulated to occur coincident with this transient, all low
pressure ECCS could be disabled. This event was also reviewed for the LaSalle and Quad
Cities nuclear power plants where similar conclusions were reached regarding the potential
severe plant transients.

ApplichbililyJo VermoaLY20Acc
l

1

VYNPC's initial assessment of this information notice found that:
l
|

- The valves that could result in the pressurization of a reference leg have been locked
open in accordance with plant procedures and are not operated by any plant
procedures during power operation;

- The SRVs at Vermont Yankee do not receive an open signal from the plant pressure
instruments and would not open upon pressurization of the reference leg. (The valves )
open on an actual high plant pressure condition when the valve inlet pressure is
sufficiently high to operate the pilot valve.);

1

The SRVs could open as the result of the completion of the automatic depressurization j-

system (ADS) logic; however, system time delays would allow the operators ten
minutes to diagnose the event and then inhibit the initiation of the ADS;

!

These findings indicated that Vermont Yankee is not susceptible to all of the potential
operational events discussed in 93-89.

f5.0 EXIT MEETING

At the conclusion of the inspection on March 25, 1994, the inspector met with VY. PC andN

YAEC representatives denoted in Attachment 1. The inspector summarized the scope and
inspection findings at that time. The facility licensee representatives acknowledged the NRC ,

'

inspector findings, including the need for additional reviews of the reactor vessel nozzle
thermal stress calculations and further review of the need for system flow indication
calibration or testing.

l

l

,
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ATTACilMENT 1

Persons Contacted

Vermont Yankee Huclear Power Company

* D. Calsyn, Quality Assurance Supervisor
* P. Corbett, Electrical Engineering and Construction Manager
* R. Current, Instrumentation and Contwis (I&C) Engineer
- G. Hengerle, Senior I&C Engineer
* J. Meyer, Operations Support Engineer

W. Schulze, Plant Operator
* M. Watson, I&C Department Manager ')

R. Wanczyk, Plant Manager*

U. S. Nuclear Rfgulatory Commission

11. Eichenholz, Senior Resident Inspector |*

1

Denotes those present at exit meeting.*
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