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DUKE POWER CoMPANY
P.O. Box 33189
CHARLOTTE, N.C.

28242

HAL B. TUCKER

TELEPHONE
(704) 373-4531

VICE PRESIDENT
NGLEAR PRODUCTION

August 25, 1983

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555
Attention:

Subject:

Mr. John F. Stolz, Chief
Operating Reactors Branch No. 4
Oconee Nuclear Station
Docket Nos. 50-269, -270, -287

Dear Sir:
By letter dated June 8, 1983, the NRC provided conceptual design approval of
our proposed wide range hot leg level/reactor vessel head level monitoring system.
The NRC further identified several concerns and requested a schedule for providing
the requested information. By letter dated July 18, 1983, Duke enumerated all
of the items and stated that responses would be provided. Please find attached
our responses to NRC requests for information, which are listed in the same
sequence as provided previously by my letter of July 18, 1983.
The NRC Staff has reviewed and conceptually approved the wide range hot leg
level system concept provided by Duke and found the alternate narrow range
system unacceptable. The Staff rejected the narrow range hot leg level concept
because it failed to meet the Staff's minimum requirements and because Duke
failed to provide evidence of any unique design characteristics of the Oconee
reactors which warrant reconsideration of the factors considered during the
Commission review of ICC instrumentation requirements (SECY-82-407). While the
Staff appears to have reviewed the merits of a wide range level system versus
no level system, in SECY-82-407,it is not obvious that the NRC has ever evaluated
the merits of a wide range level system versus a narrow range system. Duke per
formed such an evaluation and included it in our March 10, 1983 submittal. To
date, the Staff has failed to provide a reasonable evaluation of the relative
merits between the narrow range hot leg level system and the wide range hot leg
level system. To reiterate a point that was previously made, it is not apparent
to Duke that the Staff requirements of full hot leg level and reactor vessel head
level will provide "substantial, additional protection which is required for the
public health and safety", as required by the Commission's own regulation, 10 CFR 50
§50.109, over and above that protection which would be provided by Duke's narrow
range hot leg level design.
Notwithstanding the above, Duke acknowledges that the NRC has provided conceptual
design approval of our proposed wide range hot leg level/reactor vessel head
level monitoring system. However, Duke requests that the NRC provide final approval
with no open items that could potentially impact the design of the ICC system.
Many of the items which the Staff identified as concerns may, depending on whether
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or not the NRC finds the responses provided herein acceptable, cause the design
For other items, Duke has requested NRC acceptance criteria prior
to change..
to entering into the vendor selection process so that there is reasonable
assurance that the design selected will be acceptable to the NRC. For these
reasons, Duke will wait until NRC final acceptance of the proposed design, as
supplemented by the attached responses, before initiating the final design efforts.
Implementation of the system as described could occur the first refueling outage
commencing after 24 months following NRC design approval.
Very truly yours,

ILAL 5. TUC<ER<A
hl B. Tucker

d

RLG/php
Attachments (3)
cc:

Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303
Mr. John F. Suermann
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555
Mr. J. C. Bryant
NRC Resident Inspector
Oconee Nuclear Station

Duke Power Company
Oconee Nuclear Station
Response to NRC Request for Information Dated June 8, 1983
Inadequate Core Cooling Instrumentation

HRD/RLG

August 25,

1983 (Al)

Attachment 1
Duke Power Company
Oconee Nuclear Station
Response to NRC Request for Information
Inadequate Core Cooling Instrumentation

A.(l)

From a measurement standpoint, the concept proposed in Attachment III
of the licensee submittal appears to be a satisfactory approach to
inventory tracking in the vessel head and one hot leg. However, if the
other hot leg is unmonitored per our understanding, we have concerns
about the capability to detect voiding and interruption of natural
circulation in the unmonitored hot.leg. This could be of particular
importance for any accidents involving voiding or gas collection in
one candy cane and not the other, or accidents requiring isolation ofi
the steam generator associated with the monitored hot leg. Your
evaluation addressing this concern should demonstrate that the monitors
provided are sufficient to detect or infer void formation in either
hot leg or the reactor vessel and to trend the coolant inventory in the
total system.

Response
We intend to modify the concept proposed in Attachment III of our March 10, 1983
submittal to monitor level in both hot legs with one differential pressure level
instrument on each hot leg in addition to the reactor vessel head. This modifica
tion to our original proposal is made to enhance the separation and redundancy of
these two level instruments plus minimize failures which could occur during small
break LOCA events. From a system response standpoint, we continue to believe
that monitoring the level in a single hot leg is acceptable since there are no
events leading to ICC for which the response in either hot leg is not indicative
of the total coolant inventory in the system.
A single instrument in each hot leg is sufficient to provide the required redundancy
to detect or infer void formation in either hot leg and to trend the coolant
inventory in the total system. Any approach to ICC due to an overcooling transient
or small break LOCA, including stuck open PORV or PSV, will result in a depressuri
zation transient and flashing will occur throughout the RCS, with symmetric
voiding in both hot legs. Thus, the approach to ICC is adequately monitored by
one train on each hot leg. In addition to an instrument on each hot leg, the upper
vessel region is instrumented with two trains of AP instrumentation for the height
between vessel nozzles and the head vents.
Separate instrument loops are proposed not to monitor differences in hot leg
level, but to provide physical separation to avoid disabling both instruments
by a single event. Nevertheless, some recovery and long term cooldown scenarios
are likely to cause asymmetric voiding in the hot legs. These are expected to
be cooldowns following one steam generator isolation and/or core recovery events
with unequal amounts of steam and non-condensible gases trapped in the hot leg
high points.
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Present emergency procedures recognize this event, and upgraded emergency
procedures will specify operation of hot leg high point vents with the sub
cooling margin monitor and without dependence on level measurement. For this
case, the existence of rising level in at least one hot leg, along with normal
or decreasing core exit thermocouple readings, provides the operator with
assurance of a positive trend in safe shutdown of the reactor.
NRC acceptance of this design configuration is requested prior to Duke initiation
of final ICC system design and procurement.

A.(2)

From a safety standpoint, the staff has identified in Enclosure 1
some concerns which relate primarily to level measurement errors and
to the vulnerability and potential consequences of a break in any of
the instrument lines leading to the single tap in the decay heat line.
During final design, Duke Power Company should be aware of these concerns
and modify the design if necessary to assure that conditions which
could mislead the operator will not exist. Before final approval of
the design, Duke Power Company should provide an analysis of the level
measurement errors for both the reactor head level and the hot leg
level measurements and provide the additional information requested
in Attachment 1. This information may be developed during final design
engineering and submitted with the final design description. The staff
should be notified of the schedule for this submittal.

Response
See response to Items A.(l) and E.(l) through (13).
In some cases, criteria for acceptability have not been provided in NUREG-0737
or any other NRC document. Absent such criteria, Duke will use its best judgement
regarding those concerns and would expect NRC approval without extensive justifica
tions of actions taken being required of Duke.
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B.

Reactor Coolant Pump Motor Current Monitor
(1)

Duke Power plans to use existing pump current monitors which are
non-safety grade but said to be highly reliable. Justification
for deviation from NUREG-0737 seismic and environmental design
requirements is not provided.

Response
Safety-grade reactor coolant pump motor current monitors are not required to
assure the plant is maintained in a safe condition. The Reactor Coolant Pumps
and the power supplies to them are not safety-grade and the plant was originally
licensed without safety-grade forced circulation. It is unnecessary to fully
upgrade this system and it is unnecessary to monitor this system as designed
by a safety-grade monitor.
Additonally, by letter dated February 8, 1983, the NRC issued Generic Letter
83-10 concerning resolution of TMI Action Plan Item II.K.3.5, Reactor Coolant
Pump Trip criteria. Within this document, substantial NRC guidance was provided
regarding selection of a pump trip criterion. Substantial analyses and evaluations
are in progress to establish the appropriate trip criteria for Oconee. Reactor
coolant pump trip will occur prior to significant voiding to prevent mechanical
damage so as to preserve the pumps for long-term cooling. Trip will also occur
only in those transients where loss of RCS inventory causes a near total loss of
subcooling. For events such as small leaks, small breaks, and steam generator
tube ruptures, the analysis is expected to show.that the reactor coolant
pumps need not be tripped. Thus, safe operation of the plant will be assured by
evaluating certain transients as recommended by Generic Letter 83-10. .Thus., operation
of the reactor coolant pumps in a voided condition such that the current monitors'
need to be safety-grade to assure safety would be .unnecessary.
Duke plans to use the existing Reactor Coolant Pump (RCP) current monitors to
trend void content of the primary coolant system. These highly reliable self
powered monitors utilize current transformers in the Reactor Coolant Pump Switchgear
to directly drive read-out meters on the main control boards. These installed
monitors have provided reliable indication of pump current for over 10 years
at Oconee.
The environment in which these components are located is considered "mild" for
the design bases events as referenced in the Oconee Nuclear response to IE Bulletin
79-01B Revision 7. In that the environment will not appreciably change from
normal conditions due to a design basis accident and monitors have provided years
of reliable service, they are considered acceptable for this application.
Specific seismic testing has not been performed on the current monitors. However,
they are high quality commercial grade components and are expected to have a
good degree of seismic event survivability. The redundancy level provided (one
per pump) also adds assurance of availability of RCP motor..currentreadings after seismic
or other adverse conditions. The probability of a seismic event concurrent with
the need for this specific use of this instrumentation is remote.
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NRC acceptance of this design feature is requested prior to Duke initiation of
final ICC system design.

B.

Reactor Coolant Pump Motor Current Monitor
(2)

The staff will require additional information concerning development
of the pump current versus void correlations and justification for
deviations from NUREG-0737 design requirements before we can complete
our review.

Response
A pump current versus void correlation has been developed.
the expression development are provided in Attachment 2.
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C.

Upgrading of Saturation Margin Monitor
Duke Power Company states in their March 10, 1983 submittal that the
subcooling margin monitors currently installed on the Oconee Units 1,
2, and 3 satisfy the requirements of NUREG-0578. Subsequent to installation
of these systems, more detailed design requirements were provided in
NUREG-0737 to define the long term upgrading requirements indicated by
NUREG-0578. The licensee is requested to explain whether or not the
presently installed subcooling margin monitor also conforms to the
requirements of NUREG-0737 Section II.F.2 and Appendix B.

Response
Duke Power has documented in detail through past correspondence the Subcooling
Margin Monitor (SMM) currently installed and in use at Oconee Units 1, 2, and
3. These letters were documented in the March 10, 1983 submittal in Attachment III
and are re-identified below:
1)

Letter, W. 0. Parker, Jr. to NRC (ONRR), November 21, 1979, Supplemental
information for NUREG-0578 items.

2)

Letter, W. 0. Parker, Jr. to NRC (ONRR), January 31, 1980, Update to
November 21, 1979 supplemental information for NUREG-0578 items.

3)

Letter, W. 0. Parker, Jr. to NRC (ONRR), February 8, 1980, Supplemental
information for NUREG-0578 items.

The SMM installed at Oconee consists of a computer processed, continuously
displayed system which receives buffered "safety grade" inputs from the monitored
process variables. Attachment 3 provides information relevant to the components
which make up the SMM system. These inputs from safety grade monitoring devices
are qualified for their intended service or shown on the information form and
identified in Oconee Nuclear Station Response to IE Bulletin 79-01B.
Clarification 8 of NUREG-0737, II.F.2 allows the use of a computer for processing
liquid-level signals for display. Also, the display and associated hardware
beyond the buffering mechanism need not be Class lE, but should be energized
from a high-reliability power source which is battery backed. This clarification
should allow a similar approach for the SMM and be acceptable as meeting the
intent of NUREG-0737, II.F.2. This is consistent with the installed Duke design
for SMM.
In the unlikely event of a computer failure, backup monitoring of saturation
conditions is provided by primary system instrumentation available in the control
room which derive their input from the same buffered safety grade process monitoring
and use of available steam tables.
In addition, NRC Regulatory Guide 1.97, Revision 2 lists the Subcooling Margin
Monitor (SMM) as a "Type B" and "Category 2" instrument for pressurized water
reactors. Category 2 instruments are recommended to be qualified from the sensor
through the input buffer and powered from high-reliability power sources which
should be backed by a battery source. The above described SMM system meets the
requirements of this regulatory guide.
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The recommendations of Regulatory Guide 1.97, Rev. 2 are therefore consistent
with the Duke Power interpretation of clarification 8 of NUREG-0737, II.F.2.
The SMM as installed is in compliance with Duke Power' s interpretation of
NUREG-0737, Item II.F.2. NRC acceptance of this design feature is requested
prior to Duke initiation of final ICC system design.
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D.

Upgrading of Core Exit Thermocouples
The licensee's submittal indicates that no exceptions are taken to the
NUREG-0737 design requirements. However, the following additional information
is needed so that we may complete our review.
(1)

It is not clear from the design proposed that the primary and backup
channels are separate and electrically independent, and that these
channels are powered from Class 1E power sources. Clarification is
requested.

(2)

Specific data for surveillance, ease of repair and periodic testing
should be provided when it becomes available.

Response
D.(1)
The primary and backup displays as described in NUREG-0737 II.F.2 Attachment 1
monitor the same safety-related core exit thermocouples (CETs). The safety
related backup display will receive signals from at least 16 selected CETs.
These same signals will be isolated and input to the non-safety primary display
which is the plant Operator Aid Computer (OAC).
Separation between the safety-related and the non-safety-related portions of
this system will be in accordance with established plant separation requirements
as outlined in the Oconee Nuclear Station FSAR Chapter 8.
The power source for the safety-related backup display will be from safety
related power sources. The power source for the non-safety-related primary
display is a non-safety battery backed source as described in Section 2.2.6
of the March 10, 1983 design proposal.
NRC acceptance of this design feature is requested prior to Duke initiation
of final ICC system design.
D.(2)
The thermocouples are an integral part of the incore instrumentation system.along
Surveillance checks are made
with the self-powered neutron detectors (SPNDs).
on a weekly basis to assure that all thermocouples are responding properly.
Each refueling outage, specific SPND strings are replaced on an as needed basis.
This results obviously in the replacement of the associated thermocouple. These
can only be replaced during a refueling outage when containment is accessible
and the reactor coolant system is drained and vented. Depending on radiation
levels at the incore tank, where all incore instrument piping from the reactor
vessel is terminated, the process of removal and replacement of incore thermo
couples could take as much as two weeks. The Oconee operating history has been
very good; it is not expected that any severe degradation would occur that would
cause a complete loss of function of the incore thermocouple system. Obviously,
any problems with this system outside containment could likely be repaired with
the unit on-line. Problems inside containment would definitely require a shutdown
and likely require a refueling outage to effect repairs. Following each refueling
outage, all thermocouples are routinely calibrated to verify correct output during
the startup.
-7-
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E.(l)

Provide an.analysis of the expected errors in the hot leg and reactor
vessel head level measurements. This analysis should include not only
an overall estimate of the measurement uncertainty, but also a list
including estimates of each contributing factor, i.e., temperature of
the impulse lines, common mode pressure effects on the differential
pressure transducer, and especially uncertainties associated with the
transducers. Explain how the individual errors are combined to give
an estimate of the overall error.

Response
An analysis of the expected errors will be required by the selected instrumentation
system vendor. However, the overall error for transmitters located outside of
the containment should be in the range of ± 5 to 10 percent. Should the installa
tion require that the transmitters be located inside containment, the overall
error should be in the range of ± 20 to 35 percent.
Absent error acceptance criteria in NUREG-0737 or other NRC documents, Duke will
utilize its own judgements as to acceptability and unless informed to the contrary
will expect that the NRC would accept Duke's decision after vendor selection.

E.(2)

With a single tap in the decay heat drop line implied by Figure 2, a
failure in this line would affect all level measurements. Provide an
assessment of the vulnerability of this common line to failure. What
provisions will be made to protect it?

Response
Problems related to the vulnerability of a single tap in the decay heat line
will be avoided by having two taps in the decay heat line. Each tap will have
a reactor vessel head level and hot leg level sensing line together forming a
single train. The two decay heat line taps will be separated by the steam
generator secondary shield wall such that any single event cannot result in a
break in both taps.
Due to the large diameter of the decay heat drop line, a complete severance of
this line is outside the range of breaks for which a level is expected in the
hot legs. On the other hand, a small break LOCA within the range of interest
or a break of either lower AP tap provided will not adversely affect the accuracy
of the other tap.
The physical location of the two redundant lower taps off the same reactor vessel
nozzle does not adversely affect HLLMS redundancy since hydrostatic head is
transmitted across the reactor vessel upper plenum with reactor coolant pumps off.
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E.(3)

Suppose an impulse line on one hot leg was broken that would tend
to drive the dp transducer full scale. How would this condition
be detected?

Response
Such a failure is unlikely due to the means of constructing the system.
However, the method in which a broken hot leg impulse line would be detected
will depend on the selected instrumentation vendor. Duke will provide this
information following vendor selection. In general, a comparison of all
instrument readings would be made with the affected reading not agreeing
with the trend. Other plant instrumentation is available to verify the trend.
Unless informed to the contrary, Duke considers that such information from
the vendor, if accepted.by Duke, would be acceptable to the NRC.

E.(4)

Provide specifications for the proposed dp transducers.

Response
The March 10, 1983 submittal should be considered as a design proposal.
As such, it did not contain specifications for the differential pressure
transmitters. The specifications for differential pressure transmitters will
be determined during the system vendor selection process, after approval of
the proposed design. The specifications for the proposed differential pressure
transmitter will include accident environment conditions, signal level, expected
temperature error, environmental qualification, etc. This information can be
made available at the time of vendor selection. It is requested that the
NRC Staff provide any review criteria it intends to utilize in its review of
the dp transducers specifications so that it may be taken into account by Duke.

E.(5)

Provide an analysis to show the effects of flashing of dissolved gases
in the impulse lines.

Response
This analysis will be required by the selected instrumentation vendor. However,
most D/P systems which could be installed utilize filled capillary systems. These
systems use vacuum filled, deaerated water which does notcontain condensible gases,
thereby eliminating the possibility of flashing of dissolved gases. Flashing of
dissolved gases in the line between the tap and filled system should be negligible.

E.(6)

Discuss the ability of the transmitters to withstand a LOCA environment
within the containment and be available for post-accident monitoringconsider the loss of the pressurizer transmitters in the TMI-II accident
in this discussion.
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Response
Duke plans to install the transmitters outside the containment where no
LOCA environment effects will be seen. If the transmitters must be installed
inside containment, transmitters which have been appropriately qualified to
withstand the LOCA environment and be available for post-accident .monitoting.
will be specified.

E.(7)

Describe the proposed method for temperature compensation. Provide
an analysis of the error that would be expected both with and without
the temperature compensation.

Response
The method of temperature compensation will be determined by the selected
instrumentation vendor. The method will probably consist of a direct temperature
measurement on the impulse line by an appropriately qualified device. The error
analysis for a system utilizing temperature compensation will be required by
the instrumentation vendor. A system without temperature compensation will
not be used.
Unless informed to the contrary, Duke considers that if the compensation method
provided by the vendor is acceptable to Duke, then it should be acceptable to
the NRC.

E.(8)

Describe the location of indication of the state of the reactor pumps
with respect to the level indicators in the control room. Describe
the method proposed for indicating to the operator that the level
measurement system should not be used when the pumps are on.

Response
The method for indicating to the operator that the level measurement system
should not be used when the pumps are on has not yet been finalized. This
method will be worked out jointly with the system vendor once a vendor has been
selected. However, other AP based measurement systems have incorporated (an)
indicating light(s) located near the level indicators which alert(s) the operator
as to the validity of these measurements. We expect this to be the case for
Oconee.
Presently, the Reactor Coolant Pump controls are located on Auxiliary Bench
Board 1 (ABl) for all units. The location of the Auxiliary Bench Board is
shown in the Oconee Nuclear Station FSAR, Section 1. Location of the level
indicators in the control room will not be available until after the ICC system
has been submitted to the Oconee Control Board Review Team for analysis. This
is part of the Human Factors Analysis referenced in Section 2.6.4 of Duke's
March 10, 1983 submittal.
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E.(9)

Describe the trending displays available for the operator for the ICC
instrumentation. Are analog displays (recorders) provided for any of
the ICC instrument outputs?

Response
The plant computer will be used for trending of input parameters associated
with the ICC instrumentation. See Section 2.2, Figure 3, "Process Electronics
Inputs and Outputs Functional Diagram", for output signals available for trending.
The computer will receive signals from each train of instrumentation for RV
Head Level and WR Hot Leg Level.
Recording of one train of outputs on chart recorders will be provided for the
ICC instrumentation system.
NRC acceptance of this design feature is requested prior to Duke initiation
of final ICC system design.

E.(10)

Describe the proposed tests to determine the reliability of CETs to
2300 0 F.

Response
Regulatory Guide 1.97, Revision 3, dated May 1983 states on page 1.97-.22,
"Instrumentation that is a part of the final ICC detection system
should meet the design requirements specified in Item II.F.2 of
NUREG-0737.
(When Type K thermocouples become part of the
system, they are considered to meet the requirements. However,
the remainder of the detection system that is outside the
reactor vessel should meet the requirements specified.)"
The upgraded Core Exit Thermocouples purchases by Duke Power Company are Type K
thermocouples. As such, the tests proposed in our March 10, 1983 submittal should
no longer be considered a requirement. The CET read-outs will be capable of
monitoring temperatures to 2300 0 F.
NRC acceptance of this response is requested prior to Duke initiation of final
ICC system design.

E.(11)

Describe in more detail how the SMM is used to monitor and control
venting.

Response
The RCS high point vents have been installed as required by 10 CFR 50, §50.44
consistent with requirements previously provided by the TMI Action Plan NUREG
0737, Item II.B.1. The stated purpose of this system is to vent noncondensible
gases from the RCS which may inhibit core cooling during natural circulation.

-11-

HRD/ RLG
August 25, 1983 (Al)

In a subcooled condition, the normal inventory of non-condensible gases remain
in solution. Only after loss of subcooling margin would consideration be given
to use of the RCS vents, and then in a manner based on the Abnormal Transient
Operator Guidelines (ATOG) as developed into plant specific emergency operator
guidelines. When those guidelines require use of the RCS vents, the subcooling
margin monitor (SMM) is observed. At initiation of venting, it would be indicating
zero. Over a period of time, as the system refills, the SMM will eventually
indicate some degree of subcooling. At this time, positive indication of sub
cooling is provided, and the RCS has been restored to its original subcooled
condition. Natural circulation would be confirmed by core AT.
Full details of the manner in which the RCS high point vents would be operated
were provided, in accordance with Action Plan Item II.B.1, Position (2) by
Duke letter dated June 29, 1981 as supplemented by Duke letter dated March 26,
1982 and included in the B&W Owners Group ATOG document submitted for Staff
review.

Estimate the errors in the HLLMS due to low local pressure at the
reference tap during venting.

E.(12)

Response
It is estimated that the errors of the level system in this situation will be
large, possibly to the point of causing the level indicator to be considered
temporarily inoperable. An analysis will be required by the selected instru
mentation vendor and can be provided to the NRC when available. Large errors
in this system during venting are considered to be acceptable from a safety
standpoint because adequate core cooling is being assured by core exit thermo
couples, and control of the venting system is by use of the subcooled margin
monitor. When the RCS is fully refilled, venting would be terminated and the
level system reference leg would eventually refill and cause the level to return
to normal.

E.(13)

The description of the Attachment III proposed HLLMS is somewhat
vague about the number of systems that would be installed on each plant.
(a)

Explain the nomenclature used in Figure 2, i.e., OTSG,
i.e., OTSG, 'lA' ('2B' '3B').

(b)

Does a decay heat drop line exist on hot legs 'lA'
('2B' '3B')? Is the pressurizer connected to the
identified hot legs?

(c)

The proposed design apparently does not include a
HLLMS on both hot legs.

If it does not, then provide analyses showing:
(a)

All transients or accident scenarios in which it
would be possible to have voiding or gas collecting
in one candy cane and not the other.
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(b)

What procedure would be used to vent noncondensable
gases from the unsensed leg with no inventory monitor
on that leg.

(c)

The behavior of the water level in each hot leg
during a loss of heat sink transient due to
a break in a steam generator tube.

(d)

A small break on one hot leg, but not the other.

(e)

A loss of feedwater on one side but not the other.

(f)

The behavior of the water level in each hot leg during
a transient due to a stuck-open PORV.

Response
The proposed design has been modified to include HLLMS on both hot legs as
previously discussed. Please refer to Oconee FSAR Figures 5.1-1, 5.1-2,
5.1-3 for the piping and instrumentation diagram for Oconee Units 1, 2, and 3,
respectively. These drawings indicate that the decay heat removal line takes
off the B reactor coolant loop on Unit 1 and the A reactor coolant loops on
Units 2 and 3. In each unit the pressurizer is connected to the opposite hot
leg from the decay heat removal line.
In Figure 2,OTSG IB, 2A, and 3A is meant to be the "B" generator on Unit 1 and
the "A" generators on Units 2 and 3.
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Attachment 2
Duke Power Company
Oconee Nuclear Station
Response to Item B.(2)
Reactor Coolant Pump Motor Current Monitor

Two mathematical models can be developed which relate pump current to RCS
voiding. Each model is formed using an expression for the energy transference
from the pump to the coolant.
The input three-phase power, Pm, required to drive a constant speed (constant
frequency) squirrel cage induction motor can be expressed as follows:

Pm = J3 IV (PF)

VT

where

I
V

accounts for the 3-phase input of power
=

line current (RMS Amps)
line voltage (RMS volts)

PF.= power factor (accounts for energy lost in
setting up the magnetic field)
Similarly, the power, Pp, required to drive a pump can be expressed by considering
the development of head:
P_

P

where

pQH

np
p

= fluid density (lb/ft 3 )

Q

= volumetric flow (ft3 /sec)

H

= head generated by the pump (ft)

n

= overall pump efficiency (accounts for the
mechanical friction at the seals and
bearings, hydraulic friction at the
impeller vanes and the diffuser
vanes, and various other hydraulic
losses due to eddy formation)
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If one accounts for the windage and mechanical friction losses of the motor
by considering the motor efficiency, nM, the transfer of power to the pump
can be stated.

nm Pm = Pp
or, inserting the previous definitions,

IV (PF) = PQ

nm/3

TIp

The change in current relative to varying fluid density can be addressed
by denoting a reference point (0 superscript) condition.
npm IV (PF)

p
0

Tp

0

QoHo

m0 1oVo (PF)o QH

Assuming that the motor efficiency, voltage, power factor, capacity, and head
remain constant, a simple relationship results.

rip

Inserting an expression relating void to density,
P = Pf -

a

(Pf -

P

)

will yield the desired relationship between voiding and current.
Pf

-

Pf

PO

(,Lp~

P

P

A second model can be developed by considering the transference of torque
within the pump. In this situation,
P

=

Tp

nI
where

T

= hydraulic torque transferred from the
impeller to the fluid (ft-lbf)

0

= pump speed (rpm)

n = pump efficiency accounting for the mechanical

-2-

HRD/RLG
August 25, 1983 (A2)

friction at the seals and bearings,
hydraulic friction and eddy losses
within the impeller. Hydraulic friction
and eddy losses within the diffuser vanes
are not included since only power transfer
at the impeller is being considered.
Coupling equation 23 with the homologous or normalized relation for torque,

T-TR

=

8

P/PR)

yields,
P

= sTRPQ/nIPR

Where

= normalized torque

TR = rated torque (ft-lbf)
P=

density corresponding to

TR (lb/ft 3

Assuming that the motor efficiency, voltage, power factor, and operating
point of the pump (a,Q) remain constant, a normalized relationship results.
=

As before,

(L
-

I

I

T11 0

Pf

P 9

This completes the development of the mathematical models. The two relationships
involving pump current and void fraction are shown in Table 1. In summary, these
models were based on the following assumptions:
Pump Current, Model 1
1.
2.

The motor efficiency, voltage, and power factor remain constant.
The pump capacity and head do not degrade.

Pump Current, Model 2
1.
2.
3.

The motor efficiency, voltage, and power factor remain constant.
Pump speed remains constant.
The hydraulic torque does not degrade.

The validity of these assumptions

is

discussed further in the following.
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To utilize the models developed above, a literature survey was conducted
to provide supporting data to substantiate the assumptions used to develop
the models. This section of the report summarizes the findings of this study.
Review of the assumptions tabulated at the end of Section 2 reveals that
supporting data are needed in two major areas. First, the characteristics
of the pump drive motor must be examined. The variation in efficiency,
voltage, speed, and power factor must be explored. And, second, the per
formance of the pump under two phase conditions must be examined. This is
a crucial topic since all of the models presented thus far rely on non-degraded
pump performance (head, capacity, and torque).
Figure 2 displays the operating characteristics of a typical pump drive
motor. Considering the density variation associated with voiding to be
on the order of 0 to 40%, the operating range of interest lies between
6000 and 10000 HP. In this range, when a constant voltage is supplied
(6600 volts in this case), motor efficiency and power factor vary by less
than 2%. As a result, current varies linearly with power in this range
as shown in Figure 2.
The variations in pump speed are small as load changes. Typically, the
induction motor can generate 1000 HP for every rpm off synchronous. Therefore,
the pump speed can be assumed to be essentially constant when compared to
the 1200 rpm synchronous motor speed.
The assumptions of constant motor efficiency and power factor imply constant
supply voltage. It is recognized that off normal voltages may occur due to
bus transfers, pump starts or grid disturbances. These perturbations are
expected to be of short duration and would not have a significant impact on
the use of pump current for inventory trending indication. Application of
this measurement for alarm or pump trip circuits would require provisions
for delaying the alarm or trip signal to avoid spurious actuations.
Operating characteristics of the pump drive motor in the range of interest
can be summarized as follows:
1.
2.
3.

The motor efficiency remains constant.
The power factor remains constant.
The pump speed remains constant.

Experimental data has been generated concerning the performance of the pumps
under two-phase conditions. These experimental studies are summarized below.
Combustion Engineering, Inc./EPRI
In an effort to refine the analytical model of the reactor coolant pumps
under hypothetical large break LOCA conditions, Combustion Engineering
constructed a test system which utilized a 1/5 scale pump. Steady state
tests were conducted near the operating point (vn/a = 1.0) and the results
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are presented in Figures 3 and 4. (Note vn is defined as the ratio of the
actual flow rate to the rated flow rate and an is the ratio of the actual
For low void fraction (0-0.1), the pump head remained
speed to rated speed.)
at, or slightly above the water or non-degraded value. At 0.15 void, the
head degrades almost linearly until the worst case (20% of the water value)
is reached at .75 void.
Head then recovers as the single phase steam region is reached. A similar
behavior is seen concerning torque (see Figure 4), but the degradation is
less severe. The degradation in head and torque at low pressures is even
more pronounced due to the larger density differences between the steam and
the liquid. Losses associated with these two-phase mechanisms are three
times greater at 500 psia than at 1000 psia.
Babcock and Wilcox Company/EPRI
With the same program objectives, B&W constructed a test apparatus to analyze
the performance of a 1/3 scale pump using air/water mixtures to simulate
voiding. The results of these experiments are presented in Figures 5 and 6.
Restricting our attention to the region around the operating point (vn/an = 1.0),
the same degradation behavior is seen relative to the Combustion Engineering
data. However, the degradation effects are exaggerated due to two-phase losses
resulting from the large density difference between air and water.
CREARE Inc./EPRI
CREARE Inc. worked in parallel with the two studies mentioned above. In their
test rig, a 1/20 scale pump was installed to address the effects of scaling.
Figures 7 and 8 show the results of the tests conducted near the operating
point for low pressure water/air mixtures. These results compare quite
favorably with the B&W data presented earlier.
LOFT Research
As part of the Loss-of-Fluid Test (LOFT) Program, RC pump motor power and
current measurements, and their utility as indicators of RCS inventory-are
being explored. Current research shows a large head degradation at approximately
This phenomena is consistent with the other data
20% void (see Figure 9).
presented thus far for scaled pumps. It is interesting to note that power
and current measurements made during this transient (see Figures 10 and 11,
respectively) do not exhibit the same discontinuity.
The:following can be summarized concerning two-phase degradation of pumps:
1.

In all cases, torque did not degrade as appreciably as developed head.
This implies that larger losses occur in the diffuser section of the
pump than in the impeller section. The LOFT data presented in Figures
9 through 11 show that this is the case, with the impeller efficiently
imparting hydraulic torque to a two-phase fluid at a homogeneous density,
while the head abruptly degrades due to two-phase losses in the diffuser
section.
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2.

All degradation effects are minimized at pressures above 1000 psia.
This is important since the application of the void measurement will
usually be made at elevated pressures (> 1000 psia).

3.

Review of the RCS flow for the TMI-2 event reveals that little if any
pump capacity degradation occurred. Therefore, it must be concluded
that scaling effects have not been adequately addressed by the pump
testing summarized in this study. The probable cause for this discrepancy
deals with the inability of these tests to scale the bubbles such that
the relationship between the size of the bubbles with respect to the
vane spacing on the impeller and diffuser is preserved. For example,
if ping-pong balls were suspended in a fluid system, their presence
would choke a small pump, whereas a large pump would pass the balls
virtually undetected.

4.

In developing the technical approach for the pump current measurement,
model 2 (based on torque transfer) is a stronger approach since only
impeller dynamics are involved. Model 1 (based on head and capacity)
would involve resolving the energy losses in the pump casing, thus
making this approach less desirable. Therefore, model 1 was not considered
further.
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Table 1

Pump Current

Pf
Model 1:

-

p0 (o/ ,)

a =
Pf

Pf

Model 2:

(a

-

P

-

P

(1/10)

(X=
Pf

-

Pg

n

(I
T

o0)

FIGURE 1
% RC FLOW VS % VOIDS
DURING TMI-2 ACCIDENT

80

S

40.

20

.

20

40

60

VOIDS, % FROM ECCS ANALYSIS

80

100

FIGURE 2: HOTOR CHARACTERISTICS

800

700

Efficiency

94
92

.

90

L2

88

o

Power
Factor

600
.

.

500

Cre

86
84

400

ea
a

76

.

82

'4-

80
300

C

78
7620

100

0

2000

4000

6000
Load (HP)

8000

10000

12000

1.2

1.2

~---

1.1

60
1200PSIA -150v/a

0

o C000PSIA .50
0.

1.09

vw 0.90 TO 1.10

850 PSIA .50

aN - 0.99 TO 1.03

X( 480 PSIA +50

vN/aN '0. 90 TO 1.07

1.
L

.

BASED ON AP LG-LG

00

I.-~

APPROX. ADJUSTMENT FOR

Of

DEVIAIONS

0.80.6
0.7

N/cIN

010
-

0.4

On

Lz

0.3

0 CL

0.2
0.1
0
-0 . 10

0.1I

0.2

0.3

0.4

0.5

UPSTREAM VOID FRACTIONA TfI
Figure 3:

0.

0.90

0.8

ENEOUS PER ORIF.
HOONS

Effect of Void fraction on Homologous Head Ratio Near Rated Flow and Speed

0.9.0

1.5

---

1.4
1.3

------

1.2

----

0

1200 PSIA 50

o

1000 PSIA +50
850 PSIA +50

X

480 PSIA *50

1.0

v aN

vN 0.90TO 1.10
aN

0.99 TO I 03

07
vda N= 0.90TO 1.

1.1

Oi.

0.6

O

0.7
o

0

.6

-%.

0.3

y

0.4

' S -APPROXIMATE ADJUSTNE'NT

~ 0.3

FOR DEVIATIONS IN adaON

0.2
0.5
0.1

Figure 4:

0.2

0.8
0.7
0.6
0.5
0.4
0.3
UPSTREAM VOID FRACTION aD, HONOGENEOUS PER OR IF.

Effect of Void Fraction on Homologous Torque Ratio Near Rated Flow and Speed

0.9

1.0

FIGURE 5:

Homologous Head at Various Pump Inlet Void Frac
tions for First-Quadrant Pump Operation

1.6

-*.4.

Voie Fractions
1.2

1.0

0.8

-

-

-

(10-15)
0-)(3-10) (10*20

------

0.8
(15-20)~

(20-30)

O2-0

-

(30-50).6-

0

0.4

O

0 .2

0.3

0.4

-

.

0.5

0

-(30

.90
60-70)

(50-60)

0
CP

(60-70)
-

(70-90)

-0 4

-0 6
(40-50)
(30-40)

-0.8

(3-10)
(20-30)

(0-3)
-1.2

(10-20)

-1.4

Pump-Speed Flow Rate,

N/v O
or vfa

FIGURE 6:

Homologous Torque at Various Pump Inlet Void
Fractions for First-Quadrant Pump Operation

1.4

1.2
Void Fractions

1.0

( 3 to 10%)
(10 to 15%)
- .

.

(Nu/Alona)
10 to 20%

0 to 3%

3 to 10% )

0.8

..

0.6

(15 to 20%)

-

a-

"(0

-

o3 )

to 30%)

-(20

0t

(60 to 70%)

0.4

(0to

..

to

.(50

to 60%)

0 .TO -

0.

70 to 90%)

30 to 50%)

e
(50 to 70%)

0

0.1

0.2

0.3

.5

0.6

0.7

0.8

(50 to 60%)

0

(60 to 70%)

.02
O

(70

to 90%)

0

(Alona/Nu)

-0 4

(3 to 10%)

0

-0.6

-(40

to 50%)

0.8

(20 to 30%)

10.

(0 to 3%)
-1.0
(0to

1.2

40%)

(10 to 20%)

-PF/

Pump-Speed Fl ow Rate,

CL
N/v

or vN/a N

09

1.0

3.00
2.50
2.00

1.50
H

0

E 1.00

O

D
/ 0.50
A

ooU

L

10

A
A

20

30

40

50

60

70

80

-0.50

100
90
% VOID FRACTION

2
- 1.00
-1I.50O
-2.00
-2.50

-3.00
FIGURE 7:

HEAD DEGRADATION VS.

VOID FPRACTION,

FTRST QUADRANT,

v/a.0.

9

3.00
2.50
2.00
1.50
T
0.50
{0.50

000

Lo.00
H
A 0%
A
-0.50
A
2

10

20

I
30

40

50

o0

0

0

60

70

80

@
90
100
VOID FRACTION

-1.00
-1.50
-2.00
-2.50
-300

FIGURE

8:

TORQUE DEGRADATION VS.

VOID FRACTION,

FIRST QUADRANT,

V/aN = 0.9

Saturation (2-phase flow at pump inlet)
63

4- 2-Phase bubbly flow across pump

Transition, bubbly-to-churn

aI

IYI

..

turbulent

Churn turbulent flow
.

B.
ubbly flow

--Uncertainty

g
a

tee

+

0.28 psi

29a

sea

4e

5a

6W
_W

Time (s)

Figure

9: Differential Pressure Across Primary Coolant Pumps

Data Uncertainty + Sbm/ft 3
r~AS
as

.

Data

25a.

.

Calculation

2s

83

1e

12

2

22 Z

3O

-3ca

AM3

Time (s)
Figure 10: Measured Density Upstream of Pump Compared With Prediction
Using Pump Motor Power Assuming Constant Volumetric Flow
and Pump Head

4S

c25

-Data

uncertainty
+ 5 ibm/ft 3

-Calculation

caa

Time (s)
FIGURE 11:

Measured Density Upstream of Pump Compared With

Prediction Using Pump Motor Current Assuming Constant
Volumetric Flow and Pump Head

LIST OF SYMBOLS

SYMBOL

DEFINITION

A
g
H
I
K
ap
PF
P

Area
gravitation constant
pump head
current
flow coefficient
pressure differential
power factor
motor power

Pp

pump power

Q
T
V
V
v
W
x
Y

volumetric capacity
pump.torque
velocity
voltage
specific volume
mass flow rate
quality
net expansion factor
void coefficient

n
8

normalized pump speed
normalized pump torque

ni

.pump

nm
np

impeller efficiency
motor efficiency
overall pump efficiency
pump speed

p

density

vn

normalized pump flow

Subscripts or Superscripts
G
L
TP
f

gas phase
liquid phase
two-phase
saturated liquid

9
r,o

saturated gas
reference or calibrated state
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Attachment 3
Duke Power Company
Oconee Nuclear Station
Response to NRC Request for Information
Inadequate Core Cooling Instrumentation

The following information is provided or referenced in Item C of the response.
A.

From the initial NUREG-0578 submittal dated November 21, 1979 and the
update letter dated January 31, 1980.
INFORMATION.REQUIRED ON THE SUBCOOLING METER

DISPLAY - METER

Information Displayed (T-Tsat, Tsat, Press, etc.)

T-Tsat

Display Type (Analog, Digital, CRT)

Analog

Continuous or on Demand

Continuous

Single or Redundant Display

Redundant

Location of Display

Control Room

Alarms (include setpoints)

N/A

Overall uncertaintly (oF, PSI)

< -OF

Range of Display

0-999

Qualifications (seismic, environmental, IEEE323)

NA

DISPLAY -

< 1 PSI

COMPUTER

Information Displayed (T-Tsat, Tsat, Press, etc.)

T-Tsat

Display Type (Analog, Digital, CRT)

CRT/Alarm Typer (Point)

Continuous or on Demand

Single

Location of Display

Alarm CRT/Control Room

Alarms (include setpoints)

See Description

Overall Uncertainty (oF, PSI)

< -OF

Range of Display

N/A

Qualifications (seismic, environmental, IEEE323)

N/A
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CALCULATOR
Type (process computer, dedicated digital or analog calc.)
If process computer is used specify availability.

(% of time)

Process Computer
See Paragraph B

Single or Redundant calculators

Single

Selection Logic (highest T., lowest press)

See

Qualifications (seismic, environmental, IEEE323

N/A

Calculational Technique (Steam Tables, Functional Fit, ranges)

Steam Tables

INPUT
Temperature (RTD's or T/C's)

*Rosemount RTD
Model #177GY

Temperature (number of sensors and locations)

2 Hot leg/loop

Range of temperature sensors

50-65 0 0F

Uncertainty of temperature sensors (oF at 1)

< 2 0F

Qualifications (seismic, environmental, IEEE 321)

Seismic

Pressure (specify instrument used)

Motorola-Model 56PH

Pressure (number of sensors and locations)

1/loop in Hot Leg

Range of Pressure sensors

0-2500 psig

Uncertainty of pressure sensors (PSI at 1)

1- % span

Qualifications (seismic, environmental, IEEE323)

Seismic & environmental

B.

From NUREG-0578 submittal dated February 8, 1980.

2.1.3b

Instrumentation for Detection of Inadequate Core Cooling
In a letter dated November 21, 1979, Duke provided Operator Aid
Computer (OAC) system availability data. This submittal was based
on the best available information at the time. This data did not
take into account unit operation which when factored in, provides
the OAC availability data for 1979 for each unit when power is
above 15% FP (turbine on line) is:
Unit 1
Unit 2
Unit 3

99.44%
99.72%
99.94%

It is considered that these valves are typical for previous years.
Computer maintenance is scheduled during unit outages rather than
during unit operation.
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