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I. INTRODUCTION

By letter to the U.S. Nuclear Regulatory Commission (NRC) dated
August 5, 1980 [Ref. 1], the Nebraska Public Power District submitted
information to support its proposed license amendment to operate the Cooper
Nuclear Station (CNS) with one recirculation loop out of service (i.e.,
single-loop operation). This information included the licensee's analysis
of significant events, which were based on a review of accidents and ab-
normal operational transients associated with pewer operations in the
single-loop mode provided by General Electric Company,. Nuclear Energy
Division (GE-NED), the nuclear steam supply system designer. Conservative
assumptions were employed, as discussed in the GE-NED report NED0-24258
- dated May 1980 [Ref. 2], to ensure that the generic analyses for boiling
wate: reactors (BWR 3 and/or 4) were applicable to the Cooper Nuclear
Station.

In response to an NRC request, the licensee provides supplemental
information in a letter dated May 6, 1982 [Ref. 3]. Subsequently, two
telephone-conference calls were conducted with the licensee [Refs. 4 and 5]
for further clarification of the protection system trip point setting
changes for CNS single-loop operation. These were later documented by the
licensee's letter dated July 28, 1982 [Ref. 6].

The purpose of this report is to document the evaluation of the
electrical, instrumentation, and zontrol (EI&C) design aspects of the
proposed license amendment change to the CNS technical specifications. The
consideration of proper plant variables, computer models, and the licen-
see's conclusions on core performance and clad temperature are outside the
scope of this evaluation.

This review was conducted using 10CFRS0, Appendix A, “General
Design Criteria for Nuclear Power Plants" (G.D.C. 20 through 24) [Ref. 7]
and ANSI/IEEE Std 279-1971 [Ref. 8] with the following guidance from the
NRC staff for the application of Section 4.15 of the ANSI/IEEE standard:

Manual switching to the more restrictive setpoint for
the APRMs in the reactor protection system is accept-
able for BWRs 1if sufficient administrative controls
exist to assure that the more restrictive setpoints
are in effect when required by the plant Technical
Specifications.

1. EVALUATION AND RECOMMENDATIONS

The current (NS Technical Specifications do not permit single-
loop plant operation at reduced power for more than 24 hours, although it
is highly desirable from a plant availability/outage planning standpoint.
The licensee's proposed Technical Specification changes would allow the
reactor to operate at reduced power (not greater than 50%) with one re-
circulation loop inoperable for more than 24 hours if certain changes are

.1.



aade to the reactor protection systems. Specifically, these changes are to
the scram trip setpoints of the Average Power Range Monitor (APRM) and the
rod block settings of the Rod Block Monitor (RBM) systems.

Because of the different flow rate and flow path during single-
recirculation-1loop operation, the APRM SCRAM trip settings, which are flow-
biased according to the equation in the proposed technical specifications,
require resetting to protect the reactor from overpower. The rod-block
setpoint eguation is flow-biased in the same way and with the same flow
signal as the APRM setpoint, and must also be modified to provide adequate
core protection for 2 postulated rod withdrawal error. ’

: . The licensee provided the following technical specification bases
for the APRM SCRAM trip settings: )

The average power range monitoring (APRM) system, which
is calibrated using heat balance data taken during
steady state conditions, reads in percent of rated
thermal power (2381 MWt). Because fission chambers
provide the basic input signals, the APRM system res-
ponds directly to @varage neutron flux. DOuring trans-
jents, the instantaneous rate of heat transfer from the
fuel (reactor tiermal power) is less than the instant-
aneous neutron flux due to the time constant of the
fuel. Therefore, during abnormal operational trans-
ients, the thermal power of the fuel will be less than
that indicated by the neutron flux at the scram set-
ting. Analyses demonstrate that with a 120 percent
scram trip setting, none of the abnormal operational
transients analyzed violate the fuel Safety Limit and
there is a substantial margin from fuel damage. There-
fore, the use of flow-referenced scram trip provides
even additional margin.

An increase in the APRM SCRAM trip setting would de-
crease the margin present before the fuel cladding
integrity Safety Limit is reached. The APRM SCRAM trip
setting was determined by an analysis of margins re-
quired to provide a reasonable range for maneuvering
during operation. Reducing this operating margin would
increase the frequency of spurious scrams which have an
adverse effect on reactor safety because of the result-
ing thermal stresses. Thus, the APRM SCRAM trip set-
ting was selected because it provides adequate margin
for the fuel cladding integrity Safety Limit yet allows
an operating margin that reduces the possibility of
unnecessary scrams.

The scram trip setting must be adjusted to ensure that
the LHGR (Linear Heat Generation Rate) transient peak
is not increased for any combination of maximum frac-
tion of 1imiting power density (MFLPD) and reactor core
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thermal power. The scram setting is aeajusted in ac-
cordance with the formula in Specification 2.l1.a.l.a,
when the MFLPD is greater than the fraction of rated
power (FRP). This adjustment may be accomplished by
increasing the APRM gain, and thus reducing the slope
and intercept point of the flow-referenced APRM High
Flux scram Curve by the reciprocal of the APRM gain
change.

Analyses of the limiting transients show that no scram
adjustment is required to assure MCPR (Minimum Critical
Power Ratio) above the safety limit when the transient
is initiated from the operating MCPR 1imit.

The licensee provided tne following technical specification bases
rod-block trip settings:

Reactor power level may be varied by moving control
rods or by varying the recirculation flow rate. The
APRM system provides a control rod block which is
dependent on.- recirculation flow rate to limit rod
withdrawal; thus protecting against a MCPR of less than
the MCPR fuel cladding integrity safety limit. The
flow variable trip setting provides substantial margin
from fuel damage, assuming a steady state operation at
the trip setting, over the entire recirculation flow
range. The margin to the Safety Limit . increases as the
flow decreases for the specified trip setting versus
flow relationship; therefore the worst case MCPR which
could occur during steady state operation is at 108% of
rated thermal power because of the APRM rod block trip
setting. The actual power distribution in the core is
established by specified control rod sequences and is
monitored continuously by the in-core LPRM system. As
with the APRM SCRAM trip setting, the APRM rod block
trip setting is adjusted downward if the maximum frac-
tion of limiting power density exceeds the fraction of
rated power; thus preserving the APRM rod block safety
margin. As with the scram setting, this may be accom-
plished bv adjusting the APRM gain.

The licensee indicated in reference 6 that CNS Procedure 10.1
tled "APRM Calibration" was recently modified to include a provision
APRM gain adjustment to account for the difference between effective

j e flow for single-loop and two-loop operation. This modification adds

| term 0.66 A W to the APRM readings. After completion of the APRM

j /stment, the results are reviewed by the Shift Supervisor and the CNS
neering Department. This procedure ensures the necessary adjustments
performed properly, and is consistent with Section 4.15 of IEEE Std
1971.




The manual APRM gain adjustment to accommodate single loop opera-
tion is the only change imposed upon the CNS reactor protection system
(RPS). This change will not cause the RPS to violate General Design
Criteria 20 to 24 of 10CFRSO Appendix A.

The Stability Analysis section of NED0-24258- indicates that the
least stable power/flow conditions attainable under normal conditions occur
3t natural circulation with the control rods set for rated power and flow.
This condition may be reached feollowing the trip of beth recirculation
punps. One pump running at minimum speed is more stable than operating
with natural flow only, but is less stable than operating with both pumps
operating at minimum speed. Under single-recirculation-loop operation, the
flow control should be in manual, since control oscillations may occur in
the recirculation flow cortrol system under these conditions. We recommend
that the licensee revise the technical specifications to include the re-
quirement of manual control of recirculation flow by the operator, as
cpposed to automatic control during single-recirculation-lcop operation.

Because of the different flow pattern during single-recircula-
tion-loop operation, a number of indications in the control roem will
cnange, such as individual jet-pump flow and total summed core flow. Some
1ndications will be only slightly less than accurate, but some others will
be erroneous. All anomalous control room indications must be corrected or
warning-tagged for the duration of the singie-recirculation-loop operation,
2s required by section 4.20 of IEEE Std-279-1971.

IS CONCLUSIONS

Based on our review of the information and documents provided by
the licensee, we conclude that the more conservative setpoints for the APRM
and RBM will be properly aujusted to protect the reactor for single-recirc-
ulation-1c0p operation.

The current manual method of setting the APRM and RBM trip points
meets [EEE Std 279-1971, and is acceptable for Cooper Nuclear Station.

The proposed changes to the reactor protection system (RPS) to
accommodate single loop operation at CNS do not cause the RPS to violate
General Design Criteria 20 through 24 of 10CFRS0O Apperdix A, and are con-
sidered acceptable.

In order to prevent the potential loss of LPCI, we recommend that
the licensee revise the technical specifications to include the require-
ments of proper valve alignment and tagging prier %o commencement of
single-recirculation-loop operation.

In order to achieve stable recirculation flow control during
single-recirculation-loop oparation, we recormend that the licensee revise
the technical specifications to include the requirement of manual control
of recirculation flow by the operator, as apposed to automatic control
during single-recirculation-loop operation.
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A1l anomalous control room indications must either be corrected
for single-recirculation-loop operation or warning-tagged.

We conclude that upon successful implementation of the above
recommended actions, the proposed licensee ammendment -for single-recircu-
lation-loop operation at Cooper Nuclear Station is acceptable.
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MEMORANDUM FOR:* G. C. Lafnas,fAssistant Director
for Operating Reactors, DL

FROM: L. S. Rubenstein, Assistant Director
for Core and Plant Systems, DSI
SUBJECT: SLO OPERATION SER'S

As discussed in our meeting of January 26, we are withdrawing our SER
aoprovals for all the plants currently requesting permanent SLO. This
decision is based on new data which indicates the potential for local
thermal hydraulic instabilities which would nat be detected by only
monitoring APRM flux noise, which we previously recommended.

He are continuing to evaluace this problem and expect to establish criteria
for acceptable SLO in the near future.

-
L. S. Rubenstein, ASqistant Director
for Core and Plant Systems, DSI

Mattson
Eisenhut
Phillips
Lobel

cc:

Contact: G. Schwenk, CPB:DSI
X-29421
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MEMORANDUM FOR: T. Ippolito, Chief
Operating Reactors Sranch #3
Oivision of Operating Reactors

G. Lainas, Chief
Plant Systems Branch
Division of Operating Reactors

MONTICELLO NUCLEAR GENERATING PLANT, UNIT 1 -
SAFETY EVALUATION FOR N-1 LOOP OPERATION

In response to technical assistance request, TAC 6190, enclosed is
the Plant Systems Branch Safety Evaluation Report for single loop
operation of Monticello, Unit 1. We find the proposed modifications
to the plant for single loop operation as cescribed in Northern
States Power Company's submittal to be acceptable.

/-

G. Latnas, Chief
Plant Systems Branch
Pivision of Operating Reactors

Enclosure:
Safety Evaluation
Report

Contact:
J. Burdoin, X28128

¢ w/enciosure:
Eisenhut
Grimes
ech
Gammill
Check
Coffman
Rubin
Kevern
Lainas
Clark
Tond1
Burdoin
Shemansk {
Panciera
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ENCLOSURE

SAFETY EVALUATION REPORT
N-1 _LOOP QPERATION

MONTICSLLO NUCLEAR GENERATING PLANT
UNTT 1

I, INTRODUCTION %

By letter to the S. Nuclear Regulatory Commission (NRC) dated
September 7, 19787 the Northern States Power Company (NSP)
submitted information to support its proposed license amendment
to operate the Monticello Nuclear Generating Plant, Unit 1, with
one recirculation loop out of service (i.e., single-loop
operation). This information represented the licensee's
analysis of significant events, based on a review of accidents
and abnormal operational transients associatad with power
operations i~ the single-loop mode and provided by the nuclear
steam supply system designer (General Electric Company, Nuclear
Energy Division (GE-NED)). Conservative assumptions were
employed in the GE-NED Report NED0-21252, dated June 1976, to
ensure that its generic analyses for boiling water reactors
(BWR) 3/4 were applicable to the Monticeilo Nuclear Generating
Plant, Unit 1. GE-NED submitted an additional report (NEDO-
2USA6-2, dated July 1978) of an analytical mode! for a Loss-of
Coclant-Accident (LOCA) with one recirculation loop out-of-
service which is presently under review by the NRC Reactor
Safety 8rancn (RSB).

The purpose of this report is to evaluate the Ele-trical,
Instrumentation, and Control (EI&C) design aspects of the
proposed license amendment as presented in NEDO-212%2 using
the following criteria: IEEE Std. 279-1971; the Cod: of
Federal Regulations, Title 10, Part 50.46; and Title 10, Part
57, Appendix A and Appendix K.

II. EVALUATION
The enclosed technical evaluation was prepared for us by

Lawrence Livermore Laboratory/EG&G as part of our technical
assistance program.

[II.  CONCLUSION

The consultant has reviewed Northern States Power Company 's
submittal for license amendment for single-loop operation at
the Monticello Nuclear Generating Plant, Unit 1, and concluded
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that che modifications satisfy the I[EEE Std. 279-197" criteria
and are acceptable. The submittal was Lased on the analysis
in NEDO-21252 performed by the nuclear steam supply system
manufacturer (GE-NED). The manufacturer had, however, not
analyzed the performance of the Emergency Core Cooling System
(ECCS) during single-loop operating conditions.

A new analysis nas been performed by GE-NED for a LOCA with one
recirculation loop out-of-service. This analysis, reported in
NEDO-20566-2, includes the ECCS single-lcop analysis and was
provided to satisfy the Code of Federai Regulations, Title 10,
Part 50, Appendix K.

The consultant also concluded that if an additional review of
the EI&C design aspects is required as part of the staff's
review of NEDO-20566-2, the licensee will be required to

update its submittal based on that new analysis. Such a review,
if required, will then be presented as a supplement to the
consultant's technica' evaluation.

Based on our review of consultant's technical evaluation, we
conclude that concepticnal design as presented in the licensee
submittal and reviewed in the consuyltant's technical evaluation
1S acceptable. However, the licensee's submittal did not
include a design of hard-wire modifications (see Section 2.2
of attached technizal evaluation) to tie reactor protection
system that will enable the operator to make setpoint changes
from the front of the nuciear instrument cabinet. It is,
therefore, concluded that before operation in the single-loop
mode can be implemented at Monticello, Unit 1. The 1licensee
must accomplish the aforementioned modifications to the
reactor protection system in a manner that satisfies I[EEE
Stds. 279-1971, 323-1971, and 344-1975.
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TECHNICAL EVALUATION OF THE
ELECTRICAL, INSTRUMENTATION, AND CONTROL OESIGN ASPECTS
OF
THE PROPOSED LICENSE AMENOMENT FOR SINGLE-LOOP QPERATION
0F
THE MONTICELLO MUCLEAR GENERATING PLANT, UNIT 1

(Docket No. 50-263)

James H. Cooper
EG&G, Inc., Energy Measurements Group, San Ramon Operations

1. INTRODUCTION

By lctterl to the U. S. Nuclear Regulatory Commission (NRC) dated

September 7, 1976, the Northern States Power Company (NSPC) submitted
information to support its proposed license amendment to operate the
Monticelio nuclear generating plant, Unit 1, with cne recirculation loop
out of service (i. e., single-loop operation). This information
represented the licensee's analysis of significant events, based on a
review of accidents and abnormal operational transients associated with
power operations‘ in the singie-lcop mede and provided by the nuclear steam
supply system designer (General Electric Cempany, Nuclear Energy Division
(GE-NED)). Conservative assimptions were employed in the GE-NED Report
IIDO-ZIZSZ,Z dated June 1975, tc ensure that the generic analyses for
boiling water reactors (BWR) 3/4 were applicavie to the Monticello nuclear
generating plant, Unit 1. GE-NED submit“ed an additionai report
(NEDO-20566-2,3 dated July 1978) of an analytical model for 2 loss-of-
coolant accident (LOCA) with one recirculation loop out-of-service which is
under reviaw by the NRC Reactor Safety Branch (RSE).



The opurpose of this report is to evaluate the electrical,
instrumentation, and control (EI&C) design aspects of the proposed 1icense
amendment as presented in NEDO-ZIZSZZ and using [EEE Std-279-1971‘ criteria
and the Code of Fegeral Reculations, Title 10, Part 50.46,5 and Title 10,
Part 50, Appendix ﬁ\5 and Appendix K7 criteria.




2. DESCRIPTION AND EVALUATION OF THE PROPOSED LICENSE
AMENDMENT FOR SINGLE-LOOP OPERATION

2.1 DESCRIPTION OF THE PROPOSED CHANGES

The licensee states that, from its analysis of NEDO-ZIZSZ,Z the
only changes necessary to the react:r orotection system (RPS) are modifi-
cations to the:

(1) SCRAM trip settings of the average ;,;ower range
monitor (APRM) system.

(2) Rod-block setpoints of the rod block monitor
(RBM) system.

Because of the different flow quantity and different flow path during
single-loop operation, the APRM SCRAM trip settings, which are flow-biased
according to the equation in the technical specifications, require re-
setting to protect the reactor from overpower. The rod-block setpoint
equation is flow-biased in ‘the same way and with the same flow signal as
the APRM setpoint, and must also be modified to provide adequate local core
protection for the postulated rod withdrawal error.

The revised technical specifications propose single-loop
operation at reduced safety settings for unlimited periods of time. The
revised technical specifications also propose a 1imit of 24 hours in which
to reduce the safety settings. Use of Section 3.4.1.1.3 of the standard
BWR technical spe‘::ifie:ations8 will be required. Section 3.4.1.1.a states
that

"With one recirculation Toop not in ope=2*ion,
(reactor) operation may continue; restore both loops to
operation within 12 hours or Degin at least hot
shutdown within the next 12 hours.”



The numerical values of the new settings are delineated in the revised
technical specifications wnich accompany tne licensee's submitx.al.l

2.2 EVALUATION OF THE PROPOSED CHANGES

The temporary changes in the settings of the trip points for the
APRM and REM must be made in the power-range cabinets in the control room
énd S0 must be done with the reactor shut down (i. e., with the mode switch
in shutdown or refuel, condition 3, 4, 5) as required by the NRC Branch
Technical Position ICSB 12.9 These adjustments include readjusting the
power and flow potentiometers in each of the six APRM channels and the two
RBM channels. One channei of the multichannel systems will be adjusted at
a time and then returned to service. Before :11 of the channels are re-
turned to service, the new trip setpoints will be verified by the
instrument engineer following the readjustment and testing of the setpoints
by the instrument technician. Two operators will perform functional tests
to double check the new setpoints and to check the instrurent's return to
an operable conditiau,

The sequence outlined above shall be written into the plant
technical specifications. A permanent installation of the setpoint-change
capability must be made in order “or the system to satisfy the requirements
of Section 4.15 of [EEE St:d-279--1971.4 Hard-wire modifications will be
required to enable making setpoint changes from the front panel of the
power range cabinet dy way of cortrol switches. The licensee's oroposed
modifications must be submitted to the NRC staff for review prior to this
installation.

The recirculation-loop 2qualizer valves must be verified closed
and tagged for single-loop power operation, as is the case for two-loop
power operation. The safety analysis in .'!EDO-ZIZSZZ assumes that these
valves remain closed as their effect on a LOCA has not been analyzed.

oo



Recirculation flow must be manually controlled by the operator,
as opposed to autamatic control, whenever che system is operating in the
single-lcop mode, since control stability is degraded and manual control is
assuned in the NECO-ZIZSZ.Z The tecnnical specifications will pe changed
to include this restriction.

Oue to the different f1.w pattern during single-loop operation as
describea by the licensee, a number of indications in the control roam will
change, such as individual jet-pump flow and total summed core flow. Some
indications will be only slightly less accurate, but some others «ill De
erronecus. The control room indications must be corrected prior to single-
Toop power operation or they must be tagged out—of-ser:ice,.as appropriate.
This is a requirement of Section 4.20 of IEEE Std-279-1971.%

The normal plant configuration as described in the final safety
anaiysis report (FSAR)IO includes recirculation-pump start interlocks to
prevent an inadvertent cold-water injection into the reactor. Any
recirculation loocp that is out-of-service and whose water has cooled must
be run in the bypass mode t9 preheat the water to within 102°F cf the
reactor cooling water before the water may be valved back to the reactor
pressure vessel. The recirculation pump start is interlocked to permit
start-up only if the purp discharge valve is closed, the bypass valve is
open, and the suction valve is open. This configuration will limit the
amount of cold water which can be transported through the reactor vessel
from a cold-loop startup, thereby Timiting the effect of a cold-water slug
event. Although interlocks are provided. no credit is taken for their

safety function in NEDO-212522 for single-loop operation since this is not
the limiting transient.

The instrument setpoints can be set down to enable operation in
the single-loop mode for unrestricted periods. This mode of operation is
desired by the licensee to facilitate more extensive unscheduled mainte-
nance without the requirement of keeping the reactor shut down. It is

stipulated that single-locop operation will not be 2 planned mede of

operation.




The new rod-block and trip setpoints vary lTinearly as a function
of recirculation flow rate. For pewer increases by rod withdrawal, the R8M
rod block must be set to the next higher trip level by manual operator
action. The APRM, flow-biased, SCRAM trip follows the new trip curve
automatically for both power increases and decreases.



3. CONCLUSIONS

We conclude that the, Northern States Power Company's license
amendment submittal for single-loop operation of the Monticelic nuclear
generating plant, Unit 1, satisfies the I[EEE Std-279-1971 criteria and is
acceptable. The submittal was based on the analysis in NEDO-Zl?.EZ2
performed by the nuclear steam supply system manufacturer (GE-NED). The
manufacturer had, however, not analyzed the performance of the emergency
core cooling system (ECCS) during single-loop operating conditions.

A new analysis has been performed by GE-NED for a LOCA with one
recirculation loop out-of-service. This analysis, reported in NEDO
20566-2,3 includes the ECCS single-loop analysis and is in accordance with
the Code of Federal Requlations, Title 10, Part 50, Appendix K.7

If an additional review of the EI&C design aspects is required as
a result of NEDO-ZOSGG-Z,3 the licensee will be required to update its
submittal based on that new analysis. The review will then be presented as
a supplement to this technical evaluation.
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