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September 29, 1980

Samuel J. Chilk

Secretary of the Commission

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Chilk:

Toledo Edison appreciates the solicitation of comments on NUREG-0696,
Functional Criteria for Emergency Response Facilities as announced in
the Federal Register of August 15, 1980 (45 F.R. 54708). We feel, by
sharing the comments attached hereto, a valuable insight can be gained
into developing and implementing functional criteria that will truly
improve the capability of utilities and regulators in upgrading their
emergency preparedness posture.

Toledo Edison has dedicated all levels of management attention to emergency
preparedness, an area that we feel has been one of our most productive
efforts in light of the Three Mile Island Unit 2 accident in March of

1979. As a result, a functional criteria has been developed and is
currently in the process of implementation. The resolution of pitfalls

and the problems of integrating such a comprehensive response capability
into an organizational structure has led to the development of a truly
effective emergency response capability in our compan*.

Due to our commitment and an accelerated schedule, our facility is to be
in full operation by late Summer 1981. In light of this, we would be
happy to make the facilities availabl'z to the Commissioners and their
staff to observe first hand its role in our overall emergency response
program.

In retrospect, the develupment of our functional criteria has been both
difficult and exhilerating. Our conceptual development was -~ided greatly
by the insights of a Toledo Fdison Review Team that went to Threa Mile
Island in July of 1979. They gathered first hand emergency response
experiences of the Metropolitan Edison/General Public Utilities organiza-

ion.
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The emergency capabilities of the utility, industry, local, state and
federal organizations have to function to direct all the resources at
thelir command to insure the public health and safety. The purposes of
emergency response facilities, some Of which are described in NUREG~
0696, are to support centralized management of technica! asszssment,
radiological assessment, governmental/industry interface, public infor-
mation, and recovery activity. By proper management, the available
resources can be properly directed under any conditions, foreseen or
not.

The centralized management philosophy of overall emergency response was
formally adopted by Toledo Zdison iu December of 1979. The functional
requirements of our ¢.ganization have been defined and . -anslated into
support facility criteria. These are being implemented 1. an optimized
fashion to insure the overall centralized management concept is intact.

One of the main elements in our response facility upgrade is a combined
function facility currently in construction at the NDavis-Besse site
boundary. This multi-million dollar facility fulfills our functional
criteria. I consider this basic approach of centralized accident manage-
ment as part of my defined responsibility in insuring the health and
safety of the public. Degradation of this concept is not corsidered
justifiable.

Comments attached reflect areas that need be seriously addressed prior

to the final issuance of NUREG 0696. To provide details on the logic
behind our comments, Toledo Edison's approach to these support facilities
is used as examples where appropriate.

Very truly yours,

At anan—

R. P. Crouse -
Vice President, Nuclear
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ce:

Commissioner John F. Ahearne

Commissioner Victor Gilinsky

Commissioner Pecer A. Bradford
Commissioner Joseph M. Hendrie

Dr. Milton S. Plesset, Chairman, ACRS (16)
Harold R. Denton, Director, NRR

Carl Walske, President, AIF
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5 Introduction

Toledo Edison has participated jointly through representation on the
Atomic Industrial Forum's Safety Parameter Integration Group Subcom=
mittee and the utility sponsored KMC, Inc. Coordinating Group on Emergency
Preparedness Implementation. Additionally direct interfacing with the

NRC staff on acceptability of Toledo Edison's centralized accident
management support facilities has provided dialogue with the drafters of
NUREG 0696 throughout its develcpment. Coms:nts have been provided

before and are being provided again jointly. Toledo Edison endorses
comments from both the AIF and KMC groups. However, the importance of
developing appropriate functional guidance for facilities to support
emergency response dictates that our Company provide comments independently
on several areas of major concern as well as minor comments.

In general, these comments arise from what we believe is a basic lack of
appreciation that the equipment and facilities only support the response
organizations. It is the or!anization that responds to the emergency

pot the facilities.

II. Comments on Major Items
A. Data Information Systems
Basis >f Concern

An obvious shortcoming of the onsite and offsite response
functions in the past has been tie lack of accurate

. information. It is recognized thai. each activity center
needs information. However, the determination of what
information, its timeliness and its display format needs
to be developed based on the individuals to whom the data
is directed and their function in the response organization.

The only information display systems dicussed in NUREG

0696 include an SPDS in the control room, a TSC informa~
tion system, an Emergency Operation Facility information
system and an information system to the NRC Operations
Center, the Nuclear Data Link. These systems are discussed
as if there is only one type of individual in each activity
center and that the need for information is instantaneous
and digital.

Further botk the text of the document and meetings with
its authors treat the SPDS as the sole information source
illustrative of the plant conditions during all modes of
plant operations. If one starts from this assumption,
the design criteria evolved would logically be as pre-
scriptive and harsh as currently identified in NUREG 0696.
However, it is our major contention that not only is the
basic assumption in error, but the operaticnal philosophy
that spawned this approach goes directly counter to one
of the root problems during the accident at TMI-2 -- the
reliance on one device to interpret plant status.



2=

No m& ... how available, reliable or omniscient one

infor tion source is designed to be, we have learned the
absolute :cessity to verify, diversely, plant data and
status. This is one lesson we do not intend to rescind.

5 focus on the true need of strict requirements of the
SPDS, let's reflect on several activities related to the
functional response located in the control room. These
activities include:

a. Expanded Control Room Organization - This includes
an operations team of reactor operators and senior
reactor operators that have undergone intensive
retraining. A Shift Techoical Advisor is now
assigned to provide a broader technical expertise to
advise the shift operations organization. This
staif is augmented during emergencies with addi-
tional senior operations staff and high level sta-
tion management and communications persons.

The important relationship here is that different
information is important to different functions in
the control room organization chain. An SPDS dis-
play of interest to a Shift Technical Advisor would
not necessarily be the same display provided for a
reactor operator. An extremely flexible computer
based data acquisitinn and display system is impor-
tant to be able to address the fuanctional differ-
ences of the individual's needs in the control room.

b. Control Room Information Systems - The SPDS is only
a small part of the control room. A control room
evaluation is to be done at every nuclear power
plant to ensure the man-machine interface is good
enough to overcome confusion due to expected events.
New instrumentation has been added with more being
upgraded. The SPDS is one more operator aid that,
like any other individual dewice, must be able to be
done without. This is regardless of any high relia-
bility and availability design goals.

€. Long Term Procedure Upgrades - A complete change in
procedural philosophy is in development. It includes
the conversion from event-oriented plant procedures
to symptom-oriented procedures. The goal of this
effort is to be able to initially respond to a plant
upset in a manner that protects the core during any
type event without requiring the control room organi-
zation to know the initiating cause of the condition.
In our perspective this effort is the most safecy
effective item in the post-TMI-2 activities. These
symptoms are to be recognizable with or without an
SPDS operable or any other individual device.
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d. Short Term Procedure Upgrades - All plaat emergency
procedures for upset conditions have already been
modified to require verification of vital information
regardless of the reliability or design pedigree of
the source instrument.

Toledo Edison Approach

In the Area of Data Information Systems it was recognized
that the functional needs of the Technical Support Center,
Emergency Operations Facility, Control Room and Nuclear
Data Link could be aided by a flexible system that could
be used in different formats for appropriate evaluatioa.
The development of the human factors relationship between
all the different functions will evolve over a considerable
rime. Recognizing this, the system approach selected by
Toledo Edison is computer based, flexible, powerful,
reliable and proven. Figure 1 depicts the basic system.
This will allow the effective development of different
display formats to be optimized through an evaluation
process by the functional users.

Initially, Toledo Edison is placing a high priority on

the capability to assess the immediate post-reactor trip
time period. Because this is essentially the first 10-13
minutes of an event this function is required to be done
by the control room shift organization without the support
of a TSC or EOF. The manipulation and display of key
parameters has been shown to provide a significant operator
aid in the initial assessment period. Appendix A attached
describes one such approach. Entitled A Real Time

Method For Analyzing Nuclear Power Plant Transients,
Messrs. Broughton and Walsh of the GPU Service Corporation
described one method that could fulfill an operator aid
requirement. A computer-based display system is ideal

for this .pproach in the man-vachine interface. However,
the technique is equally functional being hand plotted
from information available in thé& control room without an
SPDS.

This tackup method to support such a function allows the
approach of maintaining flexibility with one system to
provide a wide variety of information and displays to all
emergency response activity centers with off-the-shelf,
highly dependable, maintainable and available equipment.
Figure 1 illustrates the syster selected by Toledo

Edison. The basics are modeled after the data acquisition
and display system at the Loss of Fluid Test Facility
(LOFT).
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Additionally, a special loop communications system has

been devised to allow a dedicated voice system for verbal

verification of information at each of the activity
centers. Closed circuit television viewing of the
control room will be in the Technical Support Center.
Proposed Changes to NUREG 0696

Page 8 - Revise Section II.F. te read:

F. Safety Parameter Display Design Criteria

The total SPDS need not be Class IE or meet the single
failure criterion. The data acquisition system for the
SPDS, consisting of sensors and signal conditioners,
shall be designed and qualified to Class IE standards.
The processing and display devices of the SPDS shall be
of proven high quality and reliability.

A Limiting Condition for Operationm in the Technical
Specifications shall be established that is consistent
with the unavailability goal of the SPDS and with the
compensatory measures defined during periods when the
SPDS is inoperable.

Since the function of the SPDS is to aid ia the detection
and monitoring of transients and accidents, the SPDS

shall be capable of functioning during and following most
events expected to occur during the life of the plant.
Emergency operating procedures shall specify the limitations
of the SPDS.

B. Facility Locations

1.

Basis of Concern

Emergency planning is just that, planning organizatioas
and support facilities established to be able to effectively
re;pond to events that are expected. Whether it is in

the commercial nuclear power industry or any other field,
the best planning does not account for every possible
contingency In fact, the broader the spectrum of emer-
gencies the . rder it is to define effective organizations
and managemert support facilities. One basic reason is
the nature of the required response to one particular
emergency may iry to a point that a preconceived approach
may need to be a.tered because it is not appropriate for
the particular condition. The correct approach then is

to optimize support for a management organization in the
expected modes of response while providing for flexibility
to cope with the unexpected.
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Effective, flexible management depends on information
availability, internal organization communication and
external communication. Effective communication includes
not just technical but personal interchanges. In the
commercial nuclear power production arena, taese inter-
changes are vital cCue to the many organizations and
responsibilities involved. Each utility has to determine
the optimum interrelationship it needs to support expected
emergencies. Areas of potential weakness are then compen-
sated for by strepgthening other facility support capabil-
ities.

It is Toledo Edison's contention that this evaluation
could be unique to different organizations and therefore
support facility types and locations can be quite varied
but still be adequate in performance.

As an example, the Technical Support Center in NUREG 0696
has been prescribed to be "within approximately two
minutes comfortable walking time of the control room."
The functional items this is; to support is face-to-face
communicatious "between coutrol room personnel and senior
plant managemen. working :n the TSC" and information
availability of itewz not transmitted to the Technical
Support Center. By evaluating the expected conditions
requiring face-to-facs communication two time periods
arise. The first is some unplanned event of concern.
Under this condition however, such removal of activity
center managers for any time period could critically
impair response capability. In addition congregation of
personnel in the control room could interfere with or
distract the operations staff. Therefore, during unplanned
events such face-to-face exchanges between control room
personnel and senior plant management should be minimized

The other events of concern would be events that had been
pre-planned and may require briefings or observation. By
their nature of being pre-planned a two minute walking
distance can certainly be expandable. The other functional
aspect of the location is to acquire information not
available in the TSC. Certainly, in today's era of
information transmittal, addtional viable options can be
provided for information gathering.

Toledo Edison's Approach

Figure 2 identifies the basic functional criteria utilized to
determine locations of support facilities. In developing our
facilities, several options were evaluated. All had shortcomings
to varying degrees. The final corporate commitment was made

on the ability of facilities to support a controlled, centralized
accident management organization. As a result,
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Toledo Edison's emergency response organization is set up in
three locations: the Control Room, an Emergency Plan Facility
at the site boundary (containing the TSC and EOF functions)
and the Toledo Edison Plaza offices twenty-seven miles away.

Figure 3 identifies the internal arrangement of the Emergency
Plan Facility while Figures 6 and 7, locate the facility with
respect to the site.

There are key areas of the response organization, equipment
and facilities that were upgraded to address initial shortcomings.
They include:

a. Need for control room access for information - an elaborate
data acquisition and display system was selected to make
available not only a minimum number of plant parameters
to the TSC and EOF but tc essentially access the total
iibrary of the plant computer. A video link from the
Control Roca to.the TSC is being provided as well as a
dedicated loop communications system that will place the
Cont.rol Room on line with the technical assessment area
and the radiological assessmeul area.

b. Need to have face-to-face interaction between senior
station management personnel in the TSC and Control Room
personnel - the response organization at Toledo Edison
supplements the Control Room staff with senior statiom
operations personnel and the Assistant Station Superin-
tendent. The Technical Support Center response organization
includes the Station Superintendent and the Manager of
Nuclear Engineering. The detailed day-to-day interactions
of these perscns provide valuable experience that will
aid in the capability of handling verbal discussions and
directions.

Additionally, to allow rapid transportation betwe=n the

TSC and Control Room, a dedicated road is being ccastructed
totally within Toledo Edison's cemtrol. Transport time
utilizingz a dedicated vehicle from the TSC to the Control
Room is easily under five minutes.

e, Emergency Operation Facility Survivability - Toledo
Edison located the EOF functions at the Emergency Plan
Facility. The entire first floor is designed to be
habitable for the same radiological event as the Control
Room {(Ceneral De- ‘gn Criteria 19). Location of this
facility here is considered to aid greatly the more
critical face-to-face communications between different
governmental/utility/industry/ media response organizatioums
and allow timely briefings within or among any of these
crganizations.
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To arrange for flexibility to cope +ith unexpected events
the Emergency Plan Facility provides for:

a. An entire second floa~ of offices that normally will
house selected elements of the station staff.

b. An extensive communication system to ensure indepen-
dence from local phone overload conditions.

c. An internal security and hadging system to aid in
the recognition of organizational authorities.

d. A power supply system that p:ovides diesel generator
backup as well as a battery backed uninterruptable
power supply (UPS) system for critical data and
communications functions.

Beyond the site response organization is a support engi-
neering function that reports to the Toledo Edison corporate
offices at the Edison Plaza. A data link provides all
information available to the SPDS, TSC and EOF such that
this organization can support, monitor and assume a

direct response function if required due to extreme
unforeseer site conditions.

The accident management organization is well supported by
the locations of its facilities. Additionally, it has

the flexibility important when trying to design facilities
for all possible events, foreseen or not.

Proposed Chaages to NUREG 0696

Page 10 - Revise Section III.B. to read:

B. Technical Support Center Location

The requirement for an inplant TSC was established

to provide facilities for detailed analysis of plant
conditions and to alleviate the problem of control
room overcrowding during an accident. The TSC shall
be the emergency operations work area for designated
senior plart management personnel, designated licensee
engineering and technical personnel, a small staff

of NRC personnel, and any other licensee designated
personnel needed to provide the required technical
support.

The TSC shall be located to readily allow face-to-
face interaction between control room personnel and
the senior plant management working in the TSC.



The TSC shall normally be in a location that is
within approximately five minutes of the control
room.

Provisions shall be made for the safe and timely
movemeat of personnel between the TSC and the control
room under emergency conditions.

ITI. OTHER COMMENTS
A. Nuclear Data Link (NDL)

The Nuclear Data Link is still in its formative stages, but is
being based on a consideration that has not yet matured.
Fundamental to the establishmeat of the NDL is a clear deter-
mination by the Comm‘ssion and an understanding by the staff
of the function and role of the NRC in an emergency. iM“is is
identified as Action Plan Task III.A.3.1, and is still ongoing.
Resolution of this concern is an importiat prerequisite to
development of the NDL (which is Action Plan Task III.A.3.4).
As such, that part of NUREG-0696 that relates to the NDL, if
retained in the final version, should be considered as informa-
tion only, with no implementation inference at this time.

B. NRC Regulatory Guide 1.97

All references to Regulatory Cuide 1.97 (Instrumentation to
assess and follow the control of an accident, etc.) should be
qualified. Reg Guide 1.97 is not final yet. The parameter
sets for the emergency facilities should be based on the
function of each facility. The Atomic Industrial Forum's
Safety Parameter has recommended to the Advisory Committee on
Reactor Safeguards (ACRS) that a systematic approach be used
to establish the data requirements for emergency facilities.
This approach, is contrast tc Reg Guide 1.97, integrated the
consideration of human factor engineering, the need for and
importance of the information, and the- function for which the
information is going to be used. As a result, the ACRS did
not endorse Reg Guide 1.97 in its present form and recommended
that additional effort be made to resolve some of the rather
major differences in the approach between NRC staff and industry.

e. Availability

Availabilty of information and power supply requirements need
to be defined with respect to function (purpose) of the SPDS,
TSC, etc. Unavailability thould not mean loss of a single
input parameter but loss ol the function of each Emergency
Response Facility.

Design availability (or unavailability) should be defined
using standard manufacturers data such as Mean Time Between
Failures and Meau Time To Repair and should be based upon
actual historical or generic data.
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Commercially available computers typically have an advertised
availability of 99.5% and when used in conjunction with available
input/output devices and power supplies overall availability

of 99.0% in achievable. To meet the 99.9% availability re-
quirement would require redundant computer systems, input/output
devices and power sources. To statistically demonstrate an
availability of 99.9% with a confidence level of 95% would
require a test period of approximately 400,000 hours.
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Toledo Edison
Emergency Plan Facility
Functional Criteria
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APPENDIX A

A REAL-TIME METHOD FOR y
ANALYZING NUCLEAR POWER PLANT TRANSIENTS

T. G. Broughton
P. S. Walsh

GPU Service Corporation
100 Interpace Parkwvay
Parsippaay, N.J. 07054

* Discussed in ANS Transactions,
Volume 34, TANSAD 34 1-89¢
(1980) pages 723-724



A REAL-TIME METHOD FOR
ANALYZING NUCLZAR POWSER PLANT TRANSIENTS

T. G. Brougaton
P. S. Walsn

GPU service Corporation

1CO Incerpace Parkway
Parsippaay, N.J. 07054

Introductisn

Monitoring power plaant performance during transieats and detactiang abnoraal
performance requires comparing many parametars CO limiting values, decar-
mining correlations among parametars, evaluating trends and verifying Ctae
status of key systems and components. This task may be difficult to perform
in real time during unexpected transients. Afzar-the-fact analysis of tae
Tii~2 accident, for axample, revealed tnat the aultiple malfunctions wnien
occurred could nave bdeen diagnosed from tne values of and relatiocasnips
between a faw key parameters. The presence of addicional daca of lasser
Laportance, however, resulted in confusion and innibited mitigating
aztions. This acciden: and other plant cransients demonstrate a clear need
for a real-time analysis mechod useable by operacors.

Effocts to develop a diagnostic mechod concentraced on heat transfer aad
pressure coatrol following a reactor trip. A method of determiniang the
effactiveness of steam generator neat removal was particularly desiraole.
Many alteraice approaches were evaluated and potential methods were refined
or eliminatad in an attempt to develop a tool which was based on sound
principles, could be consisctencly applied over a wide range of axpected
events and could de easily learmed and used dy operacors.

An analysis method using primary and secondary pressures and primary
temperatures proved 0 provide operations personnel with the desired tool ©o
diagnose power plant scatus in real time following a reactor trip. This
sethod has bdeen specifically azplied co pressurized watar reactors w7itn onca
tarough staam generators. However, the principles of tanis metnhod are
applicable t> ocher light water reactor types.

As a test of ctais mechod, actual plant data from more than ctwenty transiz2acs
as well as daca from compuctar simulations of transieats nave dDeen plotted ¢o
evaluate :he effectiveness of the tachnique. All the examples used in tnis
paper ars dased on daca from actual plant transients.

Mecthod

During the transition from power operation CO post trip decay heat removal
four key parametars (primary and secondary pressure and hot and cold leg
temperatures) are monitored using pressure/temperature plocs (Figure 1). If
normal post trip decay heat removal coanditiort are attained, temperatura and
pressure will %e within tneir expected range., as iadicatad dy the d0x on Iae



plot. Normal operation at power is outside the expected post trip range.
The normal cransiction to stable povt trip conditions requires 5 to 10
minutes. AC any poiat during the ctransition, the plot indicates the
proximity to the expected value ard any limiting values. Ia addition, the
trend allows the "analysc" to anticipate cthe course of tne :transient.

A siagle ploc wnich incl - 'des priwmary and secondary conditions has proven
most useful (Figure 2). The expected post trip ranges are iandicated for tnhe
primary and secondary systems. The saturaCion curve is also included. The
primary plot of primary pressure versus hot leg temperature diractly
iadicaces primary system subcooliag (saturation margin). The secoandary plot
of steam generator pressure versus cold leg temperature indicates che
effeccs of the steam generator ca the primary system. Effective stean
generactor heat transfer is reflected oy cold leg temperature (scteam
generator outlet temperature) nearly equal to the sar ration temperature for
steam generator pressure. This relationship snould ..ist following trip
since at decay heat levels the relatively low nheat transfer ia the sceam
generator results in a small temperacture differance across cthe sceaan
generator tubes.

Assumpcions and Limitations

Since this moanitoring method oaly coansiders four key paramecars, it cannoC
diagnose all abnormal pover plant conditiocas nor can it determine Cthe
specific cause of tne abnormal conditions wanich exist. For example, a small
stean generator tude leak (leak rate less than mak2up capacity) would not
affect ctnese tnermal hydraulic paramecers buf would de indicated by
secondary system radiocactivicy. The cause of overcooling events cannot de
detarmined without additicaal steam and feedwater system data. Therefore,
this method should bde considered a supplement =o the normal monitoring of
systed and component status and other parameters import-at to safecy.

Other .ssumptions are implicit ia the use of zhis method. The most
important i1s that the reactsr 1s shutdown since the expected values and
trends which are the dasis for diagnosis are valid oaly at decay heat
levels. Of course, instrumentactioa accuractely displaying the monitored
paramecCers au*C de available to permit analysis. Also, iC is necessary o
«now wnether torced primary flow or natural circulation exiscs since tne
expectaed values and a0onormal conditions limits are depeadent on :he flow
rate. —

Normal Post Trip Perfcrmance

Figure J is an example of normal post trip performance following a loss of
feedwater. The conditions jusc prior to the crip (time = 0 minuces) are
aoraal for full power. The loss of feedwatar causes tne reactor and :urdine
to trip. Duriang the first minute steam press: e rises .o che safacy vaive
setpoint due tO reduced scean generator heat romoval following turdine trip,
then decreases to the post Crip turdine doypass valve control sectpoiant. Hot
leg temperature decreases and cold leg temperature incre es as a resul: of
reduced reactor power generation. From ¢! tse conditions the transition 20

L=



stadl. post trip decay heat remcval begins. The cooldown causes a primary
system contraction wnicn reduces primary pressure. As tne cooldown racs
decreases, primary pressure recovers <O the expectad range. As cthe
secondary systCem pressure is concrolled ac a consiaat value dy turdine
bypass valves, tne cold leg temperature decreases 0 tne correspondiag
satyration Ctemperature.

These pressure/temperature traces are typical of normal tronsitiocas.
However, the conditions at the time of reactor :trip, the exact traasition
path and the time %0 reach tne expected values vary wita the specific
transient.

Detecting Abnormal Performacce

Several cateagories of aonormal performance can de diagnosed using this
plot. Certain regions oc the plot which indicate acnormal performance can
e defined using limit lines. However, the trend of tne data provides :the
earliest indicaticn of abnormal performance.

L. LOCA (Figure &) = Loss of coolant accidents and loss of pressure events
are reflacted by a continuous decrease of primary pressure to the
saturation curve or belovw (superheat region) witnout significant
temperature decrease and no effect on stem generator conditions.
Pressures below the hign pressure injection sespoint or below a
predefined subcoolianz margin may be considered indication of a LOCA.

2. Loss of Heat Sink (Figure 5) = Loss of steam generator heat sink evencs
are reflecced by the secondary plot trending away from the satuyration
curve. This indicactes zn increasiang temperacture difference between cold
leg tempirature and staam generator saturation Cemperature iadicative of
digrndod neat transfer conditions detween tne primary and secondary.
This plot definés a loss of steam generactor neat siank region as cold lag
teamperatures greatar than J5°F from the satu:action curve or cola leg
temperature more tnan 23°F above the expected value. The total loss of
primary hmat sink is reflected by primary temperature Lacreasing adove
the expecned range. The limit for chis zone nas deen set at 253°F adove
the expected value.

3. Overcooling (Figure 5) - Overcooling events are reflected by temperature
decreases delow tne expected range. On this—plot the overcooling regiom
13 considerad o bde tamperatures more than L0°F delow the axpected
value. The temperature decreases can cause Or de caused dy a steam
generator pressure decrease. A rapid cooldown will produce a primary
pressure decrease wnile a slover cooldown aay not affect primary
pressure.

Other limits can de indicated on the plot, for example, primary systea
relief valve settings and steam line rupture isolarfion system secpoiact.

‘ne of the key advantages of this technique is the adility to discinguisn
setween a LOCA depressurization and a rapid overcooiing which resulis ia low
srinary pressure. The LOCA is reflacted only in tae primary tread dut tae
sajor iadicactor of overcooliag is the secondary trend.

«3 =



Iz is also possible to decermine if a low steam generator pressure is due O
loss of heat transfer or overcooling. This distinction is important since
tae correct action for loss of neat transfer (addition of feedwater) is
incorrect for the overcooling case.

Asvmmetric and Multiole Casualties

Plocting each loop individually on tne same grapn eannances early recognition
of asymmetric traansients. Figure 7 illustrates a stuck opean turdine dyodass
valve in the A loop steam system. AL 2 minutes the overcooliag tread oo A
is bdecoming visidle on the secondary plot. After 3 minutes tha A loop
continues to overzool, bdut the B loop steam zeneratfor acts as a neat source
to the primery (steam zeneraCor saturation temperature is Zreater than cold
leg temperature iadicating heat transfer from secondary to primary).

Multiple casualtias can also be diagnosed by tais method. Many combinactions
are possidle including loss 2f neat sink in one sta2am ganerator with
overcooling in anocher, LOCA combined with loss of heat siak or ovarcooliag,
or sequentially occurriang faulcts.

Figure 8 illustractes the multiple effectcs of the T™MI-2 accidenc. LOCA
indicatioas develop at 2 aminutes. High pressure injection (HPI) has ao
effect on the primary pressur2 decrease but does ramove decay neat oetween 2
and 4 1/2 minutes during the loss of steam zenerator heat sink. «hen HPI
flow is reduced at % 1/2 minutes a loss of primary neat siank results. The
srimary reaches sacturation conditioas at 5 minutes and pressure Lacreases as
tne system heats up. The steam generators are restored as a heat siak when
amergency feedwater is initiated at 8 minutes. B8y 20 minutes the secoandary
systam has deen restored toO the expected range Dut the primary systam scill
reflects the LOCA.

Natural Circulation

Monitoring and diagnostic methods used during nacural circulation are
identical to forced circulation except that the axpectced value 3f not leg
tamperature is aigner, the loss of primary neat sink limit i1s higner, and
the increased loop traasport time presents additional cnallenges in
diagnosis.

The expectad temperature differeace decween hot3and cold legs during nactural
cirsulaction is 20 to 4«0°F versus cthe 2 to J°F expected duriag the forced
flow. The box indicatiang cthe e&xpectad range Iollowiag reactor :=rip during
anatural circulation reflects these diffarences (Figure 9). The axpandad
range of hot leg temperacture resulls in a nizner limit for definition of
loss of neat sink, lO°F nigher than che maxiaoum expected not leg ctemperatura
(Figure 9).

Effeccs of Low Flow Rate

The long loop transport times during natural cSizculaction alcar the :trands
slightly from the forced flow case but, more importantly, introduce time
iifiarences datween primary and sacondary plots wnich give them the



appearance of independence. The loop transport time increases from aoout L3
seconds duriag forced £flcs to about 3 minutes during natural circulation.
The effacts on plozced data are s .en in Figure l0. Pressure chaages are
reflected in the data immediately. In the secondary system, wnare pressure
controls cold leg cemperature, the time delay associated with cold primary
water flowing from the steam generator Co the cold leg temperature dectector
L8 about 2 minutes. Therefore, to evaluate staam generaior perfarmaace,
pressure at time 0 should be plocttaed with temperature at time 2 minutes.
Although this correction improves the presencation of tne data, the
direction of the tread remaias unchaanged, and therefore applying the
corrections in real time is of lircle value and not recommended. The close
proximity of hot leg temperature o the pressure sensor renders a correction
t0 the primary system p’ OC unnecessary.

This delayed response of indication during natural circulacsion makes it
important to provide the operator with a method of detactiag adaormal
conditioas ia time o c¢ontrol che plant.

Detecting Abnormal Conditions

Figure Ll illustrates an overcooliag event during natural circulation. The
cause of overco.ling is overfeeding whica would de indicated dy iacreasing
steam generator level. The secondary plot provides early indicaction of tais
abaormal condition (4 minutes). The primary plot degias to reflect ovar-
cooling 2 or J minuctes lacer.

The exiscence of adequate natural circulation flow must oe inferrad from
other parameters in cases where low range flow insCrumentation is aot
provided. Loss of aatural circulation flow prevents heat transfer from the
pJrimary to the secondary and not leg temperature can be expectad td rise
indicating a loss of neat 3ink on the primary plot. If scaaming continues
in the secoandary, steam Zenerator pressure will osegin to Jdrop without
reducing cold leg temperature, also indicating a loss of neat sink.

This will also result in an increasiag diffarential Detween hot and cold leg
tamperatures. However, other avents may also produce large priamary
temperacture differentials even tnougn adeguata Ilow 2xists. A sevare
overcooling 2avent, sucn as a sSCuck open turdine Dypass valve or steam systan
relief valve, may resul: ia priaary camperature diffareatials ia excass of
100°F. This diagnostic method allows tne overcogliag tread 29 de aasily
distinguished from the loss of nactural circulactioa flow (loss of neat siak)
avent by the response of bocn the primary and secondary plots.

laplementaction

lmplemencacion of :znis analysis mechod Lavolves several areas. An automacted
data display is desirable to enadle operators o devoce full time tO analy-
sis. However, manual plotting capability should bde -onsiderad as a baciup
and for its use as a traiaing metaod. Procedures should de consiscant wiin
the diagnostic mechod. For example, 1. an overcooliag avent is diagnosed,
there should be procedural guidance to micigate overcooling. Iatroductory
and proficiency :raiuniang is cequired ian both In. analysis metaod and tae use
of relacad procadures £or operatoars aad appropriace staif amembders.



T™is analysis method has deen applied to post trip data recorded during
normal and adbnormal plant transientcs and to transient data generated dy
computer simulation. Operator training using this data dase has shown that
the method can de quickly learned and effectively applied. In the classroom
environment operators are able to manually plat snd evaluate ctrerds in real
time. Operators who analyzed plant transients without this mecth.d seldom
completed the analysis in real time, were less confident of their conclu-
sions and made more errors ian diagnosis.

Additional uses for this method include basic training in plant dynamic
response. The historical trend aids in comounicating the actual or
simulated dynamic plant response and may de used to supplement Ine narrative
reports of events of interest to the induscry. This analysis method has
heen developed for use following reactor trips but the priaciples zay de
applied to other power plant operating conditions.

An example of the method applied to a PWR wich a U-tube sieam generacor is
shown in Figure l2. The transient was a reactor Irip test in which a
turbine bypass valve malfunctioned and stuck open. The pressure-
temperature plot shows an adbnormal cooldown below the expected range 1in
1=1/2 jinutes. The primary pressure drop was rapid Hut the stzam generactor
response and the large saturation margin clearly indicate an overcooling
problem and 20t a LOCA. Althougn an extensive amount of daca has not deen
plocted for cthis type of planc, chis example demonstrates that the azech.3d
has potencial applicability.

Summar

A method for analyzing power plant performance in real time following a
reactor trip nas been developed. Usiag trends of prizary tamperatures and
primdry and secondary pressures on a pressure/Cemperature ploc, plant
response can be evaluated as either norma. oOr abnormal with respect TO one
or more of the following categories: Loss of Coolant Accident, Loss of Heat
3ink or Overcooling. This dechod facilitates distiaguising LOCA Zrom
avercooling, highlignts asymmetcric effects and diagnoses aullipie
sasualties. 10e analysis and diagnostic capability is applicaole during
forced flow and natural circulation. Implemen~ Cation in an operiting
environment involves training, procedures and methods CO provide placs.
Other uses include communicatiag dynamic planc response O operacions
personnel. The poctential exists CO extend cthis_method tco other planc
sonditions and %2 pressurized wvater reactors wiih U-tubDe st2am generitors.
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Figure 2
Expected Post Trip Conditions
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Figure 3
Normal Post Trip Response
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Figure 4
Loss of Coolant Accident

2200 .E......g

1600

1000

550 600

Temperature ( °F)



Pressure (PSIG)

Figure 5
Loss of Heat Sink
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Figure 6
Overcooling
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Figure 7
Stuck Open Turbine Bypass Valve-""A"" Loo
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Figure 8

TMI-2 Accident
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Figure 9
Natural Circulation Expected
Post Trip Ranges
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Figure 10

Effects of Steam Generator Pressure
to Cold Leg Temperature Delay
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Plotting pressure at O against temperature at 2 shows
direct effect of pressure on temperature.



Figure 171
Overcooling During Natural Circulation
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Figure 12
Reactor Trip
Stuck Open TBV
U-Tube Steam Generator
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