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REACTOR OPERATOR TRAINING PROGRAMS UTILIZING
NUCLEAR POWER PLANT STMULATORS

3y P, F. Collians®

Abstract

The Nuclear Regulatory Coumissiocn (NRC) requires that
all operators of the controls cf auclear facilities be licensed.
Applicants for licenses must pass wr .tten 2xaminacions and
operating tests administered by NRC. Some individuals must
be examined prior to initial criticality at a facilicy, while
others zust have had extensive actual operaciag experience
at a comparable reactor to sit for these examizations. Operat-
ing experience zay be obtained through approved training pro-
grams that utilize nuclear power plant simulators. Siace
1969, NRC's predecessor, the USAEC, has accepted four such
training programs that are administered by the nuclear power
plant system vendors. The programs comsisc of (1) nuclear
fundementals courses, (2) research reactor opsration, (3) nuclear
power lant desiga lectures, (4) cbservationm at operating auclear
power olamcts, and (5) simulator operatiorns.

*Paul F. Collins graduated from Rensselaer Polytechnic Instisutae in
1952 with a 3.S5. in sechanical engineering. He served in the J.3. Aray
from May 1952 %o September 1953 as a Second Lieutemant iz the Transporta-
tion Corps. He worked for DuPont, Savannah liver, in the Reactor Depart-
ment from 1953 to 1965. Ia June 1965, he joined 'he U.S. Atcmic Energy
Commission as an examiner for the Operator Li:ensiag Rranch, Washington,
0. C., and became the 3ranch Chief in 1969 and i3 prusently serving in
that capacity.
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Individuals seeking licenses after plants become opera-
tional must demonstrate their proficiency at reactor comtrols
during examinations. Im 1971, the USAEC approved the use of
simulators in training programs and during the examinactions.
These programs are limited to persomnel from facilities hav.ng
contrcl rooms that are closely parallel to that of the simula-
tor. NRC also requires tha:c licensed individuals paiiicipate
ia requalification programs that require liceusees to manipulate
reactor controls through a specified number of evolutions dur-
ing their license tenures. To minimize the aumber of plant
evolutions solely for requalification, manipulation of simula-
tor controls is permitced, providing che simulator's operating
characteristics and control room are similar to thet of the
facility iavolved. Pinal evaluation of the merits of using
similacors rather than operating plants is the kmowledge and
uoderstanding exhibited by traisees during the administration
of examinations. NRC examiners have found that individuals
trained using simulators have a better understanding of plant
responses to transieant -onditions aad abmormal situatioms and
also are more confident in answering questicns that require
prediction of plant responses to postulated situations. Also,
simulators are extremely effective for examining and evaluat-
ing individuals. NR( believes that simulators, used ia comjunce
tion with comprehensive training programs, are effective traia-
ing devices and intend to encourage their use in future training

programa.

The requirement that reactor operators must demomstrate their qualificatioms

and receive licenses from the NRC to perform their fumctions wvas established

as a statutory requirement by the U.S. Atcmic Eaergy Act of 1954.' Further,
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pursuant to the Act, the Code of Federal Regulatioms, Part 50, Chapter 10,

"o

Licensing of Production and Utilization Faciliti.s,® provides that the R
controls of any reactor licensed under Part 50 shal. not De manipulated
by anyone who is not a licensed cperator or a seaior opa2rator as provided
in 10 CFR Part 55, Operator's lLiceases.’ Part 53 establishes the R 3
procedures and criteria fcr the issuance of licenses tc cperators and
senior cperators and therefore goverus the regulatory program of operator
licensing.

Ttis article reviews U.S. experience in the use of auclear power plant
simulators in reactor operator training programs. The article was updated
from a paper’ that was presented at the 1973 IAEA Symposium on Zxperience R 4

from Operaticn and Fueling of Nuclear Power Plants.

TYPES OF LICENSES AND EXAMINATIONS

The Commission presently issues two types of licenses.’® 1Ia general, RS
aoyone who manipulates reactor controls must be licensed as a reactor opera-
tor, and those who direct the activities of licensed ocperators nust be
icensed as senior reactor operators. Practically speaking, the reactor
cperator in a power station would be the control room operator, aud 1is
shift supervisor would cormally be the senior reactor operator. Herein,
the two types will be referred to as "operator” and "senior cperator."
The Commission examiners administer both written and operating
examinations to test the owiedge of applicants for licenses. “he

wriiten examinaticn for the operator consists of the following seven
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categories:

1. principles of reactor operatica,

2. features of facility design,

3. gemeral operating characteristics,

4. instrumentation and comtrols,

5. safety and emergency systems,

6. standard and emergency operating procedures,

7. radiatiom control and safety.

The written examination for the senior operator consists of the above seven
categories plus the following:

1. reactor theory,

2. radicactive materials handling, disposal, and hazards,
3. specific operating characteristics,

4, fuyel handling and core parameters,

5. administrative procedures, conditiomns, and linmitacicns.

The operating test at a anuclear power station normally comsisty of
both an oral examinagcion duriang a plant walk-through and an actual demonstra-
tion ac the reactor comsole during a reactor startup. The scope of boch
portions of the operating test is the same for both operators and semior
operators, except that the senior cperator is expected to answer ques:ions
as if he were the operator’'s supervisor. The scope of the oral and cperat-
ing test counsists of (l) reading and interpretaticn of comtrol inscrumenta-

tion, (I) manipulation of the control equipment, (3) ability to cperate
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other facility equipment, and (4) knowledge of radiclogical safety practices
ard radiacioc monitoring equipment. An operator would be expected to
recognize abnormal reactor behavior and actify his shifit superviscr, whereas
the senior operator would be exy .cted to xnow what to do.

Some personnel must receive their examinations and licenses prior
to initisl fuel loading and startup of a facility, since licensed cperators
aust be present at this time. Obviously, an actual startup demonstration
as part of the operating test cacnot be givem at this time, and reactor
and plant responses can only be discussed between the applicant and the
examiner. These operating cests are commonly known as ""cold" examinatious,
as opposed %o "hot" axaminations, which refer to the test that includes

actual operation of the reactor.

LICENSE APPLICATION AND ELIGIBILITY

Applicants for operator or seanior operator licenses zust submit a
signed application to the Commission. In addition, an authorized representa-
tive of the facility at which the applicant will be working must cercify
that the applicant has a need for the license, has completed a traiaing
program (supplying the details of such), and has learned to cperate the
reactor controls competently and safely. A report of medical examination

of the applicant on an NRC form must also be submitted.

-

igibility of an applicant for examication is determined after receipt

¥

of the application. The application must describe . ¢ *raining the appli-
cant has received at this f. ility and, for "hot" examination applicants,

indicate the startup and shutdown experience he has accumulated.
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Similar information is required of applicants for "cold" examinatiocas,
except the certificaticn of actual operating experience om "he reactor.
In lieu of this experience on the reactor, eligibility for "cold" examina-
tion may be determined on the basis of certiflication that the applicant
has had extensive operating experience at a comparable facility.

REQUIREMENTS FCR EXAMINATION PRIOR TO CRITICALITY
(COLD EXAMINATION)

Prior to the advent of nuclear power plant simulators, an applicant
was eligible for cold examination provided (1) he had or had held an
operator's license at a ccmparable facilicy; (2) he had a certification
of the necessary experiences if the comparable facility was ncot subject
to licensing (e.g., reactors operated by the Department of Defense); or
(3) he had passed an NRC-administered written examinacion and operating
test at a comparable facility but was not issued a liceuse.

It should be stressed that most trainees receive experience in excess
of the programs outlined herein 2o acquire the desired competence. However,
examinations are administered to individuals who zeet these requirements.
Methods 1 and 2 are essentially self-explanatory, but the methoed 3 needs
further explanmation.

When it became appareat ian the United States that the number of nuclear
power plants were going to increase at a rapid rate, it also became apparent
that sufficient operators and senior operators could zot be supplied from

operating plants unless the plants Decame training facilitias instead of
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production facilities. Consequently, the nuclear steam supply system (NSSS)
vendors proposed that training programs be developed that would assure the
availibility of well-qualified individuals to staff the large aumber of
plants expected to become operaticmal in the seventies.

The first program, proposed by the Westinghouse Electric Corporation
consisted of (1) a nuclear fundamentals course, including the operationm
of a research reactor; (2) a design lecture series directed ctoward the
facility for which the license was needed, and (3) residence at an operat-
ing suclear power plant for 5 months where the trainees would participate
in day-to-day activities 3s well as classroom studies. Hence, cne operat-
ing plant was used as a training facility.

At the completion of the program, the trainees wer=s administered an
AEC examination, and those who passed were issued a certification letter
stating thac "hey had met the requirements of an operator for that
facility. Licenses were not issued to these zrainees. This outlines

aethod 3.

PROGRAMS UTILIZING NUCLEAR POWER PLANT SIMULAICRS

Although one pover plant was being utilized part time as a training
facility, it was apparent that the number of facilities that were available
for training would 2e very limited. Consequently, General Zlectric Company
proposed that a nuclear power plant simulacor be incorporated in 3 training
progran to provide trainees with the necessary control manipulatica to

aeet eligibility requirements for cold examination.
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Individuals who successfully complete a training program that utilizes
a auclear plant simulacor will be cunsidered eligible for cold examinations
providud that they have completed an appropriate course in nuclear techno-
logy fundamentals, they have manipulated the comtrols cf any nuclear reactor
throughout ta&. complete startups, and they have observed several aonths
of daily ope ation of power reactors as zembers of shiit cperating crews.

The decision to implement these procedures is based on several pertinent
considerations, including (1) the completeness and accuracy with which the
simuylators are coanstructed; (2) the extent to which the simulactors provide
various types of control room experiance to the trainee, including the
ability to simulate gcormal startup and shutdown operations and a multitude
of casualty drill situations; and (3) the extent of operating experience
of the simulator instructors.

Presently, training programs utilizing nuclear power plant simulators
are in effect for the NSSS vendors General Electric, Westinghouse, Babcock
and Wilcox, and Combustion Engineering. To determine that the simulators
met the requirements of (1) and (2) above, they were compared with the
information in the Final Safety Analysis Report of the facility after which
it was modeled and with detailed drawings of the facility's comtrol rocm.

The comparison included the number of systems simulated, the degree of e
simulation, and the fidelity of simulation. In addition, the number aad
type of malfunctions were evaluated as to their adequacy Ifor the intended

training purposes.
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F’nal acceptance of a nuclear power plant simulator depends on the
compa..son of the simulator's response to various transients with that of

the plant's response as determined duripng the startup testing program.

The competency of the training staff is determized Dy senior operator examina-

tiouns.

Thus, the first use of simulators was brought about to enable the large

aumber of trainees that were eantering the nuclear industry to obtain the
necessary operating experience without using an operating nuclear power
plant as a training facilicy. To date, cver 900 individuals have been tra
at the centers that utilize the simulators. A unique feature of these
programs is that the certification responsibility is transferred from NRC
to th: training staff. Of course, the programs and the evaluatiocn process
are audited very closely. Part of the audit consists of administration

of examinations to the initial groups of trainees.

REQUIREMENTS FCOR H0T EXAMINATION
First Method

In order to be e2ligible for an examinaticn after a facility achieves
criticaiity, an individual must receive on-the-job training thac includes
plant maneuvering and two reactor startups under the direct supervision of

a licensed operator or senior operator in addition to formal classroom

traianing.

ined
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During the a&niniscta:ion of examinations, applicants zust demonstrate
their proficiency at the reactor controls by performing reactor startups
from a substantially subcritical condition until generation of auclear haat.
These starzups can involve a s#bstantial amount of downtime at a facility
to properly prepare individuals for examinations and to administer examina-
tions. 1In addition, scheduling of the examinations can be complicated by
unexpected requirement for power, which is outside the control of the plant
staff.

Second Method

Thus, NRC has approved of training programs that utilize simulators
for the training startups and for the conmtrol manipulation portion of our
examinations. To date, these programs have been limited to personnel of
plants having control rooms that closely resemble that of the simulator.
In addition to the training center maneuvering, the applicant must have
manipulated the controls of a rsactor during power changes or other signifi-
cant reactivity -hanges that muy or may not include reactor startups. These
training programs require several months resideace at the training cencer,
one cof which is devoted to operation of the simulator controls.
Third Method

NRC has determined that it is acceptable to use auclear power plaat
sizulators ia determining the qualificaticms of individuals who apply
for licenses after initial cricicalicy.

The Operator Liceasing 3ranch will comsider training programs that

utilize appropriate cuclear power plant simulators for startup experience
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for meeting the eligibility requirements of examinations. Ia additiom, a
reaczor startup will not oe required as part of the operatiang test, pro-
viiing that appropriace certification regarding anm iniividual's ability

to manipulate the controls is contained in his applicatiocas.

Ia order for the applicant to be eligible for this alterzate program,
the following requirements zust be met.

1. The applicant must have manipulated the controls of his reactor
facility during five significant reactivity changes that may or zay aot
include reacsor startups.

2. The applicant zust have participated ia an NRC-approved training
program that iacludes ::aini#g at a nuclear power plant simulator.

3. The application must contain a certification from the simulacer
training center attesting to the applicant's ability to manipulate the
controls and keep the reactor under control during a reactor startup,
predict instrument response and use the instrumentation during a reactor
startup, follow the facility startup procedure, and explain alarms and
annunciacors during this operation.

The simulators used in the programs 2ust meet the present requirements
for simulators ia Faragraph 3.0..App¢ndix A, 10 CFR Part 35, namely, that
the simulator reproduce the general operating charaz.eristics of the faci-
licy iavolved and that the arrangement of instrumencation and controls of

the cimulacor is similar to that of the facility involved.
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REQUIREMENTS FOR LICENSE RENEWAL

Recently, the NRC required that licensed individuals participate in
requalification programs as a condition for liceamse remewal without reexamina-
tion. Ome requirement of the program is that licemsees must have manipulatad
the reactor controls through at least tem reactivity chauges during the 2-
Fear tenure of their licemse. Simulatcrs that reproduce the gemeral operat-
ing characteristics of the facility involved and have an ianstrumentaticr
and control arrangement similar to that of the facility involved may ¢
used to meet the manipulation requiremeat of the regulation. To date,
the use of the simulators in these requalification programs has not been

evaluated.

GROWTH OF SIMULATORS IN THE U.S.

Because simulators are aow approved for use in a variety of training
programs, utilities are developing their own training centers that utilize
auciear power plant simulators. Five utility training centers utilizing
eight simulators are scheduled to be operatiomal by 1976. These iaclude
the Tennessee Valley Auchority (2); Consolidated Zdison { ,upany of MNew
York (i); Carolina Power and Light Company (l); Duke Power Company (1);
and a joiat veanture by Public Service Electric and Gas Company of New Jersey,

General Public Ucilities, and Philadelphia Electric and Gas Company (3).
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ADMINISTRATION OF EXAMINATIONS UTILIZING SIMULATICRS

During the examinations, the applicant must demonstrate his proliciency
at the controls during normal, abnormal, and emergency conditioms. Firse,
two applicants are examined simultaneously at the control panels of the
simulator. While ome applicant is performing a reactor startur from a
substantially subcritical conditism through criticality to socme low power
level, the other is being interrogated regarding the remainder of the comntrol
room panels. At the completion of the first startup, the roles are reversed.

Next, the simulator staff is requested 2o initialize the simulator to a
steady-state power level. All pertinent controls are placed iz magual, and
one applicant is assigned to the reactor controls and the other to the plant
controls. The applicants are them required to demomstrate their proficiency
during power increases and decreases. Once again, the applicants switch
roles and perforam additional exercises.

Not all the applicants perform the same exercises. Variaticns iaclude
establishing and verifyi=g heatup rates, lcadiag the turbine, and cecnducting
an orderly shutdown. However, each applicant is expected to be able to
perform all of these operations.

After the examiner observes au applicant's performance of normal opera-
tions, che applicant must demonstrate his proficiency during simulaced
aboormal situations. For example, during a reactor startup, the examiner
observes the applicant's performance as he manipulatas the comtrols, predices

instrument responses, and establishes reactor periods. Then, malfunctions

G936
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such as a rod drift or nuclear instrumentation failure are iniciated, and
the applicant's response is evaluatad. After loading the turbine, the
bypass valves are failed full opem or closed as pcwer is increased. Om
several cccasions, the examiner '"reports"” via telephcne that an incideat
is happening in the plant which requires comtrol room actiocn pursuant to
facility procedures or technical specificatioms. Usually, the examiner
concludes by initiating a scram, excapt where the applicants have scrammed
because of a3 previous malfunction, and once again evaluates the applicant's
performance.

The examinations also include assigni-ig applicants to the role of
senior operators. During such time they are expected to direct the activi-
ties of the operators during abmormal situations. The examiuition for two

applicants requires between 3 and 4 hr.

ADVANTAGES AND DISADVANTAGES OF THE SIMULATORS

Ore advantage of the simulator in examinations is that the examiner
can observe the applicants actually periorm several norzal and abnmormal
operations. This is beneficial to the examiner and the applicant because
the evaluation of the iadividual is hased on many procedures rather than a
few, as is necessary during a talk-through of normal and abnormal operrcioms.
A second advantage is that the examirer can observe the operator zomitoring
rapidly chacging purameters and exercising complete conirol over a given
abmormal situation; ia a talk-chrcugh of an abmormal or emergency situacion,
2ach changing parameter zust be discussed separatelv, and the prioricy

the operator would place on his actioms is difficul:s zo decermine.
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There has been an excellenmt correlation ¢f the results of the written
examinations and plant walk-throughs with the performances at the simulators.
Those who performed unsatisfactorily at the simulator also indicated marginal
or inadequate inowledge during the remainder of the oral test. Those who
performed adequately at the simu 4tor also passed the written examinatiou
and balance of the cral test.

Some disadvantages have been noted in conducting examinations using
the simulator, but many, 1if not all, can be eliminated as; the developzent
of these trai.iag tools continues. First, procedures had not been prepared
for all the casualties that were programmed. Hence, iz some cases, the
examiner had to evaluate an applicant's performance based on his cwn kacwledge
of proper operating techniques rather tham om an approved facility procedure.
In cases where the examiner was in doubt as to the appropriateness of the
operator's actioms, consultations were held with facility management prior
to making a final evaluacion.

The inicial examinations were scmewhat longer than the normal cold
examination. The simulator portion required betweea ] and 4 hr and the
remaining oral portion about 4 hr. This was partly due to the fact the
plant construction was not sufficiently complaete at the time of inical
simulator examinations. Different eximiners comnducted the simulator portion
and oral portiom of the examination for the same individual. This resulted,
at times, in an applicant explaining some systems and procedures z=ore than
once. However, more recent examinaticmsuyciliziag the simulator indicate that
the time required for the examination is comparable to che time required

for cold examizations that do aot use a simulacor.
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COLD EXAMINATION RESULTS

~ In addition to cold examinations utilizing the simulator, cold examina-
tions have been administered to individuals who had receiveu training at
the simulator training ceatar. These examinations were adainisctered at the
individual's plant following the normal cold operating test procedures.
During the administraticm of these examinations, the examiners found that
the applicants were azore confident in predicting reactor and plant response
to given normal and abmormal operations than aprlicants who had not actanded
the training ceater. Also, they exhibited a greater understanding of nsormal
and emergency procedures. 3ased on experience to date, NRC has determined

that the simulator is a useful training tool and examianing device.

CONCLUSION

The training cf auclear power plant operators, like the design, con-
struction, and operation of these reactors, has evolved considerably during
the past decade. Improved techniques for traiaing, such as the nuclear power
plant simulator, have been and should continue to be developed.

NRC has kept abreast of all training developments and have tiuied to
cooperate to the fullest extent with facility licensees in the comsideration
of such techniques as they apply to the training and licensing of operators.
NRC shall contiuue to encourage and to facilitate the use of any izprove-

aents that maincaia ar enhance the competance of cperating personnel.
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