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Abstract

REACTOR OPERATOR TRAINING PROGRAMS UTILIZING NUCLEAR POWER PLANT SIMULATORS

Individuais must obtain licences from the USAEC to operate controls of nuclear facilities in the Unitec
Stetes of America. To obtain LICences. ingividuals mus: pas . SAEC examinations. Some individudls must de
examinec prior 10 imual riucality at a facility. Indivicuals must have extenuve actual operaling experience
41 4 comparable reactor ) si! for these examinations They may oblain operating experience dy campieting
USAEC “approvesd training rograms "hal utilize nuclear powe: plant simulators. The USAEC has accepted four
such training programs since 1968 which are agm d by the lea: power plant system vendor:. The
orograms consist of (1) nuclear fundaTenials Courses: 21 research reactor operations: (3 nuclear power plas:
design lecrures: (41 ODIIVALION A OPEraling nuciear power planti; and (5) umulator operations.

ingividuals seeiung licences after plants become operational must demonstrate their proficiency at reactor
controls during examinations, In 1971, the USAEC approved the use of simulators in Zainung programs for tnese
individuals and has utilized uimulators Juring the examinauons. These programs are limitec '0 personne. « hoke
control rooms closeiy pataliel that of the umulator. The USAEC requires that Licensec individuals participate
0 requalification programs.  The program reguires that licensees manipulate reactor contzols through 4 specifiec
number of evolulions during thewr licence tenures To minimize the number of plant evolutions solely for requali-
fication. manipulation of simulator controis is permitted, providing the simulator’ s operating charactenstics and
controi room are simalar to that of the facility involved, Final evaluation of the merit cf using umulators in
place of contrel manipulation 4t operating plants .1 the knowledge and understanding exhibited by trainees gurirg
the adminptration of examinations USAEC examinen Nave found that individuals wained vung simulators hav:
4 detter understancing of plant responses 10 iranuent conditions and abnormal situations. Also, they have ‘ound
Zainees more confident when responcing 10 questions that re~ire prediction of plant responses 1o postulated situa~
tions  Also. umulatorns are an exiremely effective means for examining and evaluating individuals. The USAEC
Delieves that simulators. used in conjuction «ith comprenensive Uaining programs, are effective wainung devices,
and intend 1o encourage use i fulture frasung programs.

A. Introduction and Background

The requirement that reacror operators mus: demonstrate their qualifications
and receive licenses from the AIC to periors their {unctions was established
4s a staiutory requirement by the U. 5. Atomic Energy Act of 1954,

Further, pursuant to the Act, ! .e Regulation, Par:t 50, Chapter 10, Code of
Federal Regulations, "Licensin, of Production & Utilization Facilities,"

provides that the controls of any reactor licensed under Par: 50 snall not
be manipulated by anyone who is not a licensed operatcr or senior operator
as provided in 10 CFR Part 55, "Operator's Licemses’. Part 35 establishes
the procedures and criteria for the issuance of licenses to operators and

senior operators, and therefore, governs the regulatory program cf operater
iicensing.
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TABLE 1. OPERATOR WRITTEN EXAMINATION CATEGORIES

A. Principles of Resctor Operation

B. Features of Facility Design

C. General Operating Characteristics

D. Instruments and Controls

E. Safety and Emergency Systeds

F. Standard and Emergency Operating Procedures

G. Radiation Control and Safety

TABLE 1I. SENIOR OPERATOR WRITTEN EXAMINATION CATEGORIES

H. Reactor Theory

Radicactive Materials Handling, Disposal
and Hazards

e

J. Specific Jperating Characteristics
K. Fuel Handling and Core Parameters

L. Administrative Prccedures, Comditions and
Limitations

3. Iypes of Licenses § fxaminations

The Commission presently issues two types of licenses. In general, anyone
who manipulates reactor controls sust be licensed as a reactor operator,
while those who direct the licensed activities of licensed operators

must be licensed as senjor reactor operators. Practically speaking, the
reactor operator in i power station would be the comtrol room operator,
and his shift supervisor would pormally be the senior reactor operator.
Herein, the two types will be referred to as "operator"” and "senior
operator.”

To test the knowledge of applicants for each of these types of liceunses,
Commission examiners administer both written examinations and operating
tests.

The oJritten examination for the reactor operator consists of seven separate
categories (Table 1), while che written examination for the seuior reactor
operator consists of the same seven Ooperator categories and an additional
five categories (Table II).

At @ nuclear powver station, the operating test sormally comsists of both

an oral axamination during & plant walk-through and an actuval demonstration
4t the reactor comsole during a reactor startup. For both operators amd

6ULL 72
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TABLE lll. SCOPE OF THE ORAIL AND OPERATINC TEST

To: Determine the Applicant's:

A. Ability to Read and interpret Comtrcl
Instrusentation.

B. Ability to Msnipulate the Contrel
Equipment.

C. Knowledge of How to Operate Other
Facility Equipment.

D. Knowliedge of Radiological Safety
Practices and Radiation Momitoring
Equipment.

senior operators, the scope of both portions of the operating test is the
sane (Table [II1), except that the senior operator is expected to give answers
to questions as if he were the operator's supervisor. For example, it is
expected that an operator wou.d recognize unexpected reactor behavior and
that ne would notify his shift sjupervisor. However, the senior opera:~r
would be expected to know wha. to do next.

Since licensed operators must de present during the fuel loading aand initial
startup operation of a nuclear power station, it is necessary that some
personnel receive their examinations and licenses prior to initial fuel
loading at a facilicty. Obviously, an actual startup demonstration as part
of the cperating test cannot be given at this time, and reactor and plant
responses can only be discussed between the applicant and the examiner.

These operating tests are commonly known as "cold” examinazions, as opposed
to what are called "hot" examinations which refer to the test which includes
actual operation of the reactor.

C. Licens tions

Each applicant for as operator or senior operator license must submit a
signed application tc the Commission. In addition, an asuthorized represen-
tative of the facility licensee at the facility where the applicant seeks a
licens: must certify that he has need for the license, he has completed a
training j¢oe s (supplying the details of such) and that he has learmed to
operate th: reactor controls in & competent and safe manner. A report of
medical exau’iation of the applicant on an AEC Forms msust also be submitted.

D. eiigidbilicy for Examinations

Eligibility of an applicant for examination is determined after receipt of
the application. This application sust describe the training the applicant
has received at this facility, and for "hot” examination applicants, iodi~
cate the startup and shutdown experience he has accumulated.

The same information is required of applicants for "cold"” examinations,
except the certification of actual operating experience on that reactor,
which has not yet been operated at the time of the application. In lieu
of this experience on his own reactor, eligibility for "cold" examination
maybe determined on the basis of a certification that the applicant has
had extensive uperaii.ng experience at a comparable facility.
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E. Lequirements for E inat r to C ey (Coid)

Prior to the advent of nuclear ,ower plant simulators our procedures for
getermining cold examination elig.bility recognizes that an applicant has
nad extensive operating experience at a comparable facility by one of three
methods :

a. The applicant holds or has held an operator's license at a comparabie
facility.

. lf the comparable facility is not subject to licensing, a certification
of the necessary experiences was acceptable. Examples of such nen=
iicensed facilities would be those reactors cperated by the Department
of Defense,

c. The applicant passed an AEC administered written exumination and

operating test at 3 comparable facility, but was not issued & license.
1 would like to stress thac most trainees receive experience in excess of
the programs outlined herein acquiring the desired competence. However, we
ddminister examinations to individuals who meet these reguirements. Al-
though methods “a" and "b" are essentially self-explanatory, the latter
secnod need some further explanation.

when it became apparent in the United States that the numbe: of nuclear
power plants were going to increase to a rapid rate, it also became -pparent
that operators and senior operators could not be supplied in sufficient
quanticies frow operating plants unless they became training facilities
instead of production facilities. Consequently, the nuclear steam supply
vendors proposed that training programs be developed that would assure that
/ell qualified individuals would be available to staff the large number of
pl/ . .s expected to be operational commencing with the seventies.

The first program, proposed by the Westinghouse Electrical Corporation,
consisted of the following:

1. A nuclesr fundamentals course including the operation of a research
reactor.

L

A design lectule series directed toward the facility for which he
would seek 4 license.

J. Residence at an operating nuclear power plan:t for six months during
which the trainees participated in day-to-cay activities as well as

clasaroow studies regarding facility. Hence, one operating plant was
used as a training facilicy.

At the completion of the program the trainees were administered ar AEC
examination. Those who passed the examination were issued a certification
letter stating that they had met the requirements of an operator for that
facility. Licenses were not issued tC these trainees. This outlines
sethoa "¢".

E. Programs Utilizing Nuclear Fower Plant Simylators
Although one power plant was being utilized, part time, as a training

facility, it vas apparent that the number of facilities that were available
for training would be very limited. Conseguently, the General Electric

80974
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Company proposed that a nuclear power plant simulat<c be incorporatad in
a training program to provide treinees with the necessary control sa“ipula-
tion to meet our cold eligibility requirements.

Individuals who successfully complete a traiaing program which utilizes
a nuclear plant simulator will pe considered eligible for "cold” examinations
provided that:

a. Thev have completed an appropriate course in Nuciear Technology
fundamentals.

b. They have manipulaced the controls of any nuclear reactor throughout
ten (10) complete startups.

¢. They have observed several months of day-to-day operation of
operating power reactors, &3 sembers of shift operating crews.

Our decision to implement these procedures is basei upon several pertinent
cons iderations, including:

a. The completeness and  ccuracy with which the simulators are constructed.

t. The extent to which the simulators provide various types of
control room experience to the trainee, including the ability tec
simulate normal startup and shutdown operations, as vell as a
multitude of casvalty drill situations.

t. The extent of operating experience of the simulator instructors.

Presently, we have approved training programs utilizing a4 nuclear power
plan. simulator for the nuclear steam supply vendors, General Electric,
westioghouse, Babcock and Wilcox and Comdustion Engineering.

To determine that the simulators met the requirements of (a) and (b) above
ve compared the proposed simulators to the information contained in the
Final Safety Analysis Report of tr~ facility after which it was modeled and
detailed drawings of the facility's control rooms.

OQur comparison included the number of systems simulated, the degree of
simulation, and the fidelity of simulation. In addition, we determined
that the number and type of malfunciions were adequate for the intended
training purposes.

Our final acceptance of a ouclear power planc simulator depends upon the
comparison of the simulator's response tc various transients to that of
tne plant's response as determined during the startup cesting programs.

Appendices 1 and I indicate the extent of our review, the completenes: of
approved simulators and the number of malfunctions programmed, and other
specific simulator characteristics.

We determine the competency of the training staf’ by adminiscration of
senior orerstor examinations.

Consequently, the first use of simulators wes brousht about to enable the
large number of trainees that were entering the nuclear industrv o
obtairn the necessarv operating experience without using an operating
nuclear power plant as a training facilicy.

o LI NPAPRS
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Te date, over 600 individuals have been trained at the training centers
that utilize the simulators.

A unique feature of these programs transfers the certification respon=-
sibility from AEC to the treining staff. We, of course, audit the programs
and the evaluation process very closely. Part of our audit has consisted
of administration of examinations tc the initial grouos of trainees.

F. Hot Eligib Ly

In order to be eligible tc sit for an examination afzer a facility achieves
criticality an {ndividual must receive on-the-iob training wvhich includes
clant manueverinz and twe reactor startups under the direct supervision

of a licensed operator or senior overstor ‘n addition to formal class-
room traizing.

Durin; *he administration of our examinations we require applicents to
demor.strate their proficiency at the reactor controls bv performing reactor
startups from a substantially subcritical condition until generatiom of
nuclear heat.

These startups can involve a substantial smount of down time at a facility
te properly crepare individuals for examinations and for the administra-
tion of examinations. In addition, scheduling of the examinations can de
complicated by unexvected recuirements for power which 1is outside the
control of the plant scaff,

Consequently, we were asked to apnrove trainine programy which utilize

simu) ators for the training startups and to conduct the control manipula-
tion portion of our examinations using the simulator. To date, these
approved training programs have been limited to personnel whose control
rooms closelv parallel that of the simulator. In addition to the training
center maneuvering we require the applicant to have manipuiasted the controls
of his reactor during power chanses or other significant reactivity changes
which mav or mav not include reactor startups.

These training programs require several months residence at the training
_ center of which one month is devoted to operation of the simulator comtrols.

F. 4 il

Recently, the USAEC required that licemsed individuals participate in
requalification programs as a condition for license renewal without re-
examination. One requirsment of the program is that licensees manipulate
the reactor controls through ar leest ten reactivity changes during the

two vear tenure of their license. Simulators that reproduce the general
operating characteristics of the facility involved And whose instrumenta-
~ion and comtrol arrangement is similar tc that of the facility involved
may be used O meet the manipulation requirement of the regulation. To
date, we have not had the opportunity to evaluate the use of the simulators
in these requalification programs.

G. GCroweh of Simulators in the U.S.

Because simulators are now approved for use in a vuriety of training pro-
grams utilities are developing their own training centers that utilize
nuclear power plant simulators. To date, we have been informed that five
utility training centers utilizing eight simulators will be operational
by 1976. These include Tennessee Valley Authority (2), Consolidatec

’ SO
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Edison Company of New York (1), Carclina Power and Ligh: Company (1),
Duke Power Companv (1), and & joint venture by Public Service Electric
and Gas Company of New Jersey, General Public Utilities and Philadelphia
Elactric and Cas Company (3).

H. gion of s Ut H to

During the conduct of cur examinations we require the spp.icant to demon-
strate his proficiemcy at the controls during normal, aboormal and emergency
conditions.

First, we examine two applicants simultanecusly at the control panels of
the simulactor. while one appiicant is performing a reactor startup from
a substantially subcritical condition, through criticality to some low
power level, the other applicant is being interrogated regarding the
remainder of the control room panels. At the completion of the first
startup the applicants’' roles are reversed.

Next, we request the simulator staff to initialize the simulator to

4 steady state power level. All pertipent controls are placed in manual.
One applicant is assigned o the reactor comtrols and the other to the
plant comtrols. The applicasts are then required to demonstrate their
proficiency during power increases and decreases. Once again, the appli-
cants switch roles and perform additional exercises.

Sot all the applicants perform the same exercises. Variations include
establishing and verifying heat-up rates, loading the turbine, and con~-
ducting an orderly shutdown. Each applicant is expected to be able to
performs all of these operations.

After the examiner observes an applicant's performance of normal operations,
the applicant is required to demcnstrate his proficiency during simulated
abnormal situations. For example, during a reactor startup, the examiner
observes the applicant's performacce as he manipulates the controls,
predicts instrument responses and establishes resctor pe~iods. Then,
salfunctions are initiated, such a8 a rod drift or puclear instrumentation
fatlure, and the applicant's response is evaluated. After loading the
curbine, the bypass valves are failed full open or closed as power is
increased. On several occasions the examiner "reports” via telephone

that an incideni is happening in the plan. which required comtrol room
action pursuant to facility procedures or technical specificationms.

Usually, the evaminar concluded by .aitiasting a scram, except
where the applicants had scramwsed becasuse of a previous malfunction, and
once again the spplicant’'s performance is evaluated.

The examinations 2lso include assigning applicants to perform the functiom
of senior operscors. During such time they ars expected to direct the
activ. ties of the operators during abnormal situations. The examination
for twe applicants requires between three and four hours to complete.

We have examined a total of 99 applicants; 30 operators anc 69 seaior
operators. Adbout half of these individuals have had previous operating
experience. Five of the thirty operator applicants failed the operating
portion of the axamination. Fourteen of the senior operator applicants
failed the operating portion of the examination st the senior operator

level, but seven passed at the operator level. Hence, 87 applicants out

of 99, or 87.51, of those examined at the simulator demonstrated, to our
satisfaction their ability to read and interpret the control instrusentatiosn,

AL |
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sanipulate the reactor cortrols in & safe and competent manoer, and their
knowledge of hov to operats “re facility, inclading operation under eser-
gency conditions.

For those irdivijuals that failled this portion of the examination, the
principal de:iciencies noted ware unfamiliarity with the normal and emer-
gency nrocudures, inability to explain what information vas being displayed
on meters and recorders and vhat use to make of this information; inabilicy
to manipulate the controls properly during .orsal operation, improper
operator action during an abnorral occurrence, and, to use simulator
terminology, @ complete "freezea” during emergency situations.

Those that failed the operating portion of the test ai the sonior operator
level ware not able to demonstrate to our satisfaction their awareness cf
the overall situation or their ability to direct the activities of the
operators during abnorsal situstions, Nor did they exihibit the dejth

of knowledge required of senior operators regarding che administrative
controls, procedures and technical specifications for their faciliey.

1. Ad v 0

By using the simulator for conducting examinations we are able to observe
the applicants actually perform several normal and abnormal operationms.
This is beneficial to the examiner and the applicant because the evaluation
of the individual is based 23 many procedures rather tnau a few, as is
necessary during 4 talk-through of normal and abnormal operations. A
second advantage (s that the examiner can observe the operator sonitoring
rapidly changing parameters and excrcising coaplete control over a given
abnormal situation; whereas in a talk~through of an abnormal or emergency
situation, each changing parameter must be discussed separately from the
others and the priority the operator would place on his actions is diffienlt
to deteraine.

We observed an excellent correlatica of the results of the written examina~
tions and piant walk-throughs with the observed performances at th arrs.
Those vho performed unsatisfactorily a: the simulator also indicated marginal
or inadequate xnowledge during the remzinder of the oral test. Those who
performed adequately 2t the simulator also passed the written examination
and balance of the oral test.

Some disadvantages n&ve been noted in conducting examinations using the
sisulacor, but many, if nor all of these, can be eliainated 23 the develop~
ment of these training tools continues.

First, we found that procedures had not be. . prepared for all the casualties
that were programmed. Hence, in some case’, the examiner "s o avaluate
an applicant’'s performance based on his owa kaowledge of propar operating
techniques ‘ather than on an approved facility procedure. In cases where
avsminer was in doubt as to the appropriateness of the operator's actiouns,
consultations were neld with iec..ity management prior to making & final
evaluation of these actions.

The length of the initial exaainations vere somevhat longer thas the normal
"celd" examinacion. The simulator portion required between three and four
hours and the remaining oral portion about four hours. In part, this wvas
bezause coentinuity of examination wvas not possible since the plant construc-
tion was not suffic’intly complete at the time of initisl simulator exami-
nations. Different examiners conducted the simulator portion and oral
portion of the examination for the same individual. I believe this resulted,

GUe ¢S
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at times, in an applicant explaining some systems and procedures more than
wnge. However, morc recent examinations during which we utilized the sisu~
lator indicate that the time required for the¢ examination ;s comparable to
the time required for cold exasinations that do not use a simulator.

J. Loid Exsmination Results

in addition to adsinistering cold examipations utilizing the aimulator, we
have administered cold examinations to individuals who had received training
at the NPPS rraining center. These examinations were administered at the
individual's plant and we followed our normal cold operating test procedures.
Uuring tne acministration of these examinations the examiners found the
applicants to be more confident in predicting reactor and plant response to
given normal and abnormal operations than were other applicants who nad

not attendec the NPPS training center. Alsc, thev exhibited a greater
understanding of normal and emergency procedures. Based on our experience
to dati: we nave determined that the simulator is a useful training tool .
and ev:- ining device.

Conclusicor

The trainiag of nuclear pover plant operators, like the design, comstruction
and operavion of these reactors, has evoived consideradbly during the past
decade. I[mproved techaiques for trainimg, such as the nuclear plant
simulator, have deen anc shou.: continue to be developed.

we have xept adbreast of all train.ng deveiopments and have tried to cooperate
to the fullest extent witn facility licensees in the consideration of such
techniques as they appiy to the craining and licensing of operators. we
shall continue to encourage, and to facilitate use of, all improvements
wnich maintain or enhance the competence of operating pertonnel.

S5ULLYI
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APPEND (X A

COMPARISON OF THE GENERAL ELECTRIC
NUCLEAR POWER PLANT SIMULATOR TO
THE DRESJEN UNIT NO. 2
FINAL SAFETY ANALYSIS REPORT

BWR SIMULATUAS
DEGREE OF STMULATION VS MODELED PLANT

SYSTEM OR MALFUNCTION ____CE
JSAR=CH. J Reactor and Core .
Reactor
ol R riv a
FSAR-CH. & [Recirculation System .
Reacter
Coolant Isclation Condenser a
Sysges
FSAR=CH. 5 Primary Containment Systes .
Containment
g v Con 3
FSAR-CH. ¢ Core Spray Subsystem .
Engineered
Safeguards LPCI/Containment Coolant
Subsystem -
HPCI .
Automatic Pressure Ralief
Subsystem .
Standby Liquid Control 3
Systes d
Containment Atmcspheric
(irerzing) Control Svetes e
FSAR-CH. ~ Control Rod Control System [y
Comntrol ad
[nstr.sean~ Recirculaticn Flow Comtrol
System a
KEY: @& - Full Stisulation
b - Partial Simulation ¢
¢ - On-off Simulation ¢
d - Mocked-up panels
e - Non-existent or not simulaced

-~
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Appendix A (cont,)

SYSTEM OR MALFUNCTION k3 "
Reactor Pressure Control
Syaten a
Nuclear Instrumentation .
Process Computer a
Reactor Vessel
Instrumentation a
%
Radiation Momitoring b
Reactor Protection Systen s
Containment lsclation
Syestem &
Turbine Generator Comtreol
Systes a
Feedwater Control Syste=m a
Rod Worth Minimizer a
FSAR-CH. 8 345 Kv B
Electrical
138 xv s
4160 V a
“80 Vv a
120/208 v a
125 V DC Station Batteries c1
Diesel Cenerators a
250 V DC Station Batteries cl
48/264 V OC et
FSAR-CH. 9 Laseous Radiocactive waste
Radwaste System b

System
Liquid Radiosctive Waste
System v

Radiation Monitoring Systems 5

860<S1
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Appendix A (cont.)

SYSTEM OR MALFUNCTION

FSAR-CK. 10 Fuel Pool Cooling and

Auxiliaries Cleanup System
Reactor Water Cleanup
Systen
Reactor Shutdown Cooling
System
Reactor Vessel Head Cooling
Systen
Instrument and Service Alr
Systes
Service Water System
RECCW
Makeup Water System
FSAR-CH. 11 Turbine
Turbine and
Condensate Feedwater
Systems
condensate
FSAR-CH. i4 Control Rod Drop
Incidents

Main Steamline Break
Outside Drywell

Loss of Coolant

Startup of Cold Recircula-
tion Loop

Recirculation Pump Trip
Flow Controller Malfunction

Main Steam Isolarion Valve
Closure

Feedwater Controller
Malfunction

Turbine Trip with Failure
of Bypass

Turbine Stop Valve Trip
with Partial Bypass

Turbine Pressure Regulator
Malfunction

805
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Appendix A (cont.)

SYSTEM OR MALFUNCTION GE
Loss of Main Condenser "
Vacuum b
Loss of Electrical Load a
Loss of Auxiliary Power a
Failure of Ore Diesel
Generator a
Power Bus Loss of Voltage a
Number of Generator 5
Malfunctions
Associated Electrical [}
with Given
Systems Turbine 12
Pressure Regulator 4
Qff Cas 1
Feedwater ang ~ondensat:
System 7
Condenser 2
Nuclear Instrumentation 12
Reactor Protection System 2
Control Rod Drive Systes 15
Radiation Monitoring b]
Reactor and Main Steam 7
Recirculation Systes 10
Auxiliaries 3
Engineered Safeguards 1
Simulator Backtrack a
Capabilities
Freeze a
Snapshot .S
Fast Time e
Slow Time 06
Time Delay Malfunctions .
Initialization Points 19
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BWR FOOTNOTES (APPENDIX A)

Simulator has annunciator panels only with no modeling to computer,
Process Radiation Monitoring System - air ejector off gas, main steam
line, and stack gas radiation levels are recorded. There radiation
levels are modelled by computer. Back panel drawers for calibration
and source check are not at simulator, Process liquid monitor not

included on simulator.

Area Radiation Monitoring System - Multipoint recorder with

common high radiation alare. Isolation condenser vent monitor

modelled for tube leak., Other points not msodelled.

Switches, meters, ind..ating light provided on -ontrol board. Response

of system is not modelled,

Capability of failing sealing steam which results in slow loss of

vacuus,
Not now but will install., They are putting in line printer for recall.

Doesn't have slow time as such but can walk through a transient by

repeatedly pushing and releasing freeze button.

>~
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APPENDIX B

COMPARISON OF PRESSURIZED WATER
NUCLEAR POWER PLANT SIMULATORS
TO FINAL SAFETY ANALYS1S REPORTS

SIMULATOR POWER PLANT
Westingnouse (W) Zion Unit Neo. 1
Babcock & Wilcox (B&W) SMUD Unit No. 1
Combustion Engineering(CE) Calvert Cliffs Unit No. 1

PWR SIMULATORS

DEGREE OF SIMULATIO. V€ MODELED PLANT

SYSTEM OR MALFUNCTION W Baw CE
FSAR-CH. 3 Reactor a n‘ a
Reactor
Control Rod Drives a 2 a
FSAR-CH. « Reactor Fluid System a B 3
Reactor Cool-
ant System Reactor Cooclant Pumps a a a
Prassurizer E - a
Quench Tank a - a
Steaz Cenerators “ a Y
FSAR-CH. 5 Containment Isolation 16
Structures Svstem a a
FSAR-CH. 6 HPST . ¥ s R
Engineered 2
Safety LPSI b B a
Features 2
Safety Injection Tanks b - -
Containment Spray B a a
Containment Air Recirc.
and Cooling System a a a
Containment lodine Removal .
System e NA a
Hvdrogen Control System “_‘26 NA .10
KEY: a - Full Simulation
b - Partial Simulacion
¢ - On=0ff Simulation
d - Mocked-up - :nels
e - Non-Existent or Not Simulated
NA - Not opplicable
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Appendix B (cont.)

SYSTEM OR MALFUKCTION W BsW CE
FSAR-CH.7 Reactor Protective System a a a
instrumen~ 5
tation and Reactor Regulating System a a a
Control
Reactor Pressure
Regulating System a a A
Pressurizer .evel
Regulating System a a a
Feedwater
Regulating System a a 2
Steam Dump and
Turbine Bypass System a ' -
Turbine Runback K a -
Turbine Generator
Control System a a a
Nuclear Instrumentation ab 8 .
in=core Instrumentation - 16
Svstem b b 3
PSAR-CH. 8 13,900 Volt System NA a a
Electrical
Systems 6900 Volt System NA a KA
4160 volt System a c“’ a
4«80 Volt System a a -
128 Volt D.C. Systes e ? ot
120 Volt Vital A.C. Syscem  ¢%0 0 o
Main Cenerator a [ *
345 KV Ring Bus b W »
25.3 KV System s WA NA
Emergency Diesel 2 a a
Generators
Station Control Batteries - . .
.
Turbine Cenerator Coastdown a a Al
FSAR-CH. 9 Cheaical and Volume Control
Auxiliary System [ a a
Svstems 1

Shutdown Cooling Syste=
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Appendix B (cont, )

SYSTEM OR MALFUNCTION W Baw ce
Circulating Water System - . .
Spent Fuel Pool Cooling
System e e a
Component Cooling Water 99
System a " a
Service Water System a a a
Salt Water System
(Nuclear Service Rav Water 1
System) NA e a
Station Ventilation Systems . d b22
Instrument Air System e bn a
On=-line Computer e b” 019
Generator Hydrogen Cooling a a a
Generator Station Cooling 53 a a
Cenerator Hydrogen Seal 04l - a d
FSAR-CH. 10 Main Steam System a a a
Steam and
Power Condensate Systes (Includes
Conversion Heater Drain System) a a a
Feedwater System - 2 -
Aux. Feedwater System a a a
Condenser Vacuum System a a a
Air Ejectors and Cland
Exhaust 3 a “
FSAR-CH. 11 Liquid Radvaste Systes s .
waste Pro-
cessing and JCaseous Radwaste System e . -
Radiaction 12 20
Protection Radiation Moritoring Systes a b e
FSAR-CH. 14 Uncompensated Opers.ing
Incidents Reactivity Change. NA a a
Startup Accident a a a
Rod Withdrawal at Rated
Power a “ a
Moderator Dilution Na “ "
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Appendix B (cont.)

Number of
Malfunctions
Associated
with Civen
Systeas (2])

SYSTM OR MALFUNCTION v cP
Cold wWater Accident B a
Loss of Coolant flow a B
Stuck Rod a a
Rod Drop a -
Loss of Electric Power a -
Steam Line Failure “ -
Steam Generator Tube Rupture s [
Control Rod Ejection . .
Loss-of-Coolant Accident a A
Letdown Line Rupture a a
MHA ‘1.5 a
Loss-of-Load % a
Loss of Feedwater A N
Excess Loads e a
Waste GCas Incident - e
CVCE Malfunction B L]
Turbine Cenerator Accidents . L]
Waste Liquid Reiease . 3
Control Rod Drive System 2 9
Reactor Protective System 1 3
Reactor Regulating System 5 2
Nuclear Instrumentation 3 “
Pressurizer ] 6
Primary Systes (Leakage) i 2
Reactor Coolant Pumps 6 7
Chemical and Volume Comtrol
System 8 10
Auxiliary Systems (Water 7 7

and Comp. Air)
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Appendix B (cont, )

SYSTEM OR MALFUNCTION B BAW CE
Stean Generators and
Main Steam S - 8
Turbine 2 5 8
Feedwater and Condensate
Systems 7 5 9
Con” mser 2 1 3
Engineered Safeguards 3 3 8
Electrical - - 9
Radiation Monitoring 6 0 e
Isclation System 0 0 1
Fuel 0 1 1
Flux 0 1 0
Simulator Backtrack - ‘)1 £}
Capabilities
Freeze a a a
Snapshot - 03“ 3
Fast Time . a a
Slow Time » s a
Time Delay [ a -
Malfunctions
Initialization Points 202‘ 16 2025
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PWR FOOTNOTES (APPENDIX B)
100% based or original layout of RHR. New version of RIR with
changes to ECCS system is not simulated at this time but will be

operable within this year.

98T simulated based on system prior to new ECCS criteria. New ECCS

system will be programmedc and operable this year.

752 simulated. Pump controls, automatic starts, and associated communi-
cators are available but no temperature effects are programmed from .

a total loss of stator coocling.
40X simulated. Only 2 of 6 lines connected to the ring are operable.

1002 simulation with exception of two malfunction associated

annunciators whicn are being added in near future.

1002 simulation from control board. The "operation selector” switches
on the source, intermediate and power range instrument cravers are
not operable. Work is under way at this time to make all front panel

controls operable.

90X simulated, Flux distributions for ui!uncuou not calibrated at

present time,

The core simulated in the NPPS {s rated 1568 MWt and the core in the
Rancho Seco plant is rated 2772 MWe, Other than this difference, the
simulation is a complete modeling of the core's performance as a

heat source and r-:ctivity inserction efferts.

The 120 V AC and DC busees are simulated, however, there is no

operator indication,

The ma'r notable difference is that the Ranchc Seco plant has two

circulating wvater systems vhereas the NPPS has only one.

8CS29¢ )
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Console controls star: and stop service pumps and cause prassure in

the headers to show either "normal" or "zero".

The simulated licuid waste system is a simplified system from that
being installed at Rancho Seco and is similar to the system used in
the Duke Power Company Oconee plants. The Rancho Seco radicactive
waste system is unique and essentially all other B&W NSS have utilized

a system similar to the one simulated om NPPS,

5 RMS channels simulated. The systems monitored are letdown, component
cooling water, air ejector outlet, reactor building and statiom

ventilation exhaust.

The NPPS contains 8 incore tubes and has 4 detectors in each tube.

This is not as complete 2 system as installed on central station plants.

They simulate a double ended break of a 36" main coolant pipe;

however, they alsc state that the MHA is not simulated.
Remote operated valves,

12 local, normal valves can be operated from the instructor's comscle

with appropriate control room response.
System added after simulator design was f{rogen,
Interlocks, alarms or indications for CEA drive system are simulated.

Certain interlocks or protecztive actions are simulated based on
radiation levels, but indication of radiation levels in the plant

are not.

Malfunctions are provided for loes of one 125 V DC and loss of one

120 V AC vital bus.
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253 ventilation equipment cperated by the engineered safety features

actuation system is simulated,

The numbers can be misleading. In most cases where fewer malfunctions
are shown, the capability exists to fail or affect any one of multiple

units which, if listed separately, would raise the total,

From 7-9-70 report=-17 prexamined and 3 snapshot available, Appears &
to be good mix of power, xenon and burnup.

Resctor power not preprogrammed for intermediate powers, goes from 153
te 100Z. Xenon is either at peak or equilibrium. Burnup either 102,
502 or 901I.

Presently accomplished at Iion by venting only. Portable skid mountes
recombiner units are being purchased. FSAR doesn't indicate any comtrol

room readout or contrel.

Lose of CCW will not cause temperature alarms on the components (CRD's,
RCP's, etc,) cooled. An interlock prevents starting of components
unless the LW is operating. Onc exception is the Letdown Heat Exchanger
for which the heat balance is simulated. Losas of CCW to this component

will cause increasing letdown temperature and eventual isclation of letdown.

Compressors and indicators shown for instrumer. air sysiem but not

modelled to show effect of loss of air.

Data acquisitionm only -~ no trending capabi.ity except Cypewriter

priatout.

It is assumed to be on. Has incicating lights but there is oo comtrel

over it.

Future plans are to add backtrack and snapshot capabilities.

This feature vas removed from Calvert Cliffs plant,
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DISCUSSION

S.F. COAKLEY: Are there are any regulations ir the United States of
America regarding the basic educational attainments of candidates applying
for an operator's or a senior operator's licence? What tests are imposed
to ensure the psychological stability of applicants?

D.J. SKOVHOLT: There is no stipulated requirement in our actudl
regulations, but our practice, which follows the recommendations of Stand-
ard N 18,1, is that candidates should have an education of high-school level
or its equivalent,

Each application for a licence or for renewal thereof must be accompanied
by a report of medical examination on a form prescribed by us. Part of the
report is a medical history filled out by the applicant and the rest is an
examination report by a physician of h.s choice, The~e is no routine require-
ment to test psychological stability but there are items on the report which
could suggest potential problems o1 this type. When our physicians review
the medical reports, they look out for this kind of thing, anc if they consider
it necessary we call for a further examination by an appropriate medical
specialist, Such an occurrence is rare but not unknown,

M. BROSSON: What is the operating experience of the examiners? Also,
what is the relative importance of the three parts of the qualifying exami-
nation = written, oral and the tests on 2 simulator?

D.J. SKOVHOLT: Virtually all examiners have several years' experi-
ence in the supervision of reactor operations, This experience is not
nec2ssarily at nuclear power generating stations, In many cases it was at
AEC production reactors, at high-f{lux testing reactors or in nuclear ships
of the United States Navy,

Under our rules, ar applicant must pass both the written examination
and the operating-oral examination separately in order to receive his licence,
Certainly, the performance demonstration at a comprehensive simulator has
greatly increased the value of that portion of the test, as compared with the
operating test at an actual station,

K.E. A, EFFAT: To what extent is a research reactor facility essen-
tial in such training programs”?

D.J. SKOVHOLT: Research reactor are often used in teaching what
we call the "nuciear fundamem.:s', This method provides an excellent
opportunity for the candidate *' . *e the theory he is learning reflected in an
actual facility,

A,A, TOUREN: An oper:t./'s licence being valid for two years, has he
to take a full examination in order to renew it, or is a simple test enough”

D,J. SKOVHOLT: Until recently, our practice ways that if an operator
had been engaged actively un reactor operations during the two years, ifthere was
no reason to question his cominued competence, and if the facility manage-
ment certified him to be capable, we would generally renew his licence

5G02 93
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without any re.examination, If he did not meet these criteria, an examina-
tion, usually 2 partial cne, was given, Abcut a month ago we changec our
rules and now require that the operator participate in a regualification pro-
gram, approved by the AEC, io order to be eligible for renewal of his
licence without re-examination,

P, H. DAURES: What are the percentages of success and failure in the
operater licensing examination?

D.J. SKOVHOLT: The failure rate is 15% for candidates taking the
examination for the {irst tine, Those who fail the first time are allowed
to repe.’ the examination after two months, &t which time the success rate
is very high, Candidates failing a second and a third time have to wait for
six months and two years, respectively, before ~e-applying. We thus cacou-
rage them to be very well prepared,

P.H. DAURES: Is the failure rate high among operators applying for
renewal of their licences (every two Years)?

D.J. SKOVHOLT: When an operator is asked ‘o take a fresh licensing
exa:nination, it is generally because he has not worked satis ctorily or has
long been absent from operation, It is found that manmy such persons decline
to take the examination,

A. PALMGREN: In vour paper you state the requirement that the simula-
tor response and control room lay-out should closely correspond to those
of the actual plamt, Doesn't this create quite a problem? Do you not have
to construct a simulator for every plant”?

D.J. SKOVHOLT: The simulator must be reasonably realistic and com-
plete with respect to the plant it is modelled =™ .., .« . .o t*d have the
simulator teachers give instruction in opera..on of the p.ant, not operation
of the simulator! It is of course not economically feasibie to have a simulator
at every plant, and obviously there are matters which must be taugm addition-
ally at the trainees' own plant if they have been trained at a simulator model-
led after sore cother facility. Neve=theless, training at a simulator relating
to a fairly comparable plant is highly beneficial,

A, G. KELLY: What is the pass mark in the operator Licensing
examinations”

D.J. SKOVHOLT: The pass mark for the written examirations is 70%,
There is no clear pass grade for the oral-operating examination, since
numerical grades are not used. A large number of attributes and capabililies
are evaluated and the examiners exercise their judgement in determing the
adequacy of the total performance,

H, HUBER: Before obtaining the nuclear power plamt operator's licence,
the candidates have to attend theoretical and practical training courses,
According to US experience, what cduration should these courses have in order
to impart adequate training before personnel take the examinations”

D.J. SKOVHOLT: The approximate duration of ¢ \ch part of the training,
which I can give you here only {rom memory, is as [ol.ows, The nu-lear
fundamentals course takes eight to twelve weeks, The p -actical trainung,
including routine operations and observation at an operati ¢ nuclear powe°r
station as a shift crew member, lasts three to four months, At the simula‘or
training centre the candidate spends at least 50% of the time a* simulator
controls and the remainder of the total of eight to sixteen weeks ‘n the
classroom,

All the above stages of training should be completed at least one vear
before the station goes into operation, since the personnel should be at the
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station during that period. There are two reasons for this. First, their
services are needed during the pre-operational testing of the facility. Second,
participation in pre.coperational testing and procedure preparation and trial

is a valuable final phase of the training program.

C. HUYS: Is it correct that the American National Standard you have
referrec to recommends that the management staff and plant superintendents
should have the senior reactor operator's licence? If so, does this mean
that they have to underge the same training and pass the same examinations’

D.J. SKOVHOLT: Yes, the document recommends that certain manage-
mem personnel concerned with day-to-day plant operations should possess
the senior operator's licence to demonstrate this aspect of their qualifica-
tions, This class of personnel receives the same training and takes the same
examinations as any other senior operator applicant, But possession of the
senior operator's licence does not in its2lf imply full qualification for these
higher positions,

Y. G, GONEN: Could you please give an estimate of the costs of training
an operator and a senior operator”® What is the training given tc operators
in reactor maintenance (including routine o; erations such as refuelling)”

D.J. SKOVHOLT: 1 have no data on the total cost of training for the
entire training period, It is usually considered tc be several tens of thou-
sands of dellars, For the part constituted ty training at a simulator training
centre, a rough estimate would be 10. 20000 dollars, depending on the length
of the training period and other details,

Operators are not normally expected t0 carry out maintenance tasks as
such, but an operator is expected to perform, and usually does perform
refuelling activities; his training ancd our examinations therefore include
this aspect,



