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the C.nue which are designed for ads.inced t3 pe of simulasor will pronde e s pe ric nrcd dessen .nd opi rai m c

,, 8 sperifk siao..ns and which are .ittended
traisiing in ips r.iting pro (s durs s under

en.;in. crt unts :rd rited by both b.oic,

nor nul and fault wnditums.
an'd fullmope simulation.

The nud ar pl. nt simulators of theby c.nh shift of cnyincers on a two 3 car Ihmeser, the fundamental principle CEGB hase been doigned spcofical4I cycle. be hind the GGB nuclear training to form an impon.mt part of .m overallThe principal purpme of the revision
coutws is to augmsnt the engineer's ; philosophy is that the engineer should integraicd training p.iclage. 'the prime

.

knowledge of fault studies. safen) prin-
have an in-depth appreciation of the

objectise of this package is to athieve
ciples. eie. De appropriate simulators plant Linelies and a fundamental know- safe and economic station operation by

'

are used to enable the engineer to fedge of why certain operating proce- engineers with an in. depth and intellig-dures are necessary in contrast to the ent knonfedge of the plant kinetics andoperate interactively with faults that " mechanistic" approach to plant opera- cha racteristics under all operating condi-hopefull) may occur infrequently during tion. For this reason the design of the
the normal base.!oad operation of the AGR simuIalors e Alends beyond enact The patiern of nuclear training in the

tions.
nuclear station. Regular site training is

replicatiorr of the control room desk. Board is continually under review uishalso provided in the procedures neces. The training staff have deseloped
sary tocepe wit h s nuclear ernergency. A i advanced methods of data presentation the objectise of meeting the require.
series of emergency esercises is organ- hich uill present the engineer with mentsof both she current and future nue-

sufficient frequency tr. enable cach shift
, iore information than is as ailable in the leur power programmes, particularly fol-iied throu;hout the 3 car, usually with

lowing the Three Mile 1s!.md incident in
control room to enabic him to have a

|
team to gain adcquate experience of the clear understanding of the effects of the United States. Asthesingle generat.i

ing utility in En;1and and Wales, thecmergency procedures. operating procedures on for instance, GGB is m a famurable position to,
' Simulatinn g s and rnetal rcmperatures within the ensure that its nuclear traimn; policies

,

The special nature of nuclear plant once.through boilers. are integrated throughout the mdustry.
operation, with its emphasis on safe The provismn of comprehensive ,

.
Included among the topics which are

operation and the base load characteris- simulattirs is an essential feature of nue- currently be,mg renewed are the rela-tics resulting from low unit cost, make lear ua,imng. It should be emphas,ned, tionship between "on job and fo mal
,

ans form of interactise on. job training howeser, that the simulator ah;ne can- trammg. the assessment of operating,

dif'ficult to achieve. It is essential, how. not provide the full m. depth,trammg engineers compeience the role andeser. for the en;ineer to e sperience the which is necessary for engmeets to oper- of simulators with varymg
,

locationLinctics of the reactor plant particularly. alc a ptani sarc!). A fundamenta! Limw- ,

under fault conditions during both his ledge of all aspects of the plant design
, degrees of sophesiscation and the effect

initial and subsequent revision training. and characteristics can i,mly be achieved
of Ihe tntroduction of pressurized w ater
reactors into a currently pas-cooled reac-

Thisimportant aspect of nuclear training by the use of a wide vanety of modern
teachmg aids mcluding lectures by

tor technology.is assisted bs simulation. The techniques

'd"3|", 2d""'i'IZ'3"J,"|e' Making the best use of modernof simulatin'y nuclear plant characteris-
' d"

r ! s
natiimal nuclear power programmes and

, the asailability of more sophisticated $}{R{}f3fQ{$
,

(and expensive!) compusers. By Robert D. McInnis and Ronald M. Maslo'Nuc! car p ant simulation in thei

CEGB is provided at the Nuclear Train- Nuclear power plant simulators are valuable not only for operator
,

training but in obtaining better plant performance and an under-ing Centre to give two distinct levels of
training. To enable the engineer to standing of design and engineering. Important deveIOpments areunderstand the fundamental Linctics of

taking place particularly in standardization, in the aids available
[',5'{"''d ',''','","|n'" ^"*[[M,I] to the instructor and in the programming of plant malfuncimqs., i, ,

interest is the fact that today's simulatorsand! generic design of control desk A noted acceleration ofinterest in power more than justify ca pit al e s penditures ondemonstrates, with a limited degree of
interaction by the student. the lineties c ~ plant training simulators (PPTS) has training programmes. This adsanced

*;

a single fuel channel having the basic taken place since the Three Mile Island equipment is aho providing ow nets w ith
characteristics of a Magnox Design. incident. And, despite conjecture over reduced generating plant doa ntime,
This machine has gisen almost continual w ho, or what. caused the problems at the added>.

, and reliable use over a period of about Pennsylvania nuclear plant, all parties
higher op'erating efficiencies.
safety measures (for personnel and

g ten years and is an invaluable training agree that greater emphasis should be equipment) and a better understandmg
tool for the introductory courses and for placed on inore comprehensive training of plant desien and engineering reason-

3

demonstrating the fundamentals of reac- for nuclear power plant operators,:
; tor tincties to the Magnom operational A number of utilities -under pressure. ing. As a further benefit. us:rs are

reporting that simulators are among
but not yet required to use control room "the best public and community reis.

*

cours.e student.

i, ' The second phase of simulator con- simulators for training operating per.
tions tools we have".

struction is currcally nearing completion sonne! - are e xpressing more than just a Until recently. the majorit) of
at the Centre. This involves the pro- passing interest in simulation devices. simulators were designed only to duph.

-
3

sishm of esact replicas of each of the and not strictly for training purposes case the control rooms of plants already
*

'

i Dungeness B. and lla r t!c pooll Among the reasons for the increased
operating or under conuruction. TheAca station control desks (!!inLley B. cither.

! 4

basic requirement u as to train new*

j l llenham: the latter being atmost identi- * R'*r o n. % un es4 ai. unvaior n u." operators to nm esisting nuclear p? ants,.

i i ral stations base a combined desL) thus 2,'I[,1u*,*1 [["'','o) ['$'[,(".8,d,$ as well as to'be ready to operate'the new~

j '| prosiding " full scope" simulation ' facilities as soon as the) became opera-

facilities for each of the stations. -This kno
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tioncl. Ihese rcphca simulators prewnt [ g t
' ~'. .,

operati.rs r.nd tra nees with the chance I t '- .
A

,..Q,j . ,

"" -
-

. ,e - .

p to rcccise e stensise " hands on" c xpe ri. a , , . ', - - '
.

(nce for <t nups, power manocuuring .

y.- -
~ Q,,, (;( #.'. : 4.'.**: nd shut downs. Additionally. the} hase t.. - . .

' . -$'. "!~;. ' ,. i . -h.. " , , . N#been widely uvd for operator licensing /,J.b-k,{*J-V..s'. -
- '
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examinations. requalification training
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and refresher courses. ''

,

; .

Baue to most of the PPTS s3 stem as ..j. --
k.. [j ,j

,

,.h $ p "-r-g y"]... E -iG M 7Q,' ]-{p$6
. u. . . < ~ - - -

the fact that they can be programmed to '
.

.

* h. '. 'subject an operator to many or more,
3.W.I' M ^U~C
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.3-*
*:'o'g.-Q^8f] % ;C. ... : ? ' 'i '-

.- ., -

abnormal and eme rge ncy situations than
.
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he would be exposed to during his
4_ lIifetim*. L* e -.e s s .% eses g ;* ; L
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!!asic principles . J' ! " :a"* t j- _DDemands from ses etal13 pcs of power GNW

.
' 'G-,

',5 CMC $Mi".y ;f~:''h 2
?., , -l~. 'n'"- - - - --y

-- F C ] h;. 'e.0 , J y;"'c.. $ .O j.[ 'and power-oriented' organizations for a #'-G-5"": Tgencric. rather than a replica simulator . 5 . 'i T 9.: 4 et:2*:2

& a./. f: V Q .,;,,g'*?n
K.1,;Y,
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ssstem, base more recently led to the
'' ' - " #

, :; , L.; -;- -
. f' t 4. : . x : .2-
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development,by Electronic Associates,
. '| ' . l*

J,

Q i : .' .,,' .'.< "* 9t...4d'q -) 3 V..~ %-..''' . '-
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Inc., of a smarier. tess complex. Basic .- cL-;
. s &. , i . ' - . _ . . . _ . J. ~ ' - -

. .-Principles Trainine Simulator (BPTS).
M.Q.}/;-The :ao modeIs. o'ne simu!a ing a rwa

j .,. g '.] -y". [ g ,' [ ,
- -

., /,Q f ;g '.g,:," If[C" .[#If.*Q,"[ Q {[cO,':.' ; ,3 'f-[ , ,N ' M
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' plant and the other a BWR plant, are *

Q* ,designed to train power personnel in --

the general principles of consentional From this training simu?ator console oser. Island situation at such otice.nucicar power plants. ,;,,tng the ** plant" cootrol panels the Io- Althoueh the US . 'ational eguia-ne BPTS. which only costs about ~structor monitors att sprem operations, tory Commission oniv rey cs trainingone-tenth the price of a full scale replica including introduction or single or rnuffiple ~

simulators to recreate 1ess than 100 pos-simulator. is also limited in the number matrunctions. I'ushburtons actuate " freeze"' sible malfunctions, modern nuclearof malfunctions that can be programmed "rerIn". " backtrack" and many other sp.
in. And. untile a replica. which must tem operations. plant simulator units are programrned

look. feel and react like a real sontrol to present upwards of 600 different
situations. And because of the many un.room. the B PTS is designed to illustrate accuracy in simulating plant operations. knowns that could surface in a nucleargeneral conce;)ts. For e xample. it can be At Ears research and development plant. at least 25 per cent of the systemuvd to provide preliminary operator facility, in West I.ong Branch, NJ., memory is kept available for future mal-,

trqmg at low cost so that an instructor engineers are also programming a function prcgrams. Such programmingcan identify the most promismgoperator namber of new details into the memory can casily and quickly be accomplished
{ candidates to advance to a full-scale systems of nuclear power plant training by an instrctor, via a dicital keyboard.simulator. Other uses include: teaching simulators. e'ntering the information'into the systemplant theory to personnel other than For one, they have taken a page from through the engineering-oriented For-operators; and teaching nuclear the Three Mile Island expenence and tran language.engmeenng and science students the provided their equipment with even With so inany new comple xities beingg hasic dynamic interactions in a power wider capabilities to imitate multiple designed into nuc! car. powered electric-plant. malfunctions. What's more, these "can- ity generating plants, and more due as;

Of extreme imponance to smaller ned" programs can'be activated from the result of proposed stricter regula.power companiesis the fact that a B PTS the instructor's console or the traince's tions it is now practical to design train.ean be uwd in a " pool" arrangement. station nus, if an operator trainee ing simufators to a!!ow the operator toAll operator trainees can be taught the makes a judcment error, he automati- perform his major function of safe andbas,cs of nuclear plant operations on cally creates a simulated malfunction. efficient plant ope rations. Today's
i

the generic simulator before moving on pre'viously, only the instructor could power plant training simulator is finelyto the speciataed equipment that has initiate emergency situations. tuned to simulate all components ofbeen designed to their own company's The increased programming modern nuclear plants,specifications. capabilities also permit the operator
trainees, or the instructor, to create a Instructor aids

Design series of situations in w hich one malfunc. Effective use of a replica simulator
Because cach utility has built some tion ! cads to others. Because of this fac. demands that innovative techniques be

degree of individualism into its nuclear tor, built into the nuclear plant simulator available to the instructor for conducting
plants, no two training simulators are for Vircinia Electric power Company it training exerciws. These techniques are
exactly alike. A trend. however, that was possible to create a simulated Wree contro!!ed from the mstructor's console,
seems to be shaping up and leading to Mile Island ty pe mishap. within hours of which oserlooks the simulated power
what may become a standardization of the real thing occurring. ponions of the plant control panels. From his console,,
simulator' and controt room design. calls intensive investications of the incident the instructor can initiate any e xercise by
for simulation modelfine in strict accor- were performed'on the VEPCO equip. activating any of up to 100 initial condo

'

dance with scientific principles. Should ment. This EAI.insta!!ed simo!ator was tions. These could consist of cold shut-
the trend continue. a!! simulators u ill be the only one in the IJnited States, that dow n, hot standby.100,90 or$0 per cent
capable of presiding a greater degree of w as capabic ofimitating the Three Mile power. All conditions are espandable
Maren 1980
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the instnictor and trainees to review and .

.-Q try ff l
,
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c. ,_ -analyze reactions and operations of
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plant components. In a real plant they , - f ,:;- f ,r
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(| tial conditions back as many times as
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ithev are needed. When he re-activates .

2 $.- O C''[ ' '~ 7 E--- ET.C
Q shg|s,)-.'o'/the" simulator, the sequence will start

' , . ' I< i
. **

w ith the newiv. loaded initial condition. '. j:
' " - ' 4.. [#'' - - ~ * *Backtrack is u' sed to recall a ponion of an

#- -~ ~~ h ''- k '$' (h'b.[- b*.-
. . ' |- A. f -U "'
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csercise to a!!om a trainee to repeat his . // d

' . $ 'i" - ( |'' Mk' *h? ' '
actions as many times as required for him <

/* U
4-'to cain a complete understanding? ,.

E-!.!k.jf.,$ ~ b[g b
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Rshfay permits initiation and " hands -
y.
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9-TE: ( .off" review of a pres uius e sercise. When
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_ ~~' 'r..'

Q'.Q'\:k.i-f
" backtrack". it offers an analysis ca'pa-
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similar situations. "over. ride" giscs the

a .
''instructor control of panel instrumenta-

e : 1 ;Df' .* i -
ion via digitalinputs. outputs and anslog .-

'_-_{-[. ,.Q.(-j- [-1 [.ysignaIs. " Cry wolf" prosides control ,,

'-
3 .? . . .,3,. ,. 3.goser ihe annunciators. Both controis ;,; ;.7.g3 .gp .g:,g g.;; / y c.-fe_r., . y .1-2-tr -: cg}.,g; j,
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;p g .;, t.g3 . p ;,.g c y.. rpermit the instructor to set panel inputs r:7f ,
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while the system is operating. It may r. .,

3* f.*p.
':. f.,f *[]'" :7 ,

[.|e{,['pN.
oser-ride a warning that is capected by

: 7; fq '. . '. '3-g.p.Qt y.igy.. ,$; .';.% f -cy,-t.- g-1.,
pi: g.,%.g ;;q ':.Q;qs:-e-7,:sp;|d'% < ~': ic,49?' .. ,,_., -lif.; , s.

f.y ,' fIhe student. or introduce erroneous ,
.

mformation to the panel instrumenta- ,

tion. Thus a student is forced to build
up a sysicm understa 31ing instead of During " freeze" or " rep'ay" operations, operator training simulator can take
learning to rely on rote reaction or con- sirnutator trainees hase the fusury or renew- three or more scars the most time-
ditioned reflex. Ing a situation without penalty. The telephone consuming portion being affoted to the

'annects with the instructor's console in preparation of prope r softw are. nus if aTraining perrurmance actually records. 'h.'s systern being constructed for Arizona
P wie, a n,ew power plant in theon magnetic tape.Le3 performance data Puhtic Serdce Company. t SA, b3 Etretranse plann .mg stages. is co, sider,mg the pur-

,

throu;hout any exercise. This permits %g chase of a simulator they would bethe instructor to w atch his students,
' w e!!-advised to orde r one for installationinteract with and control them during

various runs. At the end of any lesson. him to start one, or more malfunctions about one year before the scheduled
he can then evaluate the students' per- whenever he pleases. Ile can select from startup of the plant. Effective operator

formance. Individually or as a group. a variety of malfunctions (with fesels of training and a checkout of startup proce.

Computer aided esercises help the degradation and time skews) to offer dures. can be assured before the real

instructor pre-program complete exer. trainees experience in dealing with plant beenmes operational.

ciws. The computer aided exercises are abnormal situations; For nucicar power prants that are
. ficellaneous controls include startup aircady operating, anytime is the rightstored on discs for recall whenever \

desired. These drills could include. " set and shutdown master s>sicm controls, time to place an order. For example,

initial conditions"." select for monitor- Diagnostics allow the ope ratori Duke Pow er Company. w hich had

ing". " set malfunctions at s arious instructor quickly to check all the panel plants on line before the NRC esen
points". "run through prescribed opera- lights. sw it ches and pot e ntiomete rs prior required operator licensing. will have

tional procedures". to the start of an esercise. another new simulator delisered in 1981.

Programmed malfunctions are initi- ne company pl. ins to use the equipment

ated and displayed at the instructor's When to order for purpows other than just training its

console. A time lapse feature permits,, Designing and const ructing an ope rators.
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