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SPECIFICATION FOR

NUCLEAR POWER PLANT SIMULATOR
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Ef- : | CENERAL
t 3 1.1 Sco

[‘l This epecification describes a seuclear Puver FPlant Simulator,
lud.ne the plant control cunsule and

P — 1 PN [P f—————

The control roum equipment, fa

the instructer + consvle, shall be duplicated ir appearance and function

s0 ab 10 train uvpd ratars as if they ws e vperating an aciual control

room. The syetem 5 flexitle, pe smitiing eApansiun oF modificatiorn. of

the hardware and sofiware to seflect wdvances 10 Cesigrn, techr.aligvy.

and the size of future planis, oF to allow for universal or condensed,

JUferent plants. The s:mulator

-
!

training programe applic able to several @

-

shall be designed for Z4-hour Lperalion jor extended perio€s wilh Mini-

»
Ry
il

mem mMma.ntetnac e auv n-lLime.,

]

1.2, Purpose
ee———————

-~

Tne simulator will b used to train prreonnel in the technoligy

needed for aperation of nuclear poner generatlng plants, comprising:

™7

a. Al modes of operation .nilud.ing startup,
maneuverin,, narmael 4nd emerzency cons
ditions and rhutdowns.

™
v

-——

Quasl.tication far the Atomi. Energy Come
misaion Reactor Ope rator lirensing rXaminas
tion.

1.3 Applicable Documents

)
duib
(-

e
Ll

™
Ll

.

3.3 3 Saczrarnento Manicipal Utility Distract,

i

p—

Ran ho Secu Nuclear Station, Unat |

Preliminary Seiety Analysis Report

=
i

Volume i, 2, 3, 4, and §

v

[- J 13 11C Electricul Standards for Industrial Equipment
e

] 33 Stencarcs of NEMA, 154, and USASL

’ ~"\
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;. CONTRACT PERFURMANCE

The Vendor shall supply and :nstall the oo mpiete system. The
develupment, ana sys-

oo bs
Vencor accepts full responsibility fur all design,
temn integs *atinon tu Coinply with this specification.
1.2, The Vendur shall supply the hardware and suftware littec delow,

except as vtherwise noted.

a. Consules with their respective instrumentativn, €Ncupt (n
conscle and instrume ntation whick duplicate that of the actuail nudlear
plani conirol ruum, and (2) the integ rated cuntrol syslem as specified
in &, 16

5., Computing equipment,

c. lnput Output system to mate comauter with panels and corsoles,

da. lugtruction console,

e. All Burdvare reguired 1o complete the irtegrity o{the system
inclading local signal-ygenerators ang cungiticn re for intesrativrn of ine-
steomertation not cuntroiled directly Ly the compater and a'l necestary

cable ard vonnecturs, .

f. Anintezrated pachage of real-time procame (suftaare) for
the simulationr of the lugic, dynaniie and spatial cRaractoristiv s requitred

12+ t7e naclear mower plant imolved.

£. All design and develupment details and mudeiir, technijies tu
e ured in the system. n addition, ducumentation relating o fabifivativng,
svstern assenbly, cnspection, installation and checrout ehal! e supphed,

2» Cefined by the purihase urder terms and cunditivns,

h, Perfiormance and accentance test procerdures whith Jdemonstrate

comzliance with thir specrfication tu the satisfaction ol the custamer,
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3. HARDVALE FUNCTICHAL REQUIRCMENTS

. 1. Comoputer System

53.0.1, Cwneval Reguirements

The simulator pystem shali utilize penrral purpose com-
priational ecuipment, unless rpecial purpuse equipment Lat a demon-
riraled gtivantage.

The puveer plant simulator shall conkist of o plant control
cunsoie, (DLW vill provide ), an ingi=uctus's cunsole, a compater sye-
te including computer peripherals, the interated contru! svstem (BaW
will srovide), and the necerrary data 2n€ CORITL. INte "taCef Lo couple
thiee companerts topethesr, A bleck diagram of the power plant simula-
tur ir #hown in Appendis. C.

The compute=is) shull be new machines (rot previnuely
ured) and al! sulid #tate preferably consisting of integrated cirenits
vhere proctical. Digital computers should be of the Sinary, paraliel,

$inLie ad€ress tyDe Witk in0exing anc ind:ivect and direct addressing.

Y.1.2. Accuracy

The Vendos snall include in hoe proposal snecificaticons
for the accuracy wi: (1) individua! component ascuracies (e.g.., vpera-

tiona! amphiiies analog - to-dipital convertes), anéd (&) computer(s);

overall computer accuracy.,

T Peliabilicy

Trhe computer hardiare ehall b desipned ano constructed
to provide relhiable operation fo long perinde of time. The syeterm shall
be capanle of providing predter than 977 up time (Cuntinuous service).
Mocular conxtruction methodr :houid faciitiate short downuime reguire-
monts o7 companent failure troubleshaoting and repair. Ir this manner

she cortuit board contuining the {ailed ¢ umpunen' may be diaunosed

C—— o
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(preierally Ly computer prugrain). & new one put in service, and the
repair inade ir the maintenanc= facility after the system 1s fully vper-
azle. The Vendor #hall inciude in his prozosal techniyues 1o be used

to provide a reliable aystem,

3.!. 4. Comoauter Feripherals

Periphe-al (input output) devices shall Le pruvided which
aliow the user 1u rapidly ana efficiently cotnmunicate with the computer{s).
Theee devices shall be reprerentative of present day computer techaulogy.
Exarmrples fur the digital system would include, but not e limited to,
Magnetic tape transports, card readers, high spevd paper tape handlers,
mMaynetic drums and/ar discs, line printers and heavy duty typew riter.

The Vendor shall include in his pruposal cumplete specific ations on the

periphcral devices tu be used,

3.1.8, 10O Cuntrol System

The input/output contrel &, stem shall permit fast and ef-
ficient data transfes inte and cut of the computer. In a digital computer
this would include multi-channel transfer throuch the accumulatnr, and
one ur more channels of direct mumory access fur the high speea trans-
fer of blocks of data.

The digital computer shail contain a facility whic h, under
nropram control, sends signale to peripheral devices to nitiete a trans-
fer of data {set lines), and a faciiity which mouniturs the status of exter-
nai devices (sense liner). It would alsc te desiraile for the digital come
plter ic contair a hardware privrity intersupt facality fur the purpuse of
INterrupting program execution 1o scriive a high priority device or

mode signal frim one of the crcratur conscles,

3.1.6.  Data Conversion

Data cunversion enuipment will be required Letwesn com-
puter(s) and the plant centrel censcle, instructor's corsule, aud inteprat-
¢ cuntrul svatem. The data cunversion equipment will irclude a high
épevd multiplcxer, an analug-to-dizsital cenverter, and digital-to-analog
converter. The yuantity of these componerts will be dete rmined by the
modeling requirements cf the simmalation and the nun.ber of inputs and

vutputs tu the cuntrol conscles and inte, rated control system. The

£.20.45/55-3.88 o Cabcock & Wilcox
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B. Certai= ail maliunctios seiection switches specilied
1m sectiur 8, 20,

€. Contain all mode selectior awitches specified in sec

tios 4. 2. Al suitches stall Ye Lack-lighted pushiutions anc sperate

with the computer in & duplex mode. I thir meuner the cumpater tor:a
of the Lighl wher the comrrant has Sern acrnowledged.

53 2.2, Cumpurer Cunsule

The computer conscler ahall contain all the necessary

controle tu efiiciently cperate the comnuter. All curtrols shall ze

CIearly and sesmanentlyv ladelcd to sgent:fy their function.

3.2.35, Plawt Contrul Cunscle ane intezrated

Cintrol Svetem

The plart cuntrul touneule shall cuntain the seme Loniruls

¢ tnat used in the pover plant. Bolh the plarnt tontrol consdie and intes

ATAleC conmtrll svstem vl fe furnished by B W, Cumplete Sals «n ine

P At euipul of these systems will Le firnisred tu the Veadar.
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4. COMPUTER OFEZRATION REQUIRFENMENTS

4.1 Ceneral

This nuclear plan® simulitor 18 to operate on a real-time basis

whethar the computer(s) are of anslog. digital or hvbricd design.

Pro-

gramm:ng mothods must indicate clearly that all worst case simulations

are completed without response time comprumisc,

Also, in «ccordance

with the general philosophy that the simuldtor be capable of 25% expan-

vion. the computation cycle time of digital machines must be capable ot

handling 257 more calculation: than the largesi computatinn string en-

visioned from the specilied equations,

Therefore. btid responscs sheuld

clearly indicate the gceneral approacih to programminyg and how real-time

operation is 10 be ach.eved.

Included should Le a discussion of busic

irstruction set, machae language assembler, program debugging sub

routires, ecitors, loaders and compilers, diagnostic routines, and

startup nitialization for any propesed dig:ta! or hybrid machines.

For

analog or hyLrid machines. information should inclede wavs to best uty-

l.2¢ equipment (apability, methods f0r mimimizing over and undershoaot,

time responscs, etc,

Discussion should include propased documenta-

tion lrefer to section 10) of programs, sousie tupes. instruction mane

uals. com lete program flow churts and listings, «te.

4 2. Ovirall Performance

The ranges of op rating performuance required frum the nuclear

plant sunulator include.

but are not Limited to:

sube ritical operation,

operation ai auclear criticality, 7ero poaer to fu!l power ascension,

steady«ftlate cperation at any level, controlled shutdowns, cemergency

shutdowns and £pecial perturbations.

Scleztion by the instructor {rom

the instructor’s couszle of an in:tial condition shull command the com-

peter to penerate and distribute appropriate plant parameters for a

particular mode of operation.,

8.27.68/85-3-83

Resetting from one condition te ana. ier -
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wil be accon.plished by the computer which will inform the instructor

i sw.ich positions eni/or meters, dials, €tc. ., on the plant control con-

$2ir @2 nut corrcspond to the new concition. When :nitialization to the

new inace Mas been accomlithed, the computer will »0 infarm the in-

structar. Modes of peration for whick the sinulater may be 1nitialized

shall inciude iose in the table welow,

Control rod Arprox
1.C or criticality systemn Fower Source Xenon Durnup
No. statns temos, F status status flatus statue
H All in core 70 Zero Origmmai  Zerd . Zero
2 All in core 300 Zero Orizinal 2ero lero
3 All in core 580 Zero Cricinal  $0% 2cro
4 Al in core 540 Zero Or:z:nal 1h0e, Zero
5 £1 =oberitical 500 Zero Origin.l  Zcro Zerd
3 $! subcr:itical 580 Zero Or:ginal 100 4 Zero
] .. £80 iI% - Zero Zero
& .- sed 100% <. 1607 Zero
2 All :n core joe Zern Original  Zero 30"
19 $1 subcmitical 300 2e"n Or.ginal  Zero 307,
11 €1 subcritical 380 2ere Pnoten v Jor,
2 .o 580 1% .- 1007 + 30%
13 .- $80 1007, .- 100% 107
14 €1 suncritical $00 Zero Fhoton Zero EN%
15 .o 560 1% .. Zero RO"
16 o ARO 1007 - 1004 507,

Note 11 In the "xenon status’ column all values refer to equilibrium
conditionx exceyt for 1.C. Nos. 6 and 12 which show "100+",
[n these two Cases the Neron 1s ta be snutialized in the trane
fient (ond.tion at o few hours siter shutdsun [rom the equis
Lbriwin cond.tion.

Note 2t For all sl conditiuns the decay heat shall be set at cqQui-
I:'brium {or the power indicated.

The simulatar shall provide simulation of Prestartup preparation
ranging from complete verification, test and ingpect:on of all cr.tical
enuipment 1o assute ail systems are in proper condition for startup
{cold or hotl, to a sumple check of a single systrm and s critical equip-

ment fallowing a reactor trip, owing to a known and readily-corrected

malfunction.
€.20.6R '$5.1.88 w B Babcock & Wilcox
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The s:mulator shall generate ail plant parumeters corresponding
to hot cr cold startup t» full perer ana load, m:ludm:; heating, synchro-
nizing, loading of the turbine generaier, transient responses 1o chanyes
N pressure and flow, modrraior temperature, rod pesition, fission
product inventary, coslant density, cte. The svstem shall a:splay, on
Appropriate irstrumentation. parameters relating to a spcific inode of
operation and include over limiut protection for out-of-tolerance operation.

e simulator shali provide realistic simulation of full power op-
wration, oading, maneuvering, response td control rod ad;ustrment,
coolant “low, pressure regulation, and cnemical shim adjustment.

Simulation of actual plant s stem or cquipment {ailure shall be ac-
complished by digital program or anzlog circuits. seirctabic at the di: -
cretion of the instructor. Once a malfunction :s initizlized, the simulator
shall reproduce the saene logical sequence of events throuzh which an
actual plant/plants would progress under the same failure or malfunction
couditions, including initiation and subseguent effcrts of corresponding
Frotective system response,

The simulated malfuncricn shall be removable only by proper trainee
Action or by system in.tislization bv the instructor. Unless action 13 taken,
the simulator shall procecd through the sequence of events to produce the
Sume result as would be experienced :n the actual plunt/piants.

The simulutor shall be cupable of simulating all function and op-
eration of a completely contrulled shutdown. For any out-of-tolerance
operatian. the simulated protection systems shall exhibit the same re-
fporse as an actual plint (e.g. fast rod insertion. reactor trip). A
rmansal reactor trip which allows the Oprralnr 1o overrids the automatic
protective syvstem s shall be prov.ded.

4.3, MMacnostics and Calidrations

Programs and instroctions shall be provider {.r diagrosing cys-~
tem mulfunctions. Such prugrams stould be Zircted at both preventive
maintenance and breakdovw n maintenance ser 1I€ing of the computer(s),
interfaces, peripgherals and consules. Diagnostic and cahibratizn pro-
krams should be identified as to whether they are cn-line or duwn-time
oriented, ané as to the stage of des vlopment, i.e., whether uperational
and proven, being detugyped, or conceptual.

Debugging aids should Le 1derntified,
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Th.* sect.on of ‘,h;' SpeCiiitation if Inlen%en 10 indiCute the dedth
ang AL ope 6! the antilipaled modeling reguirements o the Nudlirar
Fower Pluan’ S.rmuiatnr. in $2mMe Lus ¢ the Gota.ded remurements
S er may be modilied 1 an eouelly Jeadthiv! simulation can be provided
By micans athe r thatn that inG.ated.

R.e:. Reactaor Cure

The =cactor core simulation shall cunsiet of at Jeart eipht epatial
regiont cach woth lumped parametere Lor 10 F Of the roure at noca. puines
Rt LT s wiee s TH L Shias platiel Lo pTouDE Of Tuut at Y0-degtee Fpace
ing.

"ot tepe nectron kinetice gnall pe sumadoied for vech of the
eiphl #nutial regiuns and shall incivde m:\c;l;nc' fer at leact togr dolay
gru e, Counling vetveer tac ropong shall cunsiet of o " diffusion” coe
efficient WRICR it a fauction ol the .0 Tente betw oot neutrurn pover {or
levelt of these regions. The ninetics equatisn fvr cath repion shall be

coupled to all wther regions.
T thermal nooe fur cath 0! the e.eht regians t hall reflect the
eviiravical por peometry and rhall coursiet of cne fur! node, une ¢lad
Avde, ane nne fuie 2o node. The moderat. = and Doppler resstivity
ferduaciy rhall ract ve ndrncLBentiv siruleteu it cach uf the et
core riatial Tepiuns, Somulation shali be nroviaed i1, eack of the Cignt
$Tatial Tepiune 67 the xerar phenomenos., 0t latiry iofdine and xenor
PTUCUCLILT GRO Uecay, Arnor Tournus, U snd rescireily pussor eifects.
The vertical proection of each of the twe groups ui four regicns
in cath axial vlan shall e rediallyv svmmetrical #¢ that vesvntially four

vertica! flow channels fur Teactor coslant are s.mulated. The axial

flow tranenort lag »hall be simulated oy four paralle! channels of two
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seriet nodes each which ¢ aincide with the eight spatial regione which

ha'» already “wen diedussed.
The #ight flow nodes shall have lumped «oolant parameters.

vadse of the relatinely short cure transit time, the fow may ue simu<

lated u¢ 1o o series titnie constants rather than pure trargpen delays.

Be -

s ‘ ’
Ihe forl bin suriace heat transter codtficivat shall be a furnction ¢! the
primary (low,

“. 4, Nucierat Insirumentaticn Svstem

Thi® syatem consists of two source vhannels, (wo intermcdiate

chaaneis and tour poner range chanrels. All doteciors arve located out

+f the vore and muliiple umits arc lovated in parts witk 1807 ypacing in

the pian view
THe drtecicrs are insialled in “strings ™ in the ax.al Sirection,

bat discrimunation of axial flux variation bevond the sensor is ne® pro-

siaeda,
The simaualation of (he detedter atring an eack chanrel shall pro-
Vide 1oF wied lrmiination of azimutagl tluy VATIALIONS ARG programming
and or medeling caswmeity shall by cammitted for later provision of axial
e iMmimalion iMmalllon, Nilectsn of sentron leve
o8 P aadt.a? @It R hatt s es%.8 smBiqm @381 snmtg T . ok
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PRA™ ARE A gTAVIEIY g POr. RoE woartd sumLiduac sh.l Tefllect he
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This .f tAe TMai BT EsUT I € Water SuSsiem that sroviaes the Means

fur transpo”Ling the Deot [rom the reacior core through the primaery piping
te the huat exchanges where heal s sranaierrec 10 the SeLOondary side o
male stran, From the sicam geierelor L tre=t0r toulent flowe back
throeph pumps and LLping to e seaCtor VeSErl AnU LOTF.

S:mulatics shall Le provived fur 8o lucpe, ncluding vne recactor
vessel, One presfurier, tWo fleam pene ratore, anc {uuT primarsy pumps

Ang cunneciing B.pPInd.

The model 1.7 the Teaclur Cooiaat sine of the boile~=s thall have
tve axial seements,

Tae loop fiaw simulatinn shall pru.ide jcr apprul-Tiale flow varia-
Lons ANt COMinaliun at @ luncl.on o the loptz of the nunoe T of pumps
cuRB'nL, Aant the Drrds.le Grop ol PIRiLe. cumpunents, anc fiow arca
transitions. All pumps are single specd.

Trarsport delav simulalios vhall ve pruviced betwesr ine core outs
let and the boiler tube nlet, ancluding the readter outietl picnam, piping,
and the boiler inlet plenum. Ira Limilar manncT, transd.Ti dolay sim-
Gletiop betwesn the po.deT tudL wutietr ar€ the core inlet zali inciude the
boile = vutle! pienumm., DIPILL. and pienums anc channsls witnin the Tcac-
tor vessel. The desay Simuiation for the reector plerums ¢ 'nciuded in
the hea® balance vq:{.:.una.

The prespusioes Hwd fimulation thal! cansist of at lvas® three Te-
plong, The preasur.ie ™ SPILy svatem shall be sinulatydd DY the adPT0
priate mass fliv LnL arsumec ineTMad eguilivriam bet vern the spray
ant the sivat above ine vater, Toe Lve Plecitic PrOSRUTITET heale ™
vhall eath i simalated ar o Fingle puin? sLLtie witk heat transferred
1o the wate?. 11 tae Cerc ol traus.ent inflluw tu the pressusizes frum
st YRATIUT LO ANt §UFLe M, N Lmoirte muxing (non-the "o ec aiizhimium)
rhalil e eimulated,

o+ tar PLuCiLT Towlant FYstem and ETrESUTILNL Ry slems cembineg,
on overull mass nventory rnall b frmulcted et o funciion of the nel tems
perature (hange th=ouphout the 127g. This Mass inventi™y simulation
shall Rave i6L0OTPo:aied wilh it Provision for letdown ent. makeup dow

from the wuX.Lefy s.riems b specified in sestion . T
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For the heatup mode of speration prov:s

1on shall be made for the

heal capacitance of the reactor coulunt sysiem metul as well us the water.

Simulation shall be provided for the specific concentraty
ow and conreniras

on and in-

ventory of buron as a function of letdown and makeup 0
tion. T:ho spec.fic concentrat.on shall constantly be refiected in the core
moderator reachivity coefliicient.
Pressurizer lera! shail cuntrol mokeup tu reactur coolant systemn,
The averave [uf twu loupz) reactur oustlet pipe pressure shall con-
trol in sequence five Lanas of pressurizer heaters and the Lthree pres-

surizer relief valves. Lou-iua pressurizer level snall inhibit Lcater
operation,

€& . Stear and Power Conversion

The #team penerstor 14 & UNIQUe Once through-type, the sccondary
side of which consists essentially of a continudus moving étream of water
irom the peint of feedwater inlet to superheated steam outlet with purtial
recirculation of steam to heat the incomiug feedwater. The feedwater,
after entering ond mixing with the heating Steam, passes through the down-
comer and starts up the riser where 1t hegins to receive heat through the
tubes {rom the reactor coolant.

Saturated stear generation in a low quality mixture initially occurs
and then. as the fluid continues moving up, the quality becuines progres-
sively higher until superheated steam 18 produced at the upper end of the
riser section. . l

The pressure loss due tu flow is relatisely smnall within the steam
yenerator, the mmain forces neprg the static head exerted by the denser
fecedwater in the downcomuer 1n balance with the coluinn :in the riser which
is made up of lighter 1hud varying from saturated water to superheated
steam. The variable lencth section varies from R t5 10% of the riser
length., A minimuam of two axial rceions shall be simulated for the riser
section and cne for the dunncomer section,

The integrated plant control system to be cdescribed later requires
that the piping and steam volume of the boiler be simulated to include
maes inventory pressure, pressure drop, and flow. Relief vaives
¢hall be sumulated bHased on header pressure and shall huave at least

four staggered relief points. The four governing valies and four stop

1-15-63/55-3-98 o Y e Babcock & Wilcox
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valves shall be simulated ancd shall be tied = wilth the automatic turbine
control system,

A temperature compensated Lauder level signal <hall be prov.ded
by boiler dvnam:c simulation and made ava.lable to the integrated zlant
controller svstem, .

Simulatian for the turbines (see Figure C-7) shall include torque
effects from flow, inertia ci ratat:ng parts, [requency phase anzle be-
tween gencrator and cicctric,] grid, electrical lnssrs«, and mechanical
losases.

The turtine-generatar vlectrohydraulic contrsl system (ZHC) sim-
alation (see Fipure C.7) shall incluce the effrcts of the compunents listed

below,

1. Two servo actuators.

2. Two automatin velve contruliers (ACVC and
AT%C).

3. Two manuul valve contrellers (MOVC and
MTVC).

9. Spced and load error and error buas.

5. Load level, rate, and Limit control.

6. Speed lavel, rate, and lim:t control.

7. Mode transfer=stop valyve to governor valve.

B. MNode transfer=loral or remote (ICS)

9. Turbine trips—overspeed, 1o vacuum, jow

oil, high thrust, manacal.

Condenser Lot well simulation shall include the proper mass bale
ance and actomadie level conirol. Condenser vacuum sha!l Le simulated
as a function of circulation water floa rate, circulaticn water tempera-
ture, 4nd 2ir wjedlor capac.ty,

The three parallel concensate pumpe shall be s:mulated by the ap-
Fropriate chunge in condensate flow as a funtion 3f nea? capacity data
snd flow resistunie. These pumps are electric motor driven {single
spred).

The low pressure hoaters shall be simulated aith & une-lumped
Farameter node heat Lalance inciuding the effrcts of thermal time cun-

starts and fuid Jow on buth sides of the tubes.

Mt e
- peme ey
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The pressure drep in the cuncensate chaio of pipang, filter, and
heaters rhall Le simulated a8 o function of fus and fluid inertia,
The eteain feecyuips shall be s:mulatec as dleam turine criven

Jevices with speed varving as & function of feecwater demand as deter-

mined Ly the integ rated control system, Puamp incrtia and speed charger

characteristics shall be incluided.

The nigh pressare heaters shall be simuleted in « manner similar

10 that descrio=C above for the I9v pressure heaters.
The emerpency fredpump shal! be s:mulited separately. but in a

marnner sirmalar 10 thet of the = un feedpump.

The fredwater regulating velve shall be simulaled as ar adjurtatle

resiatunie depending upnn position. which 1e being dictuted by the inte-
gratec control s stem

The pressurc drop in the fredwater chain pip.ng. hraters, and
regpulating valves «hull be simuleted at a function of flow and Nuic in-
~rt.ia

The condenser by pass shall punclate sppronunately 185 of {al1
10ad &8 2.ctated by the control valve pos:ition,

i The condensate storage tank shall have var.alle woter nventury
s:~ulation.

Tor purposes of warmup sin ulation. the &-at Cajpeidlance of the
weltr ans rlee] of the pip.ng, turbine, Loiless. ond candenser ghail he
s:mulated, Ditfercntial exvansion shall be simulated asr a function of
the temperature Cifference wetueer the turbine shaft gnd Casing,

The ausiliary Builer shall e s:mulated wits varatle press.re 3ve
»ith veriaule fluv as demanged 5 the heatad simalativn, The heat res
mzval inthe couling tovers sha'l be aimalated, .ocluding the etfects wf
the number of fany and pumzs ronnicg and a variable inout efiiciend ¥
factur. The flua ar & function of sequential farn upesation shall be iimu-
izte2. Puint type beat trannfer in the cundenser shall be sinulated as &
fancuion of the circulating water fivw and temperature.

Partial simuiation shall be provided 197 the basir tulling waler
tystems, which provide [or sejeition of heat 19 the cuna! wates or <ol
R tomer PO suth equip™ment as the gene rator h.drogen .'oo.l--.-o, tar-
bire 3] 2usiers, exciter a.r cuolern, a:.." EHC o:l covlers. The teme

Tuture on 2ath of these components shall be provortion
e v priperiio

1« 15-0/55. 3-84 s b6 Babcock & Wilcox
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temperature, which may o stinulated b, a2 single time consiant anc the
logic of cperatisnal pumps.

8 & L ¥ ]

0. Makeun ard Purification Svetem

The ietdoun soslers shall be s.mulated with & pount type heat hel-
ance Letween the reacidr covlant letéown flow ane the sompinent ¢o0l-
L waler, indiuding simolation {27 variatie flow and temperature,

The manual positinn switch for the letdown flow contrsl valve and
the component couling ~ater flow velve has an interlock such that the
cooling waier flov path 1s open before the letdonr. valve zan be 2pened.
H.ch letdowsn temperature shull shut down letdour {low.

e letdown (antrol vulve mulation shall include presture drep
Characteristics combined vith positicn and flow. The demineralizer
thell be simulated by constant AP of cither one 07 two values cdepending
“pon whether one cr two €emineralizers are on the line.

The three-way valve simulation shail provide for flow switching
ang tie 1n with the fiow intearators of the deborating and cervineralizer
supplies.  Automatic poasitioning ¢! valves for the moderator d:lution
cvele shall De inhibited ! control rocs are not at the Y37 withdrawn
pas.tion, or Lithe integratcd flow of detorated returs water reaches a
presct amount, or il the muleup tirk level reurhes o louw-lon vaiue,

The makeup tany sumulation snall inclode wate 2 iaventory Lalence
reflecting the input from the letdcurn demineraiizer, seals, debarated
enprlv, deminerilired supply, Yhoric acid solution, end the Sutput 1o the
nLreup pumps,. Hudrigen sverpressure shall Ye sonclated,

The emergens, Lorated supply simulation snall .n:lode emergency
Valve opecation and mass Zepletion {rom the tunk. 5ot tae demmineralized
takelp and the deborated nrakeup shull be sumulated 19 inciude the «ffects
civalve pasiticn, pressure drop, «nd the nhitst function of the 3isw intes
grator,

The flow frem the makeup tank shall be simulated 18 o funct.on of
tare pressure, pumip DeaC Capacity Cata, pressure drop charactrristics
Nl Bipng and variable pasitiun of the control valves in the three brarch

Lines, ang the dowrnstream pressure .a the reactor coolant system.

1-18.6.%55- 3-8 . & Babcock & Wilcox
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| T L. Tt pressare Detwien the Trallor coviant outlet piping r
1 % and the sral tipplv he eder sneil contro! the valve vhuch resulstes flow t2 i
: ® the hracer, D relt makeuy Dow ghiall be contrelied by pressurizer level. r
3 R Deruy Neat Femovu! Svetem (Emergencty Low Fressure 4
et an S-.irm) E-j
Thit syrter bas the duai function of provicing defay heat removal g
during norrmal shutdovr and provading low pressure injection in the event c.
ef & maximum (redille socident, % i
Thue svetem mass Nov mventory snall Le simuleted including the E’
storage 1 the borated water stourage tank, the spray flov . the flosding "_
supply Now . oné the reactor building sump mass accumulation alter an r
MCA. The spray flaw prowvides couling o the reactar building f<llowine f
an MCA and 1+ c.scussed elsewhere, -
For the pumps, the simulation shaell include the hrad Cupacity E:
curve  Head pressure simulation chall include the cownstream. ;res- !
sure in the rraltur ¢oolant evstemn. The conler simulution shall pro- .__
vide {or transient conling f~llowing a poner {ailire anc reucior coolunt i
pump coastdown E*:.
Heat traneferred 1n the coolers shall be simulated as & function of - :
1otal fivw and itemperature. The final cuoler »ink temperature simula- v
e tion shall include the effects of dtoppirg and ttarting the nuclicar service t-
e Water pumps and the posation af stop valves. !
The decay heat rer.oval function and the emezgenty inyection funce C
tion ¢f thus system need not b simulated tontinuouily durag normal op-
erat.on r
s 5 9. _Core Fiovd.ns Tanks
: Thie simulation .t reouired as part of the emergrncy action follows C
} inp thr mranimum crediBle acvident. The pressure ané vilume of the pas -
! abrve the vale s shall Le sirrulsted accoraing 1o the perfoct gos lawe. [.
. The water volome s:mulatior shall redlect the outflow which i turn 1
; the functior of overpre seure anc the 3P in the p.acline, {-,.
: .10, Themical 240100 a2 Sampiing Svstem
i The Loron concentration and =akeup flow ints tne mareup tank of {;
<L the previously ment.oneg purificat.un «nd ietdoun suvstem shuli be fimus- >
: lated. L
-
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5. 11, P.am Compenert, Turbine Plan:, and Nuclear

Service Coaling Water S, ctems

The water volumie in the surge tinks shall be simulated a5 « funce
tion of temperature ard muss inventory (where applicatle). Fiows shall
be simulated o5 a function of the log:c of pump und valve status plus sim-
ple Yime constants. Zern level in the surge tunks shall call for zere
Fump flow. Heat transferred in the couiers sna!l be s.mulated as a func-
t.on of total Now and temperature,

s. 12,

Reactur Buildice Simulation

Foliowing a simulated Maximurn Credidle Accident (MCA), the
reactor building model together with the reactor coclart svetem shall
include a pressure, emergy, and mass halance as affected by reacror
cnolant leak rate, spray rate, core flooding rate, fan cooler heat re-
moval rate, passive heat sinks, decav heat gencration, and fluid re-
circulation rate. A "saturstec' heat Lalance mode! may be assumed,

i.e., superheated vapor will not be simulated,

5.13, Waste Oisposal System

The simulation of this system susplements the simulation of the
purification and makeup system 2nd shal! include the deborating demine
cralizer AP, the water inventory in the vleed holdup tank, and station
demineralized water tank, and the pump flow.

In comnection with waste dispnsal and abnormal radicactive waste
t.nmpon. A radiation manitoring svstem (R M3) of aprroximately 20 in-
cividual channels may be installed, for which partial simulatien shall be
provided. Six channels shall have simulation of o radistion lesel propors
tional to the valus of an in.tiating event er variable that 1s buifered
through & simple time constant. All other charneis shall be simulated

only by a static analog sgnal.

5. 14. Flectrical System

S.mulation skull be provided 19r the 22 kv station bus and the two
239 voit kilovolt Busses .ncluding the ability for the instructar to arbi-
trarily add and reject lnadls, the ability to sepurate the plunt from the
rest of the system, und the complete loss of all power. Ind:vidual sim-

ulation shall be provided for vach of the primary pump iouds and other

g Babcock & Wilcox
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major station loads. Sionulation shall be provided for {requency syn-

chronizution cempuatat.on, control, and display.
For cases of loss o1 all power, auxiliary dicsc]l generator stertup

wnd cutein 13 the 4160 volt cmergency busees hail be sirmulatec. Simu-

lation shall be provided fur battery supply to the vital instrumentation ‘
while all power s cif, while the non-vital loeds have been rejected 200

whk'le the divscls are com .2z on the line. Provide loss of load sunii to
the integrated cortrol system mentioned later, .

The furctions described sbove roguire at least the simulation for
the following specific cemponents: Station genecrator, 2 main 230 kv
Lusses with connecting Ureanrrs, tuwo AYOY valt reactor busses . four
1147 v oit tarbane plent Lusses, two 4150 volt enZineered safvguard bus-
ses, two 4160 ot enginsrred safepguard Lusses, two 4160 voll 2000 kw
diesel yoencrators, two A enpineered safegnard Busses, tvo 230-125
¢ busses, four 120y vital irstrumentatior Lusses, and the batteries.

Provide individual s.mulitien far each component (.sted in the
talle in Appendix A, For normul operation, 1.7, . not on dirsci goneras
tor pewer, simulat:on shall include dosplay 0f variations in pefurcirr
readings.

For the carualty simolation of reactor trip and separation from
the power system yrid, power shall be it rrupted t3 all luads exoept
vital instrumentation and enuergency lighting.

A delay 1or cranking of 4iesdl gencrators (D-G) simulated, after
which D-G freguency and oltage shall ¢ ome up aiisrding t2 4 time cOn-
stant,

After synchronization arns cutting 1010 the 4160 engineered safes
guards Lurses i acc s plished, the subisequent restartong of Cquipnent
shall be simulated s mentioned above and as ndicated by the equations
i Appendix A,

For large cuemponents, the simulation of lued s itching shall
imclude the wffects of Nuctuations in poner, voltuge, and frequency dis-

play plus the visual eifect on Lighting in the s.mulstor training roum,

5.15 Reactzr Protection System

This system has inputs from 4 protection charnels aith 2 oyt of
4 coincidence required to provide a trip. These trp signals open the

1-15.£9/85-3-58 - 20 - Babeock & Wilcox
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deacription above  Simuletion shall Be provided for manual adjustment

of the load demand according to the max.mum load limit, the minimum

load lunit, and the rate Limit,
Also, similation shall be provided for the runleck

limiter whoch arcemmodates input signals from the shim safety rod not
out signal, asnmetiic red signal, loss of load signai, and the reactor
coulant sump Capability runback signal. The runback limiter shall pro-
Viue an output meganatt demand signal which fecds the reactor control
svsterr and the turbine and steam generaior control.

The megawatl demand shall be compared with the true
reactor megavatt cutput und this resulting megawatt error signal shall,
be summed witn the secondary pressure setpoint to provide an adjusted
pressure selpoint signal which shall feed to the turbine contrel. The
adjusted pressure sctpoint signal shail be compared with the true steam
pressure and the resulting difierence, or error signal, shall be jed to the

turbine speed control.

§ 18 2 Roiler Cuntrol

S.mulation for the steam generator controls «hall pro-
vide for sccepting the megawatt demand signal from the runback limater,
previousty mentioned, and inputting this to a fcedwater demand calcula-
tion cunulation. The feedwater demand calculator modifies the mega-
witt demand by the ditference in set pressure and actual pressure and
outputs a tutal fecdaater demand.

The tatal feedvater demand signal 15 inputied to a
steam generator load ratio control which shall have inputs from a man-
uul ratio adjustment and logic signals indicating the number of primary
pamps vhich are running.  The steam generator low ratio contrel out-
puts a signal 1o #ach of the fredwater control chains of the 2 loops.

This teedwater contrel shall include simulation for
modifying the steam generator load rutio control output s gnal by the
reactor coolunt pusvip limater, the resctor coolant temperature limater,
the low fredwater temperature limiter, and the steam sencrator level
limiter,

The Ginully modified feedwater flow demand signal s

compared with the actual feedaater flow and then the resulting s.gnal

1-12.48/SS.1.88 s 22 Babeock & Wilcox
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prritions the jeeduaier control velve und/ur the steem supply valve for
the variabie *peed iee@vaier pumps of each lovp .

§ 18,3 Fearizr Curtral

The reactur control system sumulat:on shall include
inputs from the hot .n4 cold leg temperatures of vach luop. averaging
of these tus temeraturss, averaging of the tv o averages, and com-
peT.soen with 3 tempesature set point. The temperuture error {rom the
averaping and compare f.milator snall feed into the acmaneg omputer
which. with the proprr weighting corfficients, adds integrated temper-
ature error 1o the sirapht lemperature ¢rror, and then adds the ~egas
war: Cemand abtuined from the ruzback imiter, which vias described in
5.1F L. The sum of these three 16 « ompared with the actual reactor
power, thus producing en error s.gnal which, after passing through a
deazband unit, feeds into the rod control avtamatic sequenc.ry logic and

thence 10 the control roc a= ve motors.

5 19, Scmmary and Allocation ni 2 adel Reguiremerts

$. 19,1, Cenerai

This rection (3, 19) is intended to summarize the major
phenomena that require simulation and te allucate functions Gualitatively
1o eitner of tv o categories=long and shourt time constants.

Particular attention should be giver 1o the nume rical
method used for sulving the reqctor K:netics eyuations Lecause the value
ef "1™ is abeut 25 microtecunds and solution instavility mayv occur,
Traditiunal dipital tecungue may regaire 1000 scliutions per secund.
More modern techrinies may require 100 solations ver pecund,. However,
there are st wther technigues with which 3 solutions per second, or
fewer, ;n- satisfactory.

It erould be noted that the kinetics eCuations must be
sulved over a dviamic rancge of sprrintmately 10 decades during reactor
Flartup, Prolably, €ipital solaticns of less than five per sec.nd will he
adequate fur the remainder of the plant. The phenumena with extremely
lung time constants, ruch as xenon builduz and decay, may am change

autiteably over a perind of minutes.
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.19 2 Lomg Tirae Corstant Cutegory

A Frertor cuslent, letdown and mabeup waler inve ne

2 USroON cunieriretion mousei.

c

Feactor bolding pressare ang Lemr e rataure,

C. Water nnentory and mats Lalance regu.®emer
folloming o MCA ncluding seartur Suild.rg, Bk ant low prissLre a-
Jertion, ang Lorate sisrage tank,

. . Slram and pOWeT ZONVErEiOn svelem Waler (nven.

tery an luding voiume of PPN ent mascvlianetus COmponents plur tor

tondensrr hutuell gd cundense's slourage.

E. Heat storape modeling of reaztor coolant svrtemn

«n¢ flram and Lower conversion water and steel during plant wirmup.
F. Reactivity madel {97 menon

Short Time Constart Cutegory

A Foder therma! model,

B. Poilsr serondary mass, @ens.ty, level, and preee

tare Lalanze simuletion.

C. Stear rupply pressvre, mass, and Low mad |,

D Stvum turtines and cantrols.

E. Fredwater supply FressLre droy, pump head,
PETp ppec, and f1oa monel,

F. Reactor sinetics.

5 25, Cassally S.mulation &
——— — — ———

Loodnteriept sipnal froen ICS t2 comtrol rod Crive penel ‘vos CP-%
@an? provide o7 defeating s.znal.

2. Praovice tur Tovking ' in whateves 1021¢ s.gnul Linsers °r wuathe
Crew)is Leing sent from uperatur's console to CRDS.

3. Provide for i« Zavidual rod casualties by programmaelle aiCesy

2 s+t whith rod und by inetructer conssle vt Ning t
retard motion 'P.0O.).

O “eleat motion,
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4. Degrade ome wncompmnsated (0 Chamber,

5. FTa:) one compenaeaied 420 chamber.

¢. Fa. one proportional ccunter.,

7. Vail one reactar protection chansel.

5. Iritiate xenon LIt \P.O.L

8, Insert la.sf reactor vullel temperatore (P.0.).
1o, Inser: falee reactor inlet temperature (. 0.
i1, Insert fulie RC Now s:znal (P.O.).

12, Trip @il RCPIAA.

13. Trip ofi RCPIBA.

14. Trip off RCPIAB.

13, Trip off RCPIDB.

16. lasert {alse RC pressure (P.C.).

15, Init.ele presiurizer spray vaive laiiure,

te) Opeus spontareously.
(L) W.li not oper.

& Freeze pressurizer level lx;n;l (.0.).

. -
[‘ '1 . 1=, indiate ‘weepag' pressarizer relief,
o 20, S.mialate RO leak.
[' ] _1. Simulate lotfows cooit ¢ loab,
- y 32, Sumralate MU ivak.
[' ‘3 25, Situulate builer tube leab.
- .-
{ 1 24, Simmulate fleam leuks (3
i
; 5. False ina.n stram header preszure signal (P.O.)L
E j = A, Fa:l ome turnune Lypass valve (initiaie open sigrnal)P.O. ).
5 L 37, Fail ore auxiitery steam cxhaust valve (imitiate ozan s.anal)
[_” 3 ) P.G.)
my : e 36, Defest integrated Jontrol vystem Jnpul to turbine electro
L J Ry lraulic control (EHC)L
g, i
{ 3 1.15.4,4/58-3-88 3% Rabcock & Wicox
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. 13.
34,
3%
36.
’ i )
38.

Insert error inte THC speed frediack.

Fail integral of EHC automatic governor valve control.
Frovze mode transfer relay (MT2) of EHC.

Trip main turbine,

Cut eff one cnoling tower fan (P.0O.).

Cut off one circulation pump (P.O.).

Zut off ome it eyector (P.OL).

Cut off one condensate pump (P.O. ).

Degrade ene LP heater (r.0. M

Intercept ICS ferdfion signal i2 cne loop Letween cuntroiler

and limat box,

n‘usq

.

|

-

e
\

amn

-n

™

e ——————

T 2058 (e

1

e 39, Trip one fevdpump (P.O.)
40, Degrade ane feedpump,
. 41, Degrade HP heater (P.O.). E}
. 42, Fail lerdown valve. 3
43, Freere 3-way valve. . E’s
44, Freece valve in combuned medeup end geloration return, ’
. 45. Block boron addit.on. E_
46, Fail one hign pressure makeup pump (P OV, 5
o 47. Tail rnormal makeup vahe, E;
. 4%, Fail RC pump sral control. r C"‘
M 42, Feoil cue decay heat pump (#.0.). ."
. 30, Fail one nuclear services pump (P.O. ). E_
v 31, Fail one nuclear cervices raw agter pumpy (P.O.). '
: €2, Fuail one plant covling water pump (P.O. ). EL
" §3, Fuail ore component cooling water pum, ;P.-O, ). R‘
N 54. Fal one turbine plant water pumng (P.O. ). i
-
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5. Fa. one reactor building emergency cooler (P, O.).
36. Fail one reactor building spray pamp (P.O.).
Drop all lozd.

58. Separate piunt irom network.

53, Defcat start of one diesel gunerstor.

€0. Drop ocut 6907V Bus 1A,

61. Drop out 230 KV trunsformer.

Where "[P.C.)" is shown abeve, provide mult:ple casualty ca-
pability via programmalle aption, i.e., where there are multiple com-
ponents of the same kind it shall be pussible {cr the instructor to pre-
select. ov instructione directly to the computer, any of the multiple
components for failure. However, the failure shall Le effective only
when the instructor actuates a Fush wutton.

The notation '"dearade" indicates *hat a poterntiometer is required
10 vary the antensity of a given casualty. The potentiometer, however,
shall not be effective until a push button is activated.

% addition 10 the switches and potentiometers which are SpoCis
fically commitied to casualty simulation, the instructors consoie shall
alsu have (1) the foilowing metere “which pravide ind.cation of the most
Sritical plant parameters for narmal monitaring and fur feedback of

Casuuily effects and (2) the folloa Ing remcie controls -~some of which

may also Le used fur introducing casualties, .
62. Megawatl Semard meter.

63, Mogawart actual meter,

€4. Crid frequency meter,

65. Steam pressure meter,

6€. RC average temperatuse meter.

67. PC pressur~ miter,

68. Dispatch load demuand to integrated control system,

63, Set or perturb zrid frequency.

0. Muke up hydrogen ta MU tank,

S .
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: i 3 v talik,
Nane ©j 10 COMmpIutnt Judling Waiel surgy lan

Sleed irom componen: CDoling Wallr surge tank.

Yane up witer JoTe Nloxc:ny tank B.

Moke up N; t2 CFTID core fNaoding tank 5.

T3, Make up waler to CFTIA corc fooding task Al

T, Make up Nyt TFT!A core Qooding tank A

TT. Fite up (or iail) auxiliary boder.
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6. HARDWAREZ DESICN REQUVIREMENTS

6.1 Cencral

6. 1.1, The purpose of this document 18 1o describe the general
standards of constructicn for electronic equipment for nuclear power

piants

€ 1.2. The cuyritine of these standurds 1s to provide gquality
eguipment which will promoate:
(a) Personnel safety.
{b) Reliable service.
{c' Lonyg life.

(d) Eusv and low cost maintenance.

6 1.3. Information Listing viltage, phase, frequency and volt-
ATmprre Tegu.rements shall be ahown on the main equipment rameplate.

Nameslate shall be curadle thermosetting lastic.
» P

6. 1.4, Decause cf special or recent developments an the state
af the art of computing cquipment Manulacturing. there mav be oxcep-
tians to this specificat:on that will be etceptable, provided that adenuste

Jjustificat:on s furnished by the vendor. .

& 2 Compnent Stundards

6. 21 Slandard components shall be Gred wheruver possible,
1f gpoe.al cOmponents ore ured; type, number . name of manufacturer
and sther pertinent iniirmation shell be shoan on the stock List.

5.2.2. All composition Tes.stors shall have the resistance value

and tolerance indisated either by means of the Flectronic Industries
Association (EIA) color code, or by printing on the resistor body, whiche-

ever is prederred.
. ..
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5.29.

” v value and
6.2 3 Wire-aounc res:stars shall nese resistance vaie

g : tion where th.s
poRer Tat.ng plainiy marked on resistor bocy un & iOCaliOn

information is pla.nly visible.
6.2 4 When rosistors with adjustabdle tups are usec, the laps

sha!l be in an accessible location for adjustment.

6 2 8 All capeciturs ahall be pluinly marked with voltage, ca-

pacity, polarity and terminal 1destification. Capacitors shall be installed

with this iniormatiorn visible where practical.

6.2.6 All capacitors shall have work:ing voltags ratings :n ex-

cens of applisd pesk voliages.

€.2.7. ! selected components are used, thit :nformation shail
be indicutrd on the schemnatic diagram end parts List .n the instructicn
book

6 3 Cormstruct.on Practice

6 11 The use of sub-chass:s Construclion is recommended.

6.3 2. Sub.chassis ahick have the same functisn en4d rating and

ure electrically identical sha!ll he iInterinangealle.

€.3. %  Test po.nts shall e broaght out {or chuecking essent:al

wave forms and voltages where te rm.nals are not stherwise prov.ded.
€ 3.4, Fqupment enclascres skall b desioned end corstru.ted
to provide aciessibility.

€1 5 AN parts should Le ac Tessible far visual inspection and

replacement

5 3 6. AlY Xarcvare shai! te Plated or ~f o non-carrac.ble ma-

terial.

5.3 7. Locrwashers or other Incking devices shall be used.

6. % ¥ Kesilient washers thal! Le used whenever Lrittle mate-

r.als are bolted in astembly.

Control knsbs zhaii De fastened sec.rely.

o
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€. 4 ‘dety) Weork

6 4 1 Al sharpedies and burss sk.li De rems.ec.
5.4 2. Self-tapp.ng screws shall rot oo used where orcasional

remo.al of a pert is reguired

¢. 4. 3.

Cirreit componcnts.

Front pensis shall not be secused 10 the charsis solely by

6.4 & Devices {nor retaining penele and cover plates ghould pre-
ferably be of the cuptive type.

6.5, Solderimz end Flectr.ca! Connvitions

€.5.1 A scider with 4 non-corrosive flux. such af resin, should
be used.

6.5.2 All paris shall e "Lnned' Lefire sdlder ng uuless the
part is specifically plated to insure a good suldered 22int le.g. . VANRY
type connectozs huv.n, gold-plated cortucts).

6.5 2. All parts shell be clcaned prior to eoidering.

6.5 4 A proper amzunt of suvider shall be uged =n all conneztions.

.

6 §. Insulotien shall not Lo damaged biv ssldering.

6.5 &.

shall be suitanly shielged im0 tie heat dur:ing the solder.nz dperation.

Comrmponents wh.ch may be damaged by heat when saldering

L.8. 7. Coanecliont s=nail b mece with soider, compresrion

svpe lugs, or wirc-wrapming techinigue for which ressonalis sssurance

can be given thet high crmaression, metal-t0o-niutal Tont st 1n excess
of the Cress-seclional aTea ¢! the wire (s permanently pruvides,

& 6. Irteveonnection Culler and Connectors

6 6.1 The exterral covering un the cabtile shall b o l-res.stant
fsuth as polyvinyg chloride, ur equivalent.

€. 6.2 When ¢ onne “tion froan the shield to LOth counnectur pin ang
e cubie clamy 6 nCicated, e thaeld shall W connected ciredtly 10 the
p.n and the ;o connested 12 the cable clurr p oy hook-up & re Cennection

15 the clam p »hall be made by & lug.

w9 o Babzock & Wilcox
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The cable clamp of the connetor shall he «lamped on tne

6.6.3. |
The cable shail be built up 1t nec-

outer insulated covering of the cable.

essary, 10 insure zuad clamping.

6 6 4. Connectors ard clamps shull be sufiiciently t.ght to pre-

vent damage to the connections curing assembly and normal use.
6.6.5 Where cable 18 terminated with connector, cable clamp

shall be ysed.

6.6 6. All srparable connectars shall have a device for hoiding

ther: firmly in place.
6 57 The energized portion of the circuit shall be esnnected to

the fermale end of plugs and receptacies.

6.7. Wiring
6 7.1 Genera) parpose hook-up wire shall consist of stranded

tinned copprr uot less than AWG No. 24, with plastic insulation corsis-

tent with 6. 5.5 above.

6.7.2.  Shiclded catlie, single or multiple conductor. shall ¢con-
sist of stranded tinned codper not less than AWG No. 2% size fer airgle
condustor wire used i1n sub-assemblics and not less than AWG No. 22
for all cther uses. The wire or wires shall have thermoglastic insula-
tion, metallic shueld, and ar 01l and moisture resistant covering. such
as vinvl plastic.

6.7.3. Special wiring, such as RG/U couxial ~ables and twin-

lcad. may be used when necessary for proper functioning of eguipment.

6. 7.4, All conductors and multi-conductor cable used on induse-
trial cquipment shall have insulation rated at 600 volts, except that the
interral wiring on electronic panels shall have insulation adeguate for

the voltage on that ware.

€ 7.5  Allwares and calles shull be secured and protected to

prevent breaking of the wire connection or fraying o1 the insulation.

6.7 6 All ¢cannections o terminals shall be read:ly accessible

when screved type terminels are used.

§.29.(8/S5-.3-8% v A0 Babcock & Wilcox
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€.5.7. Line width an? scparation #rali not be narrower than
0.010 inch.

6.8. 8, Sharp corners should be avoided.

6 % Meunting and Clumuing

6. %13 All companents shall be eecurely maounted i 4 nLanne s
»O A% ROL %0 « wuse damage to any poruion cf the cqu.pment nor-affrdt it
pericrmance,

5.9.2  Mounting hardware shall be des.gned 10 tacilitale rvplace -
ment of parts und assemblies,

5.9 3. Rivets and velds shall not Le used te mount companents.
6.9 4 Pkt lamp holders shall be of the basonet type or similar
Larmps shall be replaceable from {ront of panel.

n 10 ldent:fication

6.10.1. Terminal buviier sizips and terningls shull v slertidied
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