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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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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,
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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
on. ar wdjacent 1o, the barricr str:p with the same designation thal ap-
pears on the diagruams

6.10.2 AN controls shall be clearly and permanently labelcd to
identify their fanction.

e 103 Red warning Libels a1 tags shall Le provided wa enclosures

shivlding exposed paints ot dangerously high voltages.

6 11l Power Source

The power sapply to the vlectronmis equipinent shall fe ottuined
from w transtonmer vith an isoleted secendary winding.  The primary
ef the trarnsformer chall be connccted 1o the load sice >f the masn dis-

connert device ot the equipment.

> ]

6 12 Overcurrent Protectio

An overcutreat protective device (fuse or circuit breaker) shail

be pleced in the ungrounded conductor of each branch circuit.

$-29-68/58-3-48 TR Babcock & Wilcox
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6.13.). All exposed metal parts shili pe at eartn ground potential.

b
r
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6.13.2. A copper or cther corrosiun-resistant conductor shall be

used for yrounding purposes.

6.13.3. The size ui the ground conductor shiall be «t least equal

4

rr
-

to the poasrr carrying conductors tv the equipment.
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* TEsST REQUIREMENTS
T ' Sbsvstem Ervaluat.on Terts

The vend.r shull perform and recsrd on evalualitn test program
on cach cnponent. subasscmiLiy or subs: stem of the simulatcr s /atemn
1% keeping vith EO08 CRg.JLe TINE Preltivy 10 assure overell oy stem re-

Labiity a=2 1nsolute potential problem areas.

7 Svstem Tests

;- U The vendur shall conduct « testirg seguense «f o« fuc.laty
1o demonstrcte &y stem compliance with this specification prior to de-

Liverv. The scquence thnall :aclude:
a. Operaton of ali coussles and panels 22 applizatle
requ.rements.

L. Test of all vendor supplad perinheral hardaare not
incluged ir. 7.2. ] a.

€. Demonstrition of soiiwure performance 1o spec:iicas

L On

€. Forformante wlowll specad wnd operot oona! Conputer
programe

-9
feo-

- Adrecute ot daty ehall Le rocurded and trLontimed v

e vencor tn e oo it Lnalyeis fur roevoLlianie o the svrlem TeJL. Peme g,

T 2 Acteptence Tests

. %1

‘-9 Freliminar. atcrptinte font shall be prrisrme? befare

rhipmient 5! eauipment fean the vendur's fastors Final sizvsianre

s aRall Dr jerriurmed sl the W des.prnuted 4. very pomt,
- - LG TP '
V2. The st shall dentLyrtegte campletely ol ghoses of 3ime
Llelor apr mat on e or L privite BAW with eVvidenie thet the rysipem .

meeis Ll e ficat.one.

a
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8. DOCUMENTATION PEQUIREMENTS

5.1, Ergircering Drawihgs

The vendor shali provide BAW witn & List of 2il drawings. s<erches

and related documents to be suppiied with the equipment.

R.2. Eapincering Reports

The vendor whall report all engineering design and levelopment
anaiyses in sufficient detail to permit the custemer to thoroughly review

and eyvaiuate the system,

£.3 Comiater Prugrem Doecumenration

Documentation shall include, bLut not be iimited 10, the following
items, or tnc aquivalent detail &s appropriate to the !ype system teing

turnished, i.e.. dagital, analog, hybrid. etc:

Frcgram code odit or listing.

5. Schemaric diagram or program f{low sequence
and legic.

¢. Description of eguation saluiion technique.

Description of special transfer functions,
approximation incthuds, or other syecial
technigques,

£.4 PRecommended Spare Parts List

Upon completion nf tae 1inal definitior of ail hardware require-
ments the vendor shall provide BeW with a (st ¢f al! recommended

g;are parts. The folloaing information shall be includec:

a. ltem nunber.
b. Part identification.
¢. Total guantity in system.
4. Recommends=d quantity for ! vear cperation.
e. Recominended quantity for % years operation.
f. Unit price.
§:2%.(8 85-3-65 « $7 & Babcock & Wilcox
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&. DOCUMENTATION REQUIREMENTS

P.1. Fnzircerirp Drawings

The veudor shall provide BAW with a List of all drawings, sketches

and related documents to be supplied with the equipment.

R.2. Encinecring Reports

The vezdor whall report all engineering design 2né development

aralvses in suflicient detail to permit the customer 1 thorouchly review

and evalyate the svstem.

.3 Computer Procram Dacumentation

-

mntation shall include, but not be litnited 15, the idliowing

items, or the equivalent déta:! as aprropriate to the tvpe svsiem being

furnished. j.e., cigital. analog, hybrid, etc:

Program code edit or listing

-

b. Schematic diagram or program {low sequence
and logic. ‘

¢. Description of fquation soiution technmique.
Description of Special transfer functions,
APPTExXimMation meihocds. or other special
technigues.

. 4. Recommirded Snare P2 ris Liss

'rorn completion of the final definition of all hardware require-

ments the vendor shall provide BLW with a List of all recommended

spare narts.
a.
b.
<
d

-
7

The lloving information shai! be included:

Ilem rumber.

Fart identificat.on.

Tota! quan:i'y in system.

Recemmended guantity for | year operation.
Recommended Gaantity for 5 years operation.

Unit price.

-3 o Babcock & Wilcox
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Test Reporis

The vendor skall provide ot least one reproducible copy of the test

Teports for all testing require-menis of Faragraphs 7.2 and 7.3,

E.h. Mainterance Feguirements

fhe vendor shl! prov.de maintenance recuirements for all equip-

ment used in the simulatar svatens, whether Froprietary or purchased.

§.29.6R/SS.3.8R - 28 - Babcock & Wilcox

xm
s

—— T - - ——————— — - ————_




o

i

R b
Lot
N

! 2 -
‘- I ’.

g W B0 4 &
¥ filg |
“ad Tl wal

L D I O

o ﬂ'q

'

b b i

Appendix A

Mathematical Mocdels fur S.mulater

e
. ',

J."'

()

f WRY B LT Lt

&
E.
r -
&
',
R
. - S ‘-v
5.3
s N - ) »
s E } ]- 1809 SE-1-88% Babcock & Wilcox
Pl
R e s, s . pp— —T— G —— - .
ki Sl Ve ol SR A 9 4 ¢ ! f“‘-r. My
- : "\053 L € g7

I TR -
———



‘-A

[

i
118 \
- - Thmgrn

n
el
'ch S

. ‘ ﬁ .
3 ‘4 .,I' b gg* .
. I ! I N ¢

.
e-r g

dod
.

L}

(.

Lavem

Lot
1

mmr

y —{l.| ;l
4

%

m™a
t" {
tad

L - TR
1

o

™
b,
kit

-

i

.
.

mm
AR .

™
Gl

-

L, e
.'""‘ = . X
d‘; 1o 33 o -
ki bt

e
fan

&

L
‘
i A
‘:l‘ ,l’

L]

REACTCR CCRE, WUCLEAR INSTRUMENTATION AND CONTROL

RCD MODELS

1.1, Neutres Kiretizs Eguations

1.2, Riactyaty Equaticas

1.3. Dc-_‘n) Heat Moudel

1.4 Thermal Model

1.5, Counceptiual Design of Nuciear Instr.mentation and Control Rod
Modei

L. Contro!l Rud Drive Conceptual Model

<

REACTOR COOLANT SYSTE!! MODEL

1. Fiow AModel

2. Heat Transgort Model

- 3. Reactor Coulant Mass anc leat inventory Model
4. Pressurizers

TEAM GENERATOR MODEL

1. Reactur Cooient Side Thermal Mede!
2. Steam Side Fiow ard Mass Model
1. Steam Side anag TiYwe Metal Thermai NModel

Main and Agviiiary Steam Supply

4.1

4.2. Turliie Eleciru-Hydrealic Control

1.3, Turbine Turgie, Speed. Power, and Temperature Equatinns
CONDENSATE AND FEREDWATER MODEL

5. 1. Cundenscr and Horvwell Model

5.2. Cordensate 1rd Fesdwater Fiow Modei

§.3. Fees Pump Turkine Mudels

5.4, Cuondensate and Feedfiow Trermai MW _de!

£.5. Ausihiaiy Buiier Mulel

MABKEUP, PURIFICATION, CHEMICAL ADDITION, AND WASTE
DISPOSAL FLUID FLOW AND THERMAL MOSEL

o. 1. Letdown, Purification and Deboration Fiew Mudel
t.or Mareup Surge Tank Muodel

.3, Normid Manvap Flow Model

5.4, Emcrgency ihigh Pressure Injection

©.5. The:rmal Madel

. N -
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1. REACTOR CORE, NUCLEAP INSTRUMENTATION
AND CONTRCIL. RCD MODEL
{Refervnce Figuires C-3, C-4, and C-% ané Seclions
£.2, 5.3, 5. 4. and £.5 of Main Specificanion)
1.1. Neatron Kinetics Equatiuns
K
-
g.f‘—"--i&ov\c 4SS +S. +D.(n . 2n )
at ). ; oy 1 2 ik Yleaa T ™,
PO
’D:Ol(" 06-"1) '
! typical
+ IDI ~ ,(nl a1 90) :? 1urm
' e '.-q.uuxon!
TS LR R '".’l
( en} !

00:94“07 b j

C, B

a® ;, - \.\.-‘ (typical for 32 equations)

I B ot b Ml . et Tl

I 2 Reactivity Eguations

PLEPR; * P * Py, tPg g, t o

PRi ® funition control rod pesitions

Po. *¢pTr "X

1-15-69/85.3.88
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PR S

{typical for B ~quat.ons)
fiypical for B equations)

fiypical for 8 eguations)
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E." ‘3 14 Thermal Nioded

>3 s
Lt s Keg "ot ° Y}f*";' S ” ¥ '.’s.‘ - ?zl) ftvpical for ¥ equations?
™ A
.3

: >

¥-
e 1.19.69/58.3.58 A3 Babcock ¢ Wilcox
‘q - -
. -
L ——— L —— o e - a..--.q-..?;—..,...' PO ——— - e

— S o — e -
byi, ® ¢,,1V 4 K‘ > (typizal for £ vgualiunes)
IR PO ) -

Pg * "’CB' . K: 3 (typ.cal for B equat.ons)
~ - .

Py, * f(X,5 ftyp:cal four E equations)

éx

?! =A,] < "'X:i - c\.xl)e’ - '\,(! tiypical for ¥ equations)
4 . . .

<l

—d-tl = \uI!“ - \.l‘ ityp:cal for B eguations)

g, o K, L (typical for © equations)
. .

e, =1 (1) (same for «il cure regions)

Lol ¢

1.3 Decay Heat Model (Same {22 All Eignt Ture Repions)




ok danshicniauinite sdtitasdis Mami et R\ i il \A»u\

Uit s . A

e s 8l s e e Ml s N PP (S

ol

dT? T . & ! for B
. —_— E -7 - (o |f7‘ e Vsl aa
ol T B i WL Tl U ik T - equatinns)
cT “Ik(\
. 8 _ L4 - g - - T L3 :
Koz o T, = T " K % en ™ "p% 73
(typicel {37 8 »quations)
Y. g
Mi-1 0 Tatie) .y
Taiy & —7 M Note:/ Ty,. 4 * Tpyfor \
X regions 1, ». &, and 7 /
: .8
- ;"_ﬂs_l)
TR

h

—

Cenceptual Design of Nuclear Instrumeniation and
Canirul Rod Mode!

-

2057} 17

-

AR I Wl

T m m =

=20 Plan ‘r-‘_
aPC .-'.ya-;f,r"-mtl Cif lcamperanied
1 ~ TRLI R ) O W s Pamber)
G A 3 o \ C::\' 1C & =« “.nporli"‘
| "
: g
. x &-
~ Y ox '
» * = "’e
» .\.\ s ! 0w .. - vt nag #
» ) - /- ¥ = a‘
" - * A % = x . -
g R Y vis- W ¥ Co=mtrsl Roe Clatter oy
v x ¥ L\\ s = O Nuiearirsromercaion Deivctor 4
» x .\’ » e - » @ Simie for One 2 Lige* Ceosy i
» . . » - " S.moate “aden
S n A 0w x . > e
“ . l . \:\ == e Nogedar. tor Faght Jore Regiors r
2 Fach La=ie? ;- Orv Nodi - Fonr o
7 = - \ i Facr o' twg T anes!
” 1
/ g
4 ol Lo 4 : orvesc {‘
n -
cic 'co
E.
1-1--69/85.3.5s A-d Babcock & Wilcox K
"\'ﬁ\__.
s - — S e mg g £ e e m e e ——— e



!

~p p--\\
bbb v

v

e IR
4 A

-

T

"
»

-

e

™
|
L

.
-

'i

K

™
o

[- 3
£

-
g

gl 2 VK 5
a

4

3
'
.

1-15-09/88-3.¥s A3

1.5 1., Ass.gr a refervnie worin tu ca k ¢f 09 rad clusters o -
cording to radie! position in the above plun and according 10 the stundard
withdrawal tequence.

1.6 "worie vorsus avial éistance

e e,

Use one stardard 'S shape,

for all full rods ard one eguivalent worth curve (o ali parlial ruds.

i. 5.2, S.bdivide the anial worth curve Lo twu everlapgping {unc-
tiens of anial prsation Mo tian A & B). A" funit.ons rshould alfect re.
actaity only for the Jour lower cory nod-s ard "B’ funciions should of -

fert reactivity ondy ‘or the four upper core riodes.

The 1utal reactiviiy should be the product of the reference

“"A" end "R

i 8. 4.

worth time=s cack : the tue tufa LIORS,

1.8, 5%, Provide for nentran detection by means of eigh! paceds

sen=07s cach .n symetry aith, and each detedcting neLlrons oniy {rom,

vhe ¢f the eight vore Kinetics noges.

1. 5.6, Previee for s.mulating mure than Two Jdetedtory ia a givern
imatrument SIPINAG bY Using T valued Jict sl Lee @t ede wrieltore 13

selevt @ stared anial ius shape cerve which bost fi0g *lie tu peints,
Thus insiTamentat:on readout can 3¢ vblainued fur a detevtiar louaied

anywhere along the string which is assigned 1o a given quadrarnt of the

core 1n order 10 aimuiate €Ny Tent typer Of detevtura. €. ., PTOPOT-
tional Jovunters, uiKeMpensated (o chambers, (omprnsated ion (hame

hers, incoie deteciars, Prouvide o'y different atlenaating coctf.cients.

tal Megel .

l.2, <Tnatral Rid Drive Conce;

She €9 [ontral rod clusters will be ssudivided :nte T control rod
grouds and | venon (part.al) rcd group. Prov.sion will be made 1o allow
the iastructer tu designate the number and rag:al position nf rods within
cach of tne T wantirel rod groups ‘programmalle option).

Sciection ¢! rods for movement will be cmitia%eé Sv purhbuttons
and selectur switches 70 the vonasole. Frovision will he made te nove
1ae rods 1t & preprogrammed sequence .n Tesponse 1o ICS or marnuas
vithdraw/insert signals. The rods can also be moted singly oF by groups
in manual moce. The position of cach rud and group w:iil be displaved orn

the «onscle.
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e responie will De the samn o

e

itiated maliunction shad Ceuse U

trom the standard value by 4 Divned amoy

onse shall be moceird by a fixed Dure delay
two steady Mate veiloothies,
{ resporss ‘v a scram shall be modeled by A pure delay plus

cependent funclhon.
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. consleant section I

L consian: section }

-
w
—

G

corsiant seztion |

‘
-
4
r~

constant sectien |

tonsiart yectinn

1
>
-

= constant cection i
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Note or pressurizer heater and $oray valve eruat.ons:

The spray va'vc a4 £ heaters ave contrcliea oy ON, OFF, ALTO
The eguat vt »upplied nn Pige All refloct the sviterr

AUTO.

tvoe FH o,

opuratinm with 41! PP's Ligtra belcw are acc.ticta! #»qua .

tions Jor "OFF " ard ON" onerat:nn.

S ° 0, f 'CiF", Gu; * Kl.l!' 4 CON™; as given if "AUTO"
G2 * 0, if "OFF", Sps K.:.‘O’ f "ONY, as given if "AUVTO"
Gpy * 9. i "OFF %p3 * %, g0 ' "ONT as gaven if "AUTO"
“ng * 0 M TOFFY; g = Ky 430 o "ON", a6 given of "AUTO
Spe = O o "OFF ™ Gys ° Kl.fb' if "ON™, as giver if "AUTO"

final value of "3_ e, "CLOSE

final value of 5’:& e |, i{ "OPEN"

vaiu= of S,. as given if "AUTO"
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Svmbels jor Section 2

"pg * dentity of sle2™ in pressurizer

'Re

hoy *

Mgy ®

h s
MU

hae *

;hp » enthaly € {lerence Letweern pressiricer water and sbray waler,

‘

Mps *
Mpwi
Moy

M

RC

B

Naca

Npcs

Po L
.

Po, *

e

: varizble titne constant for reacsicr coolant flow transients, sec

veler 10 sestiOn 7
ronstant section &
refe= %o section ¢

enthslpy of reacicr coulant, bru'le

Bru/ih (constant)

bp ¢ water ievel i prefsurizer tank

mats of pressarizer steam; 1S
= mawes of water in pressurizer surge region, Ib

= mase of WAlLT 'L Pressurizer satura‘ed regiorn, lb

* mane Of water in reacter coolant system, 1b

tctal number ¢! reactor ¢coolant pumps cn-line
: rumber of RC pumps 13 oop A on-line

2 pumber of RC zumps in 100 5 on-line
reacter ativt et essure in loor A, psig

reactor vutist presscre in loep B, psig

Sp ° total heat input jrom pressurizer Peuters, bBiu'sec

= heat inpu* by pressur.zer heater |, Biy'ser

G2 heat..nput by pressurizer neater o, Btu«ec

Q3 heat input by pressuricer heater 3, Biu/sec

s heat inpat by pressurizer heater «, Btu/sec

%s * heat 1unut by prersurizer heater 5, Btu/sec

Sp * heat pait of RC pumps, Bty ses
qps - heot transpuried by muse charge ir pressurizer
J-15-£5/88 3.6 A-25 Babzock & Wilcox
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QRC : heatl content or reactor coclant, Btu

T position of pressurizer spray control valve

Vgy ® position of siup valve in presaurizer pilot reliefl line

s
S\'so = position of pressurizer spray stop valve
S
T: : pressurizer ambient sink temperature, F
T t refer ta section !
T t refer to section |

* refler 10 section |
T

Mi2 © refer to section !

Mis*® refler to section |

p2 * temperature of reactor coslant 4t boiler tube inle:, locp A, F

T
;
T : temperature of cuslant at reactor vesse!l outlet, F
T
TP s refer 10 section 3

T

* refer to section 3

TP& * refer 10 secrion 3

TP? s temiperature of reacior coclant at pump suction, loop A, F

TP! ® temperature of coolant at reactor vessel inle, loop A, F

TP‘; # temperature of reactor coolant at core inlet, F
Trnyp * (not ueed)

Tpyy * (not used)

TPIZ = temperature of reactor coolant at beiler tube inle
Tl"l‘ + refer to section 3
TPIS = refer to setion 3

TPlb : refer 1o gection 3

t, loop B, F

TPI? ® lteraperature of reactur coolant at pump suction, irop B, F

Tpis T lemperature of reacter coclant at vesre!l inlet, locp B, F

TPMI : averaige PC sysiem metal temperqture, F
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e e
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[ . e |
- i’ | !
e |
t - TPM.‘ :average pressyrizer metal temperature, F E
' i
g*‘_ "} TPS T Pressurizer steam temperature, F i
o — !
P:- TP'&'I T Pressurizer wa'er lemperature in surge region, F $
k. ‘ __j ?sz T pressurizer water terrperature in saturated reg:on, F :
. g . '
q ric *average temperature of rescicr coolar:, F
" ' -J Ty, « refer to section |
~
?—- Ul * refer to mection | :
E VPS : volume of steam in pressurizer, ft? :
E a Vow * voluine of water in pressurizer, ft?
f"'[ e Wpa T Pressurizer water boiling rate, ib/sec
. = ‘
g < o-’ Wpy * Feter to section 6 ;
e
r :3 Wrg ® reler 1o section 6 .
il
i~ Weye * refer 10 section 7
E;-_-‘ ‘.: wog * refer to sectiorn T F
E‘t ""'ﬂ YeH * refer to section 7
s - “owp ¥ orefer to tection 7 ;
[-'gn 3 Wo, ® refer to secticn b '
wpip * refer 10 aoc«ion.G
-, ——"
{; i ;3 “pig * refer to section 6 ¢
o t
{_f o %oz " reler 10 secticn 8 !
: At : ;
~ ,,.3 Wy * Tefer to section 8 g f
v :
E i ‘-3 wpo2 ® refer ty section B 5:
i e ‘ o * refer 10 section 8 :
E;.;"".; wech: ictal reactur coolant flow, 1L/ sec !
P - :
P’ wees * flew in RC loop | (dymamic), 1b/sec g
b‘-.«’ . 4-,'{&: = flow in KC loop | {2teadyv state), lb/sec s
b J :
L gl whes fiow in RC loop 2 (Aynamic), I1%/se« i
‘\ Z - ‘
> i
4 ‘
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Svstem Eguations

transienis, sec

loo v

loop

W B

loop

L

. or loop B, mode

m™x

udper plenum, Ib

™9

rser] © t 1o boiler tube inl

=

group No.
group No.

aroup

T
[

cssurizer heater group

™

tube outlet to pump 1nlet,

1O "raclor vessrel

S |

entrance annulus and lower plernum, b

system metal, Bry/sec-F

re

pion of pressurizer water, 1b

1

pressurizer insurge, Btu/lh.F

M

TiINING Detaeen Yreasurizer water and

specilic heat ! uyrizer water, Bru/lbh.¥F

™ ™M

¥

thermal corfticient Detween pressurizer water and sleam,
tal/sec ¥
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 9H <0 ” thermil timme cunttant Briween KC metel and RN, fec
-

=, 51 s Al Link lemperature, F
o

B oo ® EC pump Neat gath faztor, Tue/secd ner pump
-sd'®

¥, gy * eston peed for pre saurizer code relicf, psig
-

K, 5 ° fizw through pressurnizer cody relief valve, INzec
L

: cut on puint for

{:th presseriner Draler proup, Biu/sec

cer heater growp, Biw/sec

P".So s capacity of fifth pressarii
¥, o9 ¥ pe Peut far initiating onening of precsariner sDray valve, psrig

% X
’;.‘.‘:a §osct soint for initiating closing of Pressuriier spay valve, Prig
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i, STEAM GENCRATOR MODEL
(Reference Sectizn 5.6 of Mamn
Specification)
(For KCHIA)
1.1, Reactor Contant Side Therma! Model
L)
S)
T Tas ol (T o T
P4 B y.3 v RC2 B3 Bl
d’rs. " ‘P_; T -T ,‘dL.-: ('ﬁ‘- ‘;".}\‘
s 3.2 - b P3 < \ LB: ',
=Ky 3 Tps =Ty
Tpe 2Tps=Tpa
1,3, Steam Side Flow ar?2 Mass Model
3 a)
b Dl ¥ Rt < i | el
"ps  Troy!
du“' ':3 ¢
! . | b »
2 ap— F P « K - g
€ =m | p R R T TR R R S WAL Y:
. 4 2 dw 1]
: e WAt T W TRl W T e -E?‘j
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Steam Side and Tube Metal Thermal Model
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dh

ol &

A " Ky g [f(Pg ) =hp,]
dP /w \

51 I\

-l K;.m’\ / Ky 0 'Taz = K320 = K5 ,,Ps;

-5 u(“{_—!’-ﬁ + Ky 24(:"81.2;5‘) - KL."T | ﬁ-&i\)
o)
L“z (4
by * 1)(Pg))
epy - 12Pgy)
Ty * 13(Pg;)

A-13 Babcock & Wilcox

——— —— -

U S NPT T . (AP RN MR 0 e - v Ay 1 Sy S . AP

--—-o“.

. 2058 bt

o Ereatiin

2 . . - ?
e . et e . e B '. "

vl sdiin
—



-
v
’

w..,r..u...rg.r....r_....,,............ta..t._..E el b T

- L}
- a / ' oo x
d . . - { —
ﬁ = ~. H 174 I L] R
“. "R VY N ey e - - ———— & iy — ' ' ’
bl - - - S s s s e B o e i — o .
ol At S D A — T —————— o —— e — — Ow.u-lﬂu.lu
—— i S Siss —biona Y
5 - -
: — e LIS
--4374100‘.‘ T ——— —— — > = —" . -
= - S — i S — . —— " 4 i e 5 e
oo-'lo:f'll."..! T ——— — ——— ~.. e )
—— -.%,n i t . - ol
o :
' ! {
< / - g B h : .
& o os L.r. ! ' - !
" ’ " ! & o
. e fﬂa 5 o+ = n) A !  u
. D - 1 “ s ?
- "~ i : ¢
P e e ' i -
- ; "
. e T RS i e S e e e — =, 3 .
[ "
x \ H ' L | .\\ "
: G- e CRRN RS
- L - -
4 . P
- f
O o — S S,
e e Sy L S LT A
i -

By Nols refer e R

1

S

-
_h

.

.

.
*

.
J‘.’{:ﬂ" daaied Lo Ul T L s B R B TY Mv N g L — U oy y—— ..(..- .
. . ',‘.3‘4“.1‘1‘. rers li‘.

-

Badzock & Wilcox

AN

1-1%.00'88.8.88

af
3

|
N
|
g
|



Imidite caiaibeisd Wb iah finaida cibidad d asbsedly

3

e . it Nt bt e

.

‘nh“\.nq e b enh “4&*..‘ L TN

\

‘- e M-‘d"»‘“..o“ PR

7/

Svmnais fer Section 3

< average censity in boiling region, RCHIA, Biu/ib

superheated steam Censity, RCHIA, Bua/lb

: superheated stear density, RCHIB, Bu/Ib

entmalny of saturation in PTHIA, Btu/lb

enthaluy of aspirator flew in RCHIA, Btu/lb

of feedwater inte RCHIA, Biu/ib

- 4
R

t enthaipy
: enthalpy

of saturition in RCH!B, Bu/ib

>
.

r eathalpy

¢rthalpy of aspirater flow in RCHIB, Ba/ld

.

h ’ ol lecdwater a0 RCHIB, Biu/lb

NP
rergin in dewrnzemer of RCHIA, tn,

- s lerg:h :n Do'ling region of RCHIA, n.
length in superhieat reg.on of PCEIA, in.
s length in cownczimer of PCHIE, .,

s lergth 1o Doiling region o RCHIY, in.

.-

ength :a superhen tegicn in RCHIS, ia.
Sutiet Dresrure At #team generator PO .HiA, prig
sutletl presrure At steaw generatsr AC-1.B, zeig

: Satsration temoeratuire s RCHIA, F

average tuke meal terperature in PCEIA, F

.-

t superedt lemterarure o FCHIA, F
* paluTalticr tenperature :n PCHIR, 7

average t.be micta’ terrperature ir RCH¥IE, F

L)
"

superheat temperaiere 1n RCHIB, F

1eliep@/SC.3 02 L-3E

-

LTRSS | G S g St P S 4 PN - ey WP N . g - s m s

* averupe density :» kailing region, RCHib, Bti/ld

entha'py ot entrance of boiling regizn, FCiHIA, DBuw/ib

at entrance of boiling repion, RCHISB, Hru ld
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g i : o ki - . et
'.';..). - refer to section 5
ads
'.p. s refler tu secthion 2
TPd * tempersture of reactnr coolant 4! boeurdary of suurrheat regis’
andg boiling region, RCHIA
?P% :temperature ¢f reactior coulant, average v beiling regiun,
T PCKIA, ¥F
?Pe s temiperature of reactor coclant at outier of tehes, RCHIA, F
TPlZ = roleT to seclion 2
- ’
TPH S same as Ty, for RCLIIB
Tpie t samear T, lor RCHIB
Tpie ¢ eame as TP& for RCH B
U,A = goeiiwien [or heat transfer {rom reactor 2aclant to boiler tuhe,
2 iy A )
Diwi/sec-Feregion (ioop A)
l.’.8 = coeiiicient {or hen! trannfer from reacior coulant to boiler tube,
- Wru/sec-Feregiorn licop B)
Wi ¢ low out of duwnceomer inte boiling repron, RCHIA, Ib/sec
Wy * flow out of boiling region into superhear region, RCHIA, 1b/sec
%y T aspirator flow, RCHIA, lb/sec
“ag flow vyt of downzumer imto boiling region, KCH K, i10/sec
T fiow out of boiling region into superheat reg.un, RCHIB, 'b/sec
¥ ne | 4spirater fiom, RCHIB, Ib/vec -
e refer L0 section 5
e *efer to section £
Yeeo ! reier ' kection &
WRey T Teler o section .
wg, * reier to section 4
weo " reier to sestion 4
Y ® leg <0 ratic superieal to boiling
Tegion

Babcock & Wiicox
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Consiants for Steam Tenerator Model

o i

K s ratio of specific heat of steam/water

W B

1.9

\‘X
-3

K20

Ky 21

Ry22

siler tube, t4.°F /Bl

area, ft-in."/sec*

reciprocal of laten: heat of steam, 15/Bty

units corversion, (t'/int

+ irertia factor for ieedfiow, sec’/Iban.?

.10 © inerta factor 1or saturated sieam flow, sec’/lb-int

inertis factor far saturated water, sec’/lbar!

inertia factor for agpirator flow

Urits conversinn times reziprocal of time cornsiant for reactor
ennlart in iler, ft/10

thermal fa.tor for heat transfer between reactor coolant and

reciprocal of down.omer ares times fiuid density, ft/1v

units conversion Lumes pravitaticnal factor times cowncomer

units vonversion times downcumer fluid density, 1b/in. "Mt

t unils canvers.on 1imes reciprocal of bailing section arez and
gravitationai constant, sec’/in.t.ft

flow kinerics factor No. ! in boiling regicn, .2/t

flow kinetics facter No. 2 in boiing reg.on, 1b/ft

area :n superheater region, ft?

latert neat of steam, Dtu’/ld

reciprocal of downiemer density times downcomer volume, 1b"!

therma! factor ho,
fr-10/ Bta-in,t

thernwal factor No,
thernal factor No,
thernua factor No.

therma! factur No.

1-15.69/58.5.38
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) for boiling region heat balance,

= for Loiling region heat balance,
} for builing region heat balarnce,
3 for Miiling region heat balance,

> for boiling region heat balarnce,

ib/F-in?
F
TS

ft- ‘uo‘
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.} K, 24° shermwai fa.tur No. G for toihing region heat balance, ft-1b
j Ky 26 * thermal factor No. 7 for Lailing reyion heat balance, Ib-int
v K, 26" therrma! faciur for boiler tube heat balance, F.f1'/Biu
»
- | Ky 27 * thermel flow facier for beiler tube hest balance, sec™
3 Kysg*® thermai factor Ne. ) for iog &T model, f1t™
e K, 29" thermal facter No. 2 for log &T model, (|
"] K, 36 ° conduciance lacior tor RC side boiler tube surface film
. K, yy * conductance factor for steam side Seiler tube surface film
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i SH < S”. and
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4 mernwai thretile valve LUWER arnd
FAST are both energized

$. .+ if  rnanucal throttle valve RAISE and FAST
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$.c.4. Throttle Valve Actluator

This may be driven by eiher the automatic or the manual
throttie valve controller. The actuator vatput ia furr determines the
artaal throttle vaites positiors—subject 1o individual valves test modes.
The conibined throttle valves hydraulic characteristic 1s simuiated inde -
pendentiy of the individua! valves positions and :s a direct function of the
aJvtuator output,
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valies have inoiviCus! pusiion iRZIC2E1.0% ANC tefling capamiiy. Alss,
the effect of ind:vidual valve action on liow must be rimuliled a5 HOWD
in sectien 4. 1.

is
t
]

v.: € if TV testis energized anc if no other TV s
an test

3
Vs * S, i TV tes: is not erergizcd or if any cther
“ TV is in teet

% 4 L '
ERm | '
1
“3 fS\'“ 20 if TV, iest is ~nergicec and if nu other TV H
‘l - i» .nlest !
gows ':—z
e TS 55\'"’ : 8§, 1 TVatest is nit energized anc i any sther :
N L © TV isintest :
.. F fev = 0 if TV iest s energized and if 1o other :
S s 3 .
w; . fa j TV 38 in test i
e > !S'v'. 8, i TVitestis not encrg.zed ond if any vther
Comon . L L £ '8 iniwet
A "\. >~ -
¥ "
: S\, = 0 if TVstes::s energizec and :f no ~ther
o | = 84 e
&_' > TV i in test . ¥
- i -
e '-1 [SVey * Sa TV, test iz ot erergired and S any othes
E .+ L T TV s 10 test
v !
E' "3 Each of the four throttle vaive position s.grals S\’.‘.-S\",.
e S SV,. SV 4o drive aralug Dorition meters and Aisc CRETRiZe CPrR anc cicse
~
'E: -'% Lomut Lighte, M the valve is in mud streke, Weth the cpen anc ciose Light
i T e are energized.
gk
. ‘7"1 §.2,9, Goverrnor Valve Posation Logic
B, e
T, $5 T The combined eifective governcr valve pos.tion is simu-
8 -' 2 lates in the turbine (Orgue equation as Se' In order t: produce a linear
4 1;’:. eficet the tour goversar talves ave programmen 10 Spen ina prascribed
e
2 - secuen: e=— eacept in the mode where TRANSFER :s not ene:gized. when
4 ¢ S >
- e {‘ all governcrs cpen trngether. Ind:vidual pusition simulation ™must, there-
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ot R .'}ﬂ fore, e provided jor each vaive.
8. s, i
= R )
VST e *
x T e -
£ :3 1.15.60/55.3-88 A-39 Babcock & Wikcox
I .:.
"e-,-.l'?-!-e"' 2. i
Rl I p—— pr——— > S 5 v '
. ' : 2 T R o s T I S T BT T e .:
: % ; e & . - e P—— .
- St il e . .‘ '\; 3 t :’-.-u.:
A H :.'A‘J-l 8 A 7 4
e



3

| M

Mw‘ﬂbu'%n

1

POVIRUNPRENY UT PRIy § RO

i 6.5
L TOWAP R ¥ PP SR U 3

3 .
. : ot _to don:
| el anitd | W‘M

L

K E =
5 - 8 i THANMSFCEK it uo' energizea "
124 t e : F &by
& -5 12 TRANETIF s nu! encrgized E o
158 v - -
P: o o
3 s if TPANSFZP » nu! enerpieag b
"leAa ¢ : &
3 =
- - =
S, - 8 11 TRANSFZR :s not ctargired }
eB b = Ay
. < - - - .-
Sy54 * U ¥ TRA? STEP is enerpioes sna il §; 7 K, o E"
e
$.ap - 6 1. TRANSPER .» emerpicec and if 5, < F, o, e
= -
R U = — 2 S C ¥ .. ..-.'.
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13 < - = 3{ TRANSFER ii energized and
’ 6B " K. g6~ ¥iws i1 K, .- S - K, ,
2 . 4.85 3 4.86
—f )
E 3 The logic for governcr valve pusition indication is identi-
- - cal 1o that for throtile valves.,
! _} 4,2,10. Pechea: Stzp Valve Positien Logic (R5V)
\ -
" These valves, which are lovated at the rcheater outlet,
e r -1 are not used 0 cenmtrol 1o, Neither does the mumentary testing of
- L . .
') one vilie noticeably efiect steam flow. The.r flow stop action fullowing
! E' ' "1 a turbine 'rip 18 inciuded in the transfer function fur turbine torque.
8 o e The testing of exch ESV 1s ¢une s.multaneously with the
¢ t ik = tecting of a compan:on lutercept Vaive (IVL
LW Q b
» i. L Y ¢ O LATSN s emeriired ang -
- bl A IFNANLT TEST Lo ret erergired. ut
,. > ATVTENANCE TLAT b caergaea no, l
- B l IESy o "3 . metan TEST . or
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J "r L J— | ipsV o 1%, .o .2 TEST Lot ar e civer 25V o
E-l. : ! Lovios e s J
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A
- 3 ergized,
N & * " 4.2.! Intercept Valve Logic {IV) #
= *3 These valves, wh'ch are locatvd imumediately dounstream
- £ - irom the RSV, Rave a function which is s:milar 10 the RSV, The differ
1 L 3 ence i thai the IV may be closcd by the louest Sverspeed condition ©
THIE which does not affect the R5V. Also, the 1V opening sirole time is
r- ! longer than the RSV,
-
gt 3N IV) = 0 LATCH is not energized or
d . ~% 5 & ;
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. Reguirements for Energ.zing THC ‘dodes,
Signals, and Lights

$.2.12. 1. EMC Modes

Presegs vites intiates Reicases
lsane “t wtuih alew releaces) S oy
Coin umd QFF »nr CC e
ENCAZFE ¥h MSENCAGE
57, ikt energravd LATCH P AN ThDF
EY (WY nst erergized 5

Ol rot ensrgised
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r . g . e - : TUPRKINE SFER AVTO
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4w ..
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m g
O R 1T

P "8 i
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_12.2. EHC Ccnsole Irout S:gnals

R \iaintained by conscle accelerstion raie sctiing

L et B s G i e
»
.

"D imitiated by STND and releasec Yy FAST, or
imitiatel by FAST and released by STND

1

ST I wrere
fr
-

\aintained by console Sciter Ra:se” or Settcr

- l.uwer' pushouticns 5
3 5
.; dsq qfl- T

o taintained by console VALVE POSITION LINIT - E: [t

- FFR Raise Or iwuwer Pashly'tons

—
-"W \Ma:nta:ned by Conscle Manual Cevernor Cortreil E:
Raise OF wower pushouttons {with or withou:

FAST)

-

) Ma.rtained by Conscle Manwal Throtiie Cortrol
Haise cr Lower Pusnoutions (withor withuat

w

R ¥

YO BTy WS -

FAST)

‘;"E_;i ks T\‘l SEST Ma:ntained by Console (Throttle '.'n'.)l PD h‘s
E"""—% ™™, TEST \Viintained by Censoie {Throttle T"")z Pe E‘:_-
: TV TL‘ST Miintaired by Conscle {Throttle Testly PB i

- 'i, ™, TEST ~ % Ma:rtained ov Consale (Throttle Testl, FE E:
! ' (REV = 1V, TrST Maintaned by Conscie (RSV = IV}, Test PR '::_'

{ RSV = V), TEST  Ma:nta.ned oy Coasale (RaV = V), Tes: P8 t:"‘:

,: RSV = Ivh, TEST  Maiatained by Conscle (RSV = IV)y Toat PR .-

; RSV = IV), TEST Mainta:ired by Console (REV = IVi, Tes: PE :

"\ OsT, TEST Niaintained by Tonsole Switch E:

CST: TEST Masnta:i=eo by Corzole Switch _i

&

*4AINT 1EST \iainta.ned by Console Suitch

i THR PREESS IN Intiated By momentary TPC IN
: ; Relorred Dy memaentary TPC OUT

.

THR PRESS OUT Iretidted ey mwmentary TPC OUT
Reloased dv momentary TPC IN

-~

.M

T

‘..d-{..'ua'..;“w-a&¢ DB iy a6 e i e s

| &~
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The following 1nput sigrale are initiates by

momentary conesie pushbuitons and Rave been Previously inciuded :n
4.12.2.1:

LATCH, MANUAL TRIP, TURBINE MANUAL,

OPER ATTO, CO, HMOLD, OPEF AUTO SYN,

CFEK ICS, TRANSFER.

EHC L.ghis and Displays

4.2.12.1
s e awma J,

UNIT TRIP: enerpiscd bv LATCH dreﬁer‘med

SPEED CONTRCL- enerp:zec by OCD deenergized -

LOAD CONTROL: emergiied by OCS ene rgized

THROITLE CONTRO wnerg.zed Uy MTI deencrgized

GOVEPNOR CONTACL: energizec Ly MTI energized

VAELVE POSITION LTAIT: ene=g.z¢d bv S Sy¢ 58

c;’P

THRCOT PRESS LiniT: enerpized by <P

sel

TV. GV, RSV, &nd IV status I ghis and meters are energized by logic
SETTLR displa,

en-rgized and K4 99:” £ 0CB

nd.c.e 4.2.7, 4.2.10, and 4.e.11.
. OCE s no:

and cquations
irdicates N‘ Q“ pr
energired.

REFFERENCE é:s¢play indicates L ;‘.‘“ £ OCH is rot energized and

K!."QSH 1 OCB i wne-gred.

4.3, Turk: e Torgue, Saeed. Fower, and Temperature

Equationg

uﬂv’g

o
a --a—--“- .

o —
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JUF/S TCNRARURSIRE T WCIPRING J PRTISILY LR PORTY B 1T ST

'

o OB PR T PP TL U130 Gs Sy O L)

b,
"

...‘»L“m.'%w'n‘?‘- . . . £

¥

“s26 T “s2s ” “s22
M,

Kesr "ot X

Mg * Ky 2eVs10

et U

3;;5’ Ky g0 = M

)

- -

. (
MWy = EGiK,

1+15-69/55-3-88

578817 = *s19) P K 2i%s10

TURGR is energized

- M - M
<

il

-

w

3; *2 8 * 7500

- .\10.)

QOCR i» energized

M

S

TURGR :s not

¢ne .'g:.‘cd
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Equations f=

¢ Excizatinn (E_.

X

De lcund an secuion 4.

“lsmi

€] .
Swi ® ¥y

T
san2
Kede e Te2 = Tgad

113.64/55-3-58

s K . "nf auniliary ac or do o

K6 © Ki.0n

o
¥

'
-

> K

3.0° 3,e37%

) and other electrical modeling may

D pump s off or af

avxiliary ac or dc ¢il pusap is on and f
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)}

€ - clectrica! phase angle, Ceg
steam in RC-HIA header, 10/t

density of steam RC-HIB header, 1b/ft?
1 3 )
Jdenaity of steam wuxiliary supsly header A, 13/t

density sieam main supply header, 1o/}

dengity steam 1n mawin turbine chest, th/ft?

in auxiliary supply header, B, ib/it?

ma:n turbine generator shall ¢pered, cDS

B N B B O

ling frequency, c<ps

RRTTIN | LT L S SRS R RS S el AN L add My

area of leak in RC-HIA heacder, 18

arenr of leak in RC-HIB header, f2?

<

loac error signal to autamatis throttle Iston) valve controller

hbbas did b s,

specc

error sigral from tracking amal.fier of autematic gove

controlier mode trangisr sys'em

mopq

specd/load error signal to aulomatic governor valve centrolier

non-Liased speed/load error signal 1 astematiy governdr valve

centroller

nor-regulated and non-biased speec vrior signal

2o I

excess thrust in ma:n turbine

¥
i
3
|
i
-
1
!
\
H
3
3
i

refer 1o section 1 4

™

intercept valve Ne,

.."1

ntercep vaive No.
ntercept valve No,

: intercept valve Ne,

N = ¢omstant section 4

R

“d ma:n turbine damping terque, ft-1b

vy Py

L ah ]

1.15.69/85-3.88 Babcock & Wikcox
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E ’.3 .‘.1. * main turbine generator electrical torcue .l::;cs, ft-1b
|
C 'A. = main turbine generqior load torgue, fi-lb
v
g Mg @ main turdins driving Torque {{rom steam), f:-1b
- :
( ,j "'!Si : steam mass 1n RC-HIA header, Ib
[4.,; 3 Mg, © stearn mass in RC-HIB header, 1b
. s Mgy = steam mars in auxiliary supply header, 15 (A)
["’ “‘} Mg, = steam mass in main supply header, ib
. Hq-, : steam mass in nuin turbine chest, Ib
e B ) . ;
t\ .3 Mg - steam mase in auniliary supply header, ib (B)
b M, ® Main turbine generator mechanical loss torgue, ft-1b -
E‘.j': ~ - .\t\'-': : penerator slectrical megawatt cutput
E—T. -g PO! = maia turbine oil prescure, psig
°F Rz P_., = refer to scction 3
ler . S sl
kN
- . { 3
) r -3 PSZ refer to section 3
. PS) * steam header pressure at STCP valve inlet for Loacer A, psig
{ 3 ?5‘ = steam header pressure at STOP valve inlet for header B, paig
[ J PSS : pressure in auxiliary steam header A, psig
. P, © Pressure a governar valve inlet, psig
| 8 et : : -
E . 3 PS7 = main turbine first stage presscre, psig (STATIC)
ik F‘é7 = main turb.ne first stage pressare, psig
J -
E"--. - PSS : pressure at reheater outlet
E— ] PSIO : pressure in auxiliary steam header B, psig
: S PSC = refer to section 5
[‘ by 1 P = constant section 4
s . set
c ‘_ . Swp ® heat absorbed by stcam supply piping, Btu/sec
.-
ﬁ;' .3 RB : speed/load rate signal from irput cantrols, cps/sec
q’ - e Rc : speed rate signal {rom input rate set, cps/sec
L
-~ '. -~
- E i 1-15-69/S5-5-88 A.359 Babcock & Wilcox
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LGSR S B .

load rate sizgnal from input 10ad rate set, %/sec

>
o
RE : reierence loud rate from MT, %/sec

rate from ICS, %/sec

reheat sty valve No. |

reheal stop valve No, 2

reheat siop valve No. 3

rcheat stop valve No. 4

————

master throttle vaive position from A\lutor/

Master throtiie valve positicn cemand to actuator

.:.SZ"- throttie valve track meter position
——
* masier governor valve position from actuater |

Tas'er governor valve position demand 1o actuator
¢ Cemand governor valve position signa! without 1oad limit
¢ demand governor valve position signal from load limit sctier (input)

1 %

Valve position signal from manuwl governor valve

nanal input

frottle valve controller trom manual input

‘enans governor valve position s:gral from aulcrratic

geverncer valve controller (ASVC)

3
b
3
:
:
2
!
i
3
i
5
4
o
A
Y
E ]
t
!
A
H
3
:
!
s
!
F
1
{
3

S13 s p;'td gersend :.gnal

Sz.‘ = sneed/lcad demand signal, cos or %

Si'A * actual position of governor valve No.

5

.2 £ON
] 5 :
governor valve No.

ACtual positicn of guverror valve No.

input speed/lcad setting

e s e e L T T TR PR VL PSS T | RPN

v

- turbine valie position
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S,, = refer 10 tection §

52‘ * refer to section $

SV, : position of valve between steam header A and auxiliary header
SV, : position. of valve between steam header B and auxiliary header
S\" * positior of threttie valve Na. |

S\; F pesition of throttle valve No, 2

SV53 T Position cf s1cp valve No. 2 in steam header A

SVM * Position of stop valve No. 2 in stear header B

TBJ * refer o section 3

TBt : refer te ucne.ﬂ 3

TSI P temperature of steam at turbine $10p valve inlet, F

TS‘ f temperature of steam at crossover Setween * gh and low
" pressure turbines, F

Toag; ~ lemperature of steam supply piping, F
TSM; * lemperature of turbine casing, F

TS\H T temperature of turbine shaft, F

\'ss : refer t6 fcction 14
v, ¢ refer to section 14
W . = refer to section 3
W2 * refer 1o section §

gy * deam flew from steam ¥encrator RC-HIA, 1b7sec

“go T fteam flow from steam fenerator RC-HIB, 1b/sec
wgy * Fleam flow 1o duniliary header from RC-HIA, 'b/sec
“gg T veam flow 10 auxiliary header from RC-HIB, 15/sec
Wga ¥ rieam flow through relief valves frem RC-HIA, 1b/se:

“ge © *ivram flow through relief valves from RC-HID, I1b/ses

A-bi Rabcock & Wilcox
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i wge ® fteam flow ‘rom RC-HIA header 10 governor valves, 1b/sec

2 %, © eieam fow from RO-H 1B header 12 governor vilves, !b/sec

’ ¥zg ¢ flow iBrouph leak in KC-HIA header, (u/sec

: o0 - flow trrough leak in RC-# 1B header, 1L/sec

j Wi, - fluw 1o main feed pump No. !, Ib/sec

3 ‘51.’ {lew 1o main feed punip YNo. 2, 19/sec

i a3 7 fIow to emergency fend pump Ne. !, from H.P. header, b/sec
i . .

; Pg1q 0™ 1o rrheaier from main sieam heacer, Ih sec

f; Y15 tusuine bupass fow. lo'sec (imop A)

-3 “<ie flow 1 reheate” irom H. P, exiraction, Ih sec

;‘; %s17 flow :20m ma:in header tc H. P, turbine chest, In/rec
, 4 gy © Simam fluw icr warming piping, !b/sec

? Mgy - Steam flow at main turoine first stuge, !b/sec

j ®oop t Steam fow out of H. P, turbine, 15/sec

§ ¥gs; ¢ Teler tiosection 3

;! Vigas refer tc soction 5

.! gyt rivam flow 10 mair feed pumip No, | from rehedters, lu/sec

} Mgy 7 Rleam flow 10 maun ‘eec pumd No. 2 from reheaters, Ib/ees

_g Weay F Mleam flow into LU P, turbines

?f‘ B, *osteam Jow out of L P, turbines

3 .

1 Vg, ° vream liow threwph auxiliary heador exnaust valves (AL, 1%/ sed
.‘; eyt “low 10 feed pump No. ! frm avxiliary builer, lu/sec

: “e33 fivw 10 fee€ pump Ne. 2 f=um aus.liary buler, b/ pec

,:_ woae turbine Yrwvpars flow (M), In/sec

:" “ein - Mteam flow through auxiliary heeder exhaust valves (F), 1b/4ec
E
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Constants fur Sieam Suppiy Piping and Turbine
Cenerator Equations

cunversion acztor for flow in boiler supply heacders, section |

%ot
K-i.l s conversion facter for fluw in auxiliary suppiy headers
K‘., : conversicn factor for fiow in boiler supply headers, section e
K‘.‘ : onversion factor for flow through leak in builer headers
K‘.s s first threshold cof sicam supply relief, peig
K(.o : steam relief flew mode 1, Ib/sec
K.;_*; . sevond threshold of steam eupiply relief. psig
K(.B : steam reite! flow mode 2, 'b/sec
K«l,? 2 third threohe!ld of steam supply relief, psig
K-&.IO : steam relief flow mode 3, 1b/sec
K‘.“ fourth (Rresneic o° stean supeis Telief, psig
K-l.ll = steam relief flow mode 4, 1b/sec
K4.l$ : fraction of stcam from H.P. extraction tu reheaters
Ki.H < set po.nt for turbine bypass flow, psig
K4.l§ : turbine bypass flow, !b/sec
K“u fraction of H.P. s*cam to rcheaters .
Kq 17 © ‘olume of cach boiler steam supply header, ft? i
K;18° velume of auxiliary steam rupply header, ft?
K, = volume of lumped steam supply header between uc;lhtion and
.19 stop vaives, 1}
K4 a factor fur combined niain turbine governor valve flow
< simulation
K, ;3 ® volume of main turbine :nlet chest, ft}
K.‘ 28 ° "g:nl)" factor fur pressure drop-flow simulation through
bt turbines
"'4.25 : overall lurbine -generator inertia constant cycles/sec?-ft-1b
1.15.69/55-3-88 A-63 Babcock & Wilcox
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" 4
";2‘ *lurbine speed with turning gear, cps
KQ.:T * lazicr for comverting steam flow to driving torgue 'n L.P.
!»r!‘.;ne'
K‘.:‘ ¢ steam fiow torque damping lcss facter, f1-sec
K4..,9 # T-C mccharnical joss constant, 1bft/rps
K‘.!O P power prase-argle cenversion for main generator, degrec/cps
l’.‘-,! : phane-angle to torgue conversion
"-4.3: WEeneraior electrical loss constant, 1b-ft-sec/degree
K_.“,’ * heat of condens2tinn in steam header, Bru/lb
K(.N * therinal transfer factor {or heat ioss to steam hcader piping,
Dte/sec-F
K{.)S - thermal time counstarnt for stcarm header piping, sec
¥4.3¢ * thermal time consiant for turtine casing, sec
K‘.” = therinal time constant for turbine shaft, sec
KQ.lb * turbine expinsion :ac:.or. inches/F
I("’° - time constant for ma:n throttle (stop) valse actuator, sec-
K‘._m = gain facter for main throttle valve actuator
K4.~H : uime corstant for governor valve actluator, sec
K‘.‘z = gain facier for governor valve a.!ua.mr
K“” : ga.n {nctar for manus! throttle valve conmtrolle s of MTVC)
H‘.“ : gain factor for manay! governer valve controlier (MCVC)
K;_‘7 * rate factar for set*ing lurbine spred or !sad on setter
K‘."’ : gain factor iar ATVC
K4.49 * ATVC input errcr in TRANSFER mode
K‘.so = gain facizsr for guverrnar valve traching amplifier
K‘.‘“ = gain factor for ACVC in OPER IC innde
K#.SZ : time con<tant for AGVC, rec
K‘..” = resct facter for AGVC, sec
1-15-69,55.3.88 A-64 Cabcock & Wiicox
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H.P. extraction to reheater/is? étag~ flow

S

K = AGVC input errer prior 13 TRANSFIR mode

Wl 3 N,\
|

’ . x

RS
g
|
;
.
¢
F,

¢ * ga.n factor for firs! stage presscre feechack (INP! moade)

)

* synchronc as spred refereice, cps

|

4

I
wid Ry

X

~
]

- turbine overspeed trip Ne. ! g2t point, cps

terbine eacess thrust trip set point, in,

.

K = low turbine il trip set point, Psig

l'l lr

. " . 1
L !I "J ;
n =

>

-

o

'
-
<

-t ’:-"\fny

proportionality factor for pressus e of turbine shatt oil pump,

- a psig/cps
3 l'\‘ 63 * fleacy-state output pressure of auniliary turbine o1l pump,
s swe p.‘z .

$.66° *peed error irip sel poin:, cps

"

‘ P'-im-.:m.,m
"
”

B -.2 y‘-i.67 “ Inad errur trip set point, %
:.,3_ K«i.b‘.- * maximum frequency error fur initiating 'OCB" energizing, cps
E_ ;:.3 1(4.‘z * factor for converting elecirical 10rque 10 electirical megawatlts
-t .
s B K".” z set point for OST No. 2
E‘; 1 '733 K_L“ : fiow through auxiliary header exhaust valves, Ib/gec
*

: set point for low condenser vacuum trip, ia. Hg

b
-~
.
-1
o

* rehcater time constant, sec

1
h

»
.

.
-
-~

-3
E::: _:? K'_76 = facter for comerting steam tlow to te.rque :n H. P, turbine
' ' !(‘_7,) - s.gnal fraction at which guvernor valve No. ! «taris to open
E? ;3 'r.;.ﬁo * sigral fraction at which governor valve No. 1 is w:de open
E.i 3 K, gy 7 signal fraction at which governer valve No, 2 starts te open
¢ o, ¥ = sigral iraction ot whick governor valve No. 2 s wide cpen

A
-
4
e

tignal fraciicn ot which gevernur valve No. 3 starts to upen

“

v

s
‘.x
X
Ava

.

¥ = K_. T, signal fracticn at whith geverno” valve No. 3 is wide open
E._‘ 1 l'<';.‘,s = sigral fractina at which governor valve No. 4 star:s to oper

' K, (o - sigral fraction at which gervernor valve N2, 4 is aide open

™
) s
Ll

’

oAy
e

’;’-‘
3 e}
2 /
e
L:f
.—
"
.
~
o
~~
w
.
“w
‘
x
w
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i

.80 * TAte facior for governor valve motion i= fas: masual mode

K
K“ 9o * factor for scaling THC bage signal 10 specd
K

K
K‘ gs = Tate factor for governor valve motion in normal manual mode

9" Cead Land limit (2] for track error tu iniliate autcinatic signal

cerrecticn on lirst s’ e pressure feedback mode transfer
4.92 © 83:in facter for turbine speed rate setting
K4.94 * rate facter for threttle valve motion in nearmal manual mcde
Kd.% * rate factor for throtile valve mot.on in fast manwal mo-de
K4.96 * rate for changing governar valve position limit
4.9 ° factor for converting 10 range” sigmal to ") range"

4.98 ° scale facter for dispiaying target speed on setter meter

7z x

4.99 © 8c2le lacter far displaying target load on setter meter or
. actual load on refer mce meter

l(4 100 © %cale factor for displaying actual speed on reference meter

x
"

4.10] © scale factor for ICS input to EHC

" * Bcale factor for standard turbine loading rate
4.102

x =

4,103 ° $cale factor for fae? turbine loeding rate

KR-O.)

P"‘ = set point for FHC thretile Pressure limit, psig
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Svmbois for Section 3

Fsc °® censily of sica:in i SShuenser
“rp; ° Mein feed pump No. | shait speed, cps
“pp2 * Mawn jesd pump No. 2 shall speed, cps

=3 p3 T omergency fesc pump No. 1 shall speed. cpa

""F'irl.'a = ma:n teeg pumy No. 1 shaft specd demand, cps

-y Pl) = miun feed pump No. 2 shaft speed demand, cps
(- ' Temergency feed pump No. | eRall speed gemand, cps

FPl

fg, * sdmittance {actor loop A feed valves

AS-I * adm:llance {actor loop B feed valves

I‘s = Constant section 3

LC y * Yundensate storage lank levei, in.

LWC = londenser waler level, in.

.\!C.r * Mess D waler ir zonnensate gtorape tank, 1b

' MS" = mass of stl.am 1n mat, condenscr, L
-

M = mMers 37 Waler ir maun condenser, lu

wZ
":CP & numoer of condensale pumps on line

New #nember of 2.rc wales pumps on line

o number of neater Srair pumpe on line

Mg T OUMDer of 22ol'ng Tower fans on line

4
N\Pl B vatuum pumip | o signal
?\\.?__ ® vaCuum pump 2 or sizral
P.-\C = partiel nressure of air in condenser. o
PC! FPTOATUTE al cONGensite DumE dlalharpe. PG
P.., ® presscre at nolisher cutiet, prig

- e

‘v

C3 © PTTSAUTE 4 MIiR feed Jump suclion. psip

»n ] 3 - ey =i ‘ped yur 2
: rl pressure in IS RATS! Sl Main jeed pamps, P...
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; ¥ voler %3 section 3

¥ aldd

= refer tz sestion 3

w

"~

5; _,;
.!!-"{h'
TR A)

e = relnr to section ¢
P T reter 1o sectioz 4
’ee = tefes to section 4

7'._.! ® pressure in auxiliary boiler, paig

21 S e, n.m.m.d@uiWMum
W
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LUy
4

Psw = refer L0 5271100 4

ch = total pressure at condenser outlet, psig

A!’}.B ® feed pumnp bypass pressure drop, psi

épFPl = pressure differsntial across maun feed pump No. 1, psi
APFPZ = Fressure differential across main feed pump No. 2, po
AP}..", = pressurc differential across emergency feed pump No. |, psi
APPP-& ® pressure differential across emergency feed pump No. 2, psy

qc = heat transfer across condenser tubes, Rtu/ses

st b it s

Rl = p rallel resistance factsr for all ncrmal feed valves F
2 =
.
4 R., = parallel resistance factor fur . P. Reaters, valves, and Lyjpans _'
4 : iﬁ‘-fh'.
] R, % parallel res.stance factor for L. M. heaters, valvea, and Lypaas &
”;a' ad
1 r.. t ref.stance factor {5r main feed pumps byzass E:,...-,:
B " I
5, ® position of H. P, throttle EF P No. ! 4 1
3 . e
- . Fewe =g
: ; §y; Femergency foed pump No. 2 turbine valve perition ""‘. 4
= 1
i S.,_.' 2 RC-M1A Tow 1024 teed valve Position r"*::'"
- . - - . 2 . .:.“.-—:‘;
3 5;' FRO-HIA Righ loed feed vaive pes.tion L:}
e
%, =
i 5.,: *t RC-HIE low 12a4 feed valve position !;A:;vf’-
- s 4.‘.
3 S,’ * RC-RIT nigh Toad feed valve position "‘ ¢
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F muin fee pump No, 2 auxilicry throftic sil.on
6 3

| FJ

+ ® main {red pumg Na. ! auxiliary throtile position
T positice of 3eway valve in condenser exheust line No. /3

F position 3 J-wav velve in crandenser exhaust liue Neo.

= polisher bypass comtrzl [(3F284)

y

= vatuum breaker valve pusilion [SF2400

> St

® tondensate pumyp recircclation valve position

é
1
2

ﬂ.

a4

"% L P. heater bypass vilve position

SV. = L.P. Leates No. 1 :niet valve pusition

¥
NS T,
@

wm

-~

.“'!'

>
E =2 S\'b = L.P. hrater No. 2 inlet valve position

?

= ma.n fred zump Lvpess vaive position

S\‘u = main feed pump No. 2 discliarpe valve pogitian

Frs

SV, = mawr fend pump No. 1 d.scharge valve positian

4

A\l
<
—
-

H.P. heater bypass valve pos:tion

PRt
b

;:‘.- S'-';’ SMHLF. Nesler Mia 1 miet Lalve positiop
g{&-’j 3V T H.P. heater Moo 2 ulet valve position
il ¥
E:_L' -/ sV {3 T POSISH of valve in el Toulat.or, H.P. nestsr to condeuder
e : 3 Y 16 ° position’ of valve 1 emerpency F.P. Nu. 2 dusc hurge
F’" : 3 SV, = p2ettion of valve in emergency 7. P, Na. 1 €.nc lurge
- - »
‘Tg : 4 1 ® pofition Memergency feed valve to PC-HIL

: prdat.on of emergency feed valve 1n RC-H A

T3
b
“m
-
*
v

C"‘; ':wg 5\"‘7 * FC-M1A hich ioad ieeg: ate = stop vaive posilion
" g < - - - ~ - . >
&-Th: -‘.'-—-‘ s\ 38 ° RC-H18 nigh 'oud feeduiter stop valie potitian
r . -
- 28 &5 16 T MOp valve 4o start oy fees e B pos

157 = "1o% valve 127 start up fecd Line A pus

™2
9

Cews
(84
.
e

\ * stop valve ! (37 main stcam tu w7 ereciar pos SF333

156
SV, . = 8top vaive I for maiz Stears 12 air ewcctor pos SkIAT
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S\‘iéo = stop valve for auxiliary boiler {eed pos

TCI = temperature of circ.’ating water entering condenser, F
TCZ = temperature of circulaung u\te; leaving condenser, F
Tey ®temperature of coucensate at L. P. heater exit, F
TFD! = temperature of teedwaler ot H. P: hcater ovtlet, F
TSC = temperature of stearn in ma.n vondenser, F

VSC = volume cf steam in main condenser, ft

w p ©tetal air ejector flow, 1b/sec

= tutal condenser circulating water flov, Ib/rec

; rate of steim cordensation in ma:n condenser, 1b/sec

= condensate puinp recircuiation flow, Ib/sec

e ! L.P. heater drain flaw, 1b/sec

o

A‘ i
'

. '

~ e

A

~

ae

1

]

R R

v

|

m

W, = condensate ilow from ma:n fecd pump No. | condenser, 1b/sec

W, = condensate flow from main fe=2 puinp No. 2 cordenser, ib/sec

A
weq T vacuum drag make-up, 1b/sec
weq ° demand vacuum drag make-ip, Ib/sec
wep ® flow {rom concenser to c-nrrgen:\'.fero pump No. 1, 1b/sec
“ca * flow from condenser to emerguncy feed p'xmp.ﬁp. 2, Id/sec
*c10 ® recirculation llow from H.P. huater discharge to cordenser,

ib/sec

weqy Trotal Nlow 1o condensate pumps, lb/sec

Se12 ® condensate flow {rom condensate pumps Lo storage tanks, ib/sec

= demand condrnsate 10w fromn condensate pumps Lo storage

.
“
cu tanks, JL/sec

weuy ivtal flov throngh polisker, 1b/sec

*c14 2 L.P. heater bvpass flow, I1h/sec

weyr ® total flow ot L. P, heater discharge header, 1b/sec

weig *H.P. heater drain purrp flow, 1b/sec
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flow 10 ZFPI ‘rom ~onéd stg tk, ib/sec
ow to EF P2 from cond stg tk, 15/sec
! 5. through condentate pumps, lo/sec

tloa through main feed pamp No. 1, 1b/sec

fNlow through main feed pump Wo. 2, 1b/sec

= main feed pump bypass {iow, Ib/sec

Nlow throuzgh H. P, hoater No, 1, I/

O-g -

= flow through H. P. heater No. 2,

Miin feed flow to steam generator RC-M 1A, lb/sec
main feed flow 12 stcam generetcr RC-HIS, 1% /sec
flow from emergency feed pump No. 1, Ib/sec
flow from emergency feed prump No, 2, 1b/sec
refer to sect.on
refer 1O section

section

seztion

seltion

ow te H.

ow to L. F

section

Seclion
reflcr (¢ cection
steam fov {romn auxiliary hoiler to EFPI, 1b/sec
refer to
cefer to
flow [ram auxiliary boiler to L. . heaters, Ibh/sec

total flow {rom auxiliary Loiler, 1%/sec
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Ccnstants for Condernsate and Teecdwater Model

-

l'(s 3 * thermal {factor for heat transfer in condenser, Ptu/lb-F

Kes2®

1.9 H

hycraalic factor ior circulating water flow, 1b/s~c-pump

= thermal convers:on factor for circulating water mass within

condenser, Btu/F

therma! factor for heat transgor: by flowing circulating water,
B‘L’f.lb'r =

= extaust rate facior for vaceum pumps

)'.5 . = total condenser shel! free volume, 2!

.6
K 9 = condenser water volume factor, ft'/1b
K g = atmospheric pressure, Ib/ind
-~ ¥ g = pressure conversion, in)-Hg/Ib
z. ‘ Ky 1p ® air partial pressure factor, in.?
E‘ s KS.H = partial air flow factor, Ib/ir, -Hg-sec

. 3 KS.I: = exhaust rate factor {or air ejector
E!r- ' 3 K3 13 ® admission factor for L. P. neater bypass valve, 1b-in.?/scc?

-’ ;-:-_ KS. 14 ° f:r.:'b:ned hydrostalic pressure and area factor ior condenser,
E'-;“ '3 Kg 15 ® rojection flow factor, pump™!
E".“ ?'3 Ks-“’ = admassicn tactor far H. P. heater No. 1 stop valve, Ib-in.?/sect

.t "‘ KS.I? s get puint for :o-..fcnser makeup, in.
E j Ki.li = "pamping” facter {or condensesr makeup, I15/sec-in,

..:l * )(5.” ® set point Jor condenscr aater rejection, Ib
{‘,. - KS.:C' = flow fartor for condenscr water rejection, 15/sec-in.
E- d :“'j K;.Zl = a2dinission factor for H. P. heater Noa. 2 stsp valve, 1o-in.? /pec?

-.f E Kﬁ.zz ® factor for cond pump recirculation, 1b/sec
E‘ . _,3 Ks.:, & ratis factor=ii P. heater 2rain flow to condernvete flow, *F-!
e -
g -
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L ‘falctlar !,ar Tecii tulation fiow from . P. hea'ers to < sdenser,
1z%/wec

Kg 25 ® eérussion facter for low load feed valve to RCHIA Ibain.¥/sec?

K¢ 24 * admission factor for high load feed valve to RCHIA, lo-in ¥/sec?

l'.‘5.:7 = admiss.on factor for low load feed vaive te RCHIB, ib-and/sec?

KS.:S * admission ‘uctor for nigh lcad feed valve jor RCHIB, 1b-1n.2/sec!?

Kg 23 ® admissinn facior for H P. hegter byvpass valie, ib-in ¥ gec?

K¢ 3p = admioss.on factor for vorh K. P. heater stop veives, Inoin?/scc?

Rg 3) T admission factor for L. P. heater Lypass valve, 1b-in ?/sec?

K: 32 " admission fuctor for both L. F. heater §t0p vaives, lb-in.?/sec!?

‘{‘.33 = adm:se.on factor for main feed pumps bypass valve, lu-in.*/pect

K&J«o ¥ Slalic condensite system pressure, 1 14

KS.}? * ma:in feed pump inertia constant, sec

KS.}F ® feed pump ICS  ontral conversion tactor, ain.?-cps/lp

KSJ# 2 f*ed pump manuul contro! conve rs:or facter, in.t/lb

Ké.-’.G s feed pump suxiliare boiler zancrol corvervion fastor, ind.cps/ls

Rz 43 ® ASmisvion factor for polisher, b-in. /sec?

l-:,j‘ = emerpency feed pump ineriia conTtant, ses

K¢ i3 “emerpensy fees punp fteam valve factar, .n.%-cps/lh

}'.5 0 T theTmal time constant for L. B, heater, sec

-

K, g1 T thermal Lotor for L. F. beates fleam fiow, F-!

“5.63 Tthermal tin.e constant fur B, P. heater, se:
-+ .
Kg aq = suxiliare Loier pressere ‘factor, .2

l".s g T rmain teel pemy bepzes fattor, 1b-in.d /aec?

Foo g, ®ar flow cunstant, in.?/gee

5.5n
Ks.-:-? T ¢2ndensate iriertior flow facter, in."'Hg™?
l"s gg * <Orbined hei nt/maer fur hotwe!ll, in. /1p
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~ 2 K¢ ¢g = combined height /mass for cond storage tk, in. /Ib
3 -
r, 3 Kg g0 = comcraser level, in.
\5 r . KS.bl = condensate emergency injection point, in.
s
L e KS.QZ = maximum injection flow, lb/sec
E,‘ . Kg o3 © condensate emergency rejection point, in.
- ':3 KS.(M = maximum reiection flow, lo/sec
.P.: .'"3 KS.b:‘ ® coding tower {an cifectiveness
: LS = latent heat in condenser, Btu/lb
F . 5.66
:
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6. MAKEUP, PURIFICATION. CHEMICAL ADDITION,
AND WASTE DISPOSAL FLUID FLOW

AND THERMAL

MODEL

(Reference Fipure C-6 and Sections § 7. 5.1¢C, 5.13

of Main Specificaticn)

6.1 Letdown, Purification and Deboration Flow Mcdel

(Drap
other

any term :n which the denomin
wise noted.)

———
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w *
Pl
\Ts
1 1 1 1 1
R, % = % i & — — A —
5 \l Az \, A_‘ t\s
SV, SV SV, SV__1
023 21" 37}
A o (=% T8V, x,

Ay (s_—__v“ * SVas)

=2/ Kg 4 [demin)

’ evrs " ..
SV ¢SV, s sV

ator approaches zeso unless

8 (coslers)

6.2528 4 Kb_ss‘,.? (orifice and valves)

r
Ae®SiKg gt - S50'i 4 3
(5‘.’ + sv3
85l 2
sV *+SY._ .-
5 6!
Ag | F3 ! K11

1-15-69/85-3.88

P — ——.— o ——— o ——

28
)Ks.v

) “e.noI

™

-—

T IR MN

Babcock & Wilcox
I *“:b .
_-“

[N

2058 |



Ll N

bb £ab* L

b8 4 ‘l or Az 2r A} or A‘ or AS is zero, sct “p1 ® 0 ané do not
calculate Rs.

i S\'é‘ = 0 then activate "closec" digital input for S\’zo

if S\'ss = 0 then activate "closed" digntal irpa: for SV,I

i rPl? > K6.32 then a~tivate “closed” digital input for Ssz

71,1\ 2
ppstPPl -(.:T‘.‘_\:)“pl if All\z{ e
PPS ‘KGS if .\lAZ'O

Pow *K¢ 50

‘Wi 30 £ 0 or if S\’z ‘S\‘:7 OS\'z =0
“WIS‘PI if sw:o and if 5\1605\27*51'2310

E.r j w 31
E.-l 2 “Pz "0 M Sy tSVp eSV i a8V, /0 ori i TR L TR
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Pl yo ? SVyq *8Vpy +8Vyy =0 aad i Wy, ¢85V, 4 0

o 5\'29 + :,s',o + S\',‘ 50

*w2 " Ko 125V w Vg

“wi3 *Kg 135VseNow

*ca *Xe.148ca

Peap*¥iaa ¥ Ng, 79
Pean ¥l ¥ Np, 09
. \MUT 'd'P: ’\\w:‘
aM a3 ( SV, VL SV,a
? qt wi \S\.‘.o '5\27 ‘S\.,E \\Z\b\z;! S\va‘v“
1
i
4 d\t / SV \ F
dth b ‘Is\' s sﬁvfsv \}' w2 -/ : 10 )
i At T TG, ) P A3 " Fga T W/
1 o
{ M ( SV,, Y\ ! sV, \
— W, . s o we. . - =
: et WEASY g w8V, o8V, )7 Twa sx,ova.-m-s.“)
$
i
M.,
1‘ -—%.‘ s Waes - w. ..
k. dt w4 w3
: Vw4 '8 Instructor input ”
“pm © Ke ssMpm
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3
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Makerup Surpe Tank Mocel
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38
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———tE ¥
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Wy ¥ nsiructor adjusted inpuat

Lyv =K 46Map

K. ,.H

618 -K
o R - "
MO \M hﬁ.:é"'ML’ 5.8

*Ps *Yps " Ve

- P
Yoo * R¢.3275Pp; = Prg)

Normai Makeup Tlow Model

1-15-€9/85-3-8¢8

© .
Prs * Pan " Ko by

\'Fs 1§ instructor input)

e

Babcock & Wilcox

2058 |



‘uamﬂwuim“;“a

RUNTFRITE AR VAS W PG TR S

g .
3
= i
‘3 ;
it ol
* .
+ 8 7
.’; -
',2 ’
it
¢ !
i |
4 :
3 ¢
‘ ’
- .
. L]
14
S 3
4 '
'_ »
b o
)

e
". n

\

Ank-(;.-.i“ o&uu-’ud.k-'qu, Vv :

-

L e s A b w

-——————— A " mn cmen o b e T B e 8 ey e
v ey

s e

P11 T VY

54536

~hpltlg 244

PR -
Py "6 ,051,5\

B iy o

(}‘6

Fmoergency High Pressure Injection
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Symbols {or Sect.on é

\H = Jonstent scction 6

A, ® let2oun cooler edmittance factor

.-\: = Jetdowr orifice admittance lactor

A, = purif demin adm.ttance factor

A‘ = detor cdemin and bleed tk admittance factor

A, = filter adm:ttance factor

-

}'5 = area factor for ieak i1n l-toown coolers

F6 = area factor for leak between MU and RB

H = hiydrogen content of inake-up tanx, 1%

"MU = enthalpy of reactor make up water, Htu/lb

LDM = level in demineralized water tank, in.

LV.U = water level in mave up tunk, in.

LP = refrr to sectinn 2

I.'P = operator adjusted pressurizer ievel set point, in.
'“Bl = mass of water in pleeé tary No. 1, 15
MBZ = mass of water in bieed tank Na. 2, 15
M!” = mass of water 1n bleed tank Nc. 3, 1b
:'(Bv.' = refer to section 7

.\13.\: = mas> of water in dermin water tank, Ib
'“MU = mi=s of water :n make-up tank, ib

N = number of chemizal add pamps on line

CA

. - f -~ .
Now T numbder of demun water pumps on line

'\'LC = number 2f letyown coclers on lLine
A\'ML. = number of make-up pumps on line
:"SC = pumber ¢f seal return coolers on line

NWT = numbler of waste transfer pumps on line
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P s il e

P

- * . -
= presecre in chemical adcition discharpe nrader, phik

CAD

< A
'J(.C z refer to section !}

PD'* = uressure 3t dermun water pump discharyge, psig
Py.i; ® pressure in mabeup lank, pUig

PPI = reter to section 2

Py ® 7eler 12 section 2

P_, = pressure dowistream of all I=tdown valves, psig

= preRsure ot mokeup tenk outlet, ps.ag

o = pressure at M. P injection pump D discharge, paig
PPII = pressure ot F.C. pump seal supply hér, psig
PRB & reier to section 2

P“.T s pressure 3! waste 'ransier pump discharge, psig

APFI = pressure crop vetween MU pumps end RC sy stem, psr

APi-: = pressure Grep vetweeu RC pumg sezl hesoer and RC svstem,
R5 z resislence fartor for letdcwn system

S, = H.P. letdown contrul valve pusition

§,; % L.F. letgown centrol valve Losition

.
S4p ® three way deboratien vaive pasition
30 o«
53~ 2 RT pompe seal suppiv comirol taive pusition
3. % '.-:n:m..} Manre=-uz €oAral valve posation
SV ., * widm covive A (t vaive positiun
2¢
:7'-'.,l & letdown (ooler 2 inlet valve position "
2

S% 45 T oomimed leteovt Stop velve pusition

'.é'.‘.,3 s letcowm 1 00l r A ouliel vulve position

n
-
"

wtdeur demmeralizer A miet vaive position
S\‘l5 t letdowT demiuneralizes B oanlet valve position

SV,. = RT bleec tunk A 1niet valve positicn

[ro—
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RC Lleed tark inlet valve position
tank inlet valve position
tank A outlet valve pos.tion
tank B outiet vaive position

RC bleed tank C autle! valve position

ceborating demineralizer A inlet vaive position

deborating deminerzl:rer B inlet valve position

"

MU filter A iniel valve position

MU Ylter B inlet valve posation

lvtdown cooler B Hutlet valve position

makeup tank outlet valve position

nermal RC makeup 1s2lation valve position

VMU sostem combined return and feed valve poasition

emergency H. P, injection pump A suction vaive pos:ition

/

emergency H.P. injectizcn pump C suction vaive pos:tion

RC pump seal supgply isolation valve gpasition
combdined seal return isolation valve position
RC pump seal return i7clation valve position
ombined Lieed tank outlet velve position
dem neralived water suppiy valve position

D -MU crosscver Al isolation vaive position
DH-MU crossover A2 1=clation valve position
DH-MU crosszver Bl asslation valve pocition
DH-MU ¢rassover T2 isolstion valve pusition
MUC A IC inlet valve position

MUCIR

irlet valve posit.on

position of stop valve in loop B H. P. mjection line

1-15-65/55-3-88

i
|
3

Babcock & Wiicox




'
\

5

\

T PER TIPS PROwGRNEFRY WPy ¥

prsition 37 stop valve 1n ] N wnrection

potilion of slop veive in injection

position of #top valve in wrection

r refer ts section 1)

wa s

refsr 1O section 2

temperature at ietdown coglor

Nuid entering MU

- tye
r‘Yn are

Sk

\

pcrature uf combined sex]l retern, F

o

s#a) return cooler exit, F

d
i
i
-4
1
1
|
i

Nuid withun and 'saving MU tans, F

m,

t refer 'o section 2
acdmission factor for H. P. injectian, 100p

admission facter fur H. P, irjection, loop A

.7,

const*nt section &

s fiow {rom % 2:87n tank,

.

)

1 /sec

aa N

oetream of MU fulters, 1b/sec

sturape tank, !b/eec

NI I

ywn coolers and IC system, !5/ sec
mareup tank, ib/sec

through H. P. injection pamp A, 1b/sec

il bl

through H. P. injection pump C, 1b/sec

e
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flow ir. RC pump seal supply header, 1t /sec
pump P

in sral leskage jor RC pumps, Ib/sesc

return Oow from RC pump seals, 1b/sec

rormal make-up to RC system, 1b/sec

flow through ieak Setweer makeup sy stern and RE, 1b/sec

- s 4 4
RB! reler Lo section U

"RBZ =z refer '3 section 7

“wip® flow to RC Lired tanke, 1b/sec

“a2® fow frum RC tleed tanks, lb/sec

w3t Sow {rom demineralized water tank, 1t 'sec

“wg * makeup Now to demineralized water tank, 1b/sec
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Cor.stants for Nakeup, Parification, Chemical Addition, and
Waste Disposzl System Model

\H
Kb 3 * admission {aclor for letdown orifices

K
K
. K
K
K

K
K

K
K

K
K
K
K

6.3

6.4
6.5
6.6
6.7

*

C.8

6.9

6.11
€.12
6.13

e.14

= decay constant {or hydragen absorption, sec~?

6.10 " aédmission factor for debor.ted demineralizer stop valves

admission 1actor for letdown valve

almission factor ior purification demineralizer stop vaives

static reference valve of PPS and PP‘ and PP‘I

resistance factor for three-way valve with full norma! fluw
direct to make-up

admission factor for ietdown cooless

adinission factor {or Lleed tank stop valves

admission factor for make-up filters
referencze flow raie of one waste transfer pump, lu/sec
reference flow rate of one distilled water pump, Ilb/sec

reference flow rate of chemical acddition

5,15 = sas law constant for hydrogen, 1b-ft*/in.?

et

K, 16 specific volume of water in MU tank, it} /1b

b Adiias o e dad 1T bt 23

hydrustatic pressure factor, 1b/in.} -

Re.17

R4
o
e

Kb 18 admistsion factor for make-up supply control valve

K

i
sl bl

6.19 admission factor for RC pumnp seal supply piping, elc.

-

Kb <0 admissica factor for RC pump seal supply control valve

e I I T T B B B N N N I W L WL W

-

Ke.u reference AP for RC pump feal supply control, ps:

K6 s = admission factor for RC pump in scal leakage

K¢.23
K

.25 ® kein constant for pressurizer level contreller, in, =

K6 - intrgration constari for pressurizer level controller, sec”!

or Se W Aiie - "
,—-—-.. w— Y B ian e o —— -

< " F :
d&“-‘lﬂb‘ﬂﬂw BahtaluwPias

1-15-69/55-3-88 Babcock & Wilcox

o

PR rald g

, > S -
i e = SRS e

L .- e ~._,§'¢—‘:_ -
AT Rrhce ik el

. . =S . i & -

-

-pe < o, o ¥ : =
-

o WV
'




-

£

5

Vi »

.
Y i‘
v

3
3y

)

s 0

e 40 TELL "
®3e’ M
ne . 4

'Z{ At _“ ,m t‘!
ko

N

¢

{r? -'{; . 17{

3

'

L

.
-

‘.

"
$:5
u

L

g
.1
“:

e

¥ 4 )

™
G

IS

e A
e .

'y 8

! !.
-
iy tl\".- ‘

8y

2 :r
& 3
. ¥ _"

(1)
LA

ot ¥

J -«y-“.;-;.«-'
R 2 S
m A

Ke.qi

Fe.s2
Fo.aa
Kg.45
Fg .46
Ke. a7

6.48
¥e.49
Y.e.50

}-15-639/55-3-88

s

-~
-

for BT pump seal supply control, in..?/1

proportionality coneiant
integration conrtant fo7 RC pump seal supply control, i/ 1n-nec
adr:ission factor for leak between letdows coclers and iC system
tneymal constant for mass i letdowa coolers, Yu™!

condustivity ‘actor for letdown cooler tube metal, sec”?
thermzl constant for mags in seal return coolers, in-!
cundustivity facinr for sexl return coaler tube metal, sec™’

reference iemperature fOr water in blced tanks, cemuneralized
water tank, and chemica! adeition tank, anc core flood:ng tanks, F

enthalpy base fcr RC mike-u3p, Btu s

specific heat for LC make-up, Btu.’!o;}‘

:dm:umn iactor for lear from meke-up linc to RB

s13tic pressure reierence, Ps-g

{actor for converting DWT mass to level, in. ns

factor for converting MU tank maes to Jevel, in. /h

the rmal factor for cc:mb'.m-d sral return water heat pickhap
donamic pressure in CA header, psig

dynamic pressure in vasic transier header, psig

dynemic preseure in demineralized water hecader, psig
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7. DECAY HEAT AND LOW FRESSURE INJECTION FLUID
FLOW AND THEIRMAL MODEL = INCLUDING
) BORATE TANK MASS BALANCE

(Reference Figure C-6 acd Section 5.8 of Ma.un
Specafication) o

_

LR

7.1. Flow Model

oy 50, M DHPIB is off
“pu2 ¢ 0% i DHPIA 15 off ‘
. v lgy : 3 - '

“DHl‘LS"\'ST !Z 'Pi’l, ’5‘615‘5:“;» ‘93” M DHPIB :s on

3 * ! . » o ’ & {
om: * Vs SV £, Ppy) * sx“sxw."m “m" A DHPIA is on

Joam

“re: * Ye¥pH

E R82 " - 12%DH2 " o
! 3 fé—-l
5 k]
-‘3 *os * ¥ 10%DHi E
; ) °;
oo = ¥ 13%0H2 E
1
ke - U w N\ '
o7 *Vi1YoH1 \ -
: i
¢ '
- 6 A . ~ .
: " “pe * V14" oH2 % E
: . i
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Ye * VeV ee™505Ve
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Ve ® S¥eaSVoSV565V9

Ug = S, /(1 =SV, o U

6)
UIC HS\'U.‘J{I . S\'“ ’Uti
L'” L '.'6/(! + 5‘\'87 'S\'“)
l.’x2 B SVS:/“ . 5"-'6‘ ¢ U‘)

Upy ® SVgith =5V, » Ug)

'.'“ = L'bl(l . 5.\'ss . S\';l\

P

if both MRW and MRBW £ 0

if Mswdc and

Magw #?

L

. - R 1
.= S'.sl,(l Lb’
1
Yo*®
L“ -1‘6/.'1 °S\’5,’o i ‘“BW 20 and
4
L,zt.‘,\‘.zlll 0'.“) of ""ssw‘”’
bn =0
Cie f U0 e 8V,
4
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Cg=0 ]
Vo ® Svge/(1 * U
U,y =70 e 5V, ’x! Mpw # 0 and
v,*0 M Mpay®?®
U,y * SV /01 + )
U, = Vglth = SV 4
My | AT T E‘
& " YD1l T %Dy ¥pe T ¥os " ¥oe " Vo1 T Vo2 &
SVie: SVag. and w o), are instructor inputs E
Lyw * Ko Mpy ;
7.2  Thermal Model ";
T ae i o k.
= “5:Tzw “ Y1 Rew " ¥Di P} o ow £ 9
‘py ” -~ DH1 i
DHI . E:
T T » .‘ - ) 2
D1 ‘Bw ’ 1 g'
et - . [
- “o:Tew " “asi1Tazw * *pel el - 40 :
- TDZ \ “ Oriz 'y
- D2
1
i )
@ g. S TD:’TE* '+ 4 \\DH:xﬂ E‘:‘:
¥ '
-i Y i , v ! ' 8l E
g & "%aomi(Tor " by "1 %2 "‘7.3"'95.) | ;
. . .
A1 [, E
- 71, 1 {Tos * Tps) : '-
St B VT T Ty —
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Svmbels for Sect:on T

'
|
{
fiad
L)

_‘4 hDH = enthalpy of reactor fNuid at DH cooler exit, Dtu/lb
5 L!:-W = level in burate storage tank, in.

: S a MB“ ¥ Mass of waler in borate water tank, 1b

MRBW = refrr to section 12

F. ., ® *rfer to section 2

P}.z * refer to section 2

Qg * heat output of herate tank heater, Bta/sec

= normal DH pump suction 1solation valve No. ! pesition
55 " normal DH purnp suction 1selation valve No. 2 position
57 D K. zump B RR surtion valve position

* D.H. pump A RB suction vaive position

SV;. = DHCID outict 1solatian valve position

S\’ss = DHC 1A outlet isolation valve position

S\'s(’ = refer to section 6

SVio ® refer to section o i
SV,, = refer t2 section 6

5\'62 = refer to section 6

S\'6a # nsrmal DH pump suction isolation vaive No. 3 position

2

€3 DHPIB rormal suct.on st op valve position

2
“

70 * DHPIA normal stop valve position
SVye = potition of stop valve .t REPIA suct.on
S\'aa = position of stop valie at BSPIP suction
Tgw Flemperatures of water in Lorate slorage tank, F
?DZ = temperature at L P. injection pump A suction, F

TDS = temperature ot L.P. injection pump B suction, F

FI MM TITI IO P P 9 0 9 P% rm om e e o
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TDQ = temperature at D. Y. coolcr A exat, F
TDS s lemperature at D.H. cooler B exit, F
TNAZ = refer to section 1

TNBZ = refer 1o seclion 11

TP! = refer to scction 2

TRBW = refler to section 12

L‘s = admics:on factor No. i for CHPIB suction
6 z"admission h(lc;r Ne¢. 2 for DHPIB suction
L‘7 = admission {actor No. | for DHPIA suction

U, = adm:ssion factor No. 2 for DAPIA suction

L]
UQ = RSB sump DH flow factur loop B
U,p * borated water DH fiow factor loop B
v

11 ® coclant return DH flow factor loog B
Ulz = RB sump DH fiow factor loop A

U,, 7 borated water DH flow factor lcop A

i1
U4 = cociant return DH flow factor leop A

“py® refer to section 12

“pa * refer to section 12 *

“p3 = refer to section €4

Woe* refer to section &

wps © borate flow to L. P. injection pump B, Ib/sec

W * borate flow 1o L.P. injection pump A, Ib/sec

L RC DH flow to L. P. injection pump B, Ib/sec

wpg * RC DH flow to L. P. injection pump A, Ib/sec

*511 = makeuy {low to barate water storage tarv, 1%/sec

"ol s flow through DHPIB and DHC 18, 1b/sec

Wy © flow through DHPIA and DHCIA, Ib/sec .
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“PB = refer to section & E
Ype * refer to section 6 E
-
“ap) ° fow from RB sump 1o DHFIB, Ib/sec
. “epa * flow irom RE sump to DHPIA, Jo/sec t
i | E
- .% £
] E
! . |
4
3 | E
: 4
y -
3 £
i E
3
i
i 1
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A > Constants for Decav Heat and L. P. Ini~ction Mode!
\;\ ,-3 1’.7 ¥ th=rmal constant jor mass in one DH cooler, 157!
T .
| e K. 2 T uime consrant for DH codler tube metal, sec
:',-; K.. . " thermal constant for heat transfer across uid films in DH coolers
ATV W A ’
E z K. ¢ *thermal facter borate «ater.tank, F/Bte
- "' K7 5 = heat lose from horate waler tank, Stu/sec
E:-‘_ ) :‘} K..-‘ = set point [or Lorale water tank heater operation, F
~_ —-'g, K?.l F capaiity ol Lorate tank heater, Btu/s=c
Rl 'é:' ; Sas Ta 4 X ’
A Fo g = factor for converting ma%s to level in borate aater tarck, an. /lb
L"ﬁ" -'fa Ko T lo-lo level Leater cut out for borate water tank, in.
o w3 £
- -
P K. = specific heat “actor for DY water, Btu/lb-F
P .11 :
B 3 o K. |, © enthalpy base, Btu/lb
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" .
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8. CORE FIOODING TANKS AMD RC SYSTEM
LEAX MODEY.

(Re‘erence Figure C-6 and Section 5-9 of
AMain Sprzification)

E
. re - . ;
“p31* | ¥s.107a Pp) - Pg;! E
“p32 * | Kg 1oFq (P = Pg)) . E
Ypa T0 U Peg, Py, E
Y21 TVey Ky 2 Pepy = Fpy) 3f Pep > Pp, g
“p2:*0 i Pep, = Pg, E
e ® s-.-n: ‘!xa'z (Pcrz - sz\ %4 PCF: > Pp; E_
|
B e i i ~
at P23 *p2s " ¥p2y :
“p2s T K3 35V, .
Ners E.
Tdt "YP2e T %p2e " *p22 i
*p2o " ¥p.35V24 ‘
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Symhnols (ovr Section b

o

F. * arca factor fur leak flow between RC and RB

-

F‘ : area lactor lor leak Dow acruss RCHIE tubes

!"'9 . area tacior for leak flow across RCH'!A tubes

. Ty ¢ tevel in CFTIE, in.
3 Lop, * level in CFTIA, in. DU R

X | . mass of water in CFTIB abuve level reference, '

CF)
: MCF: : mass of water in CFTIA albove level reference, 1b

‘. My - mass of mitrogen in CFTIB, 1b

M « mass oi nitrogen in CFTIA, Ib

N2

PCFI : pressurc :n CFTIR, psig

P = pressure an CFTIA, psig

Fs
: refer to section 2

- refler to section 2

: refe: to sectiun 12

Voo

: refer to section 3

P ' .
R e T

e
’m
"~

= position of drain valve fur CFTIB

: position of drain valve for CFTIA

e .. —
n
<

= pesition of vent valie for CFTIB

Q‘-'.é : acsition uf vent valve for CFTIA
.

£
E
c
E
E
E
E
3
E
E
E
E
£

! SV, * position of stup valie in CFT!IB H. P, injection line

;* : Sv“z * pasition of Alop valve in CFTIA H, P. injection line

: ! VGF\ + volume of gas in CFTIB,

\ ,j{ Ver:© volume of cas in CFTIA, ft?

‘ r’ o230 " flow through lras between RC system and RB, Ib/sec
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F2) ® injecticn (1ow from CFTIB, Ib/sec

P22t ig)ecticn flew frum CFTIA, Ib/sec

P23 " water makeup to CFTIB, lb/sec

P24 " Naler makeup 13> CFTIA, 1b/sec

* Crain flow [rom CFTIB, lb/sec

Yo * 4rain fl=w from CFTIA, Ib/sec

# vent flow from CFTIB, 15/sec

* vent flow trum CFTIA, b/sec

Wp.g * Ditrogen makcup te CFTIR, 1b gec

“ Mitrupern makeup tu CFTIA, 1b/sec

= flow through boiler tube leak, lnop B, 1b. sec

* flow tircugh boiler tude Jeak, loup A, Ib/sec
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P
Conetaris for Core Flooding Tanks and RC
Svsrem Lcad Model

almissio . facter fur RC leak

admiss:on factor for injection flow
reference flow for CF tank dra:ns, lb/sec
reterence level in CF tanks, in.

level cunversicn

tetal velume of one CF tank, ft?

volums conversion {actur for CF tanke,

gas law counstant for CF tank

L

k) dabiistn S b L A el i Wi e b R

reference flow fur nitrogen venting. 1b/sec

admissicn factor for boiler *ube Jeak
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9. BORON MODEL

(Refereace Figure C- 6 and Section 5.10
o1 Main Specification)

6
B1® (Byo /My )0 |

dB

RC F - P - y
(1) = = Cyl¥pn g * wp s ¢ K9.1™D3 * b4 * *oH1 * o2’
. *K5.2"p2) *Wpal = Cglwp, twp,, ¢t *pa1 * ¥p32
"07 r st)
Che * (Bygy/My )10
f )
(o MY L o ey JEB1S20 * Cp SVyg ¢ Cassvu>‘ i
ct Bl730 P! r.4 ‘P2 \ Sy 23 ¢s»’° ?S\n w3
" Ras¥ea " Cpaftpyy = wa,)
C..=(B.. . M. n0¢
B3y = (Bp, /Mg,
Coy = (B_.. M. 1108 .
84 * (B, Mg,
Cps = (Bg, Mg )0
68y, [_C B15%26%w1 ) [/ CrsVreves
‘. . ’ -
(12%) et S\,. osv 27 ""28/ \S»z;*a\'w*;\n
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(10*) === =

* SV,q * 5V, = U set the enture express.on L. which it appears

i sv
= in the same manner

egual to zera. Handle S\'29 * S\'_m - S\'“
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Symbols for Section 9

in reactor coulant, ppm
in makeup tark, ppm

i bleed tank Ne. 1, ppm
in Siecd tank No. 2, ppm

in bieed tank No. 3, ppm

BB[ * total boron in bleed tank No. 1, 1b
!BZ * total borer in bleed tank No. &, Ib
883 : total boron in biced tank No. 3, 1b
!MU : total beron in makeup tank, 1b
BRC'- total boron in RC system, 1b

CBI = byren concentration

CBZ * boron concentration

CB) * boron concentration

CE‘ * horon concentration

CES * borun concentration

MBI * refer tc section 6

MBJ = refer to secticn &

MBS * refer to section 6

":MU t refer to secticn ©

MRC * refer to section

530 * refer tu section 6

S\r':6 + refer to geclion &

S\'_n * refer to section &

5\.':a * refer to section 6

S‘.'29 = .rrfet to scection 6

SVSO : refer to section &

SV)' : refer to section &

“ea' refer to section &

“o3 " refer to section 6

*o4 " refcr to rection 6
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*nyt reier to section 7
Wpg * refer to section 7
% ouy * reler to section 7
“ou: refer 1o section 7
oo ! refer tc section 6
“pyt refer to section &
“... * refer to sectica 6
“pi2 “ refer to ssction 6
Yoi3" refer %o section &
“pig * refer to section 6
“pao " refer to section 8
“pa® refer to section 8
“pa " refer to section 8
T refer to section 8
“pys® refer to section 8

w“.l.' refer to section &

W * refer to section 6
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1‘29.: * boror concentration 1o burate water tank, ppm

":9.2 = borun concertration in CF tanks,
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Ky 3 © Yoron cancentratiou in CA tank, ppm

Kg ¢ * dtborating demineralizer cifectiveness
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INTERMEDIATE COOLINC SYSTEM MODEL
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BASIC HEAT REMOVAL SYSTEMS

J PCA =1 if plamt cuuling Pump A is ON

l=if-09"

N

+ 0

: F
- -~ -
o
S <
“P --
-
3 -
-
b

PCZ‘(: 35\"‘.0.'/3.5\'“‘-! JSV“ SV U

if nu caial pump is ON

if2, 3, ere Cavz! pumpe are ON

34 ' < - ,
bt P B FTTR R AFPPR L JPOF

if plan' cuuling pPump A is OFF

2

3T 1447728

¥ ! canal pump is ON

2

ES-3-58 A-LI7
-~ - e mem
T —— e — I e et e




- s aiad, e

B G N e WY R G G M G ) G b LD D

£
£
e
£

3

.
=

e |
3sdock L Wiex
S
T L s mp—
i 7 SO
1 84 ¢
TR »

poes

-~

e
2058 E

.
-
<
<
>
-
—
=
:
1
- st 5.

o '
(™ 7
) ) - f ' o o - ;
. 3. w3 3] ¥ v 7 N T s
- - R % » ’ ] . . o 47
V. . - - .\\. ’ - : ¢ \.. \-.. .. #
' n o . o . ' s :
" o . < %) v 4 ; 4 £ E
E w . o L ¥ ' K ' .s K - oo i
4 : g " 0 .’ - » : 7 " " ; _ hY
A & 9 s S S > SO P B i
. 4 . I ” I - ’ v o ‘ N ' ‘Lt
W‘ 3 - - m s & L ’ o 2 \ o ,.. } —.
- & — ' ‘ < : b ; " o 'l % e
” N H.. 45 T & - ] ’ -y ' & ' -. = 2k [
: 2 : - i . 0 - . ) ‘e {» . |
. 2 . : 5 &® 0% G e v
3 - -~ foi K, { o : . ,
¢ ¢ . i, A I - b iy i - " v .
] 2 i - A & - 5 Iy Wh o ot o |
= o . o > s 4 . ; : T R . e e
? ™ . -~ \-l. (] \“o- ”h~ . : ] -t » ’ " LY
y 02 U! v 3 . . '
© oo .o_ o < . o o._ .._a e ' ' ' .
N e SRR I 1 ) - - 2 |
J mq. - " . a; : 3 : ; - |
) " o5 7 - - : . e . v .
e A 4 z o y . < ’
= r o y ‘ 4 . e , . V A
: ,
£ 5 .
F . e .
3 ..
s '
] & !
B
. v :
. )
' -
: A : O
"y, N
1—‘,\ e AL AT . SRR T By L T A L PR x\ﬂ.‘...vab‘- I" ! .,... /
bt .3.3014.14.-13!.2359; Lk * Sl
i 'y ~? - - e ] y
e A e, a LAY it i 5 T T—T -
| T LA

1! ’ 4 p .
¥V, ® " A pot N



ot
&

P' '::
.

b

fl

i

W

.

T

e

7™

4
.

) ‘;'fvvn 2 —

'

?

Mol et

o

K ". ’
g V.
‘ .

iLmﬂ,,r?._.

by |
'\

i TR | T "
b i

B
l

. » [l
-

L8

g

.um‘.wg'. u.

Y ibasi
.

ARl

G

-

«t 0 if

a

19 “Te3

a

2 =
-

sV SV."

KiisTee®

N =0

cC

SVb’

Kis.

SViea * SVgs = 3V SV

r'cc

("CC is an instructor input £)

Tec
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NAZ " TNaAl SVgs!

Kl -SV sY

1129 %y30" 37!

/ T\Al

127\ " Knae t R, 30)5"'5\"9 .32

F -(l- Txa) )sv'sv K
13 K129 ° X130 102°7103711.32

Tyny

Tia®* [l =g - sV sV K
e\ hll.l’ t hll.SO 1207 " 1017711.32
\

NBI .
F.p* |l = SV, ., 5V .K
is ( KH.29 *Kiha ) 1047 " 1057711.32

sV, ., 5V
r - : V.8 i02™ 103
NAIL }‘l l.l)xr:SAS\%qug(’ - —;——)S\'g,

SVqq sxq,)
naz t B asaVi0Vies\' - e SV,

!/ sv, .sv \
. B 2 bl 1045V 108
*so1 * K reet Voot Vion\' = T3 )%V

SV, \aSV
“ : ( 1005V10)
wnez * KirastuseSVieSVios\' "y ) Vg,
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Symbole for Secticn 11

“g * refer to section 4
Fu * effectiveness factor for RD emcrgency cooler No. Al
F‘“ = effecticeness !;clor for RB emergency cooler No. A2
f“ * effectiveness factor for RB emergency cocler No. Bl
"ns * effectiveness factor fur RB emergency cooler No. B2
LCC * level in CC system surge tank, in.
Lr\“ * constant section 11
L\R.B * constant section 11
= Jevel 1n NS system A surge tank, in.
nNSB © level in NS system B surge tark, in,

L

L

LTP * level in TP system surge tank, in.
M

* reler tu sectlion 4 W
MW: * refer to section 4
NCC * number of CC system pumps cn line " -

NCPF * canal pum; factor

‘\\’RA * number of niuclear raw water pumps 1n NRA ON
'\.\'RB * number of nuclear raw water pumps in NRB ON -,
Niga ® number of nuclear services pumps in NSA'ON

N * number of nuclear services pumps in NSB ON

* PC system raw water pump factor

N * PC eystem canal pump factur

‘\.RC * refer 1o section 2

'\'?P * nuinber of turbine plant circ pumps on line
PCA * plant raw water pump A factor

PCB * plant raw water pump B factor
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FTUPTREITTN 1% 77 T

. ! ol
¢ Y PCC s componn.! coolant system pressure
P NRA C nuclear raw water cvolant system pressure loop A
P NRB © Nuclear raw water coolam’ system pressure loop B
: P NSA nuclear service water coolant system pressure luop A
- PhSB' : nuclear service water coolant system pressure loup B
E PTP = turoine plant coulant system pressure
,; S\v"'3 = component cooling discharge valve position
j SV“ * refer to section 6
_g : SV g = refer to section &
; S.\I“‘6 * ccmpunent cooling 1sclation valve pusition
" : var = companent cooling isclation valve position .
; » SV9£ = NSCW pump A discharge valve poasition £ES340
‘
] 5\'9} = NSCW pump B discharge valve porition ES433
. g S\r'?‘ = NSCW to DH couler A valve pusitiun ES146
- SVgg = NSCW from DH couler A valve position ES!50
:j SVge = NSCW v, DH cooler B valve pusition ES."N
g S$Vgq + NSCW from DH couler B valve position E5238
: S\'98 = NSCW to emergency couler Al valve pﬂs;_?m ES528)
- SVgg « NSCW frum emergency covler Alvalie position ES291
’ ‘VIDO * NSCW to emergency cuuler Al valve pusitiun ES377
S\’IOK = NSCW frcm »sinergency cotler A2 valve psit.un ES18S
‘ SVIO: : NSCW t2 emergency cucler Bl valve pusition ES307 5
; SV, g1 = NSCW fram emergency conler B! valve pusitinn FS315
;, i SV ios x NECW 10, emergency cocler P2 valve pus:tion ES401
; g ; sviOS * NSCW from smergency cocler B2 valve Pusitiun E£E5309
‘:.. S\’“o : PRW to unit | valve positian PCi45
, N sv‘“ * PRW ret tc cooling tower valve pesiticn PCIL0
&
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135 ° PCw Pump suilion from cociling tower valve poas:tior. PCTh
5";“’ = PCW pump suction {rom cooling tower valve positicn PCo4
sszO = PCW pump discharpe 1c plant CW header valve posii.on BCl06
SVi40 * POV pump diecharge 1o plant CW header valve positior PC90

5\',“ = ;Z.“l'lt: €ooling water sup. header cross tie valve position

Via: ;g‘cll"!: cooling water ret. header crcss tie valve position

SVHJ = CCW heat exchanper block valve poeition PCl38
5\'I 44 ° CCW heat excharnge block valve positicn PCl41]
S"'“6 * CCW heat exchange black valve position PC134
ch ¥ component cooling water temp, F

TCCJ : CC temp at ietdown cooler exit, F

TCC? ¢ CC temp at RT pump and oil cooler exit, F
ch’ = CC tery at sea! cooler exit, F

TeHo * temp of EHC oil, F

Ts = temp 3t exciter, F

-HC = temp a® hydrogen coclers, F

-

T.\‘.‘.I *dvnamic temp of NS ays A suppiy, F

1.'.\'Al * FLatic temp of NS sys A supply, F

-

NA2 * temp of NS supply to DH couler A, F

Sk dyramic temp of NS sys B tupply, F

-

!.\'Bl ® flatic temg of NS sys B supply, F

T_;s.‘ * temp of NS supply to Dif couier B, F

T?., = refer to secticn 2
L

P17 refer to c_ecn:m b ¢

p |
TPH = refer 15 section 6
T
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F

i

: temp of vlant ceoling system, F

* temperature of RCPIAA moter, F

= temperatare oi RCP1IBA motor, F

: temperature cf RCPIAB motor, F

: temperature +f RCP1BB motar, F

: temperature of RCPIAA oil, F

: temperature of RCPLIBA oil, F

: temperature ¢! RCPlABoil, F

: temperaturc of RCPIBB oil, F

* temperature cf turbire 2il coolers, F
: turbine piant dyramic termp, F

. p° turbine plant static temp, ¥

= flow {actor for CCT water to L.D cooler
U, , = flow factor fer CC water ts RC oil cooler
U . = [low tactor for CC xater to seal cooler
= CC pump factor

z ES valve CC cccling {low factor

= LD cooler velve CF (ooling flow factur
U,z : canal pump flow return fastor

U,, t canal! pumd flow supply facter

v s plan: cocling pump supply factor

st : caral pump—pla=mt zcoling Fump factor
U,, * canal pump——nlan® ccaling pump facior
*ce feed/bleed flecw 10 CC svetem, lb/;oc
*NAL

YNA2

: flew of NS water tc RE emve-geacy cooler Al, 15/ sec

: fiow ~f NS water 10 RB emergency cooler A‘Z'. 15/sec

xa1 flew of N water 1o R8 emergeriy cooler B!, ib/sec
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“xB2 ¢ Nlow of NS water t1c FRE emergency cooler B2,

"Pl * refer to section 6

‘Pl) * refer te sectior ¢

}-15.09/55+2-58

2

Ib/sec

Sabcock & Wilcox




Ly -ML‘M“

* lime conttant for letdown cooler, sec

4
»

temperature of plant cooling water, F

flow factor for letdown cocler heat transier, sec/lb

time constant for seai fooler, sec
* {low factor for seal cuoler heat transfer, sec/lb
* time constant fur RC punp cil cooler, sec

RC pump 0il temperature factor

.

- CC surge tank lev el/temperature converaion factor, in.

CC surge tank jevel 'flow factor, in. -sec/lb

CC surpe tank leve! reference, in,

)
L i T A il v e s i b D

relative fio fraction: CC water to letdows coolers

‘/'4

|

(|
By
fa‘.‘l

- e q_‘;;

relative flow fraction CC water 1o RC ¢il coclers
.
relative flow fraction. CC water 10 seal conlers
P remperature bias factor for PC prrmp
CC system overall pressure factor
: CC avstem seal {low Pressure facror
: CC system ES pressure factor

CC system letdown fiow pressure factor

RC purp heat facior for CC system

i
B
}
)
.
3
]
|
5
B
3

overall temporature factor for CC system

- Pressure factor, TP Pamn, 1b/in bt
level factne, . TP surge tank, in,./F

* vverall time constant for TP cooler,
.

sec

1
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K. 5, = static leve! {acior Inr NR spray pond &, :n,
¥ 2 * Slatic level farter for NR sprar pond B, in.
K »ye * Pressure factor for NS pumps

: tlemperature excursion factor for N5 sysiems na

Yanctica, F

11.2%
1139 ° normal termperature for NS systems, F
Rn 7 e overall tisme constant for NS systems coolers, sec
K, .32 ® facicr in RE cooler effectiveness
¥ )23 ® factor for relating %S svstem valve :uifiguration 1o flow !
i
3
-
[
3
-
>
3
- 3
i
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REACTOR EUILDING MODEL — INCLUDING SPRAY
(Reference Figure C-6 and Section 5-12 of Main

12.
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Sverbole fa- Sectine 12

PRp = dermsity of $team in reactor building, 1bs#?
ASI ® refer to section 4
"'S'.' = refer to secticn 4
7'6 ® refer 1o section 6

F7 ® refer to section R

12 T teler to section 11
13 ¥ fefer 1o section 11
14 ° Teier to section 1t

T refer to section 11

M M v o

| ad

RB ° leve! of water in reactor building, -

'“RSS = Mass of steam in main reactor building, l-b
MRB\\' * mats of water in reactor buildiag, Ih

MRC = reler to section 2

le = discharge pressare of Luilding spray pump B, ps:
PDZ = dircharge pressure of he ‘ding fjray pump A, ps:
PRB ¥ pTOSTUTE In reactor bailding, psig

PRBA = parnial pressure ot kB air, ps:

oyt refer ta scction i

Ge *® keat removal by RD l;_n cuolers, Btu/sec

Gy ® rate of heat atscrptior by RP liner, Rru/sec

fig = heat absorbec by RD spray, Btu/sec

S\'7' = position of valve in RE aprav line B

S\'7z = positicn of valve in RB spray line A

SVs7 = refer to section 7

.p"V“ = refer to tection 7

A-133 Babcock & Wilcox




]
TBW = refer to section 7

'.‘REL ®temperaturce of B liner, F

Tans = temperature of reactor building steam, F

TRBW T lemperature of reactor building water, F

VRBS = volume of steam in RB, f?

Wpy * flow thirough RE syray pump B, Ib/sec

W2 * flow through RB spray pump A, Ib/sec

“p3 * refer to section &
wm = refer to section 6
"DHI = rofer to section 7

‘-DHZ = refer 10 section 7

Yoy ® overflow of water through RC leak, Ib/sec

“plq T Tefer te sectizn 6
Wpao * refer to sectiorn. 8
"PZ! = refer to section §
“p22 ® refer to section 8
'REI * refer to section 7
‘ap2 * refer te sest.>n T
“eo ° refoer to section 4

“si0 * refer 1o section 4
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Consiznts for Reactor Bu:lding Model

K, 2.1 T POTmMal vipor density in RS, Ib/fd
Kll 2 ® fraction of PC which :s sleam

Kl’ 3 ¥ beat of vaporization, Bie/ls

K * thermal factor for RB liner, Btu/sec-F

K 2.5 = factor for converting RB water mass to level, in. /1b
K 2.6 T sink temperature for RB fan coolers, F

K' 7 * thermal factor for BB spray, Bru/lb-F
Kisg ®raslaw consiant for KRR air, Ib/in.2-F
Kl = mMass in RC systemn below leak, Ib
K310 ® normai free volume of RS, f* - :
KlZ.ll ¥ Bpeciiic vslume of RE water, f1'/1p

Kl?. 12 *RE spray flow in sach sy stem, it/sec
l\” 13 ®thermal facter for RB lines, Biu/F

K!Z.H = d'uchu'ge pressure of RE spray PuUmLs, nsig
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13. RADIATION MONITORING SYSTEM MODEL
(Reference Section 5.13 of Main Specaification)
Su)
M1 g ,
Kisa ( a/ *K13.3%u2 2 ¥pe® ~ CM1
5 L] L] . n
Cvz Kias* Fy
F‘ :t 0 if no failed fuel casualty is in
F.‘ = f{t) if the failed fue) casually is n
¥ Cua* %11 * %3906
- 2
. ‘ K dC_\" . K c {' = a
3 3. 13.10 a1 100252 7 ™Mp1a * *p2o¥d * Ky3 1:Cme
1 [ twgq s wgyg * wg Mt = €y,
1 3
3 } Cuive " K + K c
1 i MS T 13 13,167 M4
Y i
" ! 1dC., \
v a - i A6 » ‘ ’ X
%\‘ Kose Vo 7 "R oSz “P;l"pu""'c_\“
i X a .
3 3
.
] i
B
id
i
1 3
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Svmbe!s for Sest:on 19

:.\n ® meler reacang, RMS C.C. channel, cpm

C“: = meler reading, RMS ietdswn chaanel, cpm
CMD ¥ meter reading, RMS air ejector channel, <pm
C_\H = meter reading » RIS RB channel, cpm

Cyts = Meter readung. RMS stal:on vent channe!, cpm
C F concentratior of radinactivity in fteam svstemm
F o ® radiziion factor for failed fusl

“pg T Teler Lo section 6

Wpig = refer to section &

Wpap * reier tc section 8

“p3 *® rei*r to section 8

‘0

“ 12 Frela? vu exsion &
o~

<

“S“ = refer to section 4

.
W = refer 10 seztion 4
gi1o q
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Consianis for Radiation T znitoring Svstem Model

=-conversion and timc factor for C.C. chinnel, sec

K
11.1
K 3.> ®conversion and time [actor for concentration in steam
factor for radiation buildup from leaking letdown covler

factor for radiation tuildup in steam

Dackground {ir leidown charnel, cpm

= Lackground jor air 2 eclor channel, cpm
radiation bu:ldup faztor for leaking steam generator tubes

= time constant for RB channel, sec

radiation bu:.dep factor for AC leak

raciation bu.ldep {actior for steam leak

background for slation ven! channel, cpn

gain factor [oar stition vent chancel
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4. ELECTRICAL SYSTEM MOCEL

13 ‘ -
- - =3
"ég )
= 4.!. Turbine Txcit ; -
.;‘ J ne xXiiler t,
Ex® Kot Lt
IR °
o TR PRTLIPAS U
?‘ZQ 5 hlz =0 if Z~eciter Supply Pewer is OFF
\*~ ; 4
11, ,rRréx
.t_‘f_._,k L - 2
g
G (Re = *Ki3.i¢4 1 DBase Aciust RAISE PE is ¢epressed
. g i :
J'R = -KH 14 Base Acdjust LOVER P3B 1s depresced
1 - R
{Fc « 0 Y ne ther Base Aliust PB ir depressed
[1,3-9 & Exciter Supaly Pewer is OFF
{
{’33 A R TR
Ry = oK, o if MANUAL VOLT REG is emergized and if
‘ "7 manual PAISE 15 depressed
1' Ry *=Ki41s # MANUAL VOLT REC ir cnergized and if
l oy manual LOWER PB :s cepressed
|
5!&” =0 i MANUAL VOLT REC is energized and neither
- FAISE nor LOWER s depzesced
Fa® Ko eV = 1617 Y5) i AUTO VOLT REG is energires
1.13.6%'85.3-R8 A-138 Babeock & Wilcox
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Exciter Mode Ligic and Inputs from Console.

!

’ Momentary
Energized Deenergized or

Mode by PB by PB rrsintained
Exciter Supply ON ON OFF ) MOM
Base Adjust RAISE RAISE MAIN
Base Acd et LOWER LOWER MAIN
Aute Volt Reg AUTO REG MO
\anua! Volt Reg MAN REG MCM
Mainual Reg Raise RAISE REG NMAIN
Marnual Reg Lower LOWER REG MAIN

14.2. Description of Electrical Plant
(Refer to Figure C-9)

For ncrmal operation with the nuclear unit generator and a
significant power level, the unit eiecirical system is connected with
vnit oan elecirica’ load seing supplicd directly from the unix generator,
.\!C\B: and MG%z would he ciosed byt the subbreakers, e¢.g.. 52 would
be open— with the exception that the 4160V nuclear serv..e bus 1B and
IC (ES and zsz) are connected 1o the grid through 529' B”. S:,.

B“ ancd MGBZ. With this normal hockup the ruclear units oun loude
lwl) uwould probably be a minor part =f 1he (222l unit generagor load.

During starrup all plant loads are connected 1o the ma.n grid
threugh .‘dG!l end MGBz.

Or any condition of a draeping voltage supply automatic bus
transfer is provided for individual Dusces 0 transier 20 the alternate
scurce. In the case ~{ ES‘ and ESZ butses the a‘.!e‘rr.htc source is ul.
tirmately the twe emergency diesel generatcrs EDG, but *he breakers
Bl':
loads except those on ESi and ES: will be applied t¢ the EDC . Further.

and 3“' will not cicse until the EDG are up to speed. No plant

more the EDC will never be paralleled with any external source and,

normally, not with each other.

/
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Upon loss of voltage scurce and hreaker opening or autormatic
transfer, all loads crop out and must be restarted manually—with the
exception of the ES loads which have an automatic restart and sequenc -
ing feature. Manua! "live-bus' transfer does not drop loaas.

All loads and ma:n bus breakers have individual dvramic .mu-
lation with the exception that loads on 450 V nornia! bus 1A and ID may
be lumped into two constant loads of 700 hp each .

The electric mimic panel display ineters require that individual
bus loads be summed in order to generate amperage indication.

All combinations of OCB and MGB breaker connections 10 the
five grid tie lines will not be simulated but will be shifted (rom time
1o time by instructor initiated reprogramming, i.e., the instructor
(acting as load dispatcher) will dictate (o the operators which OCB or
MGB he should close on a given day,

In syncronizing two independent power sources pr.or tc breaker
closure cr iive transier, a key loca switch is used to dieplay the two
frequencies o> a synchroscope. Huwever, the {ieguency cemzarison

‘s always between o and ..
~ -~

13.35 Bus, Breaker and Flectrizal Parameter Tabulalion
TJabie I, Svmbole
Ner 2 Meabrr
Neottape Currrm Trovewm § — e .
8 a0y Lahy s L. 2t 2B
LY v LI - ., >,
00 v 1B v, le - ., 5,
LIEE T 4 vy LTS - L .
TSR . .- . LN .,
. IR0V A v, e - L, »,
il ¥ B V.,' l;. ~rsi ." I” ...
“sd v IC vr_“ l“ vess Dh, l“ l“
i YD Y% te . LT s,
@V ia s - » i
wovis - - . - .
WV .. .o . - .
wivmD - vo - = o
Cra | A [ - ore oe
Crws v . wecn, o
Covd b ". l'. , - . ‘.‘ -
Con b Y » — =
.
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The following breaker pzirs are interlocked so that botk cannst e
be cioted or oper at the same time: Bl - B:. 53 - B, ’5 - By :
By~ By Byo= Py 81y~ By,
Table I, Potential Loads
Bus Loade, hp _ Svmbol
€900 V 1A RC pump €950 “-z
RC pump €950 ;
6900 Vv 1B PC pump wso} ws
RC pump 6950
4160 V I1E Circ pump 4000 ]
Circ pump %000 ! .
4160 VIF Circ pump = 4002 \l“
Cirec sump 4000
Cond pump 3500
4160 V 1A RC K.P. MU pump 7
Lg* (always cornected', kVA <00 !
Cnol iower 2:00
Piant raw water purmp 00 w3 "
C:nd pump 3500
HTR dra:n pump . +00
40V 1A Lamped (constant) . ico |
i . . 4180 VD Cocl izuer 2508 )
4 Cond pump Jsoc
Y ETF drain pumg . 500 ! w
J $ Lgt taluaye connected) 400 f [
Plant raw waler pump s95 !
i~ &0V 1B Lumped mc:]
P » 4180V 1B RC H.P. MU pump ’ 700}
. F I purap . 400 |
¥ 5 K& raw water pump 470} W,
i’ ; 480V IB i-umped comes on with ES) 4.‘9'1 .
i ! NF coul weler punyg i00 ;
2 ‘ : 4160 V IC RCH.P. MY ump =00 1
z $ Emerg taux) feed pump 1000 |
- S D pump 400 -
: g ! N3 raw water pump 4%0 g
J s R 480 V IC lumped {comes on with ES) 450 l
X I NS coc! water pump ' 200/
: :.l
g s
ic-
- :
' 1 ' ¢
y - L
1
- 1-15.£2/55. 384 A-142 Babcock & Wilcox
L

P
.
.
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4
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m ,{im vl Nﬂ
ol N g

1]
3 Wo* 0 (if OCB is ¢oen)
.:"
.
3 “'w . .{'*"'i.‘ 31 is cloged) o ‘.‘-‘).f-..' ‘,‘ 13 (lored)
w2 $iws e LAIES p ‘v cdesed)) [if MCB, ir closed)
.‘-’V <
t;:";; o= 1o * 0 1if MGB, is open)
E,. 3 p ? [W (if B is closed) + (%\ ’ WF)(.t RIO is clomed;]
(oo [if \'CB' 8 clesed]
45 T -
f / ¥i1 70 (if MCB, is open)
EL-; :g (S=e section 14.6 for emergency diesel loading)
!_'E‘-- =
E_‘:'._ 3 15.5. Volitage Model -
. f'": Vs Kig24% |
F & Vo220 uf MC‘.Bl 8 rot edergized !
- , I % 3
£oh ‘7 2 Vs i MCB! is enerpized r
= L
E 3 |
~ox gki"a 1-15.69/55.3-68 A-143 BaScock & Wikcor -
. e ‘f
T 3 s s * i 3
- = —— T - - a2 “'1‘-
. - ”_m‘:-—.-"ﬁ. ,-;‘."_ E:-( -_iT ::':' ,::_3'_"' W _' 5 - ; ‘; - -L'_.
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4.4, 1 cad Model
\R‘

Except for those loads that are !unped. the load jevels in the
Eroups “’l through \A‘. fluctuate as indivigdua) loads 2re switched. The
lumped 1: ‘ghing loads and the two lumped 700 Ep Joads are always con-
The two lumped 450 hp lcads come on the zafeguards actuation

trip of high reacier buiiding pressure, In converiing power units:

nected.

Multiply borsepower (hp) by 0.83 1o 39( W
Multiply horacpower (np) by 1 to get kVA

‘6'1 .'6' (n! B is closed) - “ (if B, is ¢closed)
h.' B‘ is clored) + W {if B is closed)
+ “6 (if B 13 is closed)

s (.\Hl'E - Wl’ (if OB is closed)
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Vg © 0 i MGB, isnot energized

Vv, = Vs ¥ MO

Bz is energized

MGSB opens manually or automatically if Vs s K426

Yo * Kiaas's

Vo * Kraas=s'in

"l KH 25 G

Vi =Ko aY:

V2= K%

V, = XY

E.and 8, and
&

cr a clored Breaker will open if s supply voltaye V7 <

1 * KL 20'G

14 ry o
\, s \.’ $¢ BQ

vV, =0

i OCB is energized

if OCB is not energized
if Bl is closed
if Bz is ciosed
if B, is closed
is closad

i B‘

B; and !(‘

if DS is closed
if 57 is closed

i clored

i 8. and B, are open

if 37 asze 56 are cpen

8_is ccatrolle? ranually,

3

may be operated manually in pairs

¥14.2¢

B, and 3. may be controllad marally in paire or will oper

asierratically o tte appripriate supzly voltage o droe ping.

A-l44

f.e.,
1.1%.0%,58-2.28
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1-15-¢9/85- 388 A.l45

Voe K 27i \" < KIG.ZG

\'s = K!4-29VG if BB is closed

V. = K

3 14.28"3 if 89 is closed

V6 =z KH.!'?VG if Bn ie cloved

V, = K

6 if Bu is closed

14.28 %8
Ba and B° and B‘, and Bu Operate as pairs eithes manually
Or auiomatically to oper if the approoriate supply voliage is
dérooping, i.e., \'c s KH.Z?; \a € KH.Zé

‘!:Sl = KH.’SV' if B“ is closed

- ‘

v

gs1* ¥

y o .
'H.Zb‘@ i Bll' Su. and Bno‘" closed

Y}.‘Sl s K?d.f"Dl i B!E i clotee
i BIS' and lB‘z cr 5” or B)O) irTe open

4 ATe clos=¢
-

s -
if B‘C and B
VL'SZ : K;a 2-\.'.' if !”. 5’:. .‘3”. and D!d are closed

| A— KH.!"DZ i !jle' is Liosed

!!W. B“. Blz. 213. B“ may be operated manually or auto.
matically:

if \’s < !‘(“.:e "IO opens, B“ closes;

£ Ve h“’zb Slo closes, 8“ opens;

i both V. and Vet K, 26" Ba BH. B, B, all open.

N

Follow:ing thie, the events arc dictated by the emergency
operaticn of the diese! gerera‘ors.

Babcock & Wilcox
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14,6, Emergency Diese! Generator Model

This mode may be defeated by an instructor imposed casualty,
or the operator may impose a manual defeat from the console.
I no defeat is imposed the mode may be initiated ty any of the

following three conditions:

U manual.starting is initiated

or
If emergency injection has beer
initiated
or
WV Kyyaq
do ]
D! _ f
Kia2 <G " K146'0=vp)) * Ky g/ (60 = cpy )t
L KH.I»‘."’DI after an
inatial
delay of
d - il - 38 sdo
E “D? . r i - M Rad
Kia2=ar  Kiasl®0=pp) " Ky g, (892 et
- KH 19*D2

.
The inanua! defeat, whether a casualty by the instructor or an

operator action couid be introduced by replacing the €0 in the last (wo
equations with zers,

“Vhern “n1 and/or D2 bevonwe > K‘O.Zl' and if *he respective
breakers B“ and Bu‘) vlus E'& and 5“ have opened, thea the diesel
generator(s) connect with their respective busses via closing of B;
and B

5
16° :

The equations abeve for “D1 and “n2 still apply with the follow-
ing additions:

To the right side of the »quation for “pyy and “D2 sub.
tract KH.%“T and KH‘*Wa respectively.

1-15-63/58-3-88 A-l4e Babcock & Wilcox
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14.7.

Freguency and Current Modeling

4

w. and its relation 10 -
= c

’

15 covered in section 4.3.

«_ is set from the instructor's console

u7=0

«w, =0

if MCBl 18 open

if MGBz is open

- i MGBl'u ciosed

i MGBz is closed

i B|'u closed
o !z is clused
i B3 18 closed
i 3‘ ie  lowed

if B., is cloeed

3

“%* =8 i B, is clused

- ' 4 if 86 15 closec
- i 5’ is ¢losed

- Ty o BQ is sinced
“s*'S ¥ B . closed
% 'xlBlsu closed
I e if B“ is closed

-s) * eps2 .{Bu. 5”. B“ are closed

1-15-69/55-3-88
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if Hl‘ ts closed

if BxO and B“ are closed

if B“’ is closed

e 9 ?
l‘.:o(\i\\E,O.h \c’

b o e bl i g i L, i s 1 A A S i 1 Wi I 4 iy
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ko

i
i
!
1
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4.8 Cantr.l Room

'
-

gh' Fluctustions

The attached ske'ch incicatss the lavou: for the vimulitor ca

trol room 1:.;*.1:-1;.

TN P o

Since all fisTures will be fluore scent, s:mulated voltage aips

P

reed only involve a momerniary interruption or flicker—ia contrast 1o
variable voltage level.
Power to ail nain contre! room lighting shall be interrupted

for the followirg conditions and far the lo‘.Ivar.g intervals:

1-15.69/55-3-.88 Babcock & Wilcox
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1. Any time the ‘cllowing components are startec:

Interrupt

Component time
BC pump Neo. ! "u.n
RC pump Ne. 2 K143
RC pump No. 3 LIRS
RC pump No. 4 K93

Circulation pump No. ! K 434
Circulation pump No. 2 Kiq.34
Circulation pump No. 3 KH.M
Circulation pump No. 4 K“.“
Condensale pump No. | K 434
Condensate pump No. 2 K434
3

. Condensale pump No. KHJ‘

Asy time breaker Bgor B“ open autcmatically,

i.€.0 \s< !\H.“’or \'7 < KN..’b‘ ar interrupt of

w

KH.SS sac thall occur.

1, Any time B8 . ur Bu are already closed, as described

in 14,6, an taterruptian shali 2131 whenever v, <« Kiie

v « ¥

. s) ~ ES?
s T
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Q'_g/’ Bott Oper Emer Light
»

Type "A" lightirg flixtures 2°-0" % 4'-0" fluor with four (4) 40 W lamps
four (4) 20 W lampe

T’." --B-.
Voltage - 20V

2'-0" x 2'%0"

All fixtures are rapid start and have Acrylic pyramidal lens

Tctal illumination -

15 type "A' fixtures at 160 W

2400 w

2450 W fluorescent

1 tvpe "B" at B0 W= EO W
. .. ,v
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Svmbols for Section 14

“o * refer 1> section 4

- * fregquency on 6900 V bus IA, cps

«, = freguency or €500 V bur 1B, cp»

.y ® {requency on 4160 V pus IE. cpe

.y d freguency on 4160 V bus IF, cps

-g * frequency or 4l00 V Lus 1A, cps

* frequency on 4160 V bus 1D, cps

w. * {freguency on start ub transfcrmer No. i. cpe

«_ = {requency on start un transiormer No. 2. cps

: emergency diesel 1A speed, cps

- : emergency diesel 1B ipend, cps

* jreguency on engineercd rafeguards bus !E, cps

, = frequency cu ergineered safeguards bus IF, cus

gy & refer to sectiun §

s ann v
31 €000 \
8, = 6500V
B = é000V
» b0V
B, = 4je0 V
87 4160V
B, : 4]0V

B_:4le0V

B = (000 V tus IA tc aux transformer No. 1

bus

bus

bus

Sus

bus

Lus

bur

bus

1A 10 starti-up trans‘ormer No. !
iBtc aus transformer No. 1

18 10 start-up transformer No. <4
1E 10 aux transfurmer No, 2

1E tn elect bus IF

I1F te start-up transf{ No. 2

1A 10 sus trans’ormer No. 2

iA tc start-up trans{ No. 2

B . : start up trans! No. 2 to tie point

10
20
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;
; £
BIZ = 4160 V bus IB breaker No. ! to tie poinmt EJ
Sn 2 4160 % bus IB breaker No. 2 to tie point ‘i
nuaiuo V bus IC to .ie poing E
B g = 4160 V bus IB to emerg gen No. | Es
B“ = 4160 V bus IC 10 emery gen Neo, 2 &
Bl:l * 4160 V bus 1D to aux transformer No. 2 "
Bll + %160 V bus 1D to start-up transi No. 2 ' L
£X * excitation factor E
l“ z exciter ficld amps :E
: :lz : exciuter hase adjust amps I
1“ s exciter regulator amps E:
!H * generator output Amps ,’
1‘5 = 900 V bus lA amps E:
tié : 6400 V bus |B amps E‘
1, 4160 V bus !E and iF amps f
I‘s'- 4160 V bus 1A amps E
l,g % 4160 V bus 1D amps ) f
120 = 4160 V bus !B amps E_'
1,,* 4160 V bus 1B amps - ‘ E:l’
Ill = OCB amps . ’-\
Iyt MSBl amps El
:}4 : .‘-!C‘:E!z amps . . k
MCB: = start-up transf! No. | poweY hreaker _E
MCBz T flart.up trans! No. 2 power dDreaker . E’
MWE = refer to seclicn 4 El
OCD - masn circur breaker ,_'.'.-
RG T exciter base ad)ust rate ) : F
.
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RH ® exciter voltage regulation rate

.

\'5 z

VESI = voltage on engineered safeguards bus IB

v,

ESsZ

Y 2

voltage
voltage
veltage
voltage
voliage

voltage

: voltage

voltage

= voltage on engincered safeguards bus 1C

on 6900 V bus 1A
on €900 V bus 1B
on 4160 V bus 1E
on 4100 V bus IF
on $160 V bus 1A
cn 4160 V bus 1D
on station side of

on statisn side of

MGB.
MCBz

main unit generator voltage

factor for control room lighting simulation

V. = grid voltage

W =

-

- +%
~

" "

%o
w
1

total plant eiectrical lcad, kW

reactor coolant pump bus 1A load,

reactor coolant pump tus 1B load, =W

4150 V
4160V

si60 V

engineered
enginerred
engineered

: erginecred

bus 1E load, kW
bus 1A load, kW

tus iD load, kW

sa‘eguards 4160 V bus
safeguards 4160 V bus
safeguars 3160 V bus

sateguarcs 4160 V bue

1B iransien: load), AW

1C (transien® Joad), kW

18 (conrnected loaa), kW

I1C (connected izad), kW

total lcad carried by uznit generater through OTB to system
gr:d, kW

r total load ol plart carried !'sy system grid through MGB|

z tetal load of plant carried by system grid thrrugh MGBz
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Constants {or Elecirical System Model

/
= proportionality factor, volts per cps

14.1

142 ° time constant for dicsel start-up, &ec
L

X X =X

: time delay for diesel start-vp, sec

K : proporticnality {actor for relating load changes to frequency
lag, cps/watt .

K“ 3 * time consiant for 1cad transient, sec

KN s" equivalent voltage with emwrgency lighting on battery power

I’“ 7 T set pcint for RB pressure trip, psig 7

K“_‘ = proportional gain factor for emergency diesel control .

K“ 3" integration factor for emergency diesel control ?!

l(M 10" load torque factor for emergency diese! control -

K“ T factor for converting exciter field amps to exciter effective- ?
. ness _’

Kigi2° factor for cenverting exciter regulator and base amps to E-’?
g field amps k

= factor for converting generator voltage in regulation controller
= change rate factor for exciter base adjuster

change rate factor {or exciter manual voltage regulation

X X ®X =X
- =
- -
by
gy

s » - "
= factor for converting voltage error 1o control rate in exciter
Automutic regulator

J

{
»

KH.!? = scale factor for converting generatcr voltage to network sys-~
tem wvoliage

LI Th facior fcr generating generator voltage from speed and exciter
. field current

o{‘g’u- Y 'i-u‘.

K * VK407

K“ T h scale {.cior for calculating generator amps from power and
: voltage *

. % 2
Kig21* - 2 KE :

v~

E_
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x X X

ie.28

14.29

14.31

14.32

EDG speed leve! for automatic loading

scale factor for comverting grid system veltage to 6509 planmt
voitage

scale factor for converting frequency 1o grid system voltage

scale factor for converting generator veltage to 6990 plant
volage .

low trip for 230 kV
low trip for 22 kV

scale factor for converting grid eystem voitage w0 4160 plant
vollage

scale factor for converting generator voliage 1o 4160 plant
voliage

14 30 : facier for converting xW to amps at 6900 V

factor fur converting kW 10 amps at 4160 V

factor for converting kW 10 amps at 230 kV

A\

. ‘ ’
N
‘
L
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15, SICNALS, PROTECTIVE, AND SAFECUARDS SYSTEMS

15. 1. Generai

W

3 , The math models in previous sections provide for basic param-

eter generation which is the point of origin for signals which in turn are

i ' i used for interaction with other signals, for display cn the consoles, for

I initiating reactor protect:ve irips, and for safeguards actuation. There-

; Y, fore additional software :s required for the specific functipns described

3 below.

3

’3 - 4 15.2. Reactor Protective Syste:n

“i If any of the conditions which arc tabulated below occur the reac-
o 3 '-'_ xd 4 tor shal! Le tripped by initiating the insertion of all control rods into the

e Ve . core. Rod position as a function of time after trip will be pro\w&;d.

; 1 3 Initiating variable Trip condition
’ - n MW thermal in F > Kl& 1
power range) Y
I s
' dn/ct > KlS.Z'
3 -~ (not active above 10% full puwer)
: % 28
-! - " M15.3 YRC
T )
L g n 7 ¥is.4 Nre
2 ¥ ard
] Kie
: '
,i n > K N
] o 15.4 Mre
£ “Rel “Kis.sNre
2 : - . NRCA °
& Bt “rea ’
j : :Pl > Kis.e
i ¥l e
& : Tei >Kise
L Jp——
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Engirecred Safecuards Systems

15.3.1. Ceneral

In the evem of & reactor casualty selected valves,
PUTPS, coolers, etc. are controlled by ten engincered safrguards (ES)
channels. These pProtective channels mav be activated automaticallv
from the Program or manually from the control cor~le. The following
descriptions and diagram indicate typical ES systen, and component con-
trol. A tabulation :is provided r;o indicate specific features of all com-
ponents.

15.3. 4 Tvpical ES Systemn Control

The LS eystem is a-tivated automatically {rom the
PTOgTam. ES channe! activation is controlled by reactor coolant pres-
sure ‘Pnl‘ and reactor building pressure (PRBL The ES channeis are

ictivaied in pairs as follows:
Chan 1.l u Py, < %90 paig or i Ppg > 4 psig
Char I1/1V if PPI < 200 psig or if PRB > 4 psip \
Chan V/\11 if pRB > 4 psig
Chan VII/V1Y uf Pra X0 psig
Charn IN/X if pRB >J0 psig

The bypass ES pus= buttons prevent chan 1/11 and chan

€ 11NV from being activated duc to low coolant pressure. However, the

bigass must be initiuted heicre the ES channel nas act:vated due to low
coolint pressure,
The ES channels may alss be manually activated in

pa.Ts Irom the counirol conscle.

When an ES channel :s activated the "ES chan—activated”

push tunion Lighta, The TS channel remains active until the automatic ace-
tivat.on signil s removed and the channel i "“reset’ by depreesing the

"ES chan=active" push buttor,

15.3.2, £S5 Component Control

ES components are controlled by either five or six

Al

push buttons anc bL; one or two ES channels. Some ES components also 4
4
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A

sy

serve 48 normal system comnanants and have adcitional controls {rom
(a)

some other conscle. Each ES component opsraics in three modes:

r"‘

normal, (b) test, and (c) ES.

4

{a) Normal Control = 1If the ES channe! is not activated the

.

ccmponent may be operated manually by depressing the “non ES position”

or “ES position” push buttons.

(b) Test Control = If the ES channel i1s not activated the

1 Dhndantdilitn . adaraada udad .

}

4
e

component may be commanded to the ES positior by depressing the

"test chan—"' push button. If the component is a valve the valve will

move toward the ES position when "test chan—"" 13 depressed, but will

stop movement when the push bulton is releasc 4. That i1s, the command

is present only when the button i1s depressed. The test signal is "locked
in"' for other components.

{c) ES Control — if the ES channel 1s active the normal con-

M

ur,

trol and test control signals are inoperative The component is auto-

matically commanded to the ES position,
The "reset” and 'block’ push buttons are inoperable un-

f the ES channel is activated depress-

less the ES channel is activated.
ing the 'block” push button removes the ES command {rom the comnponent

and it may be controlled manually. The "resct' push button removes the

block signal and restores the ES signal.
When the ES channel active signal is removed (hy channel

reset signal) the component remains where it s, i, e., it mus! be manu-

ally placed in the non ES pesition.
If the component has add:tional control from some other

console this control is activated and deactivated the same way as the

¥

“non ES position' and "ES position” push buttons. The position lights

{

PSR P - S teinddl }
/.. s = “‘"""‘“‘Mudsu;-.-.w*.‘-—.u_.mm

on each control indicates the position of the component in all modes of

operation.
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15.4. Valve Centrol

Throughout the tota! Math model the symbol “'S" is used for valves
which perform controllinz functions and which, therefore, may have an
€quilibrium position anywhere betseen closed and open (zero and one).
These valves are driven by a controller or controller model.

The symbol “SV" is used for *lop valves, Llock valves, or strictly
1solation valves which, except for the Engincered Safrguards System, are
"istable” in nature, 1.e., are at eruilibrium only in the zers or one
state. These valves have their pusition chance initiated by conaule push
buttons or trip signals. Further details are provided Ly the aketihes and

descriptions that follow.

L
Opea LJ!nc rease SV (L |
!_ Ligkt ;S\' >0
e
'-J&g(ocsr SVirg gy ¢
Close i : SV < )
1 L.:.-.-.z
| L e
Valve G4t
Control Com. pater

Valve position 15 & Linear function of tume:

% :—;‘-’f and
sd0e [ignt
Ciuse L.pre
Cliae
Cummand
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Depressing the "cpen or “close™ pu!./b\:llon initiates valve posi-
ticn change. Depressing the "open'. push buiton causcs the position 1o
ImCrease to ome. Depressing the “close’ push bulton causes the valve
POs:tion to decrease 1o zero. .

The “oper light™ is lit if the pusition is greater than 2zero. The
"close Light™ 18 Nit of te pus:tion is less than one; 1. e., if the valve 18
neither fuliv open nor jully closed both lights are Dit.

15.5. Pump, Fan, and Heater Control for
Non ES Commponents

g
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Eia R 5 By | Math
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Depress:ng “en' or "off" push buttor causes ibe 'on lLight™ or

“off Liznt' to Lignt and sends the status of iae component Lo the model.
Depreszing the 'auto" push buttur causes the "auto lignt™ to lLight, the
mode! determincs the stuius of the component and lignts the 'ofl Lgnt™
or "on light. "

. In adr1ti0i, wWhere an ammeter 18 afs0cialed wilh & pump, simu-
iatisn shall be provided tor the current, inclucing thr in-rush af starting
current and the settling cut 1o a steady valve., Functions of current versds
time afier pumjy starting wiil be provided.

15.6. Special Reguiremerts for Reactor
Conlant Pumps

In acdition tc the normal start-stop logic and curvent simuiation,
the reacior coolant pumps requite simulation {or special interiocking
fcatures. N

These unteriocks include, reactor coslan' svstem temperature,
reazior pover level, status of other cuolant pwrps, couiing water avail-
ability. and the status of auxiliarv lubriceting il pumgs, four of which
are provided [or cack recactor coolant pump.

The following ;Abulazzcn. summarize the coditiong! simulation re~

auirements:

Summary of Reactor Coulant Pump Star:-RNar Logic

loeritl, at:or 2! extrrnael “nput’ Condrtiome:

PC pumie sw it 2 on

RC pamp ascally net inseried

Auailiay pumes switzh on

e N RT Lami powe" a2 ailatle

Plart roal.ag ar °  ereonen’ cceling eystemt oprTtalln,
RC jwummy seel [low avaladie

hea tar gower irvel 71070

KT temprrature 2470 F

Less tear VP T pun.ps rirean, reming

4 T ACD voeer avar'atle

AT Y st~

Feauits 37 miput situatien, Pevu.re. oxterna! irput  wi,* ams

—
Suczenrrs R jump viam Sed, 5,2, 8,8.,7 &, g¢r &
RL pump continees ronning and ‘on'

gt in canrg e 1.2.4

KC puemy olf ligh! energived Bamg start of rur Cunadt.ons 0t met
DC KL Lt i pump on L R energived 1

DL HL L ol parmp ol Lgkt 2arigived 1ot trwe

AT awmidier, pummps (8 Temt LMt erergiand L N D

AC avmiiars pumps “V "a2f ) patz enrgine e Ei*hes + 30 % ae? tree
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15.7. Miccellameous Sizna! S:mulation

The iollowing additional signal simulation shall be provided: ]

- (a) Scaling of sigrals to meet disnlay reguire=
ments,
2 {(b) Lcgic for signal casualties.
- {c) Natural bias for displaying redundant sigrals.
_ (d) Logi= for selection of alternate redundant
rause signa! and for lighting confirmation lights,
fe) Simple arithmetic computations such as total-
ing, averaging, and diffcrencing.
{f) Time lags {or temperature eensors.

- Although these reguirements arc generally apalicable to all sig~-
nals, they are particularly important for the complex s.gnal systems
such as that for reactor coolant system temperature. Diagrams for this
and the other rnore zomplex systems are proviced on the following pages.
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Constants for Section 15 Jg |

= overpower trip point, MW
K = power rate 'rip point, DPVM

K» = allowabie power to flow ratic, MW/Ib per sec

: K = allowable equilibrium ratio of power 10 number of pumps running
for 3 pumpns

15,5 © ITip ratio fur two pumps failed, flow {1b/sec) per pumps runn:ng

5.6 ® overpreisure trip point, pesig

157 ¢ underpressure trip point, psig

= high temnpe ruture trip, F

15.9 = Pressure trip point for H. P injection, psig
15,10 = Pressure trip point for L. P. injection, paig
®* RB pressure trip point for isolation and KR covlers. psig

15.11

15.12 = RE pressure trip point for KB spray and H.P. and L.P. in-
Jection, paig

K,
K,
K
Kise
K
K
K
K

Kig.13 © power level for immediate trip following luas of one pump, MW
»
-
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All inputs frem the training console, the instructor’s comscle to
the computer, and ihe integrawd contral system, and all cutpe's from,
the computer ars tabulated below.

The anaiog outpets from the zomputer érive the meters and/or
recorders on the congnles. Dig:tal outjete from the compuler are gens
erated when the computed variable reaches certain Limits or critical
valees, and may enrrgize position Lights, livut Lights, or alarms.
Digital inputs o the comruter or.zinate at conedls push butions or
switches and wrovide the logic for valve position, motnr status, eic.

Anzlag 1/0 s.gnals will be 210 volts dc. Qonversion from analog
15 digital will reguire a 12-mt word plus sign an2 & sampling rate of at
least 10 per second,

"Digital light" refers 1o a lamp which requires * maximuam curs
rent of 120 milliamps.

"Digital relav” refers 10 an alarm on a <onsole which consists of
s Nashing light and an avdible alarm. Upon actuation of an achnowledge
push button, the audible alarm shall cease and th= ligh: shali burn con-
tinuously until the parameter returns within the normal sange.

The Batcock & Wilcux computer progrem SIMCFR provizet derailed

tabulation cf all input /oustpat signals,
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Digital light
Digital alarm
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IC - MROPORTTIONAL COUNITR - SOURTE PANGE

DETECTOR

CIC - COMPENTATED ION CHAMEER - DNTERMIDIATE
RANCE DETECTOR

UCIC « UNCOMPENTATIT ION cm'm POWTR

RANGE DEFCTOR
. NUCLEAR INSTRUMENTATION DETECTOR LOCATIONS
€.29.(47SS.3.A8 . Figure C-3
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The Babcock & Wilcox Company
Nuclear Power Station Simulator

Link CGroup Praoposal Summary

. Appendix D summarizes commitments made by the Link Group of
Ceneral Precision Systems, In<., during the progosal stages of Babcock
& Wilcox Specification SS-3-88, with latest sd.tion of May 23, 1968. These
stuternents have been extracted from the Link Proposal 1-AP-832, dated
Fehruary £, 1968, and from ensuing letters to a final date of April 16,
1968. In general, the equipment provided is that propased in the letter
of April !6; however, this lettar does not have a co:npl'e'.é description of
the equipment offered to meet the requizements of the subject specifica~
tion. Following are the items from these papers that are deemed nec-
essary to describe the Link offering adequately. '
Pages D-2 through D-9 inciude a c2py of the cover and excerpts

{rom the document. The excerpts are marked in the left margin with the
proposal page number {rom which they were taken. Pages D-11 through
D-2! czntain copies of pages from the proposal. These p.ges show their
original page numbers. Pages D-22 through D-26 are pages {rom corre-
spondence with the Link Group. inclydinggtwo tkﬂchoi. 3
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TECHNICAL PROPQSAL FOR

NUCLEAR POWER PLANT SIMULATOR

FREPARED FOR THE -

BABCOCK and WILCOX COMPANY
LYNCHBURG, VIRGINIA

FEBRUARY 5, 1968

LINK GROUP OF GENERAL FRECISION SYSTEMS INC.

&>

§.29-48/S5-3-88 D-2

Ll RO L R 3% o SO B

™ M P M PR AR AW

i B 0 B Lo B o



o2
3 .02 . G i oo vz e
p— g a=_f sa- e e - . i, % -~ - = > Soeia @’ ' - -
£ s & . be e e S - D -
e e B

4

|

2-1

2-3

TLX% Vaterliel
LT CERL AT

e ¢ b c - . - P .

e Similetcr soz;nenty to L2 gupplied Ty L.nk are 118%e2 Telld:
‘

A

L . Y -
Tipwndei-versica Lina Model 3P-L cizpuier (not siiam)

-~

B. Lliztaze Cyste= (not sbewn)

C. Iastr.tors cocscle

The somputer azd linkuge sysie=s s2o'l2 ce sercruic fric tze sisaiatsr
&rea in ora:r =0% to Alsiurd the iztegrity of ize sizulator sppearasce
the Student

Addtsionally, Limg will utilize as 2ustiizer Jurnlzzed ejuipment O2e
slete set of JoRIrol pasels usetaining oll zelers, yvitiones, enc.,
with arpropriate 2atinetsy asi an Integrated Jontrol System icss il
vulves and vulve lnterfacing. oioe agslmes respousliility fur iniare
fazieg Letsesn sjpeci®ic lnitrizentatisn aad sizucatdr anri.are.

Tue Liza GFek dlgital eomputer ls A Lignespeel, iarge-lapallity, gererai=
Furpose, sclilestate, pamilelerrsiess, [lxcdsjeint, 2rasticaal-binary
zachine ideally suited te seal-tine sizuiatica agpllastlons. i
ousupies 2 /2 stunfari doulle-tary callnets 3z, togeiier vigt &

GP-» lirkage systes, uses sppresgizately ©,000 vatis of pover. an
AS2-33 seletrzoveiter, o Yasrougts Mudel Elgl dard rezder, WO 4zpex
=T zagmetic tepe unl a. end & Potter line printler are provided o3

rr‘.phtn.. equizment. The teletyyewrTizer and printe= are Jacws a
{gare Z-1 ip tte ilastructsr ares, while %Le Tage unitl asd oard
resder are lossteld iz the sospuisr mo3. funiticual int-gral 4
silicca =iorcsirouizs anl sallidectate sillcon ies are usel
shroughoat the sc=puter, ass.risg r?-...-.. c-,f.' Tist nrcusnoul &
viie range of azilent tesperallres. . The STes Lillilet a .e".crt...
access drus Sernory JUr pIUErAs stirage o B FAnitmealcrdy Saghetllic
eere mezory Tur data storsge. This “rriitezesery” sagaiillity emarles
ene 30== %y eCzieve the exiramaly 2ish erost A Sreratiin reguiced

for real-tize sizuleticrn,

Frugrass are acrz=alily Loaled via =aometle thpe, w5172 an iategTal,

Lign-szeea loacer.

he P-4 18 coasiructed sizost Mmtirely of 0tTrola emilterediupasec
logic IECL) slsrosireults. whes siersairsuils arv OOt ajfascGlle
tares SBaR 53 28 c.r"..t—y:. imdividual siliton slli.dedfale ComNTent
are usel, Foiular consrtrestivz s uged shrowatut, witn dndiviiiad
integrat=d cirsul’s zSuatel co prizteq=rir2uit curds. The prizted-
cirsuit ~ards plug into stanferd Snrd L.m3, wWaLIn are .:'.’.e.'c:.'.:'e zed
By S4tSBatis <ire-vTappiig equ s=2nt for =uxiza rellatilily. Ixireze.s

b
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§.29-68/55-3-88

Teys Material .
aea- Aceizt
high packing densi'y Zas le= ecuieve. Sy Lick througn the use e?
s “fumcticaal sirsuit” {as opposed %o the souvestlional "puildli=g
blocs™) spproach to microcirsait utilizstics. The egtiire cocjuter
is RFleszlielded.

.-

The rruposed JFe- digital cosputer systez izesryerutes the following

..
basic elszents.

a. lagnetic druz menlry

0. Hagmetis core memcry 8K

¢. Ceniral processor

4. Digizal arzitrary “unstiop gesarater (zaFs)
e. Digitsl data preselestar {20?)

f. Sirect semory ascess (DMA) chassel (2)

§. osler

b. Magaetic tape uait i2)

1. TelezypesTiter
J. Card resder
€. ige prizter

desis seral Esuiss

Hagnet Tape Units

™o Azpex T-T mogmetis tape amits (MTU's) are sroviiod with tie
szesk 2izatal 2ata L3 Televel o

- cer farm=: Witz bit lensd

Spee campiter writes, resds and

-

The %2;® irive cpenat i ™
PSS

speed lu milliseconds after star commAnd.

=f 10 siliisescads. Tue itac sypeed waristion is &7 or lecs of operatics

Teletype

me AZR-33 teletypevriter proviied wiey eme TP-L i3 used for love
speed imput %o and ouTR s *»a3z the gomputer. The ASP-13 iacluces
3 LO=character-per-second pager tape reader and 2 L0=character=
per-ceconl pujer tape puntsz, a2 vell &S 8 =azuzl ceyboari, sod a3

cperate i= eitzer ASceT! or binary tode. Tap ACZ.:i3 ses rrovide

date trassfer from tie weyoiard Ir LapEr Lipe resier %0 e printer

oply or to tze printer ani jajer tape Fuiaci.

es of 239, 936, asi IT0 bits per inca.
es at L izches par secozd ool fas A sta™ tize
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Iage Text faterial
L LA YT 1 ?
<=23 Cari Reader
]
- 2 _—— - e =
sa€ DUrroughs Model EBIZ2 sard sesdes suppiled Wit te 3P-k computer

-‘-“'t $Peel of 200 sards jer mimute and s hopper azd staccer capacity
of 500 vares. It can %e use: uvifeline fcr iirect loading ef cosputer
Zenory via tle 3ruz loader. Tie card resder 2a als0 Le tes on-lige
vis the JhA systes %ar SLPut S various SFee goftuare tasks, includizg
L8put to the DOF mad DAPC scmpllars and izput to,the utility prosrans.

Lize Printer Q

The Potter Model HSP2SC2 lize prister or {ts juivaient will
Frovided. This cevice (3 capable of 1l-lines/zec. end can be used
for core measry dusps, assez:ilies, se=ory traces for dedugsing, off-
line Qwmp L zaguetic tapes azi cther Jata files. % printer ls
al30 the zain data log acd perfirmance suzmary output device,

Linkage 3ystea

T¢ proviie ilatyusface Detveez ize computer azd the res: of the sizulator,
a Teal-tize input/outpat (linkage) syste= will te provilded. e
alukage system eoongistis ©F 8 resl-=tizc Lmpul/outpus ccstirol 2ystea

Azd & auster <f data coaversits systems. The real-tize {zput/outpul 5
- ecatrol systes (liziage syste= control) acctepts 1/0cdcm=zands fron

the co=puter and coztrols Jperatica of the appropriste data cocnversicn
devices through the direct mescry cocess cvhantel., Tue standard liezase
systez wi sselia four Tasis sauy coavereion systems:

a. Aralog-to-digizal (3/0) sczverzer

- =B Dlazrete sviten input (331) systes
e. i itel derd Cus [U4C) syste= O : -
3. Dlgital-to=azalog (I/A) cTzverter

Flgure 2-0 szows the layaut oF the liakage ind tde lofatisa cof tle
daza conversicn systesms. A Slose diagmaz of the linkage s stec is

i iilustrated 13 Figure 2-7.
ize
seratiocnal

2=30 Tnstructers Cuznsele

e cnstrictor's vonsole (Figure 2-8) provides sisulator pover conirel
and 2%5tus, operuting =ode selection and ctatud, systes {zltlalizatloa,
asd =alfusctiza selectics asi .tstus. (he locatics of the cuosole
benind the class partitica (see Figure 2-1) is susn tzat the limstrueter
wiil nave Mol viev Of the vezzidourds, yeot adt adlsturs the IntegTitly

ef the ceatrel rous [lsorplas.

a
-
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All ccutrel switsaes and inilcators are Fe3liticzed o3 & jasel =ounted
A% & conveniezt angle froz horizensal. ne panel neign and ansle

- -
R, S Pags - Text Zacerial
T 2-30 Mechanical
4 P (enz'a)
i " il i

scloe‘.e.‘. will alliov 2ull viev of the 'terc..cur.s. :c.... SiS are located

Y
|
R L

2. vithls easy reacn and view of the lastrmuctor. ALl essSrsii are located
ceed on the zazel $0 that She 2esk portios rezains free .': Fapers and
£ > docuzeats,
g8 3
R t Tuere will te 20C =alfunctica swits fes, and 16 mode s~lesticis switches
- . &~ *

proviied oa tne zcusole.

f
.

’
oo -
'
.
.
'

L B 1t I T LG T T L )

o '...'} Pover conr.ro. switlles will be cf the alter-ate-actica puzh =utten
" ol type. A ;rov; Sf izdicwtors will Le lzzated with the ;~ver zaztrcl
3 2 Switcles o provide tie lasirustsor with the status of sizulssar

- 4 3 subsystez=s., The izdlcators will Se:

Y il -

3 33

Zxternal Fowver Ca

Sizulator Om/ofre

Cozputer Pgud_y
lizkage Realy . .

ey

R L e T L ar T D u—

',
{e.

Tzese indicators will he derived fraz she cizulator pcver scatrol
unit. These displays iniizate that a u:syr.o: iz :u‘t.bri o
local power comtircl for testing purpcses aszd casnst e c"erci--d
until return o a ready state Ly the operating ;er:oa.u. e
Farpose is to provide personzel wad eguipsment protecsica duricg
caiztezsance pericds

e em

L

2-12 Electrices Wiriag

Control siznals to and Troz the [astructor's conscle are ~oused
tLrcugt comnecicrd mountel at tae tuse of the cozzole. Asceoss to
thne casles will tr by a rezovadtle plate on the Sack ¢f tze sscicle.

e o l “he Iintercomnectizg #igzal wirlag fres svisex ¢r iadizaters and e
- -

I‘l I 4 commecticr plate will le oy single vires routed timougn A4 sa=duct

i tyye tray, Termizal blcocks will De uses 5 provide a fuzssicn betveen

sviteh ¢r iadlizator, and calle ccmnector. This will silsv easy change
if recessary %0 rerouts 3igtils either 10 eozpulter or Alrestly %o
instruzects for salfunstics comtrel. This =zetacd also proviles shat
the spares can easlly te alded %0 zthe gystexm.

.
- -

™ ™

J..'ud;u-——"‘

]

m

Contrels/lalleaes

“he cszirels and indizators vill te of ihe Master .‘.‘;ccin.‘.’.‘.a tvpe

with rezovatle legeni. The arrangemes: vill Se su2a th eacs

evized Is o selfl=iaichizng 73e, theraty &actisg as an u.u =ate ac%icn
svitel., A lMester Clear, will ce provided wihish will clear all =:lfuncticn

i S

'

L K )
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ARV 23252 8

=32 cvitshes as o €05, A "Freeze” simirsl «ill be ;--v:i:: %2 freeze
4 . . 1 -
- {332 - &

(Conz'd) the sysse= &% wey
aounted y -

e atoe A S s , Li00 foe
o el eace oY F g ke . a2 iasTmtor
‘e located is asle to sutlest the tralries S reslistic lzternal power plast
sad c.:x.'. TATics exmjariente, and slisc 423%rut the Shudent frit tae
Lisirucicr conszie. A gecsni Y siannel 18 provides 0 allaw
s the inatrastor tue-vay eommuinicetics vits tze sossuter roos.
-
3-1
issen
atrsl e sizlator ezth =odels tc e 8uFp-iec wnder tEis contrads wiil
T realisticelly Siziiate uormel PN T4 :;-e.- son it
By e lnstrustor 10 sizilate s Thazle < i 33
Sectica  of tne uv::.z‘:- wilcsz r,....‘i:u'.-:r.. eatitls?! Micdel
Punctional 2ejulirese=ss,” liota sie required sizlatics zaraseter
an3 indicatas tie de,%n uf zystes zatie=atical ssi.tion. by 18 33
0 praviding & cosplete 8 Lital desorizilon anz sssputer pregrass
i=plementizg tiat leszriptioz, cosplete dosusentation wiLl ce sreviied
for the prugrarms,
3-23 Fresze-Cazabijie- ’
)
Susel vpoz Liuk's previcus truinisg cx;crie:n with Tiight sisuiators,
[ an ediitiozal cajzabilisy 4'1. Le -cu-c T=lis adaitlizoal sapacilicy

vill allov the lastrustsr to "freeze” .hc FregTessice o7 all Ymamis
sizucations et axy tize. During tniz "freeze” Peridd, e lnsirustor
vill tave tize I:ir csasning, sorrecting, u: qe322isL tle S uden:
regarding Bis performance iurizg the urd perind
eom=arnd, the sizulater will resu=e SOEPURLicr o
elspsed during t.e "Ifreeze” interval.

o~
= -~ -
‘2a ;g 3=25% Tze frezze Lz especially Zesirarle otes autozacic syees prosovsise
s.e. - lcgic B.08 18 L==izent, OF whez tle $3Ulfnt Tu3perls oo s git.atise
p i3k Wacertalnty. Thiz freeze-resiars Sapilility will allow f3r ehle tive
=2 the : S2ITTUSTOL Slizunt 1o the siulent. The froeze o s8cility will alsc
b :
.. te avallatie 72r eack of tie *uu. Y Arills proviies wiler altermale
Letiees Lo. 2.
/ snange N
.. Yati - te-r - it ieg. af - . e
s =& Le..eves That tnls freele-restar iapitility <ill eshacce tie
“has value OF tle £inlaldr a3 A training dev.oe. The student vill desose
VeIler 8Ijualnleld W.il Larilvare reattiliz and tle Lastrurior eill Be
aple 3 provile agpropriate cizmestis et any tize loring the zizulal!
prucess.
yre
scti .

o usetios
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Text Ysterial

“azy =ore tralning cptions are teling izvestigated by tne Liznk Greup
£ General ivecision Syste=s 1.:. &t tals tize. These :r:ini:e concepls
are being leveicpec for advazzed flight sl=wlalor tralning n; licatizas.

Srecilis ite=s relatisg %2 tne nuclear rescicr asizmulater which would
ennance the tralning cs,a....a.., 97 tZe harivare vill be incluled
under separate cover. Trefe cajanilities sre cczmsiderei as extensions
to the .ul.. tru-n..-.¢ a;,"'u... preIviled under this zontrace Tae reader
¥ill realily see the extensicn capubiiicy 37 the somputer program %0
the m.':lc:. reactor simu.atlr. Jhesge opticns cowld te insluded unler

-~%1

this basic csomtrsct, or they could ue providsd as tollcow-cn tr:'.:u.;
Wirk nfler tie baslic systez has proven its feasibilicy.

Diagncatios amd Ualitraticns

Prograns '¢ill
tize, the e
Salatezance o

te proviied %0 perfors i3 B2th realeti=e and nin real-
'Y cherzs and te3ts for prevesiatiJe and corrective
tae ccmputer and 13 asiociatea geripnerals.

instrucssr Operator Jlsplaye acd Contrels

in adaiticn to the ».s-p;tor test progra=s dessrilel alove, test progra=:
sl Ve pruvided wiilch wiill enadls iLae vperatsr v verifly aui Inssrasear
ana Cperatsr Jontrcls and tzelr iaterface with the ompuler. The test
Programs will be divided ({n%0 tuc groups as follovs:

2. Displays - The displays vill ce tested Xy s gseries =7 progra=s
eac: of wiizh vill set ail dlsplarys and Lxilcaszrs in a Fre=-
determizel pattern. Whea ke paitera 15 sez, ns cperaior vill
be asked 0 verify that all diaplays and iniizazors are jet %o *he
valies r'oc...cd in the operntors gulie supplies wiih tue ses:
progra=s. When {t (s verifled that all ..a,.a;,'s are zorrect,

. Sae op=rator laforms the computer via the teler Jse anl the cosputer

Froceeis %0 the next tes:.

E. Cezatrols - The sozputer rejuects that the Sferator zet tae soLirols
te 8 proleter=ired set of valugs & spesified | vy e uperaiors

guide. “hen all zoatrsia are set, e oreratlar iafsras the
Sorpuler via ihe leletyje snd thie cosruter sezzes tie control
setiizgr. aAny varpistica ¢f ccatrsl seliings fros ticse specified
in the speraiors guile are cuiput to the teletyre prizter.
Asterrate 3c. 2
Tptions proviied to the instructer for = stering student reasslon %0
re-frograsTel casualties will Te previded inder this altermata. As
specifiec, twe functicas will e zrovilel as iisted Selow. e *wo

Taactions relate Only 0 prigraz=ing eff:rt, since 7 Larivire alliticns
er m=sdificaticas are anticicaiad.

a) Prograszsed Inzsructor Orill

Up %2 10 casuslty 4rills can e zpecifles %y She izstiustor ey
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Ters Matesisl
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Operaiir reastica.  Zach 4rill i3 8 tize seguiemc
£elesled AT rendcz sz the sormal List of casualties.

Sor giudesz:
ef Tullives

B) Tuls programes evest will coms'st of the acnitorizg and loggisg
ST specified group of eritical paraseiers, the caLculetise of
Bax = deviation froz reersnce Taluses, devistios cousig, maxizus
SUetion of aevintlons, az2 eiapges ti%e. This progras will
WSler .asTrusior soeirol.

"0

&323tTicn 19 the adove

sefialitione, each ilstrustorelnizissed
SAasuALTy sizilatios vill Ve

-~
aozce: for evea: ang iize.

y

ToErRTie! lngtyosese Neiv)

’-i -—

«Sputs JOr zasualty
STLRE =asmetis tape,

FTUESAS will actept ope
3 "2 -

idemtifizatioz. The sasualiles VIl ne iso
TaY 3r cards with ine Shsowing informszlog:

*2r initiaiizacslos
.t
¢

A) Casualty coniitions of rpesifiz izez or state.

©) 3Seguenze =7 eac: casuaczy evea:. ; . -.;-

€) Tizizag betveez events and desipmatiss of T Jesigz=atica ef
T, vill be elupced time fro= cperster imiilalization 2r ea
Lga:.-.‘:ta.- anitliadionm,

The progran ALl seguescially Isitiste casualiles sesed apes

SLls deflzel zeguesze. SF CBSZ CASuallY sejuenle Selecied,

Sovever, critical =Sollor rarasmsters will se cumtaizes wiisie
IIes computer progUas llst of siored values. Figure o=l depicis
t3e conzert. . .
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For purposes cf this proposal, 10 preselected casualties will
comprise the condition states; others may be added after
checkout and verification, but are not included in the scope
of this proposal. Link envisions the inputs and outputs for
this routine to ke kandled as shown in Pigure 3-2.

CASUALTY
CASUALTY CONDITION IDENTIFICATION
LISTINGS ——l—b LISTER-

SCHEDULER
CONSOLE k 4
SWITCH
CASUALTY
CESIGNATION] \i

CASUALTY
OPERATOR ________ .| conprTION
INPUTS SIMULATCR

‘ t
Y
DISPLAY PRINTER

Figure 4-2 Programmed Instructor Drill Model

4.2.2 Student Performance Summary

The remaining program requirement £or Al-ernate No. 2 concerns
studant reaction to casualty events. This projraam will provice che
basis for an objective evaluation of the student perfcrmance by ccm-
puting or reccrding specific paraneters. Table 4-1 presents these

calculation and recording reguirements in more dezail.
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For Casualty Event Hk
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Monitor and loy specific eritical parameters

Calculate maximum deviation fro= reference value
Reccrd nurder of deviations
Record maximum duration of deviation

elapsed time of duration

Table 4-1

retebibd dnediide alhNscide ult

4y, Lo od)

,,\
WERTOR STV Y

During student crfcrmance runs, a nistory tape will be main-
e

tained of critic it

)

™ occurance and Operator reaction %o

that occurance. MajOor system status will be recarded on

u;
A
’W

@ variable time basis (specified by instructor). Also, the

¢

sample rate for student reaction recording will be sperified
Ey the instructor.

R

,
..f_"
) ) r

»

’

v

A directory will be maintained showiny maximum deviation from

\

)
r

3 calculated rormal value. The norzal will be shown tojsether

|

with the cut-gf-tolecrance sondition and the deviation. This

 JO8,
vt

ane directory will alsco recard the numter of deviations during

e
~
\

)

casualty, the maximum duration of a deviation, and the elapsed

d

a
for each deviation.
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TAPE INPUT
OF CCRRECT
o 5 ) FARAMETERS

e

\J

OCCURANCE
OF SYMPTOM
CASUALTY

OPZRATOR
REACTION

MONITOR

RECORD
EVENT ON
DIRECTORY

i

Al
NO
Fijure 4-) c.udent Performance Summary
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6.1.6 Simulatos Programming

rams discussed in Section
The Portran

P

'~

3 rs
- a
A
A o
)

-1
- |
-
-
-

Link proposes to use the Portran prog

6.1.4 as the basis for further progras=ing efforss.

programs will provide docusentation that the mathematical mcdel

is corre=:, thercbv establisning the basis for the simulation

code.

L “
g

o~

~

6.1.7 ga:dun:g/Sg!:varc ;nzecrnticn

J Y Sa g

'

Upon completion of GP-4 programming and debugging, all programs

ﬂ"‘m" "c ,‘l"mv{’
ey iR i

will be integrated with the simulation system. These programs )
will be initialized to drive the various conscle meters, JFauges, ke
and sensors to verify proper interfacing between system cczponents. 3{, 2
. e 1'

.“t_'!'

6.1.8 §vetem iAccepiance Testin = s
-

-

-S§lt.. acceptance testing will demonstrate the cperational
capazility and configuration ~rmpliance far the nuclear power
plant simulator. puring this pericd, Link will verify that

the simulator programs react in a manner adequate for actual
The system hardware will te demonstiated,

"

.,
L}
o

¥

a
o

e

power plant operation.
and the computer programs will be verifiec by actual problem
solution. In addition to the atove items® operational details

.

e WY

of the mathematical model will be verified. g;"g
The aczeptance testing and subseguent acceptance of the simu~ EE; #
53 y .5
lator system, as shown on the milestone schedule, will consuse =7
approximately one month of astual verification both at Liux and };:;;_
at B & W. Link anticipates that the verification and validity penet
testing o0f the cs=puter progras will de minimized since previous z:;'
acceptance and demonstration of the Fortran programs developed -
-
earlier in the model checkout phase proved the macthematical = -
= 3
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=ocel to be alequate for system function designation. This

early deronstration of Mathematical compliance with System
Specifications will alse highlight problems with rmodel definition
and development early in tha Program. 1In this manner, areas of
concern to Link and to Babceock & Wilcox will have been identi-
fied early enough in the program to allow sufficient resources
to be marshalled to rezolve the problen.

Link personnel will Operats the simulator com=
acCeptance testing phase. Minor equipment
repairs will be made at the Pabeack & Wilco ility within
the capability of Link On-site personnel. If nccessary, =ain-
tenance support personnel will ke dispacched? from the Sunnyvale
“ink facility. Link dnticipates that these minor hardware
modifications will be minimal, since the simulator will have
been completely checked out prior to shipment to BSabcock &
Wilcox,

Link does not anticipate any changes will bs reguired in the
Computer program. This program will have Leen coxpletely
verified before hardware shipment from Sunnyvale. The mathe-
matical model will have been demonstrated to Satcock & Wilcex,
and the programs will have been running on the computer prior
to shipment. Should [REnor adjustments be recessary, however,
they will be perfcrmed oy Link on-site personnel at Balcock &
Wilcox.

As a normal part of acceptance testing, the computer and
peripherals will be cdemcnstrated to insure compliance with
input-output and interrup:t capabilities. Link will also
demonstrate that the programs can be loaded efficiently and

that necessary diagnostic programs Operate as specified.

$-29-68/55-3-88
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2.2 AEC-LICENSING EXERCISES

As oppcsed =0 normal training exercises in «hich the instructor
commands and continuously varies the ordering and timing of
events, special exerciscs for AEC-licensing could be used
which would be specific, totally cbjective, "canned" exercises
and would consist of pre-dnfined sets of malfunctions and their
associsted time-interval/event definitions. They would result
in data/event printing according to pre-defined formats (the
formats to correspond to the recorded daca/evert sct for given

exercises).

The following features could he ircorporated for AZSC licensing:

1. Standard exercise(s) - to include one or more
“canned” sets of malfunctions with their asscciated

time~-intcrval/event descripticons.

2. Real-time recording of specific daca/event sets -
to correspond with the different exercises.

3. various formats for printing the recorded datx -
the princ format to correspond with the recorded

.

data/event set.

7o initiate cne of the AEC-licensing exercises, the instructor
would entar the following information into the systea through

the teletypewritar:

a) 1Installation identification
») Instructors name and/or code

5.29-68/55-3-88 D-18
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c) Operators name and/or code
;,2) Date, time of cCay

o

/e) AEC-licensing cxercise numoer
(assuming more thar one)

B

A typical flow chart, Figure 1, is shown which in::rpo:u::s.
the AEZC licensing exercise

3.0 SUMMARY AND JONCLUSIORS

Babecock & Wilsex, by virtue of the reguiresments specified uader
Alternate %o. 2 cf the basic specificatiss for the nuclear
reactor simulator, demoastrates and resognizes the need for

a hizhiy =zapable and relatively sophisticatsd actomited systea i
for the ASC-licensing of nuclear reacior op=ratirs.

In cespc.iding to this need, Link believes that the Alternate
No. 2 regiiruments for Programmed Instrusser Orill and Student
performance Summaries provides the zppropriate Dase oo which
she Advanced Training Concepts can De built. Azsoriingly,

the items listed under sectisn 2.0 ¢f this addendum presupposes
the aszseptance by BaW 2f Alternate ks. 2. Specifically, the
Advanced Training Concepts presuppascs iie actestance cf the
fcllowing nardware and scftwar: lesign Seatures:

1. Tape No. 1 as the systex magtel tape < ssatains

a) Mode inizialization tables
) Casualty lists ' ;

2. Tape No. 2 as :he»updail/hxstz-- tape - accepts:

-~
a) System status OuTtpuis
») Time-crisntel system parameter sets
=) Time-oriented lirrage 170 buifers

N
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3. Probles Fruzze - Jasic proposal

4. Programmed Instmuctor Drill - rAlternate No. 2

S. Student Performance Summaries - Alternate No. 2

Significant fcasures of Compuler procTams included unzer the
Advanced Tra.ning Concepts package ars many. The, cover a
broad range from a "slow motion® of & specified series of events
%9 an ultirate computer-controllad series of verzal Z2irections.
As examined inm this addens: » iicensing ccnsideraticns and
training concepts wouléd be considersd ie, iight of their i=pact
on the computer programe which would be supplied with the
einulator.,

o
"
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1077 EAST AQQUES AVE. SUNNYVALE. CALIF 94088 PHONE 4087323800 Twx 2103399204
ACVANCED PRODUCTS DIVISION 16 April 1968

,
)
Wil

Tk

The Babcock and Wilcex Company
Boiler Division

P. O. Box 1260

Lynchburg, Virginia

'L.“u_,' ‘..l bt

Atzention: Mr. R. A. Bea), Section Manager
Purchasing De

partsent

»
-~

Subiect: Nuclear Power Plant Simulater

Price Quotations and Prcposed Contract

)
:A.J"..

Reference: (1) B2LW/Link Meeting, Lynchburg, 4/263/68
(2) B&w Lotter dated 4/4/68 from R. A, Beal
(3) B&W Telegram dated 4/10/68 from R. A. Beal

.
AW
¥i

'
.

Gentlemen: :

The Link Advanced Products Division 1is pleasud to announce that
as a result cf the successful t-chnical meetings betwecen rep-
resentatives of our firm and Babcock and Wilcox, we believe
that a firm agreement has becen estaulished concerning the
desired sccpe of supply for toe Nuclear Power Plant Simulator.
This belief has been reinforced with the receipt of yous

latest teleyram wnich specifles in some detail the precise
scope of this task which 1is considered accegtable by 3&W.

In accordance with your directiorns, Link has further reduced
its outstanding guotations by removing the cost for the wiring
of the nuclear reactor consoles. Our new quote is definitely
based on the assumption that the consoles will be supplied
wired in accordance with Link's requests.

In a sgimilar vein to provide ¢urther savings for 344, we have
changed the project organization *c a more strcamlined form

by utilizing Iir. Rodert Perram as both the Project Hanager

and the Project Hardware Engineer. MI. Perraz will still
report to Mr. Bill Gass, tae Manager of our Prototype Systems
Group. A newvw furctional project organizat.on chart has becen
enclosed to illustrate tne new alignment of perwonnel. Copies
of 4r. Ferram's resume are also encleosed.

§.29-68/55-3-88 D-22
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Alsoc provided as an attachrant to this letter is a G2-4 Computer
Physical layout Drawing (SK3430) anl Link wishes to re-affirm
the fact that the computer configuration offered at this tize
will include the Direct Memory Access Device Lock. This
hardware facili%ates the addition of a awcond lirkage and

set of nuclear consoles if a second simulator configuration

is required in the future.

A second block diagram (Sr8452) outlines the complete computer
configuratinn as it is presently proposed. This diagram points
out tha twenty band configuration GP-4 Computer with band
switching circuitry. It is anticipated that only sixteen of
these twenty general program bands will be utilized in ful-~
filling the existing software regquirements. The remaining

four bands will provide the 25% spare capacity requested by
Baw.

Also enumerated on block diagram SK8453 is the drastically .
increased input cutput configuration desired by BiW reflecting
the new total of 2348 inputs and outputs as compared to the
previous total ¢f 1037. This last minute large increase in
the computer input output configuration eliminated a signi-
ficant portion of the total reduction which could have been
made available to BéW.

Based upon the above criteria, the Link Group of Gencral

Precision Systems [ncorporated is now prepared to offer a
reduced price for the proposed Nuclear Power Plant Simulator.

COSTS

1. Complete cost for aight spatial
ragion simulaticn system, including
1 CPU GP-4, peripherals, instructor's
conscle, and necessary software
(including Alternate No. 2 require-

DEEER) o e 00 so st P st sRE PRGSO PERENSEO50P

2. Incremental cost for AZC licensing
programs as defined in uriginal
P‘Qm"x..'....‘.-.Q'.....'.....Cl..l'....
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The prices guoted are contingent upon ccmplete review and
approval of the béwW reviscd specification which shculd be
made available to Link within the next two weeks. Link
anticipates no proLlex= in this regard and is willing to
accept 2 tentative letter of contract in crder to initiate
work om this prograz as soon as possible. '

W
Ah o bd o

)

To facilitate this matter, we are further prepared to limit
the liability to Diw under a one month temporary agreesent
to 2 maxizmun of « A specimen letter of intent has
been enclusea {or your convenience.

f

, Final acceptance of any completz program between Link and . -
! BéW must be conditioned upon the acceptance of mutually

i agreeable terms and conditicns as approved ty our Contracts

| Department. We anticipate that a set of terms. and coanditions

A fully approved by Link Group, GPSI, will be available for

your review within ten days.

e Laal oi®,

We believe that an extremely desirable program has been cutlined
ar' agreed upon through the excellent work accomplisned by our
technrcal personnel. Link definitely congratulates the staff

©f E&W I5T the highly professicnal mannes in which they per-
formed thoir difficult assignment. Only their continuing
cooperaticn and rcasonableness have made it possible =¢ reach
this present level of agreement.

We indeed hope that the gquotations provided are deexzed reason-
able and satisfactory for this effort., We look forward to

a highly successful venture with BiW and we anxiously await
your approval to begin work. [or further assistance please
do not hesitate to contact Mr. Bruce Wilkerson of our
Washington, D.C. office or the undersigned.

®ir. B. W. Wilkerson Very £fuly yourys
LINK GROUP, GPSI e
1030 1Sth Stc. N.W.
Suite 1050 7443
Washington, D.C. 2000S% Cdry ¥ Dozz
202-223-4102 /ﬂvan fd Tec
.
GJp/1d ;

Enclosures: 1. Functional Project Organization Chart
2. H4r. R, Perraa's Resume

. 3. SK8450 GP-4 Computer Physical Layout
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