'n

SYSTEM FILE NO.

!

3020, 3050
CALC.TYPE ID IE
PRIORITY 0

Feedwater Flow Loop Uncertainty and Scaling Calculation

CAROLINA POWER & LIGHT COMPANY

CALCULATION # RNP-IVINST-1041

FOR

FOR

H. B. ROBINSON UNIT 2

N YES NO
SAFETY RELATED : X O
AUGMENTED QUALITY: [] [X
NON SAFETY : .0 K
" APPROVAL o
REV. | PREPAREDBY REVIEWEDBY | CROSSDISCIPLINE |  SUPERVISOR
NO. DATE - DATE | REVIEW BY DATE
- DISCIPLINE / DATE
1 Signature on File Signature on File
REASON FOR CHANGE:
2 Signature on File Signature on File
REASON FOR CHANGE:
3 W. ert Smith {(.ﬂ- Hur\w @ ) e L{OU"’ "r' L :6“ OI\)
RSRI202 | alcty @29+ A3l fesene e S, Qtobe
REASON FOR CHANGE: ' “ . ddlenoyey 7
See Yoge H,




] : . alculati :
Gty i e e [+
Checked By: Date: CALCULATION SHEET Pg.1 of 93 Rev: 3
Bob Hunter 087287 02
Project No.: NVA File:

Project Title: NVA
Cakulation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation
Table of Contents
SEC DESCRIPTION PAGE
REVISION HISTORY ...oetitrectiernricaesintossseisneesseeesssesssenssssssssstessasesssrassassssssssossasssssssassssassssssnes 4
JLO OBJECTIVE....uutiteiirtriernrrecssosisssseesesssssssssasaessssssssessmssnesssssnsesssssessssssssesrssstessssssnnsessesssansessnen 5
2.0 FUNCTIONAL DESCRIPTION....cutteeittieisaniiessantessssssssessssssessssessssssrasssssassenssassssasssssssssssssss 6
2.1 NORMAL FUNCTION........coeierecererrensessesnertensresrssasssesanssestassssassassssssesesstssaresssssssesnsassssssstosorsn 6
2.2 ACCIDENT MITIGATING FUNCTION....cceoceererrenraressan 6
2.3 POST ACCIDENT MONITORING FUNCTION .....ccccermicrreecamronercmsessesecresansosssssasassssssstossaeansssessasnasssasssssess 6
2.4 POST SEISMIC FUNCTION ....oviieercerrensnnerssestrssrsnsessesrsesssassssssssssssssessesssssessssesssassosssssssatasassssessesas shassnssons 7
3.0 LOOP DIAGRAM ....ooitevimreccrreereneeeesinressecnns teeieseetesertesesssaeeeaanaeesintesorrbetaraassranreeseearasnantetsinss 7
40 REFERENCES.......octtiitirieerecsereessrtseisestsscscsssssessssssssssssnsessrsnsessssrens eerreantottesesnrsensssasaassaresns 9
A1 DRAWINGS....coeireiereereertreeiesenesresessessssessrssesessssasssssssesserstnrsasessssssasessessesssssssestesssstossns st inanenatassesssnsanstssessesses 9
A.2 CALCULATIONS. ...oottieeirecreeseeersesssnsessasaresesssessistsssssstasesssssasnsssssssssessessensessestessesntsont sieseasssanantesassnensessssmons 9
4.3 REGULATORY DOCUMENTS ....coccictictinicesicioeninnsnesneresssanimessssiesssssssnsossssssssssssssansorssssssasssstssest sonsssesaassssens 9
4.4 TECHNICAL MANUALS .......coieimreeemmteraesressestesassasesmessessessessmsssnressessestessensensessssessasssssainssessassassassasestesssssssns 9
4.5 CALIBRATION AND MAINTENANCE PROCEDURES........ccccceveen. .10
4.0 PROTCEDIURES ....cceteetenuerurnerraereersessererssssssvesssssesssssnsstosaenssistonssssssessesseses sessensasassaseesssssassttansssisonss setonsassessssses 10
4.7 OTHER REFERENUCES ........c.ocoueuieceeecrsunniesstrntesssiesssnessestsonesssnsssassessensessessassascset sosssnssssansoasasssssssesnessiassases 10
S.OINPUTS AND ASSUMPTIONS.....ccieierrerirerarrirneesasreesseessansssersasssessanssssesessssssnsesassassaessees 11
6.0 CALCULATION OF UNCERTAINTY CONTRIBUTORS........ueereeimrerecereeeecneeeecnaneesnnses 23
6.1 ACCIDENT EFFECTS (AE) ... erireeieresieeeiesereistsessosssssseeseesessessessesssasassesassssstossesetstbesmssrassnssssantesssessoses 23
6.2 SEISMIC EFFECT (SE)...cccvitirerieeererserscseseessssrssisasssessnsssesesssess sasmssssasesssssessors sssessasstssnsssusssssseassansssnsssens 23
6.3 INSULATION RESISTANCE ERROR (JR) c.uccveeeiirrerererestnrrnseeereessessensssreneescssesssstssssassorsnsstsssassast sssasns 24
6.4 PROCESS MEASUREMENT ERROR (PME).......uiiiieeierrreinerinenreeresessessissssssssssassasssassnsssresnsesscesaassssssssason 24
6.4.1 Process Measurement Error - NOrmal ENVIFONMENE ..cciciererreniirenicnrerssscscssasesssassasassssnssatessnasss sasees 24
6.4.2 Process Measurement Error - Accident Environment . eecisseensesrnesscessencessaess 206
6.5 PRIMARY ELEMENT ERROR (PE).....cteevuemmucrsnesesesssssesssssesssmsesssmsssssnssssssssssss 26
6.6 TRANSMITTER (FT-497, ROSEMOUNT 1I53HAS) cueeccvmerrreerarisnennnnsressssnssssecsessesesstsassassasessasssssnssesens 28
6.6.1 Transmitter’s Unverified Attributes of Reference Accuracy (RAsmir) converieseeemesicsnernsssinierenscieiesenssecs 28
6.6.2 Transmitter Calibration Tolerance (CALxmir) wevererrererecevesersnsersecsmsasaesassasessessensessosessesassnsssssasassasssonsssss 29
6.6.3 Transmitter Drift (DR mn) teteeesisisessentarabeeseetessasne st ease e ntansernesrearrenesetn 29
6.6.4 Transmitter M&TE Effect (MTEmir) coecceccererruensanrenccssrosioscrissssssnsssarsesstessasesssssersnsssessssanssansssmsosasassansrs 29
6.6.5 Transmitter Temperature Effect (TExmir) ceeereeseeeresansesesessassessonsessessnssnssrsssessessossassssanssossosasssamacessessnses 30
6.6.6 Transmitter Static Pressure Effect (SPExmr) rettrsesstessssetessessniabessntsensassatesntareresnrenteins 30
6.6.7 Transmitter Power Supply Effect (PSEymu) ceeererrireresticiniiinierccnssisisisniaosmsassssssssissssassnsassisssnsssnnsess 31
6.6.8 Transmitter Total Device Uncertainty (TDUmy).... 31
6.6.9 Transmitter AS FOUNd ToOIErance (AFTamis) coeveeecseesersrnersessseescesseronssessnsssassssssssassssssasssssassssssnsssnssassane 31
6.6.10 Transmitter As Left Tolerance (ALTxmir) ceeeererrrrassstrmccsssessssssaressossissserassasssssssssnssacasscssarans 32
6.7 TRANSMITTER (FT-477 AND FT-487, ROSEMOUNT 1 ISBDAS) .......................................................... 33
6.7.1 Transmitter's Unverified Attributes of Reference Accuracy (RAumu) covvvvcieecienecnnienseceiecninienisnanees 33

6.7.2 Transmitter Calibration Tolerance (CAL mu) «.vovecrerercsireercereinnsrenimmsersssesacssssstssessesasacssnsseessasasarssesseres 39



Computed By: Date: . N Calculation ID:

W. Robert Smith 08/287 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg.2 of 93 Rev: 3
Bob Hunter 087287 02

Project No.: N/A File:

Project Title: N/’A

Cakulation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation

6.7.3 Transmitter Drift (DR ) “ rresereeserae e snssararertat et et et e aetseraeasRsasresSsae st sas s rnantes 33
6.7.4 Transmitler M&TE Effect (MTE mur) ceeevvvverreterscnscaeacasvsssecsssssnconsnssseessssessasnas . .34
6.7.5 Transmitter Temperature Effect (TExmur) «.ereereseressssacsessesomssscsnessotsasssssessisesonsssascrseossacssesssssssssassssasssssess 34
6.7.6 Transmitter Static PresSsure Effect (SPE mir) coeeceereerrserssresssseasssmestassssesssserosnsessssssssnsessssesassssessanssasassntoss 35
6.7.7 Transmitter Power Supply Effect (PSExmiy) «oecoveeeeireesenaens teensrersrssnteresssnns 35
6.7.8 Transmitter Total Device Uncertainty (TDUgmir).ecoreeervicnnininiseninsssseessssnssisssnssasssnssmssssssesseseas 35
6.7.9 Transmitter As FOUnd Tolerance (AF T imir) cierceereesreesreserrinererssassonsssssssesseessssessasensssssassessosseasesanssssessss 36
6.7.10 Transmitter As Left TOlErance (ALTxmir) «veocecesecseecorrassaressessssrmnsemsessssssesssasssssnassassssnessssssssasserosesssss 36
6.8 TRANSMITTER (FT-476, FT-486 AND FT-496, ROSEMOUNT 11SIDPS) c...cutrevvrcicnnninsecectesscsssnssscscanes 37
6.8.1 Transmitter’s Unverified Attributes of Reference Accuracy (RAmir) «eeereerercrcercsnennicssiisninssensssssensans 37
6.8.2 Transmitter Calibration TOIErance (CAL mir) ---ee-seeerseerrerrersessensesserssessesseserassssaessesstessssesessesssnasssasaoesas 37
6.8.3 Teansmitter Drift (DR i) eoveeeerrererrrneisesieessesssmessessaassresiessnsesssssessssssssssasssesssassnsesssassassassness 37
6.8.4 Transmitier M&TE Effect (MTExmir) coevvivveeseesresennrestessannresessensasees - 38
6.8.5 Transmitter Temperature Effect (TE ) cvereecessscscecrernsinnnissesieniiisccesessassstasiessssesseesassessssessssasasssssssane 38 -
6.8.6 Transmitter Static Pressure Effect (SPExmi) cvveeveeneracsctersneirensessaamesssresscssssesnnes reeestevaaesssbesnres 39 .
6.8.7 Transmitter Power Supply Effect (PSExmur) coiveevseserenmriinsininnninnicsseisisesrosaisisssssssssssssesns 39
6.8.8 Transmitter Total Device Uncertainty {TD U mir)-cccoorererrcsserrsessserasonsessssserssssssssossessssssesmssssessssssssssens 40
6.8.9 Transmitter As Found Tolerance (AFTamiy) «.coverreesserseinmrnrnmsissnssnsstssissssssssnensssssssssstssmesssssesonssssssasses 40
6.8.10 Transmitter As Left Tolerance (ALTams) coeevreererseeriniuieiesiminiseniesinsesssensisssssessssisnsssesstessssnsssssssasnas 41
6.9 COMPARATOR MODULE .......ccvvieererercrisieennsressssesnassrssssstosssssessasssossssassessarsssssesssssasssssssesesssssassossssssassesnee 42
6.9.1 Comparator’s Unverified Attributes of Reference Accuracy (RAcomp) -oeeeseecsermenisinisiiesnsenssssninesssenssans 42
6.9.2 Comparator Calibration Tolerance (CAL omp) seeerremsmsessercnssincisseinisismsesssisessesesesssssassssssssssnsasssssssns 42
6.9.3 Comparator Drift (DRcomp) «eereceeereeisusassrensestaesinsressimmssiisisesissnsisssessess s sssessssssssssoneasasssssssssssenssssssssess 42
6.9.4 Comparator M&TE Effect (MTEcomp) ceessrsesiensersasssssermmiusurassenisnmsassresssasesennns 43
6.9.5 Comparator Temperature Effect (TEcomp)..scsrereseensreusmsnccinunes trereerresesssaresasenasenase 43
6.9.6 Comparator Power Supply Effect (PSEcomp) .ocsesierrirrssniisismrisiiumrsmsassiessiesssmsassesesmssinsassessssansasssessassasns 43
6.9.7 Comparator Total Device Uncertainty (TDUcomp) 44
6.9.8 Comparator As Found Tolerance (AFTeomp)esesesessseresssisisesusesmrmnisisnsineresssiensaremesesssnsnass 44
6.9.9 Comparator As Left Tolerance (ALT omp) «.ceseserriesisiusemruenivsssismeermssisessscsesssesissssesesssonssssssssssssssssssss 45
6.10 ISOLATOR MODULE eresrrestesersisrsssea st re st asseaben s asast st et an s anesasantes 46
6.10.1 Isotator’s Unverified Attributes of Reference Accuracy (RAisot) cccoveeesercenenceneaneces . .46
6.10.2 Isolator Calibration Tolerance (CALiwt)..c.covererrrerseecrmiracessrresessenesrisasesassesssssssssssssssasssesasssssssassasssanssns 46
6.10.3 Isolator Drift (DRisot) ieeeererersesseccsssresseransaervarsessesssssesss treeeseeeeseonsanosesatessraraeasaeasteerrasrnransatats 46
6.10.4 Isolator M&TE Effect (MTEiso) ceceeecrerseersesssernreesissessssnernrassesssessnsnsensases reveresneesineessaresareen 47
6.10.5 Isolator Temperature Effect (TEiso)..cocoercetsssissceissscrnnronrsossseassessasasses . . 47
6.10.6 Isolator Power Supply Effect (PSE ). c.ccierseecimccsiiinnmessinesssinsrcsssasssstssmscsssscsssssasassisasstonsassasssssseoss 48
6.10.7 Isolator Total Device Uncertainty (TDUjsor) ceecereecrsereiecrureneeennsenissenensstosasensnsesessesasasssssssnssenns 48
6.10.8 1s0lator As FOUNd TOIETANCE (AFTis01) coreeerereerersensvrsnsosassressemsassesnssssssmsssssasssesarssssssastsssess samesssssessonsn 43
6.10.9 Isolator As Left Tolerance (ALTiso0) ceeerereerereeseeseecanes reverearesvoreeannes . . 49
6.11 SQUARE ROQOT MODULE ........covectermenneseeserarsssessrssssssssassessasssssssssessssssssssessassentastssssasssonsssesssnasnss SO
6.11.1 Square Root Module's Unverified Attributes of Reference Accuracy (RAgn) - veoevrceerrinsnesesnsassennae S0
6.11.2 Square Root Module Calibration Tolerance (CALqn)...occvcoreemieccinciinminciiniinsicssssesesrsesssessnssenes 50
6.11.3 Square Root Module Drift (DRsgn) cceercsisisresserssmninniniisnmnisrenniessassissssssssssssasssssssssssssssnsssssasssssns 50

6.11.4 Square Root Module M&TE Effect (MTE gn) e veeeeecme i iinemeecmetineccentessestsasesesmsnsssssansensssessonnes 51



Computed By: : Calculation 1D:
W, Roben Smith 081281 02 CAROLINA FOWER & LIGHT COMPANY RNP-INST-1041
Checked By: Date: CALCULATION SHEET Pg.3 of 93 Rev: 3
| Bob Hunter 0872817 02
Project No.: N/A File:
Project Titke: NVA
Caleutation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation
6.11.5 Square Root Module Temperature Effect (TEsgn) «.vvveveiinneicnnnrcnsncssrsessennaencnen 51
6.11.6 Square Root Module Power Supply Effect (PSEqq) 51
6.11.7 Square Root Module Total Device Uncertainty (TDUgn).o... . 52
6.11.8 Square Root Module As Found Tolerance (AFTn) - eteeeeeraeasasneennteneeseeseeranes 52
6.11.9 Square Root Module As Left Tolerance (ALTsqn) ccocrierirenrsmsisnsesssnsisiesenssssississssnsssssssssenssassiens 53
6.12 INDICATOR .....oceeeeeenecereereretssensersasssasessersassmsasassasssssinseresssesassssssessesasstossssterabessessasassssssasarsssssssnessestssssnses 54
6.12.1 Indicator’s Unverified Atmbutes of Reference Accuracy (RAing) coveeeerrearansennee. .54
6.12.2 Indicator Calibration Tolerance (CAL;ng) . veesteeeseresnaenresnnenans 54
6.12.3 Indicator Drift (DRing) -ccceeeeceeseeeescrnseesreennssaerecssancessssssessssssessssaassssasans 54
6.12.4 Indicator M&TE Effect (MTEing) .cooeereerierennmrenecreneernseaans . 55
6.12.5 Indicator Temperature Effect (TEipa).cccoreeurccrrennnniennincnnssacssssssersevasees rereentrerennnas 55
6.12.6 Indicator Power Supply Effect (PSEing).cs.cccceceeierrereresnsorrsesraesssossenssmsnissessessasssssessssens 55
6.12.7 Indicator Readability (RDing) ..cceerersrnerrrrrrerreereesnesaesseeseresssnsnssessasrssceses . revvesenansneessaeeraenes 56
6.12.8 Indicator Total Device Uncertainty (TDUind) ceicivurneieristensocininsessssssinsmessssiasmssesnsssassnisssesssssssssssass 56
6.12.9 Indicator As FOUNA TOlerance (AFTing)..coreieereeisceesrerscrresesmsssssonressasesssacssessasssasesranesssessstesssanssasessnse 56
6.12.10 Indicator As Left Tolerance {ALTing) voevereeerreeesrveeceecsnensseeenne leesrecserenereseesareresassasiasnes .57
G. 13 RECORDER. .......cociieettcrestesencnnemrncsvessersrsssesssssensersesstsssssenssssssssssssasensasserassesss sobsssaesstonnsatentessssosscsnsnssasaeses sons 58
6.13.1 Recorder’s Unverified Attributes of Refercnce Accuracy (RA,«)SS
6.13.2 Recorder Calibration Tolerance (CAL,«) ...................................................................... 58
6.13.3 RecOrder Drift (DR ee) c-rarerveerereerssinsessrrrsesieisasessossssssnssessesmasesassessossstessentonsssassesassessesasnsssesnassasasssssssons 58
6.13.4 Recorder ME&TE EffECt (IMTE ec) vveerccrmieerierireensressessessriesssesassossasssssssssssassansessstanassasarsssasasonsassasnonne 59
6.13.5 Recorder Temperature Effect (TEme) o ocvereeiermirececiennresnsssstsssmsssesresssesosascsnssesmssssassssssssesssunasssess 59
6.13.6 Recorder Power Supply Effect (PSErmc) e vircrinieriirerirnninnestesecenresesssnsesesmesssassescssesssesssassestssssssenss 60
6.13.7 Recorder Readability (RDiec)..cucvereesererienerierensessnessenssesssessssssestssenscssescsssassamsnsssossssassasasosssssasatsssesases 60
6.13.8 Recorder Total Device Uncertainty (TDUjec) -coceveercrcecerrinnnersssroisssiessesmssisesiosmscssesssnsamsossssssesonssases 60
6.13.9 Recorder As-Found Tolerance (AFTrec) cveverinrenneriaservnnenns treveesnnnrnarene .61
6.13.10 Recorder As Left TOlerance (ALT ec) c eiieeereereseirceessreesssrsreisssasnerssssssessssssassesssssnsessasassesasnsassssanesssane 61
7.0 TOTAL LOOP UNCERTAINTY {TLU) coeirtriirrerrercremrrssiniererssusnesssserareressssssssassnsasessansessses 62
7.1 TOTAL LOOP UNCERTAINTY - PLANT NORMAL..... raeessresteesntesaressreenrestarasesaeenneanare 62
7.1.1 Total Loop Uncertainty - Input to ERFIS seestersenests st ot aaeR s s Rt Sh bR AR bR b e R R e e s ene 62
7.1.2 Total Loop Uncertainty - Indicator FI-476, 477, 486, 487, 496, AND 497 .......ceieerrirncinrncnnnneee. 63
7.1.3 Total Loop Uncertainty - Recorder FR-478, 488, AND 498..........ccoimemmmnenmnnninnissanineniseens 64
7.1.4 Total Loop Uncertainty - Comparators......eeseesscscunene st et e e snna e R
7.2 TOTAL LOOP UNCERTAINTY - ACCIDENT ....ooceveiirerereeseesesseesanresessssssonsmessssasssasensess .05
7.3 TOTAL LOOP UNCERTAINTY - POST SEISMIC. trresetereesteraessrenaennessesnranassaasensanarasen 65
7.4 LOOP AS FOUND TOLERANCE ......uoouveeerreerieererssssessesnessisssssessssssssssssassassansesssesssenssssansessessastassesasssassees 68
7.4.1 Loop As Found Tolerance - Indlcator F1-476, 477, 486, 487 496 AND 497 .. ....68
7.4.2 Loop As Found Tolerance - Recorder FR-478, 488 AND 498 . w “ . 69
7.4.3 Loop As Found Tolerance - Input to ERFIS cereersesrsr e tetsae s snsenatarnanassnanas .69
7.4.4 Loop As Found Tolerance - COMPArators .......ceieercerssensessissnsenssnisissssssissnssssssssssssnsssissssssssasassarsssases 70
7.5 GROUP AS FOUND TOLERANCE .......ceovtermrrrerntennarrestestesetssesssssesresssssssassrsessassasscesasssesensstosssnsastsssersssans 71

7.5.1 Group As Found Tolerance - Indicator FI-476, 477, 486, 487. 496 AND 497 ......ccicnrvrccenvrnseecens 1
7.5.2 Group As Found Tolerance - Recorder FR-478, 488 AND 498
7.5.3 Group As Found Tolerance - Input to ERFIS




Computed By: Date: . Cakulation ID:
W. Robert Smith 081287 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg.4 of 93 Rev: 3
Bob Hunter 087287 02
Project No.: N/A Fik:
Project Title: N/A
Calcutation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation
7.5.4 Group As Found Tolerance - Comparators . teersesrsaeaseasessnnesatarane 72
8.0 DISCUSSION OF RESULTS .....ooeereeeeeieriniereesesesssessssssssrsssassssssessassssssssssesssssasessssessasssssen 73
8.1 IMPACT ON IMPROVED TECHNICAL SPECIFICATIONS......... retrestenssntnesestesaessrneessentssas 78
8.2 IMPACT ON UFSAR...... vereesrnnesneressnessaenns eeevessmeetsrressrersssteseasesssresnstesbaesaratossassreresbrnessntares 78
8.3 IMPACT ON DESIGN BASIS DOCUMENTS ........otviceerrnieinessiesnsssnenssssssssessarsssessssssssssssssssstasassssssasssssones 78
8.4 IMPACT ON OTHER CALCULATIONS......coocriicticireererseasasessesssnesatsstsesnssrassssessssstssassessesnsesanesasssnssat nssns 78
8.5 IMPACT ON PLANT PROCEDURES. ..ot iatieiiecimeeercssntetraresstssssrssnavessassissssssossasesssssasrossssssssssssnsone 79
9.0 SCALING CALCULATIONS ......cooiirenreresierssressessssssssssssnessnsesssnssasesssssassssasssssnsesssasssssssns 80
9.1 FLOW TRANSMITTER (FT-476, 477, 486, 487, 496 AND 496). reersersnsrsastesesannnntane 80
9.2 ISOLATOR MODULE (FM-476A, 476B, 477A, 4778, 486A, 486B, 487A, 487B, 496A, 496B, 497A,
AND QOTB) ..cocviiiereinienisisnecnricsasssesssseesissasssssssesssessasssssessasssssstsnssssssssssss sossnnsss sanstesssnsense senssasssasssmsessarsssasessassansan 88
9.3 COMPARATOR MODULE (FC-478A,478B, 488A, 488B,498A, AND 498B)... .- .89
9.4 COMPARATOR MODULE (FC-478C, 478D, 488C, 488D, 498C, AND 498D) ...ccceorerrrerresrerrarsessersesonnens 90
9.5 SQUARE ROQT MODULE (FM-476, 477,486, 487,496, AND 497} c..cvcnnrrcernnininrerreenerensesense snsecscsasas 91
9.6 INDICATOR (FI-476, 477, 486, 487, 496, AND 407) ...cccvvurrrenrcevresnrerneresssereninesressessssssnsssssessessorsssnsesssssansen 02
9.7 RECORDER (FR-478, 488, AND 498).....ccccceruverrrreneererecnns : . tereermnsntetessersinsnnrtarennteiesaas 93
‘ PAGES
Attachment A - Calculation Matrix |
Attachment B - Comparator Drift |
Attachment C - International Instruments Indicator Data 1
Attachment D - Rosemount Transmitter Drift 1
REVISION HISTORY.
REVISION DESCRIPTION OF CHANGE
1 Revised calculation to consider seismic uncertaintics. The format of the
calculation was revised to follow the calculation methodology presented in EGR-
NGGC-0153.
2 Revised calculation to account for the change in feedwater flow as a result of the

power uprate. Changed recorder to a Yokogawa VR204 to reflect changes made
by EC 47208. This calculation provides input to EC 47152 & EC 47162.
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Total Loop Uncertainty) and revisced Section 8.0 as needed.
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LOOBIECTIVE

This calculation computes the loop uncertainties associated with the indication, recording,
alarm, and trip functions provided by the Feedwater Flow instrumentation loops. The loops
addressed in this calculation also provide input to the Emergency Response Facility
Information System (ERFIS). Uncertainties at the input to the ERFIS are calculated.
Uncertainties are calculated for normal and post-seismic event conditions only. This
calculation develops the Reactor Protection System (RPS) setpoint associated with each
instrument loop. This calculation also calculates the Allowable Value for the RPS setpoint
addressed in this calculation. Uncertaintics associated with the control functions provndcd by
the Feedwater Flow loops are not calculated.

The instrument loops containing the following components are addressed in this calculation:

FT-476, 477, 486, 487, 496, 497
FQ-476, 477, 486
FQ-487, 496, 497
FM-476A/R, 476B/R
FM-477A/R, 477B/R
FM-486A/R, 486B/R
FM-496A/R, 496B/R
FM-476, 477, 486
FM-487, 496, 497
FC-478A,478B, 478C
FC-478D, 488A, 488B
FC-488C, 488D, 498A FC-498B, 498C, 498D
F1-476, 477, 486
F1-487, 496, 497
F-476, 477, 486

F-487, 496, 497
FR-478, 488, 498
FM-476A, 476B, 477A
FM-477B, 486A, 486B
FM-487A, 487B, 496A
FM-496B, 497A, 497B
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2.0 FUNCTIONAL DESCRIPTION

The Feedwater Flow channels are used for protection, feedwater control, recording, and
indication. The feedwater control function is not considered in this calculation.

The instrument loops, which are the subject of this calculation, provide the following

protective function:

e Steam Flow / Feedwater Flow Mismatch Reactor Trip

21 NORMATL FINCTION

N

The Feedwater Flow loops provide indications of Feedwater Flow on indicators F1-476, 477,
486, 487, 496, and 497 in the main Control Room during normal operation. Feedwater flow
is recorded by FR-478, 488, and 498. These loops provide input to ERFIS and feedwater
control. These loops provide input for the alarms associated with feedwater flow > steam
flow and steam flow > feedwater flow.

22 ACCIDENT MITIGATING FIINCTION

The instrument loops addressed by this calculation produce a Steam Flow / Feedwater Flow
Mismatch Reactor Trip signal which is interlocked with the Steam Generator Low Level

Reactor Trip function.

23 POST ACCIDENT MONITORING FUNCTION

Per Reference 4.6.2, the feedwater flow loops arc designated as RG 1.97 Category D3

variable.




Computed By: Date:
V. Robert Smith 087287 02
Checked By: Date:
Bob Hunter 087287 02
Project No.: NJA

CAROLINA POWER & LIGHT COMPANY

CALCULATION SHEET

Cakutation 1D:
RNP-VINST-1041

Pe.7 of 93 |Rev: 3

FAle:

Project Title: NA

Calcutation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation

2.4 POST SFEISMIC FIINCTION

Per Reference 4.7.12, the steam flow / feedwater flow mismatch function is required to
operate following a seismic event. Therefore, seismic uncertainties are computed for this

function.
FM476A/R FM-4768 F-476
w VI (Isolator) 1A% ERFIS
FQ-476 FM4T76B/R FM-$76 FC478D Feedwater Flow > Stcam Flow
Power Supply w SQRT COMP* Alarm
Fecedwater Flow / Stcam Flow
FC-478A | Mismatch (RTS)
COoMP* | 5 Feedwater Flow / Steam Flow
Mismatch Alarm
FM476A Fl-476
Vi1 (Isotator) IND
FR-478
REC

* Also receives an input from steam flow loop F-474. See Reference 4.2.3.
Note: Similar for F-477, 486, 487, 496, and 497
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TAG NUMBER FUNCTION | MAKE AND MODEL LOCATION REFERENCE
FT-476, 496, 486 Transmitter | Rosemount 1151DP5 | Turbine Building_| 4.1.1-3,.4.7.4
FT-477,487 Transmitter | Rosemount 1153DAS | Turbine Building_| 4.1.1-3,4.7.4
FT-497 Transmitter | Rosemount 1153HAS | Turbine Building | 4.1.1-3,4.7.4
FQ-476, 4717, 486 Power Hagan Optimac Hagan Rack 4.1.1-3,4.7.4
FQ-487, 496, 497 Supply Model 137-121
Or NUS SPS-801
FM-476A/R, 476B/R vv Hagan Model Hagan Rack 4.1.1-3,4.74
FM-477A/R, 477B/R 3110554-000 .
FM-486A/R, 486B/R
FM-496A/R, 496B/R .
FM-476, 477, 486 Computer Hagan Model Hagan Rack 4.1.1-3,4.74
FM-487, 496, 497 Module 475000 T
Or NUS MBA 800
FC-478A,478B,478C | Comparator | Hagan Model 118 Hagan Rack 4.1.1-3,4.74
FC-478D, 488A, 488B Or NUS SAM 800
FC-488C, 488D, 498A Or NUS DAM 800
FC-498B, 498C. 498D
Fl1-476, 477, 486 Indicator International RTGB 4.1.1-3,4.7.4
F1-487, 496, 497 Instruments 2520
F-476, 471, 486 1A% Hagan Computer Hagan Rack 4.1.1-3,4.74
F-487, 496, 497 Signal Conditioner
3110552-000
FR-478, 488, 498 Recorder Yokogawa VR204 Control Room 474.4.7.11
FM-476A,476B,477A | Vi Hagan Model 110 Hagan Rack 4.1.1-3,4.74
FM-477B, 486A, 486B | Isolator Or NUS OCA 800
FM-487A, 487B, 496A
FM-496B, 497A,497B

Instrument Identification
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4.0 REFERENCES
4.1 DRAWINGS

4.1.1
4.1.2
4.13
4.14
4.15
4.1.6
4.1.7
4.1.8
4.1.9

5379-03494, Hagan Wiring Diagram, Revision 14

5379-03498, Hagan Wiring Diagram, Revision 16

5379-03499, Hagan Wiring Diagram, Revision 17

HBR2-11135, RTGB Panel C - Annunciator Section, Sheet 2, Revision 1
HBR2-11135, RTGB Panel C - Vertical Section, Sheet 3, Revision 0
5379-03440, Stcam Gencrator Level Contro! and Protection System, Revision 10
5379-03485, Hagan Wiring Diagram, Revision 19

5379-03486, Hagan Wiring Diagram, Revision 19

5379-03487, Hagan Wiring Diagram, Revision 19

4.2 CALCULATIONS

4.2.1
422
423
424
425

4.2.6

RNP-E-1.005, 120 VAC Instrument Bus Voltage Evaluation, Revision 2
RNP-M/MECH-1651, Containment Analysis Inputs, Revision 10
RNP-VINST-1040, Main Steam Flow Accuracy and Scaling Calculation, Revision 3
RNP-M/MECH-1616, Calculation for the Continuous Calorimetric, Revision 1
RNP-M/MECH-1741, 32-5015594-00 Appendix K Power Uprate Operating
Conditions, Revision 0

RNP-VINST-1125, ERFIS Feed Flow Automatic Calorimetric Uncertainty
Calculation, Revision 3

43 REGULATORY DOCUMENTS

4.3.1

None

44 TECHNICAYL MANUALS

44.1
442
443

728-589-13, Vendor Manual Hagan, Revision 22
728-399-88, Auxiliary Indicating Meters Bulletin Model 2500 2520, Revision 2
728-012-10, Vendor Manual Rosemount, Revision 25
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4.5 CALIBRATION AND MAINTENANCE PROCEDURES

4.5.1
4.5.2
453
4.5.4
4.5.5
456
4.5.7

LP-351, Steam Generator #1 Level (F.W. Flow) Channe] 476, Revision 10
LP-352, Steam Generator #2 Level (F.W. Flow) Channel 486, Revision 11
LP-353, Steam Generator #3 Level (F.W. Flow) Channel 496, Revision 8
LP-354, Steam Generator #] Level (F.W. Flow) Channel 477, Revision 10
LP-355, Steam Generator #2 Level (F.W. Flow) Channel 487, Revision 12
LP-356, Steam Generator #3 Level (F.W. Flow) Channel 497, Revision 9
PIC-844, Yokogawa Recorders, Revision 0

4.6 PROCEDURES

4.6.1
4.6.2
4.63
4.64

EGR-NGGC-0153, Engineering Instrument Setpoints, Revision 9
TMM-026, List of Regulatory Guide 1.97 Components, Revision 18
MMM-006, Appendix B-4, Calibration Data Sheets, Revision 1
MMM-006, Calibration Program, Revision 22

47 OTHER REFERENCES

47.1
472
4.7.3
474
4.7.5
4.7.6
4.7.7

4.7.8
4.7.9

Updated Final Safety Analysis Report

Technical Specifications, Amendment 176

RNP-F/NFSA-0045, RNP Cycle 21 Reload Plant Parameters Documents, Revision 2
Equipment Data Base (EDB)

ASME Steam Tables 6™ edition

R82-226/01, DBD for Control Room Habitability Modifications 993&994, Revision 6
727-702-25, Feedwater System Instrumentation Flow Westinghouse Manual Number
W-1003, Revision 0.

ASME Fluid Meters Their Theory and Application, Sixth Edition, 1971
WNEP-8372, Model 44F Steam Generator Thermal and Hydraulic Design Data
Report, Revision 3, April 1, 1985

4.7.10 CPL-89-660, Steam Flow Measurement at Low Power Levels

Memo NF-92A-0158, From: R. G. Matthews, To: Marvin Page,
Subject: Westinghouse Letter CPL-89-660

4.7.11 EC 47208, Replacement of RTGB Recorders



Computed By: Date: . Calcutation 1D

W. Robert Smith 087287 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg. 11 of 93 Rev: 3
| Bob Hunter 08728/ 02

Project No.: N/A File:

Project Title: N/A

Cakeulation Titk: Feedwater Flow Loop Uncertainty and Scaling Calculation

4.7.12 DBD/R87038/SD06, Design Basis Document, Reactor Safeguards and Protection
System, Revision 5

4.7.13 EC 47152, Ultrasonic Feedwater Flow Measurement

4.7.14 EC 47162, Set-points, Uncertainty Calc. Changes For Appendix K Uprate

4.7.15 EC 47160, NSSS AND BOP ANALYSIS TO SUPPORT APPENDIX K UPRATE,
Design Section, Para. F.5.7.p

S0 INPUTS AND ASSUIMPTIONS

5.1 The accuracy of a typical test resistor is on the order of + 0.01%. Therefore, the test
resistors used during calibration are assumed to have a negligible impact on the overall
uncertainty calculation.

5.2 Per Reference 4.7.6, the ambient temperature in the Control Room varies from 70°F to
77°F during operation. The calibration temperature for the indicator and recorder is
assumed to be 60°F. Therefore, a change in temperature of 17°F (9.4°C) is used to
compute the indicator and recorder temperature effects.

5.3 Per Reference 4.7.4, the pressure transmitters are located in the Turbine Building. The
Turbine Building is an open structure. The minimum temperature used to compute the
transmitter temperature effect is assumed to be 33°F, because the transmitters are located
in thermostatically controlled enclosures. Per Reference 4.7.1, the maximum temperature
in the Turbine Building is 107°F.

5.4 Per Reference 4.6.1, reference accuracy typically includes the effects of lincarity,
hysteresis, and repeatability. The indicator reference accuracy given in Reference 4.4.2 is
assumed to include the effects of linearity, hysteresis, and repeatability. The recorder
reference accuracy is also assumed to include the effects of linearity, hysteresis, and
repeatability.

5.5 Per References 4.5.1 through 4.5.6, the I/V module is calibrated as part of a string. Per
Reference 4.4.1, the V'V module is a resistor. Resistors typically experience negligible
drift. Therefore, any resistor drift throughout the fuel cycle is negligible and is accounted
for during the string calibration.
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5.6 Per Reference 4.7.6, the maximum temperature of the Hagan Rack Rooms is 82°F. Per
Reference 4.6.1, the racks may experience an additional 10°F heat rise during operation.
The ambient temperature at the time of calibration is assumed to be SO°F. Therefore, a
change in tcmpcraturc of 42°F is used to compute the temperature effect associated with

rack components.

82°F + 10°F - 50°F = 42°F

5.7 Per Reference 4.4.1, the Westinghouse 3110552-000 Computer Signal Conditioner is a

high precision resistor. Based on the high accuracy of the resistor, the resistor has a

negligible impact on the overall loop uncertainty computation.

5.8 Per Reference 4.7.7, the thermal expansion factor for the flow element is 1.007 which
corresponds to a feedwater temperature of approximately 442°F (100% load per

Reference 4.2.2). Therefore, expansion of the flow element as the result of elevated

temperatures during operation is accounted for during the calibration of the flow element.
Per Reference 4.2.2, the feedwater temperature at 20% load is 305°F. Therefore, the
change in temperature from 100% load to 20% load is less than 200°F and is negligible

(Reference 4.6.1).
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5.9 Per Reference 4.7.8, the following equation is used to compute the theoretical flow
through a nozzle venturi:

2
m = 3589 CYdE Ap
J1-p°
where,
m = mass flow rate (lbm/ hr)
C = discharge coefficient (unit less)
Y = expansion factor (1 for water)
d = bore diameter (in)
Fa = thermal expansion factor (unit lcss)
D = pipe diameter (in)
f = betaratio (unit less ratio d / )
p = fluid density (Ibm/ f°)
AP = differential pressure (inwc)

If all variables are treated as constants except density (p) and differential pressure (AP),
the flow equation is simplified as follows:

m = KypAp

For calibration conditions, the flow equation is as follows:

mc= K\}pc Apc

For operating conditions, the flow equation is as follows:

mn = Kypy Apy

Assuming a constant mass flow rate for calibration and operating conditions, the
following equation is written:

mn = mge
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Therefore,
Kypn 8py =Kypc Ap,

Solving for APn yields the following equation:

Apy = (:)): ]Apc

The process measurcment effect, expressed in terms of % AP Span, due to changes in .
feedwater density from those assumed for calibration is obtamed with the following

equation:
Apw —Ap -E’—Apc - Ap¢
= | ——=X 100% AP Span =| ——————— [100% AP Span
PMEpensiry (% AP Span) ( AP Span } ¥ P AP Span ° P
Therefore,
P
Es‘ —1APc
N
= 00% AP Span
PMEpensrry (% AP Span) AP Span c P

The uncertainty equation may be simplified by using the following relationship between
differential pressure and flow:

100% - 100% Flow(% Flow Span)
AP Span 100%
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Therefore,

Flow(% Flow Span)

Pc
= 100%| — -1
PMEpensrry (% AP Span) { Py I 100%

5.10 Per Reference 4.6.1, the normalized relationship between flow and differential

pressure is given by the following equation:

F = VAP

The equation used to convert bias uncertainties from % AP Span to % Flow Span is

derived using perturbation methods. The flow equation with uncertainties in the

differential pressure and flow terms is,

F+f= JAP"I’dp

where,
F = actual flow (% Flow Span)
f = flow uncertainty (% Flow Span)
AP = differential pressure (% AP Span)

dp = differential pressure uncertainty (% AP Span)

Taking the difference between the two equations given above yields the following,

F+f—F=,/AP+dp—-JAP=> f =JAP+dp -Jap

The equation given above is simplified by using the normalized relationship between

flow and differential pressure as follows,
*f =[F’ +dp-F

* - Multiply by a factor of 100 to obtain % Flow Span
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To obtain the equation used to convert from % Flow Span to % AP Span, the equation
given above is solved for “dp”. Therefore, the equation used to convert from % Flow

Span to % AP Span is as follows,
xdp=(F+f) ~F?

* - Multiply by a factor of 100 to obtain % AP Span

5.11 PerReference 4.6.1, the nommalized relationship between flow and differential

pressure is given by the following equation:

F= VAP

The equation used to convert random uncertainties from % AP Span to % Flow Span
is derived by taking the total derivative of the flow equation as follows:

dF=-0 VAP =P, gr- 22
J0AP 2JAP 2F
where,
dF = flow uncertainty (% Flow Span)
dp = differential pressure uncertainty (% AP Span)
F = actual flow rate (% Flow Span)

To obtain the equation used to convert random uncertainties from % Flow Span to %

AP Span, the equation given above is solved for “dp”.

*dp = 2 (FXdF)

* - Multiply by a factor of 100 to obtain % AP Span
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5.12 Per Reference 4.7.8, the following equation is used to compute the theoretical flow

through a nozzle venturi:

2
m = 358.9 CYdR pAp
1/1 -g*
where,
m = mass flow rate (Ibm/ hr)
C = discharge coefficient (unit less)
Y = expansion factor (1 for water)
d = bore diameter (in)
Fa = thermal expansion factor (unit less)
D = pipe diameter (in)
B = betaratio (unit less ratiod/ D)
p = fluid density (Ibm/ ft)
AP = differential pressure (inwc)

If all variables are treated as constants except differential pressure (AP) and the flow
cocfficient (K), the flow equation is simplified as follows:

m= K/8p

For calibration conditions, the flow equation is as follows:

mc = K¢/ Apc

For operating conditions, the flow equation is as follows:

mn = KN‘J Apy

Assuming a constant mass flow rate for calibration and operating conditions, the

following equation is written:

mN=mc
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Therefore,

KN'\/APN =K/ Apc

Solving for AP yields the following equation:

2
K
APN =('I—(—C—J APC

N

The process measurement effect, expressed in terms of inwc, associated with
variations in the Flow Coefficient (FC) is obtained with the following equation:

FC = AP, — AP, = (K_C

K

N

2
}_. P,

The process measurement effect, expressed in terms of % AP Span, associated with
variations in the flow coefficient is obtained with the following equation:

’[(

ﬁc_)z - I)APC \
KN

FC = 100%

l

AP Span

/

The uncertainty equation may be simplified by using the following relationship
between differential pressure and flow:

1009 —2F
AP Span

2
) - 100%( Flow(% Flow Span))

100%
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Therefore,

K )2 _, [ Flow(% Flow Span))2
N

FC(% AP Span) = 100%| | —<
K 100%

5.13  Per Section 9.1, each transmitter is calibrated from 0 to 300 inwc. The actual
differential pressure developed across cach flow clement / tap set is less than 300
inwc. Therefore, a bias is introduced into the flow reading as a result of the choice of
the calibrated range. For conservatism, the minimum differential pressure of 296.13
inwc is used to calculate the flow coefficient bias.

The flow coefficient for calibration conditions is computed with the following
equation:

F _4,000,0001bm/ hr

—=K
JAP ¢ J300inwe

The flow coefficient for normal conditions is computed with the following equation:

F=K.JAP =K, = = 230,940

F _4,000,0001bm/ hr

F=K ,JAP= K, =—=K, =
N N JApP N J296.13inwe

= 232,444
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5.14  Estimates of feedwater density at selected Reactor Power levels are necessary to
support the Process Measurcment Effect calculation presented in Section 6.4. For
density determinations, temperature is the dominant process parameter. Reference
4.7.9 provides feedwater temperatures at various pre-power uprate power levels from
50% through 100% (1165 MWt through 2330 MWt). In the table below, those values
have been interpolated and extrapolated to approximate temperatures at the specified
post-power uprate Reactor Power conditions.

The impact of pressure on feedwater density is less significant. The predicted post-
power uprate process conditions vary based on Steam Generator tube plugging status
and clean/fouled system conditions. Per Reference 4.2.5, steam generator dome
pressure at the post-power uprate 100% power (2339 MWT) is 800.5 psia with 6%

.SG tube plugging and 820.9 psia at 0% tube plugging. Per Reference 4.7.9, steam
pressures at the pre-power uprate 50% power level range from 898 to 924 psia
depending upon the degree of system fouling. A reasonable range of steam pressures
is sclected as 800.5 through 898 psia corresponding to 100% through 50% post-uprate
power levels. Per Reference 4.2.4 (Table 24), the mean feedwater pressure has been -
observed to be approximately 74 psi greater than the Steam Generator dome pressure.
It is assumed that feedwater flow has a linear relationship with reactor power.
Consequently, for use in this calculation, the corresponding feedwater pressures range
will be designated as 874.5 through 972 psia corresponding to 100 through 50% post-
uprate power levels. These values will be utilized in the following table to estimate
feedwater density at sclected thermal power levels.

Reactor Feedwater Feedwater | Feedwater
Power Temperature | Pressure Density

100% (2339 MWt) | 441.8°F 874.5 psia | 52.040 Ibm / ft*
90% (2105 MWt) 430.3°F 894.0 psia_ | 52.573 Ibm / ft’
80% (1871 MWt) | 418.3°F 913.5 psia__| 53.109 Ibm / ft’
70% (1637 MWt) | 406.2°F 933.0 psia 53.631 1bm / ft®
50% (1170 MW1) 375.2°F 972.0 psia__| 54.887 Ibm / ft®
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5.15

5.16

5.17

Per Reference 4.7.9, the maximum steam pressure over the operating range of interest
(250%)occurs at 50% power (924 psia). Adjusting this by the 74 psi steam/feedwater
pressure difference discussed in Design Input 5.14 yields a maximum feedwater
pressure of 998 psia (983.3 psig). For conservatism, a maximum static pressure of
1010 psig will be used to compute the transmitter static pressure effect.

Per Reference 4.7.10, the current Technical Specification setpoint analytical limit is
assumed to be 40% of full steam flow (mxsmatch) Per Reference 4.2.3, nominal
steam flow at 100% power is 3 43x10° 1bm / hr. Thercforc the Technical
Specification setpoint analytical limit is 1 372x10° lbm / hr (40% of 3.43x10° 1bm /
hr). Per Section 9.1, the calibrated flow span is 4x10° lbm / hr. Therefore, the
Technical Specification setpoint analytical limit for the steam flow / feedwater flow
mismatch reactor trip setpoint is 34.3% Flow Span (also see Reference 4.7.15).

The steam flow greater than feedwater flow alarm associated with these instrument
loops serves to alert the operator that a steam flow / fecedwater flow mismatch is
approaching the steam flow / feedwater flow mismatch reactor trip setpoint.
Therefore, the limit for the alarm is the calibrated feedwater flow / steam flow trip
sctpoint of 16% Flow Span (0.64 Vdc / 4Vdc * 100) (References 4.5.1 through 4.5.6).

The feedwater flow greater than stcam flow alarm associated with these instrument
loops serves to alert the operator that feedwater flow has exceeded steam flow. There
is no specific requircment for this sctpoint. Therefore, the limit for this alarm setpoint
is assumed to be equal to the analytical limit for the steam flow / feedwater flow
mismatch reactor trip setpoint of 34.3% Flow Span.

The digital recorder scale is programmable and variable. It is assumed that the
resolution is no less than 0.01x10°® Ibm/hr.
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5.18 Per Reference 4.2.5, the nominal steam flow / fecdwater flow at 100% power is

5.19

3.43x10° Ibm / hr. Per Section 9.1, the calibrated flow span is 4x10° Ibm / hr.
Therefore, the following relationship between % Flow and % Flow Span exists:

3.43x10% 1bm/ hr
4.00x10° Ibm/ hr

100% Flow =[ )100% Flow Span = 85.75% Flow Span

The flow rates analyzed in this calculation are from 50% Flow to 100% Flow.
Therefore, uncertainties are computed for the following flow rates:

rFlowRate Flow Rate !
i (% Flow) | (% FlowSpan) |
;' 100% 85.75%
: 90% 77.18%
L 80% 68.60%
P 70% 60.03%
L 50% 42.88%

Technical information included in Reference 4.7.11 shows that the recorder
manufacturer does not specify a time dependent drift uncertainty for these digital
devices. It is therefore assumed that any such drift is negligible and is included within
the Reference Accuracy and Temperature Effect specifications.
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6.0 CAL.CULATION OF IINCERTAINTY CONTRIBUTORS
61 ACCIDENT EFFECTS (AE)

Per Reference 4.6.2, the indication / recording functions provided by each loop are not
required post accident. Therefore, accident effects are not computed for the indication /
recording functions.

The transmitters in each loop are located in the Turbine Building and arc not exposed to

adverse environmental conditions during an accident. Therefore, loop uncertainties are
computed for normal environmental conditions only.

6.2 SEISMIC EFFECT (SE)

The steam flow / feedwater flow mismatch function is required to operate following a seismic
event. Therefore, scismic uncertainties are computed for this function.

The ERFIS, indication, and recorder uncertainties do not include seismic effects.

Per References 4.7.4, FT-476, FT-486, and 496 are Rosemount Model 1151DPS transmitters.
Per Reference 4.4.3, the transmitter seismic effect (SExmy) is £ 0.25% URL.

Per References 4.7.4, FT-477, and 487 are Rosemount Model 1153DAS transmitters. Per
Reference 4.4.3, the transmitter seismic effect (SExmer) is £ 0.50% URL.

Per References 4.7.4, FT-497 is a Rosemount Model 1153HAS transmitter. Per Reference
4.4 .3, the transmitter seismic effect (SExme) is + 0.50% URL.

For conservatism, a seismic effect of + 0.50% URL is used for all transmitters. Per Section
9.1, the calibrated span of each loop is 300 inwc. Therefore,

SExmr =+ 0.50% URL [ 750inwe ] [IOO%SPan)

100% URL 300inwc
SExme =+ 1.25% AP Span
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63 INSULATION RESISTANCE FRROR (IR)

These loops are not required to mitigate any event which results in degraded signal cabling.
Therefore, Insulation Resistance (IR) effects are not applicable.

Per Design Input 5.9, the following equation is used to compute process measurement effects
associated with changes in feedwater density:

Pe
= 100%| — -1
PMEbensmry (% AP Span) { I 100%

Pn

Flow(% Flow Span))2

Per Design Input 5.10, the following equation is used to convert the process measurement
effect from % AP Span to % Flow Span:

PMEbpensmy (% Flow Span) = 100(\/1:2 + PME pensiry (% AP Span) — F)

Note: The decimal fraction for the flow rate and uncertainty is used in the equation.
Per Reference 4.7.7, the following fluid density is assumed for calibration:

pc  =52.0502 Ibm/ ft’ (855 psia, 442°F)
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Per Design Input 5.14 and 5.18, the following fluid densities and flow rates are used to

compute process measurement effects:

pioow =52.040 Ibm/ ft’
poos = 52.573 Ibm/ {0’
pson  =53.109 Ibm/ fe’
pro% =53.631 Ibm/ i’
psox. = 54.887 Ibm / fi°

Flow Rate PMEpensy | PMEpmnsity
(% Flow Span) (% AP Span) (% Flow Span)
85.75% 0.01% 0.01%
77.18% -0.59% -0.38%
68.60% -0.94% -0.69%
60.03% -1.06% -0.89%
42.88% -0.95% -1.12%

Pining EfF

If the minimum upstream and downstream piping requirements are met, an installation effect
bias of + 0.50% Flow Reading should be included in the loop uncertainty calculation
(Reference 4.6.1). If the minimum upstream and downstream piping requirements are not
met, an additional bias + 0.50% Flow Reading should be applied. For conservatism, it is

assumed that the minimum upstream and downstream piping requirements are not met.

Therefore,

PMEpiping (% Flow Span) = +1.00% Flow Reading -1.00% Flow Reading

Per Design Input 5.10, the following equation is used to convert bias uncertainties from %

Flow Span to % AP Span:

PMEriing (% AP Span) = 100((F+ PME (% Flow Span))’ —F?)

Note: The decimal fraction for the flow rate and uncertainty is used in the equation.
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Thercfore, the process measurement effect due to the piping configuration is as follows:

FlowRate | PMEpping | PMEpiping | PMEpiping | PMEprping
(% FlowSpan) | (% FlowSpan) |(% FlowSpan) | (% AP Span) | (% AP Span)
85.75% 0.86% -0.86% 1.48% -1.46%
77.18% 0.77% -0.77% 1.20% -1.19%
68.60% 0.69% -0.609% 0.95% -0.94%
60.03% 0.60% -0.60% 0.72% -0.72%
42.88% 0.43% -0.43% 0.37% -0.37%
Thermal Expansion Effects

Per Design Input 5.8, thermal expansion effects are negligible.
6.4.2P M ‘B - Acrident Envi I
Per Section 6.1, accident effects are not considered for these loops.

6.5 PRIMARY ELEMENT ERROR (PE)
Primary Element Acenracy

Per Reference 4.7.7, rigorous testing was performed on the flow elements, and special design
criteria were used to minimize measurement errors. Calibration parameters and flow clement
uncertainties were determined through detailed testing and analysis. Per Reference 4.7.7, the
flow element has an accuracy of + 0.25% Flow Reading. Therefore,

PE (% Flow Span) = + 0.25% Flow Reading
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Per Design Input 5.11, the following equation is used to convert random primary clement
uncertainties from % Flow Span to % AP Span:

PE (% AP Span) = 100(2 (Flow Ratc XPE (% Flow Span)))

Note: The decimal fraction for the flow rate and uncertainty is used in the equation.

Flow Rate PE PE

(% FlowSpan) | (% FlowSpan) | (% AP Span)
85.75% 0.21% 0.37%
77.18% 0.19% 0.30%
68.60% 0.17% 0.24%
60.03% 0.15% 0.18%
42.88% 0.11% 0.09%
A Coeffici u .

Per Design Input 5.12, the bias uncertainty associated with the flow coefficient is computed
with the following equation:

2 2
FC(% AP Span)= 100%[(.&) _ II Flow(% Flow Span))
K

N 100%

Per Design Input 5.10, the following equation is used to convert bias uncertainties from % AP
Span to % Flow Span:

*f =JF° +dp-F

* - Multiply by a factor of 100 to obtain % Flow Span
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Per Design Input 5.13, the flow coefficient for calibration (K¢} is 230,940, and the flow
coefficient for normal operation (Kn) is 232,444. Therefore,

Flow Rate FC FC

(% FlowSpan) | (% AP Span) | (% FlowSpan)
85.75% -0.95% -0.55%
77.18% -0.77% -0.50%
68.60% -0.61% -0.44%
60.03% -0.46% -0.39%
42.88% -0.24% -0.28%

6.6 TRANSMITTER (FT-497, ROSEMOUNT 11S3HAS)
61T itter’s Unverified Attributes of Reference Accnracy (RAzme)

Per Reference 4.4.3, the reference accuracy of the transmitter is + 0.25% Span and includes
the effects of linearity, hysteresis, and repeatability. Per References 4.6.3 and 4.6.4, the
transmitter is calibrated to + 0.50% Span at nine points (5 up and 4 down). Therefore, the
calibration proccdure verifies the attributes of linearity and hysteresis but not repeatability.
Per Reference 4.6.1, the following equation is utilized to compute the repeatability portion of
the transmitter reference accuracy:

R P tability = + =% 2% 2 =+0.1 Sp
cpeca = = = .14% an

Therefore,

RAxmi =+ 0.14% AP Span
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Per Reference 4.6.4, the transmitter is calibrated to + 0.50% Span. Therefore,

CALxm[r = :t 0.50% AP Span

Per Attachment D, transmitter drift is given as + 0.20% Upper Range Limit over 30 months.
Per Reference 4.4.3, the Upper Range Limit (URL) for a range code S transmitter is 750
inwc. Per Reference 4.6.1, the time interval between calibrations is 22.5 month (18 months +
25%). Per Section 9.1, the calibrated span of the transmitter is 300 inwc. Therefore,
750inwc
xmr = + 0.20%) ———
DRyme = £ 0( 300inwc)

DRxmir = + 0.50% AP Span

A DMM, pressure gauge, and the instrument loop test point resistor are used to calibrate the
transmitter. Per Reference 4.6.1, the combined (SRSS) accuracy of all the M&TE used to
calibrate the transmitter is better than or equal to the calibration accuracy of the transmitter.
For conservatism and flexibility in the choice of test equipment, the MTE term for the
transmitter is sct equal to the calibration tolerance of the transmitter.

MTExm[r - :t 0.50% AP Span
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6.6.5 Transmitter Temperature Effect (TFom)

Per Reference 4.4.3, the transmitter temperature effect is given as + 0.75% Upper Range
Limit 4+ 0.50% Span for a change in temperature of 100°F from the temperature at which the
transmitter was calibrated. Per Reference 4.4.3, the Upper Range Limit (URL) for a range
code S transmitter is 750 inwc. Per Section 9.1, the span of the transmitter is 300 inwc. Per
Reference 4.6.3, the transmitters are located in the Turbine Building, and the minimum and
maximum Turbine Building temperatures are 33°F and 107°F respectively (Design Input
5.3). Therefore, a maximum change in temperature of 74°F (107°F - 33°F) is used to
calculate the transmitter temperature effect. Therefore,

TExmue = i‘[075‘7{%m)+050% SPMI T4°F )

inwe 100°F
TExmu =% 1.76% AP Span

66.6T itter Static P Effect (SPEyas)

Per Reference 4.4.3, a static pressure span effect of -1.0% Upper Range Limit per 1000 psi is
specified for the transmitter. Per Section 9.1, the static pressure span cffect is systematic and
can be calibrated out. Therefore, the static pressure span effect is equal to the span shift
uncertainty of + 0.25% Upper Range Limit per 1000 psi.

Per Reference 4.4.3, the static pressure zero effect is specified as + 2.0% Upper Range Limit
per 4500 psi. Per Design Input 5.15, the maximum static pressure across the transmitter is
1010 psi. Per Reference 4.4.3, the Upper Range Limit (URL) of a range code 5 transmitter is
750 inwc. The span of the transmitter is 300 inwc (Section 9.1). Therefore, the total Static
Pressure Effect (SPE) is computed as follows:

. .\T2 . BGE
SPExmtr = +4|| 0.25% 750 [mwe 1010 Pt | 2.00% 750 inwe 1010 psi
- 300inwc 1000 psi 300inwc } 4500 psi

SPExmi =+ 1.29% AP Span
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6.6.7 Transmitter Power Supply Effect (PSE; )

Per Refercnce 4.4.3, the power supply effect associated with the transmitters is given as £

0.005% Span per volt variation in power supplied to the transmitter from the power supplied
at the time of calibration. Per Reference 4.4.1, each instrument loop is powered by a Model
137-121 45 Vdc supply or an NUS SPS-801 power supply. The power supply is powered by

regulated instrument buses per Reference 4.2.1. Therefore, the power supply effect is

negligible.

PS Exmxr = N/ A

Total Device Uncertainty for normal environmental conditions is computed using the

following cquation:

TDUgme = +4/(CAL,,, +MTE,__Y +RA . +DR,,  +TE

TDUxmlr =+ 2.46% AP Span

xmu

6.6.9 Transmitter As Found Tolerance (AF Ty}

xmtr

*+SPE_,°

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:
AFTume = +4CAL, 2 +DR,_ > +MTE_
AFTxmr =% 0.87% Ap Span
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£.6.10 Transmitter As Left Tolerance (ALT )

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTxm(r = CALxmtr

ALTxmtr = i 0.50% AP Span

Error Contributor Value Type Section

RA + 0.14% AP Span__|{ Random 6.6.1
CAL +0.50% AP Span_ | Random 6.6.2
DR 4+ 0.50% AP Span_ | Random 6.6.3
SPE +1.29% AP Span__ | Random 6.6.6
MTE + 0.50% AP Span__| Random 6.6.4
TE + 1.76% AP Span | Random 6.6.5

As Left Tolerance (ALT) + 0.50% AP Span | Random 6.6.10
As Found Tolerance (AFT) | 4+ 0.87% AP Span_ | Random 6.6.9
Total Device Uncertainty +2.46% AP Span | Random 6.6.8

(non-accident)

Transmitter Uncertainty Summary
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£.7 TRANSMITTER (FT-477 AND FT-487, ROSEMOUNT 1153DAS)

. Y »

Per Reference 4.4.3, the reference accuracy of the transmitter is + 0.25% Span and includes
the effects of linearity, hysteresis, and repeatability. Per References 4.6.3 and 4.6.4, the
transmitter is calibrated to + 0.50% Span at nine points (5 up and 4 down). Therefore, the
calibration procedure verifies the attributes of linearity and hysteresis but not repeatability.
Per Reference 4.6.1, the following equation is utilized to compute the repeatability portion of

the transmitter reference accuracy:

Repeatability = 4~ 925%Span _ o1 1o s
epeatability =+ =72 = =+ 0.14% Span
3 V3

Therefore,

RAxmr =1 0.14% AP Span

Per Reference 4.6.4, the transmitter is calibrated to + 0.50% Span. Therefore,

CALxmir =+ 0.50% AP Span

63T itter Drift (DR )

Per Attachment D, transmitter drift is given as + 0.20% Upper Range Limit over 30 months.
Per Reference 4.4.3, the Upper Range Limit (URL) for a range code 5 transmitter is 750
inwc. Per Reference 4.6.1, the time interval between calibrations is 22.5 month (18 months +
25%). Per Section 9.1, the calibrated span of the transmitter is 300 inwc. Therefore,

DRy = 40.20% 750 mwc)

300inwc
DRiymy = +0.50% AP Span
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6.2.4 Transmitter M&TE Effect (MTEqmi)

A DMM, pressure gauge, and the instrument loop test point resistor are used to calibrate the
transmitter. Per Reference 4.6.1, the combined (SRSS) accuracy of all the M&TE used to
calibrate the transmitter is better than or equal to the calibration accuracy of the transmitter.
For conservatism and flexibility in the choice of test equipment, the MTE term for the
transmitter is set equal to the calibration tolerance of the transmitter.

MTExm(r =+ 0.50% AP Span
6.7.5 Transmitter Temperature Effect (TEzme)

Per Reference 4.4.3, the transmitter temperature effect is given as + 0.75% Upper Range
Limit + 0.50% Span for a change in temperature of 100°F from the temperature at which the
transmitter was calibrated. Per Reference 4.4.3, the Upper Range Limit (URL) for a range
code 5 transmitter is 750 inwc. Per Section 9.1, the span of the transmitter is 300 inwc. Per
Reference 4.6.3, the transmitters are located in the Turbine Building, and the minimum and
maximum Turbine Building temperatures are 33°F and 107°F respectively (Design Input
5.3). Therefore, a maximum change in temperature of 74°F (107°F - 33°F) is used to
calculate the transmitter temperature effect. Therefore,

TExme = «_{0-75%(M) +0.50% SpanI 174 F )

300inwc 00°F
TExmlr =% 1.76% AP Span
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616T itter Static P Effect (SPEy0)

Per Reference 4.4.3, a static pressure span effect of -1.0% Upper Range Limit per 1000 psi is
specified for the transmitter. Per Scction 9.1, the static pressure span effect is systematic and
can be calibrated out. Therefore, the static pressure span effect is equal to the span shift
uncertainty of + 0.25% Upper Range Limit per 1000 psi.

Per Reference 4.4.3, the static pressure zero cffect is specified as + 0.25% Upper Range Limit
per 2000 psi. Per Design Input 5.15, the maximum static pressure across the transmitter is
1010 psi. Per Reference 4.4.3, the Upper Range Limit (URL) of a range code 5 trunsmitter is
750 inwc. The span of each transmitter is 300 inwc (Section 9.1). Therefore, the total Static
Pressure Effcct (SPE) is computed as follows:

SPEumy = 2 | 0257 ominwe | 1010pSH | g 5gf T20Inwe | 1970 pot
300inwe | 1000 psi 300inwc | 2000 psi

SPExmr =+ 0.71% AP Span

£.7.7 Transmitter Power Supply Effect (PSEqm)

Per Refercnce 4.4.3, the power supply effect associated with the transmitters is given as +
0.005% Span per volt variation in power supplied to the transmitter from the power supplied
at the time of calibration. Per Reference 4.4.1, each instrument loop is powered by a Model
137-121 45 Vdc supply or an NUS SPS-801 power supply. The power supply is powered by
regulated instrument buses per Reference 4.2.1. Therefore, the power supply effect is
negligible.

PSExmr= N/A

TRT itter Total Device Uncertainty (TD )

Total Device Uncertainty for normal environmental conditions is computed using the
following equation:

TDUmer = i‘/(CALxm!r + MTE uhe ): + RA
TDUxmye = +2.21% AP Span

*+DR_+TE .  +SPE,,’

mir antr
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6.7.9 Transmitter As Found Tolerance (AFTyquc)
Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation:

AFTymy = £y/CAL,, +DR > +MTE ., *

AFTxm: =+ 0.87% AP Span

£.7.10 Transmitter As Left Tolerance (A1 Tsry:)
PerReference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTxmtr = CALxmlr
ALTxmlr =+ 0.50% AP Sp‘dn

Error Contributor Value Type _ Section

RA +0.14% AP Span__ | Random 6.7.1
CAL +0.50% AP Span__| Random 6.7.2
DR +0.50% AP Span | Random 6.7.3
SPE +0.71% AP Span__| Random 6.7.6
MTE +0.50% AP Span | Random 6.7.4
TE 4+ 1.76% AP Span | Random 6.7.5

As Left Tolerance (ALT) +0.50% AP Span | Random 6.7.10
As Found Tolerance (AFT) | 4+ 0.87% AP Span__| Random 6.7.9
Total Device Uncertainty | +2.21% AP Span | Random 6.7.8

(non-accident)

Transmitter Uncertainty Summary
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SRLT itter’s Unverified Attributes of Refl \ (RAg)

Per Reference 4.4.3, the reference accuracy of the transmitter is + 0.20% Span and includes
the effects of linearity, hysteresis, and repeatability. Per References 4.6.3 and 4.6.4, the
transmitter is calibrated to 4 0.50% Span at nine points (S up and 4 down). Therefore, the
calibration procedure verifies the attributes of linearity and hysteresis but not repeatability.
Per Reference 4.6.1, the following equation is utilized to compute the repeatability portion of
the transmitter reference accuracy:

Repeatability = 4 oome _  0:20%5pan _ o o apS
epeatability = 5 7 o pan
3

Therefore,

RAxmr =1 0.12% AP Span

Per Reference 4.6.4, the transmitter is calibrated to + 0.50% Span. Therefore,

CALxmu = 'i' 0.50% AP Span

Per Reference 4.4.3, transmitter drift is given as + 0.20% Upper Range Limit for a time
period of 6 months. Per Reference 4.6.1, the time interval between calibrations is 22.5 month
(18 months + 25%). Per Reference 4.4.3, the Upper range Limit (URL) for a range code 5
transmitter is 750 inwc. Per Section 9.1, the span of thc transmitter is 300 inwc. Therefore,

DR = 4 225 months 750mwc
e =V 6 months 300inwc

DRxmtr =+ 0.97% AP Span




Computed By: Date: , . . Calcutation ID.

W. Robert Smith 087287 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg.38 of 93 |Rev: 3
Bob Hunter 087287 02

Project No.: N/’A File:

Project Title: NVA

Calculation Titte: Feedwater Flow Loop Uncertainty and Scaling Calculation

£.8.4 Transmitter M&TE Effect (MTFEym}

A DMM, pressure gauge, and the instrument loop test point resistor are used to calibrate the
transmitter. Per Reference 4.6.1, the combined (SRSS) accuracy of all the M&TE used to
calibrate the transmitter is better than or equal to the calibration accuracy of the transmitter.
For conservatism and flexibility in the choice of test equipment, the MTE term for the
transmitter is set equal to the calibration tolerance of the transmitter.

MTExmtr =+ 0.50% AP Span
6.8.5 Transmitter Temperature Effect (TFyqn)

Per Reference 4.4.3, the transmitter temperature effect is given as £ 1.00% Span at maximum
span (750 inwc) and +3.50% Span (150 inwc) at minimum span for a change in temperature
of 100°F from the temperature at which the transmitter was calibrated. The temperature
effect for the span of 300 inwc is obtained through linear interpolation to be + 2.88% Span
per 100°F. Per Reference 4.6.3, the transmitters are located in the Turbine Building, and the
minimum and maximum Turbine building temperatures are 33°F and 107°F respectively
(Design Input 5.3). Thercfore, a maximum change in temperature of 74°F (107°F - 33°F) is
used to calculate the transmitter temperature effect. Therefore,

AT
=4 2.88%S
TEume =3 £.55% pan(IOO°F)

°

74°F
e =+ 2.88% Spa =+42.
TExmue == 0 Sp n(lOO°F) + 2.13% AP Span
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68.6T itter Static P Effect (SPE..)

Per Reference 4.4.3, a static pressure span effect of -0.81% Reading per 1000 psi is specified
for the transmitter. Per Section 9.1, the static pressure span effect is systematic and can be
calibrated out. Therefore, the static pressure span effect is equal to the span shift uncertainty
of + 0.25% Reading per 1000 psi. For conservatism, the static pressure span effect is
computed using the maximum reading of 300 inwc (Section 9.1). Therefore, the static
pressure span effect is + 0.25% Span per 1000 psi.

Per Reference 4.4.3, the static pressure zero effect is specified as + 0.25% Upper Range Limit
per 2000 psi. Per Design Input 5.15, the maximum static pressure across the transmitter is
1010 psi. Per Reference 4.4.3, the Upper Range Limit (URL) of a range code 5 transmiitter is
750 inwc. The span of each transmitter is 300 inwc (Section 9.1). Therefore, the total Static
Pressure Effect (SPE) is computed as follows:

T _ , —
SPE. = 4| 0.250%( 1010PSi [ {5 sqpf 750inwe Y 1010 psi
1000 psi 300inwe ) 2000 psi

SPE. i =+ 0.40% AP Span

6.8.7 Transmitfer Power Supply Effect (PSEym)

Per Reference 4.4.3, the power supply effect associated with the transmitters is given as +
0.005% Span per volt variation in power supplied to the transmitter from the power supplied
at the time of calibration. Per Reference 4.4.1, each instrument loop is powered by a Model
137-121 40 Vdc supply or an NUS SPS-801 power supply. The power supply is powered by
regulated instrument buses per Reference 4.2.1. Therefore, the power supply effect is
negligible.

PSExmxr = N,A
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Total Device Uncertainty for normal environmental conditions is computed using the

following equation:

TDUxmlr = i'J(CALxmlr + MTExmu )2 + RAxmuz + I)lz:unu'2 +TExm¢r2 + SPE:MZ

TDUxmxr =+ 2.58% AP Span

6.8.9 Transmitter As Found Tolerance (AF Ty}

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:

AFTume = +yCAL > +DR,,} +MTE

AFTyxmir =+ 1.20% AP Span
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£.8.10 Transmitter As 1 eft Tolerance (AL Tym)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTxmir= CALxmir

ALTxme =+ 0.50% AP Span

Error Contributor Value Type Section

RA +0.12% AP Span | Random 6.8.1
CAL +0.50% AP Span | Random 6.8.2
DR +0.97% AP Span | Random 6.8.3
SPE +0.40% AP Span_ | Random 6.8.6
MTE +0.50% AP Span_ | Random 6.8.4
TE +2.13% AP Span | Random 6.8.5

As Left Tolerance (ALT) +0.50% AP Span__| Random 6.8.10
As Found Tolerance (AFT) | + 1.20% AP Span__| Random 6.8.9
Total Device Uncertainty | +2.58% AP Span | Random 6.8.8

(non-accident)

Transmitter Uncertainty Summary
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6.9 COMPARATOR MODULE
6.9.1C tor’s ified Attribut £ Ref, A (RA )

Per Reference 4.4.1, the comparator reference accuracy is + 0.50% Span. Per Reference
4.6.4, the comparator is calibrated to + 0.50% Span, and the calibration procedure verifies the
attributes of linearity and hysteresis but not repeatability. Per Reference 4.6.1, the following
equation is utilized to compute the repeatability portion of the comparator reference accuracy:

R tability =+ = =+ :50% Spa =+ 0.299 Sp
epecatability =+ = =+ 0. an
P y J3 Nk ’

Therefore,

RAcomp = +0.29% Span

6.02 C tor Calibrafion Tal (CALcos)

Per Reference 4.6.4, the comparator is calibrated to + 0.50% Span. Therefore,

CALcomp = £ 0.50% Span

6.9.3 Comparator Drift (DRomp)

Per Reference 4.4.1, no drift is specified for the Hagan or NUS comparator. Per Reference

4.6.1, if no drift is specified for a device, a default value of + 1.00% Span may be used.

Based on historical data, Hagan comparator drift is + 0.25% Span (Attachment B). If the

default value bounds the value obtained through a review of the historical data, the default
value of + 1.00% Span may be used for comparator drift (Reference 4.6.1). Therefore, the
default value of + 1.00% Span is used for comparator drift for the NUS and Hagan

comparators.

DRcomp = + 1.00% Span
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6.9.4 Comparator METE Effect (MTEcomp)

Per References 4.5.1 through 4.5.6, one DMM with an accuracy of + 0.25% Reading is used
to calibrate the comparator. For conservatism, a maximum reading of 5 Vdc is used to

compute the accuracy of the DMM as follows:

.y 5vd
MTEcomp = (0.25% Readmg{4 Vd((::)= +0.31% Span

6.9.5 Comparator Temperature Effect (TEcomp)

Per Reference 4.4.1, the NUS comparator temperature effect is given as £ 0.04% Span per
1°C change in temperature from the temperature at the time of calibration, and no
temperature effect is specified for the Hagan comparator. Per Reference 4.6.1, if no
temperature effect is specified for a device, a default value of +0.50% Span may be used fer
the temperature effect. Per Design Input 5.6, a change in temperature of 42°F (23.33°C) is

used to compute the comparator temperature effect. Therelore,

23.33°C
TEcomp = £ 0.04% Span e

TEcomp =+ 0.93% Span

Since either Westinghouse Hagan or NUS comparator may be used, the most restrictive

temperature effect (NUS comparator) is used in this calculation.

6.9.6 Comparator Power Supply Effect (PSEomg)

Per Reference 4.4.1, no uncertainty for the comparator power supﬁ]y effect is specified.

Since the comparators are powered by regulated instrument buses, the comparator power

supply effect is considered to be negligible. Therefore,

PSEcomp =N/A
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697 C jor Tatal Device Uncertainty (TDUcm)

Total Device Uncertainty is computed using the following equation:

TDUcomp = i\l (caL,,, +MIE,,, J +RA,,,’ +DR,,,* +TE

TDUcomp = i 1.61‘70 Span

6.9.8 Comparator As Found Tolerance (AFT onp)

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:

AFTenmp = +yCAL .2 + DR, )} + MTE,,,. }

Am‘comp = _'t l. 16% Span
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6.9.9 Comparator As Left Tolerance (AL Teamp)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTcomp = CALcomp
ALTcomp = i 0.50% Span

Error Contributor Value Type Section
RA +0.29% Span Random 6.9.1
CAL + 0.50% Span Random 69.2
DR + 1.00% Span Random 6.9.3
MTE +0.31% Span Random 6.94
TE +0.93% Span Random 6.9.5
As Left Tolerance (ALT) + 0.50% Span Random 6.9.9
As Found Tolerance (AFT) | + 1.16% Span Random 6.9.8
Total Device Uncertainty + 1.61% Span Random 6.9.7

(non-accident)

Comparator Module Uncertainty Summary
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6.10.1 Tsalator’s Unverified Attributes of Ref, \ (RAua)

Per Reference 4.4.1, the reference accuracy of the NUS isolator is + 0.10% Full Scale, and
the reference accuracy of the Hagan isolator is not specified. Per Reference 4.6.1, if the
reference accuracy of a device is not specified, the reference accuracy term is set equal to the
calibration tolerance of the isolator. Per Reference 4.6.4, the isolator is calibrated to + 0.50%
Span, and the calibration procedure verifies the attribute of linearity but not hysteresis or
repeatability. Per Reference 4.6.1, the following equation is utilized to compute the
repeatability and hysteresis portions of the isolator reference accuracy:

Hvsteresis = 4 RA,, 0.50% Span £0.29% S
sieresis = + = = . ) an
yoieres NG N e Sp

I+

Therefore,

RAisot =+ 0.41% Span
6.10.2 Isolator Calibration Tal (CALu)
Per Reference 4.6.4, the isolator is calibrated to + 0.50% Span. Thercfore,

CALisot =+ 0.50% Span
0.10.3 Isolatar Drift (DRssa)

Per Reference 4.4.1, no uncertainty for isolator drift is specified. The default value of +
1.00% Span is used to represent isolator drift (Reference 4.6.1) Therefore,

DRisol =+ 1.00% Span
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6.10.4 Isolator M&TF. Effect (MTEis0)

Per References 4.5.1 through 4.5.6, two DMMs are used to calibrate the isolator. Each DMM
has an accuracy of + 0.25% Reading. The total MTE term is the SRSS of the individual
DMM accuracy terms. For conservatism, a maximum reading of 5 Vdc is used to compute
the accuracy of the DMMs as follows:

2
MTEiq = * \,[(2{(0.25% Reading{ Z :’/3‘;}] }

MTEisot = + 0.44% Span

£.10.5 Isolator Temperature Effect (TE;)

Per Reference 4.4.1, the NUS isolator temperature effect is given as + 0.01% Full Scale per
1°C change in temperature from the temperature at the time of calibration, and the
temperature effect for the Hagan isolator is not specified. Per Reference 4.6.1, if the
temperature effect for a device is not specified, a default value of + 0.50% Span may be used
for the temperature effect term. Per Design Input 5.6, a change in temperature of 42°F
(23.33°C) is used to compute the isolator temperature effect. Therefore,

5Vde 1100% Span I 23.33°c)

TEisot =+ 0.01% Full Scale( 100% Full Scale 4 Vde 1°C

TEisoI = i 0.29% Span

Since either Westinghouse Hagan or NUS module may be used, the most restrictive
temperature effect (default value of + 0.50% Span) is used for the isolator temperature effect.

TEjsot = + 0.50% Span
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6.10.6 Isolator Power Supply Effect (PSEicar)

Per Reference 4.4.1, no uncertainty for the isolator power supply effect is specified. Since
the isolators are powered by regulated instrument buses, the isolator power supply effect is
considered to be negligible. Therefore,

PSEisol = N/A

6.10.7 Isolator Total Device Uncertainty (TDU)

Total Device Uncertainty is computed using the following equation:

TDUiso1 = i‘J(CALisol +MTE 150l )2 +RA
TDUisoar = + 1.52% Span

4+DR,*+TE,’°

iso! isol

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:

AFrisol = iJCALisolz +DR;
AFTiso1 =+ 1.20% Span

2 +MTE
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6.10.9 Isolator As Left Tolerance (ALTian

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTisa1= CALiso
ALTisol = _‘t 0.50% Span

Error Contributor Value Type Section
RA +0.41% Span Random 6.10.1
CAL +0.50% Span Random 6.10.2
DR + 1.00% Span Random 6.10.3
MTE +0.44% Span Random 6.10.4
TE + 0.50% Span Random 6.10.5
As Left Tolerance (ALT) +0.50% Span Random 6.10.9
As Found Tolerance (AFT) | 4+ 1.20% Span Random 6.10.8
Total Device Uncertainty + 1.52% Span Random 6.10.7

(non-accident)

Isolator Module Uncertainty Summary
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6.1LLS Root Maodule’s U ified Attribnt f Ref, A (RA o)

Per Reference 4.4.1, the reference accuracy of the NUS square root module is +0.50% Span,
and the reference accuracy of the Hagan squarc root module is not specified. Per Reference
4.6.1, if the reference accuracy of a device is not specified, the reference accuracy term is set
equal to the calibration tolerance of the square root module. Per Reference 4.6.4, the square
root module is calibrated to + 0.50% Span, and the calibration procedure verifies the attribute
of linearity but not hysteresis or repeatability. Per Reference 4.6.1, the following equation is
utilized to compute the repeatability and hysteresis portions of the square root module
reference accuracy:

Repeatability iRA"‘" 5 220% Span +0.29% S
€peataplinty = J— == =x U 70 Span
3 V3

Hysteresis = 4., 950%Span _ oo s
SIEres1s =+ = =aU. an
y N N o Sp

Therefore,

RAsqn =+ 041% Span
61128 Root Madule Calibration Tal (CALcuor)
Per Reference 4.6.4, the square root module is calibrated to + 0.50% Span. Therefore,

CALsgn =+ 0.50% Span
£.11.3 Square Root Madute Drift (DR}

Per Reference 4.4.1, no uncertainty for drift is specified for the NUS or Hagan square root
module. Per Reference 4.6.1, a default value of + 1.00% Span may be used to represent the
expected drift for the total rack. The comparators already include the default drift value of +
1.00% Span. Therefore, no additional drift is included for the square root module.

Dqun = N/A
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6.11.4 Square Root Module M&TE Effect (MTEqqe:)

Per References 4.5.1 through 4.5.6, two DMM:s are used to calibrate the square root module.
Each DMM has an accuracy of + 0.25% Reading. The total MTE term is the SRSS of the

individual DMM accuracy terms. For conservatism, a maximum reading of 5 Vdc is used to
compute the accuracy of the DMM:s as follows:

. {5Vde\T
MTEsq= £ \[((2{(0.25% Readlng{4v(ic)] }

MTEsqn = + 0.44% Span

£.11.5 Square Root Module Temperature Effect (T8}

Per Reference 4.4.1, the NUS square root module temperature effect is given as £ 0.03% Full
Scale per 1°C change in temperature from the temperature at the time of calibration, and the
temperature effect for the Hagan square root module is 4 0.01% Span per 1°C. For
conscrvatism, the tempcrature effect associated with the NUS module is used. Per Design
Input 5.6, a change in temperature of 42°F (23.33°C) is used to compute the square root
module temperature effect. Therefore,

TEsgn = % 0.03% Full Scale(

TEsqn = £ 0.87% Span

5Vdc 100% Span Y 23.33°C
100% Full Scale

4 Vdc

6.11.6 Square Root Module Power Supply Effect (PSEqqe)

)

Per Reference 4.4.1, the power supply effect for the NUS square root module is given as £
0.01% Reading for a variation of + 10% in supply voltage, and no uncertainty for the Hagan
square root module power supply effect is specified. Since the square root module is
powered by regulated instrument buses, the square root module power supply effect is
considered to be negligible. Therefore,

PSEsqn = N’ A
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Total Device Uncertainty is computed using the following equation:

TDUyqn = +/(CAL,,, +MTE, F +RA_} +TE,

TDUsqu =+ 1.34% Span

£f.11.8 Square Root Module As Found Tolerance (AFT )

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:

AFrsqn =% \ICAqunz + MTEsqnz
AFTsqn = +0.67% Span
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6.11.9 Square Root Maodule As Left Tolerance (AL Tq)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALqun = CAI.4qn
ALTsg = £ 0.50% Span

Error Contributor Value Type Section
RA +0.41% Span Random 6.11.1
CAL +0.50% Span Random 6.11.2
MTE + 0.44% Span Random 6.11.4
TE + 0.87% Span Random 6.11.5
As Left Tolerance (ALT) + 0.50% Span Random €.11.9
As Found Tolerance (AFT) | 4+ 0.67% Span Random 6.11.8
Total Device Uncertainty | + 1.34% Span Random 6.11.7

{non-accident)

Square Root Module Uncertainty Summary
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GI12 INDICATOR
6.12.1 Indicator’s 1 ified Attrihut f Ref; A (RAip)

Per Reference 4.4.2, the reference accuracy of the indicator is + 2.00% Span and includes the
effects of linearity, hysteresis, and repeatability (Design Input 5.4). Per References 4.5.1
through 4.5.6 and 4.6.4, the indicator is calibrated to + 2.00% Span at eleven points (6 up and
5 down). Therefore, the calibration procedurc verifics the attributes of lincarity and
hysteresis but not repeatability. Per Reference 4.6.1, the following equation is utilized to
compute the repeatability portion of the indicator reference accuracy:

Therefore,

RAjna =+ 1.15% Span’
6.12.2 Indicator Calihration Tol (CALy)

Per Reference 4.6.4, the indicator is calibrated to + 2.00% Span. Therefore,

CALina =+ 2.00% Span
6.12.3 Indicator Drift (DRa)

Per Attachment C, indicator drift is specified as + 1.00% Span per year. Per Reference 4.6.1,
the time interval between calibrations is 22.5 month (18 months + 25%), and the following
equation is used to compute the indicator drift:

DRind = i\ll 00% Span(

DRine =+ 1.37% Span

22.5 months
12 months
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6.12.4 Indicator M&TE Effect (MTEina)

Per References 4.5.1 through 4.5.6, one DMM with an accuracy of + 0.25% Reading is used
to calibrate the indicator. The calibration points are cardinal points on the indicator scale per
References 4.5.1 through 4.5.6. Therefore, the indicator resolution is not included in the
MTE term. For conservatism, a maximum reading of 5 Vdc is used to compute the accuracy
of the DMM as follows:

. 5Vdc
.= +(0.25% Readin
MTEina = *(0.25% Readi g{Wdc

): +0.31% Span

6.12.5 Indicator Temperature Effect (TE;na)

Per Attachment C, the indicator temperature effect is specified as + 0.10% Span per 1°C
change from the temperature at the time of calibration. Per Design Input 5.2, a change in
temperature of 9.4°C is used to compute the indicator temperature effect.

o

9.4°C
TEina = +0.10% Span( °C )

TEina = £ 0.94% Span
£.12.6 Indicator Power Supply Effect (PSE;nq)

Per References 4.1.1 through 4.1.3, the indicators are not powered by an external source.
Therefore, there is no indicator power supply effect.

PSEina = N/A
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6.12.7 Indicator Readahility (RDia)

Per Reference 4.6.1, the indicator readability term is %2 of the smallest indicator scale
demarcation. Per References 4.1.4 and 4.1.5, the indicator has a scale of O to 4x 10°tbm / hr
with minor demarcations of 0.2x10° Ibm / hr. Thercfore,

S 0.2x10° Ibm/hr Y 100% Span +2.50% Sos
ind = 3 2 4x10° Ibm/ hr |~ = <20 0 =pan
128 Indicator Total Device Uncertainty (TD1

Total Device Uncertainty is computed using the following equation:
TDUiny = +4/(CAL,, + MTE,, )’ +RA,,’ + DR, +TE,,? +RD,’
TDUing = £ 3.96% Span

6.12.9 Indicator As Found Tolerance (AFTina)
Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation:

AFTins = ++/CAL,,* +DR,,? + MTE,’

AFTing = £+ 2.44% Span
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612,10 Indicator As Left Tolerance (Al Ting)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTisg= CALina
ALTine = £ 2.00% Span

Error Contributor Value Type Section
RA + 1.15% Span Random 6.12.1
CAL + 2.00% Span Random 6.12.2
DR + 1.37% Span Random 6.12.3
MTE +0.31% Span Random 6.124
TE +0.94% Span Random 6.12.5
RD + 2.50% Span Random 6.12.7

As Left Tolerance (ALT) + 2.00% Span Random 6.12.10
As Found Tolerance (AFT) | + 2.44% Span Random 6.12.9
Total Device Uncertainty +3.96% Span Random 6.12.8

(non-accident)

Indicator Uncertainty Summary
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613 RECORDER
6131 R ler’s 1 ified Attribut [ Ref A (RA )

Per References 4.1.7 through 4.1.9, the recorder input span is 1 to 5 Vdc. Therefore, the
specifications for a 6 Vdc input range are used to compute the recorder Reference Accuracy.

Per Reference 4.7.11, for a 6 Vdc input range, the maximum resolution of the input is 1

mVdc (0.001 Vdc) and the Mcasurement Accuracy for the recorder is given as + (0.3% of
reading + 3 digits). Therefore, the recorder Reference Accuracy (RAw) is calculated as

follows:
RAwe =+ (0.3% Reading + 3 digits)
RArwe =+ (0.3% x 5 Vdc + 3 digits)
RAre = (0.015 Vdc +0.003 Vdc) = + 0.018 Vdc
RArec = (-0—'04%8/%}00% Span
RA(ee =+ 0.45% Span

6.13.2R ler Calibration Tal (CALc)
Per Reference 4.6.4, the recorder is calibrated to + 0.50% Span. Therefore,

CALtec =+ 0.50% Span

6.13.3 Recorder Drift (DR.c)

Per Section 5.19, no recorder drift is specified and recorder drift is assumed to be included in

the Reference Accuracy and Temperature Effect specifications. Therefore,

DR = N/A
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£.13.4 Recorder M&TE Effect (MTE )

Per References 4.5.1 through 4.5.3, one DMM with an accuracy of + 0.25% Reading is used
to calibrate the recorder. For conservatism, a maximum reading of 5 Vdc is used to compute
the accuracy of the DMM as follows:

5vd
e = £ (0.25% Readin
MTE (0.25% Readi g(Wd

c
C}—-i 0.31% Span

6.13.5 Recorder Temperature Effect (TEeec)

Per Reference 4.7.11, the Recorder Ambient Temperature Effect is given as + (0.1% of
reading + 1 digit) for ambient temperature variation of 10°C (18°F). Per Reference 4.7.11,
the recorder is located in the Control Room. Per References 4.1.7 through 4.1.9, the input
range of the recorderis 1 to 5 Vdc. Per Section 5.2, the Control Room is maintained between
60°F and 77°F (AT of 17°F). The 18°F temperature variation is bounding for this
application. Thercfore, the Recorder Temp Effect (TE) is calculated as follows:

TEwe = (0.1% Reading + 1 digit) (17°F / 18°F)
TEwee =+ (0.1% x 5 Vdc + 1 digit) (17°F / 18°F)

TEwe =2 (0.005 Vdc +0.001 Vdc ) (17°F/ 18°F)
TE. =%0.006 Vdc

0.006 Vdc
= 00% Sp
TErec —( 4 Vdc )‘ an

TEwee = 0.15% Span
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6.13.6 Recorder Power Supply Effect (PSEeec)

Per Reference 4.7.11, the power supply effect for a variation within 90 to 132 Vac is less than
I digit. Per Reference 4.2.1, power variations will remain within this band. Per Reference
4.6.1, uncertainties less than or equal to £ 0.05% of Span have a negligible effect on

calculation results and may be omitted from the calculation. Therefore,

PSE;.c= N/A

6.13.7 Recorder Readahility (RDee)

Per Reference 4.7.11, for a 6 Vde Volt Range recorder, minimum recorder resolution is 0.001-

VDC. The recorders have an input span of 4 Vdc (1 to 5 Vdc). Therefore,

RD.. = + 0.001Vdc
€T = 4.000Vdc

= +0.03% Span

Per Reference 4.6.1, uncertainties less than or equal to + 0.05% of Span have a negligible
effect on calculation results and may be omitted from the calculation. Therefore,

RD;c= N/A

6.13.8 Recorder Total Device Uncertainty (TDUc)

Total Device Uncertainty is computed using the following equation:

TDUree = +4/(CAL, +MTE, ¥ +RA 2 +TE
TDUrcc =+ 0.94% Span

rec
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6139 Recorder As-Found Tolerance (AFT..c}

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following

equation:
AFTrec = i‘\/CALrecz +MTE recz
AFI‘rcc = i 0.59% Span

11310 Recorder As Left Tolerance (AL Trec)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTrcc = CALrec
ALTyec = +0.50% Span

Error Contributor Value Type Section
RA + 0.45% Span Random 6.13.1
CAL +0.50% Span Random 6.13.2
DR N/A N/A 6.133
MTE +0.31% Span Random 6.13.4
TE +0.15% Span Random 6.13.5
RD N/A N/A 6.13.7

As Left Tolerance (ALT) + 0.50% Span Random 6.13.10
As Found Tolerance (AFT) | +0.59% Span Random 6.13.9
Total Device Uncertainty | +0.94% Span Random 6.13.8

(non-accident) _

Recorder Uncertainty Summary
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O TOTAL L.OOP UNCERTAINTY (TLL)}

Z1TOTALLOQOP UINCERTAINTY - PLANT NORMAIL

Z2.1.1 Total Loop Uncertainty - Input to ERFIS

Per Reference 4.6.1, the total loop uncertainty at the input to ERFIS is computed with the
following equation:

TLUgxps = + PE’ +TDUxmtr2 +TDin|2 + PMEpensty + PMEpiping + FC

Note: The most conservative transmitter uncertainty (See Section 6.8) is used to compute
the total loop uncertainty.

Flow Rate PE TDUymtr TD Ujso1 TLUrandom
(% FlowSpan) | (% APSpan) | (% APSpan) | (% APSpan) | (% AP Span)
85.75% 0.37% 2.58% 1.52% 3.02%
77.18% 0.30% 2.58% 1.52% 3.01%
68.60% 0.24% 2.58% 1.52% 3.00%
60.03% 0.18% 2.58% 1.52% 3.00%
42.88% 0.09% 2.58% 1.52% 3.00%
positive negative
Flow Rate FC PMEpiping | PM Erring PM Epensny TLU TLU
(% FlowSpan) | (% APSpan) | (% APSpan) | (% APSpan) | (% APSpan) | (% APSpan) | (% AP Span)
85.75% -0.95% 1.48% -1.46% 0.01% 4.51% -5.43%
77.18% -0.77% 1.20% -1.19% -0.59% 4.21% -5.56%
68.60% -0.61% 0.95% -0.94% -0.94% 3.95% -5.49%
60.03% -0.46% 0.72% -0.72% -1.06% 3.72% -5.24%
42 .88% -0.24% 0.37% -0.37% -0.95% 3.37% -4.55%
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11.2 Total Lioop Uncertainty - Indicator F1-476, 477, 486, 487, 496, AND) 497

Per Reference 4.6.1, the total loop uncertainty associated with the indicator is computed with
the following equation:

TLUina = ;h/ PE’+TDU,,,’ +TDU,,” + TDU,,’ + TDU,,* + PMEpensrrv + PMEpping + FC

Per Design Input 5.11, the transmitter uncertainties are converted from % AP Span to % Flow
Span with the following equation:

TDUxmu (% Flow Span) =1

2(Flow Rate)

where TDUxm« (% AP Span) = + 2.58% AP Span

TDU,,, (% AP Span)]

Note: The most conservative transmitter uncertainty (Sce Section 6.8) is used to compute

the total loop uncertainty.

Flow Rate PE TDUxmlr TD Usqrt TD Uisol TD Uind TLUrnndom
(% FlowSpan) | (% FlowSpan) |{ (% RowSpan) | (% FlowSpan) | (% FlowSpan) | (% Flow Span) | (% Flow Span)
85.75% 0.21% 1.50% 1.34% 1.52% 3.96% 4.70%
77.18% 0.19% 1.67% 1.34% 1.52% 3.96% 4.76%
68.60% 0.17% 1.88% 1.34% 1.52% 3.96% 4 .83%
60.03% 0.15% 2.15% 1.34% 1.52% 3.96% 4.94%
42.88% 0.11% 3.01% 1.34% 1.52% 3.96% 5.37%

positive negative
Flow Rate FC PMEpiping | PMEpiring | PMEpensity TLU TLU
(% FlowSpan) | (% FlowSpan) | (% FlowSpan) | (% FlowSpan) | (% FlowSpan) | (% FowSpan) | (% Flow Span)
85.75% -0.55% 0.86% -0.86% 0.01% 5.57% -6.11%
77.18% -0.50% 0.77% -0.77% -0.38% 5.53% -6.41%
68.60% -0.44% 0.69% -0.69% -0.69% 5.52% -6.65%
60.03% -0.39% 0.60% -0.60% -0.89% 5.54% -6.82%
42.88% -0.28% 0.43% -0.43% -1.12% 5.80% -7.20%
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Per Reference 4.6.1, the total loop uncertainty associated with the recorder is computed with the
following equation:

TLUrec = i\/PEz +TDU,,,”* +TDU,,,* + TDU,,* +TDU,..” + PMEpexsmry + PMEppivg + FC

Per Design Input 5.11, the transmitter uncertainties are converted from % AP Span to %
Flow Span with the following equation:

TDUxm (% Flow Span) = IOC{

TDU, . (% AP Span)

2(Flow Rate)

)

where TDUymi: (% AP Span) = 4 2.58% AP Span

Note: The most conservative transmitter uncertainty (See Section 0.8) is used to
compute the total loop uncertainty.

Flow Rate PE TDUxmtr TDUsqrt TDUsor TDUyec TDUrandom
(% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span} { (% Flow Span) { {% Flow Span) { (% Flow Span)
85.75% 0.21% 1.50% 1.34% 1.53% 0.94% 2.70%
77.18% 0.19% 1.67% 1.34% 1.52% 0.94% 2.80%
68.60% 0.17% 1.88% 1.34% 1.52% 0.94% 2.92%
60.03% 0.15% 2.15% 1.34% 1.52% 0.94% 3.10%
42.88% 0.11% 3.01% 1.34% 1.52% 0.94% 3.75%

Positive Negative
Flow Rate FC PMEpirinGg PMEpirine | PMEpensrry TLU TLU
{ (% Flow Span) | (% Flow Spam) | (% Fl an) | (% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span)
85.75% -0.55% 0.86% -0.86% 0.01% 3.57% -4.11%
77.18% -0.50% 0.77% -0.77% -0.38% 3.57% -4.45%
68.60% -0.44% 0.69% -0.69% -0.69% 3.61% -4.74%
60.03% -0.39% 0.60% -0.60% -0.89% 3.70% -4.98%
42.88% -0.28% 0.43% -0.43% -1.12% 4.18% -5.58%
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114 Total Loop tncertainty - Comparators
The comparator uncertainty is computed in Section 7.3.

22 TOTAL1.OOP UNCERTAINTY - ACCIDENT

Per Section 6.1, accident effects are not considered for these loops.

The comparators in each loop provide an alarm on feedwater flow greater than steam flow, an
alarm on feedwater flow less than steam flow, and a steam flow / feedwater flow mismatch .
reactor trip signal. Per Scction 7.3.2 of Reference 4.2.3, the random and bias steam flow
uncertainties are as follows:

FCranpom
Flow Flow PE Uncertainty TDUzmer TDUsgre SExmtr
(% Flow) | (% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span) (% _Flow Span) _

100% 85.75% 0.64% 0.56% 1.69% 1.42% 0.81%
90% 77.18% 0.58% 0.54% 1.87% 1.42% 0.90%
80% 68.60% 0.51% 0.51% 2.11% 1.42% 1.01%
70% 60.03% 0.45% 0.47% 2.41% 1.42% 1.16%
50% 42.88% 0.32% 0.36% 3.37% 1.42% 1.62%

Flow Flow SFrandom pos PME neg PME

(% Flow) | (% Flow Span) | (% Flow Span)_| (% Flow Span) | (% Flow Span) |

100% 85.75% 2.51% 0.98% -0.86%

90% 77.18% 2.64% 0.83% -1.11%

80% 68.60% 2.83% 0.77% -1.33%

70% 60.03% 3.08% 0.70% -1.41%

50% 42.88% 4.03% 0.53% -1.28%
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Per Design Input 5.11, the feedwater flow transmitter uncertainties are converted from % AP
Span to % Flow Span with the following equation:

TDU xmir
muxmlr (% Flow Span) = 10{ 5

where,

(Flow Rate)

(% AP Span) )

TDUxmie (% AP Span) = + 2.58% AP Span (Section 6.8.8)
Flow Rate = fraction of actual flow (e.g. 85.75% = 0.8575)

The same equation is used to convert the feedwater flow transmitter Seismic Effect
(SExmu =+ 1.25% AP Span per Section 6.2) to % Flow Span.

Note: The most conservative transmitter uncertainty (See Section 6.8) is used to
compute the total loop uncertainty.

Flow Rate SEsmir TDUyxmir
(% FlowSpan) | (% FlowSpan) | (% Flow Span)
85.75% 0.73% 1.50%
77.18% 0.81% 1.67%
68.60% 0.91% 1.88%
60.03% 1.04% 2.15%
42.88% 1.46% 3.01%
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The following equation is used to compute the overall total loop uncertainties associated with
each setpoint:

TLUcomp = i\/ PE® +SF,,,, +TDU . "”TDUsqn2 + TDUcompz +SE, " + PMEnenstry + PMEpiping
+ FC + SF pos PME  + SF neg PME

Flow Flow PE SFrandom TDUsqrt TDUcomp TLUrandom
(% Flow) | (% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span) |_(% Flow Span) | (% Flow Span)
100% 85.75% 0.21% 2.51% 1.34% 1.61% 3.68%
90% 77.18% 0.19% 2.64% 1.34% 1.61% 3.85%
80% 68.60% 0.17% 2.80% 1.34% 1.61% 4.10%
10% 60.03% 0.15% 3.10% i 1.34% 1.61% 4.44%
50% 42.88% 0.11% 4.03% 1.34% 1.61% 5.64%
Flow Kate FC PMEpiping | PMEpiping | PMEpinstry | SF pos PME |SF neg PME
(% Flow Span) | (% FlowSpan) | (% FlowSpan) | (% FlowSpan) | (% Flow Span) | (% Flow Span) | (% Flow Span)
85.75% -0.55% 0.86% -0.86% 0.01% 0.98% -0.86%
77.18% -0.50% 0.77% -0.77% -0.38% 0.83% -1.11%
68.60% -0.44% 0.69% -0.69% -0.69% 0.77% -1.33%
60.03% -0.39% 0.60% -0.60% -0.89% 0.70% -141%
42.88% -0.28% 043% -0.43% -1.12% 0.53% -1.28%
Flow Flow pos TLU neg TLU
(% Flow) (% Flow Span) | (% Flow Span) ! (% Flow Span)
100% 85.75% 5.53% -5.95%
HN% 77.18% 545% -6.61%
80% 68.60% 5.56% -7.25%
70% 60.03% 5.74% -1.73%
50% 42.88% 6.60% -8.75%




Computed By- Date: Calculation i)

W. Robert Smith 087287 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By Date: CALCULATION SHEET Pg. 68 of 93 Rev: 3
Bob Hunter 087287 02

Project No.: N/A File:

Project Title: N’A

Calkeulation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation

Per Reference 4.6.1, the following equation is used to calculate the indicator Loop As Found
Tolerance (LAFTina):

LAl Tina = iJAFFm,z + AF’I‘,qn2 +AFT,* + AFT, ,°

ind

Per Design Input 5.11, the transmitter as found tolerance is converted from % AP Span to %
Flow Span with the following equation:

AT % Flow S 10 AFT, . (% AP Span)
xmtr (% Flow Span) = 2(F]ow Rate)

where AFTxme (% AP Span) =+ 1.20% AP Span (Section 6.8.9)

For conservatism, the LAFTinq is computed for a flow rate of 100% which yields the most
restrictive tolerance.

LAFTina = + 2.86% Flow Span



Computed By: Date: CAROLINA POWER & LIGHT COMPANY Calculation ID:

W. Robert Smith 087287 02 RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg.69 of 93 lRev: 3
|| Bob Hunter 087287 02
Project No.: N/A File:
Project Title: N7A

Calculation Title: Fecdwater Flow Loop Uncertainty and Scaling Calculation

21.4.2 1.00p As Found Tolerance - Recorder FR-478, 488 AN 498

Per Reference 4.6.1, the following equation is used to calculate the recorder Loop As Found
Tolerance (LAFTec):

LAFTrc =+ AFT,,.} + AFT, » + AFT,} + AFT,}

Per Design Input 5.11, the transmitter as found tolerance is converted from % AP Span to
% Flow Span with the following equation:

AFT,_ (% AP Span
AFTxmt (% Flow Span) = 10{ nmnv( (% p ))

2(Flow Rate)

where AFTxunr (% AP Span) = + 1.20% AP Span (Section 6.8.9)

For conservatism, the LAF T, is computed for a flow rate of 100% which yiclds the most
restrictive tolerance.

LAFTre =+ 1.61% Flow Span
1.4.3 Loop As Found Tolerance - Input to ERFIS

Per Reference 4.6.1, the following equation is used to calculate the ERFIS Loop As Found
Tolerance (LAFTErns):

LAFrERHS = iJAFrxmuz + ‘AI:I‘mJI2
LAFTeras =+ 1.70% AP Span
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Per References 4.1.1 through 4.1.3, each comparator receives an input from the steam flow
loops F-474, 475, 484, 485, 494, and 495. Therefore, the Loop As Found Tolerance includes
the effects of the transmitter and square root extractor, which are present in the steam flow
loops. Per Reference 4.2.3, Section 6.6.9, the As Found Tolerance of the transmitter
(SF_AFTxm) in each steam flow loop is +0.90% AP Span. Per Reference 4.2.3, Section 6.8.8,
the As Found Tolerance of the square root extractor (SF_AFTgq) in the steam flow loops is +
0.74% Span. For conscrvatism, the tolerance associated with the steam pressure transmitter is
not included in the loop As Found Tolerance computation.

Per Reference 4.6.1, the following equation is used to calculate the comparator Loop As Found
Tolerance (LAFTcomp):

LAFTeomp =+/SF_AFT, * +SF_AFT, .’ + AFT,,} + AFT, .} + AFT,,

comp

Per Design Input 5.11, both transmitter As Found Tolerance terms are converted from % AP
pan to % Flow Span with the following equation:
AFT, (% AP Span))

2(Flow Rate)

AFTxmi (% Flow Span) = 10({
where AFTxmuw (% AP Span) =+ 1.20% AP Span (Section 6.8.9)
SF_AFTxmi(% AP Span) =+0.90% AP Span (Reference 4.2.3, Section 6.6.9)

For conservatism, the LAFTcomp is computed for a flow rate of 100% which yields the most
restrictive tolerance. At 100% flow:

AFTxmr (% Flow Span) = + 0.60% Flow Span
SF_AFTxmr (%Flow Span) =+ 0.45% Flow Span

LAFTcomp =% 1.70% Flow Span
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25 GROUP AS FOUND TOLERANCE
2151 Group As Found Tolerance - Indicator F1-476, 477, 486, 487, 496 AND 497

Per Reference 4.6.1, the following equation is used to calculate the indicator Group As Found
Tolerance (GAFTing):

GAFTina = +yAFT,,,’ + AFT,” + AFT, ?
GAFTing = + 2.80% Span '

152 Group As Found Tolerance - Recorder FR-478, 488 ANT) 498

Per Reference 4.6.1, the following equation is used to calculate the recorder Group As Found
Tolerance (GAFTiec):

GAFTee = +/AFT, 7 + AFT, )} + AFT
GAFTyee =+ 1.50% Span
2153 Group As Found Tolerance - Input to ERFIS

Per Reference 4.6.1, the following equation is used to calculate the ERFIS Group As Found
Tolerance (GAFTErRs):

GAFTerns = + AFTisal
GAFTernps = £ 1.20% Span
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Per References 4.1.1 through 4.1.3, each comparator receives an input from the steam flow

loops F-474, 475, 484, 485, 494, and 495. Therefore, the Group As Found Tolerance includes
the cffects of the square root extractor, which is present in the steam flow loops. Per Reference
4.2.3, Section 6.8.8, the As Found Tolerance of the square root extractor (SF_AFTsqn) in the
steam flow loops is + 0.74% Span. Per Reference 4.6.1, the following equation is used to
calculate the comparator Group As Found Tolerance (GAFT comp):

GAFTeom = + ySF_AFT,” + AFT, > + AFT,, °

GAFrcomp = i 1.53% Span

comp
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8.0 DISCUSSION OF RESULTS

Eeedwater Flow > Steam Flow Alarm Setpoint

FC-478C, 478D, 488C, 488D  498C, 498D

The function of this setpoint is to provide an alarm on feedwater flow greater than steam flow.
Per Reference 4.6.1, the following equation is used to calculate the maximum value for this
setpoint:

SPimit < Limit-TLU
where,

SPimit = calculated setpoint limit
Limit= setpoint limit
TLU = Total Loop Uncertainty

Per Section 7.3 of this calculation, the negative Total Loop Uncertainty associated with this
setpoint is -8.75% Flow Span @ 42.88% Flow Span (maximum). Per Design Input 5.16, the
alarm setpoint limit is 34.3% Flow Span. Therefore,

SPimit < 34.3% Flow Span -8.75% Flow Span
SPimit <25.55% Flow Span

Per References 4.5.1 through 4.5.6, the alarm setpoint is currently set to 16% Flow Span

increasing (0.64 Vdc /4 Vdc * 100). The Margin (M) associated with this setpoint is computed
as follows:

M = SPymit - Calibrated Setpoint
M = 25.55% Flow Span - 16% Flow Span
M =9.55% Flow Span '

Therefore, the current alarm setpoint is conservative.
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Steam Flow > Feedwater Flow Alamm Setpoint
EC-478A 478R 48RA 488B _498A 498RB (switch 2)

The function of this setpoint is to provide an alarm on steam flow greater than feedwater flow
before a Reactor trip signal is generated on a steam flow / feedwater flow mismatch. Per
Reference 4.6.1, the following equation is used to calculate the maximum value for this
setpoint: '

SPimit < Limit-TLU
where,

SPimi = calculated setpoint limit
Limit= setpoint limit
TLU = Total Loop Uncertainty

The function of this alarm is to wam the operator before a reactor trip is gencrated on a stecam
flow / feedwater flow mismatch, and this alarm is provided by the same dual bistable module
that provides the reactor trip signal. Any uncertainty at the input of thebistable module will
offset both the reactor trip and alarm setpoints in the same direction. Therefore, the only
uncertainties which need to be considered for this sctpoint are those associated with the bistable
which provides the reactor trip and the bistable which provides the alarm. Therefore, the total
uncertainty associated with this setpoint is the square root sum of squares of two bistable
uncertainty terms. Per Section 6.9.7, the uncertainty associated with one bistable is + 1.61%
Span. Therefore, the total uncertainty associated with this setpoint is -2.28% Span (negative
portion of the SRSS of two + 1.61% Span terms). Per Design Input 5.16, the alarm setpoint
limit is 16% Flow Span. Therefore,

SPimit < 16% Flow Span -2.28% Flow Span
SPimit < 13.72% Flow Span
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Per References 4.5.1 through 4.5.6, the alarm setpoint is currently set to 12.5% Flow Span
increasing (0.50 Vdc / 4 Vdc * 100). The Margin (M) associated with this setpoint is computed
as follows:

M = SPjimi - Calibrated Setpoint
M = 13.72% Flow Span - 12.50% Flow Span
M = 1.22% Flow Span

Therefore, the current alarm setpoint is conservative.
S Flow / Feed Flaw Mi b S .

The function of this setpoint is to provide a Reactor trip signal on a steam flow / feedwater flow
mismatch. Per Reference 4.6.1, the following equation is used to calculate the maximum value
for this setpoint:

SPimit < AL-TLU
where,

SPimi = calculated setpoint limit
AL = Analytical Limit
TLU = Total Loop Uncertainty

Per Section 7.3 of this calculation, the negative Total Loop Uncertainty associated with this
setpoint is -8.75% Flow Span @ 42.88% Flow Span (maximum uncertainties for both steam
and feedwater flow). Per Design Input 5.16, the setpoint Analytical Limit is34.3% Flow Span.
Therefore,

SPimit < 34.3% Flow Span -8.75% Flow Span
SPimit <25.55% Flow Span
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Per References 4.5.1 through 4.5.6, the setpoint is currently set to 16% Flow Span increasing
(0.64 Vdc /4 Vdc * 100). The Margin (M) associated with this setpoint is computed as
follows:

M = SPjimit - Calibrated Setpoint
M =25.55% Flow Span - 16% Flow Span
M =9.55% Flow Span

Per Section 7.5.4 of this calculation, the Group As Found Tolerance (GAFT) is + 1.53% Flow
Span. Per Reference 4.6.1, the Allowable Value (AV) associated with this setpoint is computed
as follows: )

AV < SP + GAFT, where SP = calibrated setpoint
AV < 16% Flow Span + 1.53% Flow Span
AV < 17.53% Flow Span

The Loop As Found Tolerance (LAFT) of 1.70% Span is computed in Section 7.4.4. Per
Reference 4.6.1, the Channel Operability Limit (COL) is computed with the following equation:

COL = SP + LAFT, where SP = calibrated setpoint
COL = 16% Flow Span + 1.70% Flow Span
COL = 17.70% Flow Span




Computed By: Date: Calculation ID:

W. Robert Smith 08728/ 02 CAROLINA POWER & LIGHT COMPANY RNP-VINST-1041
Checked By: Date: CALCULATION SHEET Pg. 77 of 93 |Rev: 3
Bob Hunter 087287 02

Pruject No.: N/A Rle:

Project Title: N/A

Calculation Title: Feedwater Flow Loop Uncertainty and Scaling Calculation

Analytical Limit (34.3% Flow Span)
I Additional Margin (9.55% Flow Span)

F 3

Total Loop Uncertainty (8.75% Flow Span)

- Channel Operability Limit (17.70% Flow Span’
=== == -1 Allowable Value (£ 17.53% Flow Span)

Group As Found Tolerance (1.53% Flow Span) Loop As Found Tolerance (1.70% Flow Span)

v

A Setpoint (16% Flow Span increasing)
I Operating Margin (16% Flow Span)

Normal (0% Flow Span)
Figure |

Steam Flow / Feedwater Flow Mismatch Reactor Trip Setpoint Diagram

Per Reference 4.7.2, the current Technical Specification Allowable Value is <17.65% Flow
Span and the current Technical Specification setpoint is 16% Flow Span increasing. The
current Technical Specification setpoint is conservative. The current Allowable Value is non-
conservative and should be revised to a value within the limit computed in this
calculation. This action has been initiated and is being tracked per LDCR #01-0007.
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81 IMPACT ON IMPROVED TECHNICAL SPECIFICATIONS

Based on the results of this calculation, the Technical Specification Allowable Value for
the Steam Flow / Feedwater Flow Mismatch Reactor Trip setpoint should be revised to a
value within the limit computed in this calculation. This action has been initiated and is
being tracked per LDCR #01-0007.

82 IMPACT ON UIFSAR

This calculation results in no changes to the UFSAR.
83 IMPACT ON DESIGN BASIS DOCUMENTS
This calculation impacts no design basis documents.
84 IMPACT ON OTHER CALCULATIONS

RNP-VINST-1120, Uncertainty of Manual Feed Flow Calorimetric Calculation Per OST-012
RNP-VINST-1125, ERFIS Feed Flow Automatic Calorimetric Uncertainty Calculation
RNP-VINST-1121, Uncertainty of ERFIS Feed Flow Calorimetric Calculation
RNP-VINST-1040, Steam Flow Loop Uncertainty and Scaling Calculation

bl
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85 IMPACT ON PLANT PROCEDIIRES

This calculation impacts the following procedures:

1. LP-351, Steam Generator #1 Level (F.W. Flow) Channel 476

2. LP-352, Steam Generator #2 Level (F.W. Flow) Channel 486

3. LP-353, Steam Gencrator #3 Level (F.W. Flow) Channel 496

4. LP-354, Steam Generator #1 Level (F.W. Flow) Channel 477

5. LP-355, Stcam Generator #2 Level (F.W. Flow) Channel 487

6. LP-356, Steam Generator #3 Level (F.W. Flow) Channel 497

7. MMM-006, Appendix B-4 Calibration Data Sheets

8. MST-014, Steam Generator Pressure Protection Channel Testing
9. PIC-609, Hagan Analog Computer

10. PIC-844, Yokogawa Recorders
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Per Reference 4.7.8, the following equation is used to compute the differential pressure

across a nozzle venturi flow element;

2
m=3s893 SY9 B | o5
J1-p*
where,
m = mass flow rate (Ibm/ hr)
C = discharge cocfficient (unit less)
Y = expansion factor (1 for water)
d = bore diameter (in)
Fa = thermal expansion factor (unit less)
D = pipediameter (in)
f = betaratio (unit less ratio d/ D)
p = fluiddensity (lbm/ ft®)
AP = differential pressure (inwc)
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The differential pressure associated with a given mass flow rate is obtained by solving the
flow equation given above for AP. Therefore,

N

my/1-p* ’
358.93(CXY)Xd* kE,)

p

All parameters are obtained from Reference 4.7.7. The differential pressure(s) developed
across each flow element at calibration conditions are as follows:

Flow Element 80255-1 Tap Set 1
m = 4x10°lbm/hr
D = 139in
d = 9.029in
B = d/D
C = 09893
Fa = 1.007
Y = 1
p = 52.042675 (855 psia, @ 441.5°F)
AP = 297.39 inwc
Elow Element 80255-1 Tap Set 2
m = 4x10°I1bm/hr
D = 139in
d = 9029in
B = d/D
C = 09914
Fa = 1.007
Y = 1
p = 52.042675 (855 psia, @ 441.5°F)

>
©

296.13 inwc
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Elaw Element 80259-2 Tap Set 1

DT <IO®ROS

>
fa<)

o noaonnnn

4x10° 1bm / hr

13.935in

9.039 in

d/D

0.9861

1.007

1

52.042675 (855 psia, @ 441.5°F)

298.36 inwc

Flow Element 80255-2 Tap Set 2

TTA®TE

>
o

wwononononoau

4x10° 1bm / hr

13.935in

9.039% in

d/D

0.9862

1.007

1

52.042675 (855 psia, @ 441.5°F)

298.30 inwc
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Flow Element 80255-3 Tap Set |
m = 4x10°1bm/hr
D = 1393in
d = 9.026in
B = d/D
C = 09919
Fa = 1.007
Y = 1
p = 52.042675 (855 psia, @ 441.5°F)
AP = 296.86 inwc
m = 4x10°1bm/hr
D = 1393in
d = 9.026in
B = d/D
C = 09910
Fa = 1.007
Y = 1
p = 52.042675 (855 psia, @ 441.5°F)
AP 297.40 inwc

The average differential pressure for all flow elements / tap sets is 297.41 inwc. For

convenience, the transmitters are calibrated from 0 to 300 inwc.

Per Reference 4.7.4, FT-476, 486, 496 are Rosemount model 1151DPS5 differential pressure
transmitters. Per Reference 4.7.4, FT-477 and 487 are Rosemount model 1153DAS
differential pressure transmitters. Per Reference 4.7.4, FT-497 is a Rosemount model
1153HAS differential pressure transmitter. Per Reference 4.4.3, each range code 5
transmitter may be calibrated to a span within the range of 0-125 to 0-750 inwc.
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ET-476 486 and 496

Per Reference 4.4.3, a static pressure span effect of 0.81% of input per 1000 psi is specified
for a Rosemount 1151DPS transmitter. The static pressure correction is performed for a

nominal feedwater pressure of 840 psig. This effect is calibrated out by adjusting the
calibrated range of the transmitter as follows:

0.81% of inpu{

For 100 percent span,

840 psi
1000 psi

): 0.680% of input

0.680% (300 inwc / 100%) = 2.04 inwc

2.04 inwc (100% Span / 300 inwc) = 0.68% Span
0.68% Span (16 mA / 100% Span) = 0.109 mA
20.000 mA + 0.109 mA =20.109 mA

20.109 mA (250 Q) =5.027 Vdc

Therefore, the transmitters are calibrated from 1.000 Vdc (0 inwc) to 5.027 Vdc (300 inwc).

The following equation is used to compute the required transmitter output for a given

differential pressure input:

_ 4.027 Vdc
“| 300inwc

}_\P inwc+1.000 Vdc
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Per Section 6.8.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is +
1.20% Span. Per Section 6.8.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is + 0.50% Span. The AFT and ALT are converted to voltage units with the

following equations:
AFT(Vdc)=+4 Vdc(

ALT(Vdc)=+4 Vdc(

100

AFT(% S 1.20% S
G e )

ALT(%S 0.50%S
(% pan)J= +4 Vdc(_—opall)= +0.020 Vdc

100

100

The calibration table for the transmitter is as follows:

+0.048 Vdc

Required Input | Desired Qutput | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vde) (Vdc)
0 1.000 0.952 to 1.048 0.980 to 1.020
75 2.007 1.959 to 2.055 1.987 t0 2.027
150 3014 2.966 to 3.062 2.994 to 3.034
225 4.020 3.972 to 4.068 4.000 to 4.040
300 5.027 4.979 to 5.075 5.007 to 5.047

Transmitter Calibration Table (FT-476, 486, & 496)
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ET-4717, 487, and 497

Per Reference 4.4.3, a static pressure span effect of 1.00% of input per 1000 psi is specified
for the Rosemount 1153DAS and 1153HAS transmitter. The static pressure correction is
performed for a nominal feedwater pressure of 840 psig. This effect is calibrated out by

adjusting the calibrated range of the transmitter as follows:

. 840 psi
1.00% of t = i
b of inpu (1000 psi] 0.840% of input

For 100 percent span,

0.840% (300 inwc / 100%) = 2.52 inwc

2.52 inwc (100% Span / 300 inwc) = 0.84% Sparn
0.84% Span (16 mA / 100% Span) = 0.134 mA
20.000 mA +0.134 mA =20.134 mA

20.134 mA (250 ) =5.034 Vdc

Therefore, the transmitters are calibrated from 1.000 Vdc (0 inwc) to 5.034 Vdc (300 inwc).

The following equation is used to compute the required transmitter output for a given

differential pressure input:

_ (4.034 Vdc

- Pinwc +1.000 Vdc
300inwc
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Per Section 6.6.9 and 6.7.9 of this calculation, the As Found Tolerance (AFT) of the

transmitter is + 0.87% Span. Per Section 6.6.10 and 6.7.10 of this calculation, the As Left
Tolerance (ALT) of the transmitter is + 0.50% Span. The AFT and ALT are converted to

voltage units with the following equations:

100 100
ALT(%S 0.50% S
(% pan)):_—t4\/dc( 50% Span

AFT(% Span) 0.87% Span
AFT(Vde)=+4 Vdc| ————— |=+4 Vdc| ——

): +0.035 Vdc

ALT(Vdc)=+4 Vdc( 00 100

)= +0.020 Vdc

The calibration table for the transmitter is as follows;

Required Input | Desired Qutput | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdo) (Vdce)
0 1.000 0.965 to 1.035 0.980 to 1.020
75 2.009 1.974 to 2.044 1,989 to0 2.029
150 3.017 2.982 to0 3.052 2.997 t0 3.037
225 4.026 3.991t04.061 4.006 to 4.046
300 5.034 4.999 to 5.069 5.014 to0 5.054

Transmitter Calibration Table (FT-477, 487, & 497)
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The isolator transfer function is as follows:

Eo=Ei

Per Section 6.10.8 of this calculation, the As Found Tolerance (AFT) of the isolator is +
1.20% Span. Per Section 6.10.9 of this calculation, the As Left Tolerance (ALT) of the
isolator is + 0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(% Span) 1.20% Span\ '
AFT(Vdc) =+ 4 Vdc| ——— |=+4 Vdc| ————— |=+0.048 Vdc

100 100 |
ALT(% Sp: 0.50% Sp:
ALT(Vdc) = + 4 Vdc(—%go—p-dl))= +4 Vdc(-——ﬁd—n)z +0.020 Vdc

The calibration table for the isolator is as follows:

Required Input | Desired Output | As Found Tolerance | As Left Tolerance
(Vde) (Vdc) (Vdo) (Vdc)
1.000 1.000 0.952 to 1.048 0.980 to_1.020
2.000 2.000 1.952 t0 2.048 1.980 to 2.020
3.000 3.000 2.952 to 3.048 2.980 to 3.020
4.000 4.000 3.952t0 4.048 3.980 to 4.020
5.000 5.000 4.952 10 5.048 4.980 to 5.020

Isolator Calibration Table
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Each comparator provides a Feedwater Flow / Steam Flow mismatch Reactor trip signal
(switch 1), and a Feedwater Flow / Steam Flow mismatch alarm (switch 2). The following
equation is used to compute the voltage representation of the comparator setpoints:

Setpoint(%)
i = 4Vdgf —MmM8M8M—=
Setpoint(Vdc) ‘{ 100% )

Per Reference 4.7.2, the Feedwater Flow / Steam Flow mismatch Reactor trip setpoint is
6.4x10° Ibm / hr which equates to 16% Flow Span or 0.64 Vdc. The alarm setpoint is set to
12.5% Flow Span which equates to 0.50 Vdc.

Per Section 6.9.8 of this calculation, the As Found Tolerance (AFT) of the comparator is £
1.16% Span. Per Section 6.9.9 of this calculation, the As Left Tolerance (ALT) of the

comparator is + 0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(%S 1.16%S
AFT(Vdc) = + 4 Vde| 25PN |, 4 v L18%SPAT 1 L 6 046 Ve
100 100
% ) 2 '
ALT(Vdc) =+ 4 Vdc(ﬁl%spa")): +4 Vdc(w%sﬁrl)= +0.020 Vde

The following table provides calibration values for the comparators:

Setpoint | Setpoint | As Found Tolerance | As Left Tolerance
(%) (Vdo) (Vdc) (Vdc)
16 0.640 0.594 t0 0.686 0.620 to 0.660
12.5 0.500 0.454 t0 0.546 0.480 to 0.520

Comparator Calibration Table
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Each comparator provides an alarm when Feedwater Flow is greater than Steam Flow. The
following equation is used to compute the voltage representation of the comparator setpoints:

. Setpoint(%)
Vdc) = 4 Vd ———
Setpoint(Vdc) f{ 100% J

Per Reference 4.7.2, the alarm is set to 6.4x10° Ibm / hr which equates to 16% Flow Span or

0.64 Vdc.

Per Section 6.9.8 of this calculation, the As Found Tolerance (AFT) of the comparator is +
1.16% Span. Per Section 6.9.9 of this calculation, the As Left Tolerance (ALT) of the
comparator is + 0.50% Span. The AFT and ALT are converted to voltage units with the

following equations:

AFT(% Span) 1.16% Span
=+ —_—r e dhind i
AFT(Vdc) = + 4 Vdc( m ) +4 Vdc( o
ALT(%S 0.50% S
ALT(Vdc) = + 4 Vdc[%‘f"—)): +4 Vdc(-T;OB‘ﬂ

The following table provides calibration values for the comparators:

]: +0.046 Vdc

): +0.020 Vdc

Setpoint | Setpoint | As Found Tolerance | As Left Tolerance
(%) (Vdo) (Vdo) (Vdc)

16 0.640 0.594 10 0.686 0.620 to 0.660

Comparator Calibration Table
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2.5 SQUARE ROOT MODITLE (FM-476, 477, 486, 487, 496, AND 497)

Each square root module has the following transfer function:
Eo= 2Vdc,/E, -1+1.000 Vdc

Per Section 6.11.8 of this calculation, the As Found Tolerance (AFT) of the square root
module is + 0.67% Span. Per Section 6.11.9 of this calculation, the As Left Tolerance (ALT)
of the square root module is + 0.50% Span. The AFT and ALT are converted to voltage units
with the following cquations:

AFT(Vdc) = +4 Vdc AFT(% Span) —+4Vd 0.67% Span
(Ve =£4 Ve 100 =44 Vde| — "

)= +0.027 Vdc

ALT(% Span) \ 0.50% Span
ALT(Vdc)=124Vdc| ———— |=+4 Vdc| ————— |= £ 0.020 Vdc
100 100
The calibration table for the square root module is as follows:

Required Input | Desired Qutput | AsFound Tolerance | As Left Tolerance
(Vdc) (Vdc) (Vdo) (Vdc)
1.000 1.000 0.973 t0 1.027 0.980 to_1.020
1.040 1.400 1.373 10 1.427 1.380 to 1.420
1.250 2.000 1.973 to 2.027 1.980 to 2.020
2.000 3.000 2.973 t0 3.027 2.980 to 3.020
3.250 4.000 3.973 104.027 3.980 to 4.020
5.000 5.000 4.973 10 5.027 4.980 to 5.020

Square Root Module Calibration Table
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2.6 INDICATOR (FI-476, 477, 486, 487, 496, AND 497)

The indicators are scaled to provide an output of 0 to 4x 10° Ibm/ hrfora 1 to § Vdc input.
Therefore, the transfer function for the indicator is as follows:

_ 4x10° Ibm/ hr
o= 4 Vdc

](E, -1.000 Vdc)

Per Section 6.12.9 of this calculation, the As Found Tolerance (AFT) of the indicator is +
2.44% Span. Per Section 6.12.10 of this calculation, the As Left Tolerance (ALT) of the
indicator is + 2.00% Span. The AFT and ALT are converted to pressure units with the
following equations:

AFT(% Span) 2.44% Span
AFT(Vdc)=+4 Vdc(——lo0 ]- +4 Vdc(————loo

]= +0.098 Vdc

ALT(% Span) 2.00% Span
ALT(Vde)=+4 Vdc| ———— |=+4 Vdc| ————— |=+0.080 Vdc
100 100
The following table provides calibration values for the indicators:
Desired Input | Required Output | As Found Tolerance | As Left Tolerance
(Vdc) (10° 1bm / hr) (Vdc) (Vdc)
1.000 0 0.902 to 1.098 0.920 to 1.080
1.400 04 1.302 to 1.498 1.320 to 1.480
2.000 1 1.902 to 2.098 1.920 to 2.080
3.000 2 2.902 to 3.098 2.920 to 3.080
4.000 3 3.902 to 4.098 3.920 t0 4.080
5.000 4 4.902 to 5.098 4.920 to 5.080

Indicator Calibration Table
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9.7 RECORDER (FR-478, 488, AND 498)

The recorders are scaled to provide an output of O to 4x10° Ibm/ hrfora 1 to 5 Vdc input.
Therefore, the transfer function for the recorder is as follows:

6
0= 4 x10° Ibm/ hr (E|—I.OOOVdC)
4 Vdc

Per Section 6.13.9 of this calculation, the As Found Tolerance (AFT) of the recorder is +
0.59% Span. Per Section 6.13.10 of this calculation, the As Left Tolerance (ALT) of the
recorder is + 0.50% Span. The AFT and ALT are converted to pressure units with the
following equations:

{ AFT(% Span) 0.59% Span
AFT(Vdc)=+4 4 VdLL 100 =44 Vdc 100

ALT(% Span) 0.50% Span
100 =+4 Vde| =45

)= +0.024 Vdc

ALT(Vdc)=+4 Vdc( ): +0.020 Vdc

The following table provides calibration values for the recorders:

Desired Input Required Qutput | As Found Tolerance | As Left Tolerance

(Vdc) (10° Ibm / hr ) (Vdc) (Vdc)

1.000 0.00 0.976 to 1.024 0.980 to 1.020
1.400 0.40 1.376 to 1.424 1.380to 1.420
2.000 1.00 1.976 t0 2.024 1.980 to 2.020
3.000 2.00 2.976 to 3.024 2.980 t0 3.020
4.000 3.00 3.976 10 4.024 3.980t0 4.020
5.000 4.00 4.976 to 5.024 4.980 to 5.020

Recorder Calibration Table
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TYPE OF DOCUMENT

DOCUMENT NUMBER

DOCUMENT TITLE

Calculations

RNP-E-1.005

120Vac Instrument Bus Voltage

Calculations

RNP-VINST-1040

Main Steam Flow Accuracy and Scaling Calculation

Calculations

RNP-M/MECH-1651

Containment Analysis Inputs

Calculations

RNP-VINST-1120

Uncertainty Of Manual Feed Flow Calorimetric
Calculation Per OST-12

Calculations

RNP-VINST-1125

ERFIS Feed Flow Automatic Calorimetric Uncertainty
Calculation

Calculations

RNP-M/MECH-1616

Calculation For The Continuous Calorimetric

Calculation

RNP-VINST-1121

Uncertainty of ERFIS Feed Flow Calorimetric Calculation

Calculations

RNP-M/MECH-1741

32-5015594-00 Appendix K Power Uprate Operating
Conditions

Drawing 5379-03494 Hagan Wiring Diagram

Drawing 5379-03498 Hagan Wiring Diagram

Drawing 5379-03499 Hagan Wiring Diagram

Drawing HBR2-11135 RTGB Panel C - Annunciator Section, Sheet 2

Drawing HBR2-11135 RTGB Panel C - Vertical Section, Sheet 3

Other Documents 727-702-25 Feedwater System Instrumentation Flow Westinghouse
Manual Number W-1003

Other Documents 728-012-10 Vendor Manual Rosemount

Other Documents 728-399-88 Auxiliary Indicating Meters Bulletin Model 2500 2520

Other Documents 728-589-13 Vendor Manual Hagan

Other Documents MMM-006 Calibration Program

Other Documents R82-226/01 DBD For Control Room Habitability Modifications 993
& 994

Other Documents RNP-F/NESA-0045 RNP Cycle 21 Plant Parameters Document

Other Documents Technical Specifications Section 3.3

Other Documents UFSAR Section 135, Safety Analysis

Other Documents WNEP-8372 Model 44F Steam Generator Thermal and Hydraulic
Design Data Report

Procedurcs EGR-NGGC-0153 Engineering Instrument Setpoints

Procedures LP-351 Steam Generator #1 Level (Fecdwater Fiow) Channel 476

Procedures LP-352 Steam Generator #2 Level (Feedwater Flow) Channel 486

Procedures 1LP-353 Steam Generator #3 Level (Feedwater Flow) Channel 496

Procedures LP-354 Steam Generator #1 Level (Feedwater Flow) Channel 477
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Procedures LP-355 Steam Generator #2 Level (Feedwater Flow) Channel 487
Procedures LP-356 Steam Generator #3 Level (Feedwater Flow) Channel 497
Procedures TMM-026 List Of Regulatory Guide 1.97 Components
Procedures MMM-006 Calibration Data Sheets
Appendix B-4
Procedures PIC-844 Yokogawa Recorders
Other Documents DBD/R87038/SD06 DBD Reactor Protection and Safeguards System
Drawings 5379-03485 Hagan Wiring Diagram
Drawings 5379-03486 Hagan Wiring Diagrams
Drawings Hagan Wiring Diagrams

5379-03487
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CALIERATION RMTA SETXT RIVIIF STBOUTTY

BACAN MODTL 1138 STICIX COMPARATOR
TC-141 1C-949 PC-1434 TC-143
Cal. Dt.|Devia.|[Cal. Dt.|Devia.|Cal. De.{Devia.|Cal. Dt. |Devis.
2714784 /26784 ss3/04
.00t
.001 | 9/25/83 .000 | 672613
001 .008
6704786 9726736 vDIN /0219
.001 .002 008 .00t
$/15/87 9/23/97 * | ansosm? Ve
.003 .002 009 003
$/13/38 97307388 12729788 1757, 1
.003 004
11720739 .001 009 | 178789 °
2/26/%0 vl
RACAY MODIL 118 BUAL COMPARATOR
1£-1064 1L-1042 1£-1084 1z-1083

C31.0t.|Devis. |Devia.[Devia.|Devis.|Devia.|Devia,|{Devis. |Devia.

6714784
4701708 .

4718788

001 | .00 | .001 | 000 ] 00L ]} 000 ] Wwa ] WA
3/03/87

.001 | .003 | .001 | .001 | .000 | .001 A WA
4706/88

.000 | .00t | .002 ] .000 | .002 | .001 A | ®A
4704789

.000 | 000 g L4 L * 003 | .03
4704790

* ZIastrusent Malfunetion
%/A Vet Avsiladle

Maximm devistion poted between the as-fowd and ss-left values recorded on the
available catidrscion data sheets was .009 wdc.

This value is approximacely equal te 0,25X.
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IPRIME
| rnereiiiinly

L o e ]

[ 3¥ % 8

PR TECHNOLDTY. INC. » Twin Lakes Mess * 20, Tien Y B «Mar-en Brerterd. CT OS4 71 Tet (RO 481.3731

TWX; 710-432-3088
PAXAROD 49 1.8837

June 24, 1991

CAROLINA POWER & LIGHT
P.0. Sox 1331
Raleigh, NC 27402-13531

Attn: Robert Mann OHS 6th Floor
Dear Robert,

Per our conversation the drift and T.C. for International
Instrusents eodel 220 are 1X of span per year and .1% of epan
per degres C respectively. The accuracy fallowing a sasisaic
event arms per HMil Standards for shaock and vibration and are
quotsd as SX of span. Understand that the assusption is made
that the seisaic event reflects both shock and vibration.

Should you. fave any further information, please do not hesi-

cc: Keith Macdowall
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N “MSPLOTere Acsomunet ine.
oo : v200Y Tocwameyy Oree
AAmvecs Eoen Prome. MN $834«
Jaevey Tot 101D 9494880
Toswe < 310012

Fon 1812 1I3-2000

Septaxber 20, 1990

Entergy Operztions

Grand Gulf Nuclear Plant '
ESC Building

P.O. Box 429

Port Gibson, MS 39150

Attantion: Bob McCain

- .
-
LR

Dear Mr. McCain:

Rosezount has developed a nev drift specification for the
Model 1152, 11353 and 1154 pressurs tranmitters. The
specitication is +.2% URL cver a 30 month period.

In addition, all normal performance specs (i.e. accuracy) can
be considered 3 sigma specs. The nuclear specs such as
LOCA/HELB, radiation, and seismic were daveloped based on type
tasting. Due to the szmall sapple size of test units, it is
difficult te apply statistical methodology to thesa typs of
specs.

If you have any furthar quastions please feel free to call ne
at (612) 828-1100.

Marketing Enginesr
NPL:1bc

Enc: PDS 2302, 2388, 2514, 2235
Report D8600063

c: les Callandar §2



ATTACHMENT 2
Shest 1 of 1
Record of Lead Review

Deslgn: Calculation RNP-VINST-1041 Revision: 3

The signature below of the Lead Reviewer records that:
- the review indicated below has been performed by the Lead Reviewer;
- appropriate reviews were performed and errors/deficiencies (for all reviews performed) have
been resolved and these records are included in the design package;
- the review was performed in accordance with EGR-NGGC-0003.

[0 Design Verification Review [] Engineering Review {X] Owner's Review
[[] Design Review
[] Alternate Calculation
[J Qualification Testing

[C] Special Engineering Review

OYES KINA Ottmmd.
Tom Hokemeyer - CES Elec/I&C 3[s]ez

Lead Reviewer / (print/sign) Discipline Date
Item e Deficiency Resolution
No.

1 Section 5.15 - Revise discussion to define the Done

pressure to be used for transmitter static
pressure corrections in units of psig, rather
than psia. Due to previous conservatism
employed, the selected numeric value of 1010
may still be used (thereby avoiding the need to
revise subsequent numeric calculations)

2 Section 7.3 (two places) — Revise example for Done
Flow Rate representation to utilize an actual
sample flow value used within this calc.

3 Section 7.3 - Delete paragraph starting “The Done
steam flow bias and random components are
computed at slightly different flow rates...” The
previous revs of this calc and RNP-/INST-1040
synchronized the evaluated flow rates.

FORM EGR-NGGC-0003-2-5
This form is a QA Record when completed and included with a completed design
package. Owner's Reviews may be processed as stand alone QA records when
Owner’s Review is completed.

[ EGR-NGGC-0003 | Rev 8




