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) ANALYSIS CONTIN AATION SHEET t Sheet 2. of 20 Revtston 2
RECORD OF REVISUON
Revision Numﬁ’e‘r Description. Of Chande
' 1 -k A-ELEC08~0004 "Uncertainty Calculation for UFM Corrected, Densrty

I“ompensated; Total Feedwater Flow: Measurement (PPC Onty) has'been

3vised ‘which resulted in-an increase‘inthe. Total Loop Uncertainty used as

£n input'to this: calculation.. The uncertamty of the‘temperature: inputto the
“eat balance changed due to’ the revision of EA-ELEC08:0004, The-

¢ rxpected power: uprate plant operatrng parameters:are: rncluded in:S&ction
«:1.1-as & major assumption.

o

“'he rndrcated catculatron status: on the cover:sheet has been changed to
’endrng

?i;ectron 1.0, Added reference to power uprate:
~ 3ection 3.2:3; Chariged dWch to 28,614.9. Ibm/hr
ection. 3.2.7;:Changed Try to 43.63°F and:3.4134°F 10:3.6251°F
i3ection 4 1,15 Added this-section.to; provrde plant pararéters:expected
oltowmg the power-uprate.
ection 5. 1; -Changed Total Uncertarnty (Uncorrected) to
+1.13% Power :1.21%.Power
iSection. 5.2;; ‘Changed Tota| Uncertarnty (Corrected) to
+0:49% Power, -0.55% Power
Section 7. O Changeéd Total' Uncertarnty (Uncorrected) to
+1.13% Power -1.21% Power
Changed Total Uncertamty (Corrected) to
+0.49%: Power, -0.55% Power
Section 9.9; Changed therevision level to Rev.1
Section 9.11;  Changed.to ‘RI:24A Revision.0.
> Section 912; Added RI-24B Revision 0.

2 - Revised Total Feedwater flow error, (dWch_)) from 28.6149 Kibim/hr to
’ 29:389 Klbm/hr based on EA-ELEC08:004, “Uncertainty Calcutatron for
UFM Carrected, Densrty Compensated ‘Total Feedwater Flow'
NMeasuremerit (PPC Only)." Eror was. .changed based on-a change:in
location of the UFN measuring the B feedwater: Ioop flow.
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RECORD OF REVISION
'~ Revision Number Description Of Change
1 EA-ELEC08:0004, "Uncertamty Calculatron for:UFM Corrected, Density

Compens_ate Total Feedwater Flow Measurement (PPC Onily)".has; beer:
revised which restilted in an‘increase in the Total oop Uncertarnty used:as
‘an input. tothis: ca!culatron The uncedain't‘y' s) emperatire input to the
_heat balance: changed due to the revision of EA“ELEC08-0004. The
‘expected: power uprate planit: dperatmg paramieters are included i in Section
41.1asa ‘major assumption:

The'indicated. calculation: status oni the cover:sheet Has: been. changed to
Pendlng :

Section 1.0; Added reference:to power uprate,
.Section.3:2.3; Changed dWewe to 28,614.9. Ibmitir
Section'3.2:7; Changed pr to +3.63°F and.3;4134°Ft0.3:6251 oF
‘Section4. 1.1; Added: this section to’ provrde plant. parameters expected
following' the power: uprate B
‘Section 5.1; Changed Total Uncertamty (Uncorrected) to-
*1,13% Power -1.21%.Power’
Section 5:2; Changed Tetal Uncertamty (Cerrected) (0}
+0.49%. Power, -0.55% Power
Section 7- 0;. Changed Total Uncertamty (Uncorrected) to
+1.13% Power -1.21% Power
Chan_ged Total Uncertarnty (Corrected) to
+0. 49% Power, -0.55% Power:
Section 9.9; Changed the’ revision level to.Rev: 1
Section 9:11; Changed to RE:24A. Revision 0.
Section 9,12; Added RI-24B Revision 0..

RRevised Total Feedwater flow:error; (dWch)) fram 28.6149:Klbm/hr to
29.389 Kibm/hr based on. EA-ELEC08-004, "Uncertamty ‘Calculation for
-JFM Corrected, ‘Density- Compensated Totall Feadwater Flow
Jleasurement (PPC Only) " Errorwas changes based on:a change i
Jcation of the UFM measuring the.B feedwater. iocp ﬂow
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2.0

ANALYSIS CONTII| UATION SHEET | Sheet;3 of20/Revision 2
1.0 OBUECTIVE  SCOPE

This calculatiin will comptite: the uncertainty. associated with the secondary calorimetric
heat balance: salculation with. and-without the Ultrasonic Flow Meter-correction factor.

| ',Heat balancé: uncertainties are computed for the manual heat-balance calculation
performed. thi: nugh performance of DWO-1:with utilizing the power:upraté values

(Reférence £10)..

FUNCTION/,_ DESCRIPTION

The Steam (i2nerators:(SG):seme to reniave energy fromthe anary Coolant System.
(PCS) and sitoply hrgh quahty steam to.the main turbine and-vat ious; auxrlrary services:
Steam éxits f:1e SGs: through two.36" hieaders (Main. Steam Lmes) Each Main Steam -
Line (MSL) cr.ntains.a Main Steam Isolation Valve which’ provrdes the ability to-isolate
the MSL. fror/ the- remainder of the secondary’ system An accurate:calculation of
Reactor pow: ris obtained by:pérforming a-secondary heat balance..

The equatron used to'perform the Secondary Calorimetric: power.: calculation:is: denved
as follows:: | _ | : ,

Applying the st Law of Thermodynamlcs (Consen/atten of Energy) toithe: anary
Coolant Sysiism. ( PCS) yields the: ‘following energy equation:

SEne:gy,y ~%Energypyr =0

Note: Stead: state-canditions are assured.

‘work:i is pe formed and changes

For the PCQ rt is reasonable to: assume that N0 extem

o Reactor Qi) .

o Prinary’ ‘Coolant Pumps (Qpcp)
o PrissurizerHeaters (Qpzr)

o Cliarging Flow (Qcn)

The followin;: heat sinks-rerfiove energy:(Q) from the Primary:Coolant System:

s Stisam Generators (Qsc)
s Leldown Flow (Q. o)
o Finad Insulation Losses (Qt).
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Substltutm«., thé heat sources and heat sinks into. the -energy equatron and solvmg for:
Qrx yxelds e followmg equation:

Qpy Qg6 +Qup * QFL "‘.QPCF" "-‘dp‘zn ’f—Q‘c'H

Note: Ener ry removed from the anary Coolant System due to PCS leakage is

Per Referer.ce 9.7, the energy terms-associated wrth the primary coblant pumps,
letdown ﬂom chargingflow, fixed insulation losses, and the pressurizer-heaters-are
‘Gombinéd iirto.one constant value (C) Therefore thie. energy equahon is‘'simplified as

follows::
Per Referert Pl 9.7, the value of .C will vary; dependmg an‘the. number of charging pumps:

[ letdown ori ices in service: (up to3 total). 'Reference: Q9.7 determines a conservatively
low value ol C for each comblnatlon with the: followmg results:

C = 9.72.MWth (one orifice)
C= 8. 52 MWth {two ormces)
€ = T.14 Mwih (three:orifices)

DWO¥1 is uilized to compute the-value of Qg [given in the ‘equation presented above.

The determii ation of the Steam ‘Generator-term (Qse) reqmres the-application of the
energy equiion wrth the:Steam- Generator: considered as the: control verume

The followin; heat:sources:introduce energy into the Steam Generators: -

 Eirargy from: the PCS (Qse)
. Fesdwater Flow: (pr)

The followin;; heat sinks femove energy-from the-Steam-Generators:

o Blé-wdown FIow (Qap)
Sti:am Flow (er)

Substltutmg ne-heat'sources and heat srnks into the 'eénergy equatron and solving ror
Qs Yields thir: foltowmg ‘equation:

Qe = Qr +Qp ~ Qg

T I e



PALISADES. NUCLH AR: PLANT o : EA—ELECOB-OO(H
ANALYSIS CONTII‘ I‘UATIGJN SHEET ... L Shee& 9 of 20 Revlsion 2

3.0 ANALYSIS Il\PUTS

3.1 ,r;gEAIT?~BALAmc’E UNCERTAIR‘:WETQUATION

" Per Referenc::9.4, the followmg equatlon represents the heat balance calculation-as.
'computed by IWO- 1 .

Qg = (435.81 4+0,1753 Py -1 1045 Trw +%X(851.789 ~0.20257 Py )) Wiy,
=X (851.789-0.20257 PSG)WBD

where;
Qs = -leat removed from the PCS by the Steam Generators (btu / hir)
Psg /= Steam ‘Generator Pressure (psua)
Tew = “eedwater Temperature (°F)
. = Steam. quality; (umt—less)

v edwater flow (Ibm / hr).
:=3lowdown . flow: (Ibm / hr)

Note: The eyjuation given. above'is simplified in DWO—1 and broken down 'into multiple
steps. ‘Steam. quahty is'not measured when performmg the heat; balance..

The effects ¢l instrument. uncertainties on the heat balance:are.computed by taking the
'total derivativ.: of: the overall. energy’ ‘equation given above-as follows:

| Q) 8Q 8Q; Qg . 0Q

dQy S, dW 4G dW S dP o ISGT e SC g
67 We T T A

Usmg the me: hodology described:in References 9.1 and 9.2, the individual.random

‘uncertainty té'ms-are combined. using the Square .Root Sum of Squares method-as-

'~follows
N2 7 2 N N N
oc: 2Q Ge) Q.. ) (00
dQ...= 156 dW SG: dw; . SG. dP = SC. 4T +(———— A,SG._dX)
THSG: \/( oV, TFPW ) (6WBD BDJ [.apss ] (aTFW Fw} . oKX s

The: partial di:sivatives inithe, equation given:above:represent the: weighting factor of
‘ each paramelzr used, for the heat balanceicalculation. The. differentials‘in;the equation.
glven above ¥ >present the.uncertainty- assocnated with. each parameter:
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The partial dyrivatives are as follows: o
£ ‘txJ ."Wm 4 B

SV?,SC =435, 804+0 1753 PSG 1, 1045T +X(851 789 -0:20257 F’SG)

Nss .. x (851789 -0:20257 Py, )
Wgp o o 1867
0Ty

’%%—0—4 « 0.1753 Wy, + %:(0.20257) (Wi ~ W)

659;0 (851.789~0.20257 Big ) (W~ Wip )

The. following;. nominal-full power- vatues are used to compute the: value ‘of-each. pamalu
derwa’uve ‘

WFW =:5,678,500,1bm / hr: [Reference 9.10]
Wap  =30,000 Ibm /.t f[Reference 9. 4]

Tew  =440.7°F [Reférence 9:10]
Psc =765.8 psia [Reference 9. 10] o ‘
X .=0.9989 [Average 6f SG A value and SG B value from

. Reference 9:4]

‘Substituting i:ese values into each; partial:derivative’ yuelds the: followmg welghtmg
factors for ezith parameter used:in the heat balance calculation:

20e =779.190 bt/ Iomi -

Wey, -

Qe

IMews

Q¢

0Pss
X

= -695.895 btu / bin

=76,271,903 btu /:(hr- °F) .

=-147,547 btul (hr=psig)

='3,935,089,05 btu / hr
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3.2 HEAT BALA!ICE, INPUT UNCERTAINTIES

3.2:1 Per Referenc:s 9.5;the. ‘uncertainty associated with the blowdown flow (Wao) input to the
heat balance uncer’(alnty calculation is.as’ follows:

dWap = £2;500 bm/ hr .

322 Per Referenu 19:4, the: uncertamty associated with the steam quahty (dX) measurement
which 'is.used in the heat balance: calculatron is.as follows:

dX.  :%0.00016

3:2.3 Per-Referenc: 9:3, the feedwater flow mput to the heat balance is obtauned by reading
- . PPC points FI:EDWTR._FLOW_SGA_AVE:and FEEDWTR_ FLOW : SGB AVG. Ifthese
points are nal: available; alternate: computer pomts (FT-0701 :and" FT-0703) are used to
‘measure feedlvater flow., Per Reference 9.6, the Ultrasonic Flow Meter (UFM) corrected
'uncertamty (¢ 'V.:WC) associated with the PPC feedwater flow. for each- loop reading
‘consists of th: uncertainty assdciated wrth the flow transmlt’(er and the PPCA/D.
‘tncertainty: ,

dWer : #29.389. Kibm / hr

‘Per Referenci: :9.10, the nominal post power uprate feedwater flow rate-is-5,678,500 lbm
7'hr. Thereforis,

dWewe: £0:51 % Flow
3.2.4 Per.Reference 9.1, the random: uncertamty of the: PPC feedwater flow- readlng (withiout
UFM correcticn) consists of the uncertainty assocnated with:the:flow. element the flow
transmltter the: temperature loop ervor, and the PPC A/D tincertainty:
dWiw = $0.24% Flow

‘--Usmg the'pos!.uprate feedwater flow value per steam generator from’ Reference 9.10,
5,678,500 Ibm 1./ hr, yields the following uncertamty expressed in units ‘of bm/ hr:

AWew. = ic-1:3;628;4.‘lbm:/- hr@ 1 00%_,PQwe_r
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3.2.5 Per Refereri;e.9.11, the. bias: uncertalnty associated with the feedwater flow-
measuremeit (wnthout UFM ¢ cofrection) consists of the bias: uncertainty.associated with
the flow elenent and the As-Left tolerance of the transmitter. Therefore, the total bias
uncertainty i« treated as-a bj- directional bias as follows:

Bias = (£0. 50% 0. 25%) Flow:@ 100%: Power"
Bla =40.75% Flow @ 100% Power

'Usmg the po it upraté feedwater-flow value from Reference'9:10, 5; 678 500
Ibm 7 hr, yielils the: followmg uncertainty’ expressed in units: of Ibm / h;

dWE\m; = %42,588 Ibm / hr@ 100_%, Eow,er

3.2:6 At'the preseiittime, per Reference:9.3, PPC points PT_0751B and PT- 07528 are used
to.obtain: Ste:im Generator pressure. If: these points are unavailable; Steam Generator
pressuré (Pg) indicators PIC-0751A, 07518, 0751C,-and’'0751D are averaged to.obtain
Steam Geneiator A pressure, and PIC-0752A, 0752B; 0752C,.and 0752D:are averaged
to obtain Steiim Generator- B pressure Per. Assumptlon 44, the. procedure will: require
the average«f at least;3 Steam: Gerierator Pregsure readmgs per-Stearn Generator
‘when the héjit-balance is performed in. the ture Per Reference: 9:8, the uncertamty
assoc:ated viith PIG-0751A, 0751B, 0751C 0751D and, PIC-0752A ‘0752B,.0752C,.and
0752Dis: as” flicivs:-

‘ePgg = +27.48 psia -28.44 psia
For conserve.ism, the'Steam Generator pressure indicator uncertainty.is: rounded to.+29
psia, -and. ons steam generator pressure. channélis ‘assumed fo be out of service:

Therefore, tl’ i uncertainty associated with the. -averaging. of: three’ pressure- mputs is
computed-as: “ollows:.

"..: 2l ,.{2‘ = P "*‘(';' 2
dPss ¢ (299%) (_2.9293@1), | f(*’zg’?;‘"aj

dPSG = 416.74 psia

PIRARE R
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3.2.7 Per Referer se 9. 3; the feedwater temperature input to the heat balance-is obtained - by
readirig PP points HB_TEMP_ STEADY_SGA and HB_ TEMP' STEADY SGB: If these
points are it available, , alternate computer. points (‘l‘l~ 0706A and TT 0708A) are- used
to measure ieedwater: temperature Reference 9.5 prowdes aPPC Feedwater
Temperattii» uncertainty value Hf
+1.3°F, Hd tvever; Reference 9.6 calculates a more conservative uncertainty associated
with the PPI’ feedwater temperature reading of +3.63°F(rounded up from 3. 6251 °F)
Though the  esults-of Reference 9:6 (stated in Section: 8. 0) are valid for restricted use,
this. value is Jsed as: |t bounds'the value from: Reference 9:5. Therefore:

dTew =13.63°F

NOTE; Tempu alure: /nput uncertainties:are calculared for smgle poinitreal time FW. Temperature
' meast: ements Any time. averaging.of FW Témperature values.| prior to-usé.in-calorimetric
Galculi. fons would provide FW Temperature (and. uncertamty) values bounded: by the: smgle ‘paint
'lreal tins' FW: Temperalure measurements

3.2:8 Per Refereii e 9, 4 the-Heat Balance Uricertainty. equation. (stated i in Section-3.1) has;
as part-of itg-Dasis, enthalpy calculatlon equatlons Differences between:steam
enthalpies.di: termlned by usmg these equatlons and thosezdetermnned ing.the ASME
Steam Tablas could lmpart abias uncertainty into:the: calculation:of: overallfuncertamty
for the Secot] :lary calorimetic. Thvs additional bias. term is computed below by
determmlng (team and feedwater enthalpy errors:at various pomts and choosing a.
répresentatii:2 bias from'the calculated errors.

Attachment ! ‘show the’ detennlnatlon of bounding values- for. enthalpy errors in
Feedwater aid-Steam. ASME Steam- enthalples were:determined for saturated.steam
conditions, viile. feedwater enthalpies were deétermined for compressed liquid-at 830
psia: Mxnor 0 lfferences between the assumed feedwater pressure and actual feedwater
pressure wo.ld-result in negllglble enthalpy bias differences: Feedwater enthalpy Delta’
h error is bou ded. by+0.17 btu./tbm. In other words, calculated hFW'ls larger than
actual hFW._ ‘Steam:(mixture. enthalpy Delta h error is bounded‘,,by —-0;()8 btu/ibm. In
the: calculatic: 7 of; secondary calorimettic uncertamty these errors would resuit in thermal
‘power: calcuti Vttons that-are lower than actual: thermal power whlch is non- conservative:
These errors ::an be-added to-yield an overall. enthalpy bias: term as follows:

‘hb = ([hsb] + |nibl)

where: hb ‘= total erithalpy’ blas uncertainty
‘hsb'= ‘steam: enthalpy blas uncertainty
hfb = feedwater enthalpy bias uncertainty

Therefare: hb
hb

-(0.08 + 0.17) btu/lbm
:0:25 btu /bm

“tl I
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33 HEAT BAU.”»:NCEHNPUIS;

331 PerReferenie9.7, a conservati
: for-the erieri). f-terms associate

flow, fixed ir::ulation:losses, ‘2 :
.dependlng CII 1 lhe numbero serwce (up tothree.

_ vely constant

parameters ll lat make up the C constant. The followmg equatlon from Sectlon 2 0
demonstratei . that using a lower than actual Cvalugi lS conservative..

QRX = QSG}_(:
‘ ,‘Thls equatlo shows that'using a smallér valug-of "C" would resultin a hlgher calculated

"Qpx". As nulear instrumentation is-calib t6.the heat: balance results; this:would
‘cause. indicalad power to be greater than act,_ al,.which is: conservative.

3.3:2 Thefollowing plant parameters:are'uséd for'the heat balance uncertainty calculation:

Pse = Steam Generator Pressiire-(psia) [Reférence 9:10)
Psg =7G5:8 psia

“eedwater Temperature (°F): © “[Reference 9:10]

TFW =

Tew  +440.7°F

X = 3team quality(unit-léss) [Reference:9.4]
X ++0.9989 o |
Wap = 53Iowdown flow (Ibm:/- hr) [Reference.9.4]

‘Wao 30 000 lbm ! hl’
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4.0 ASSUMPTIINS

41 MAJOR A% SUMPTIONS

4.1.1 None

4.2 M!N@R?ﬁﬁlﬁ!iiUMBTNQNS?

4.2?.".1 Per Refereii:e 9.3 the manual heat balance: calculation, without "the PPC’Steam
Generator p essure values. avallable will usé the: average of at least three pressure
indications | I 3r Steain Generator each time.the Secondary Heat Balance.is:perfgrmed..

4.2.2. All uncertairilies; associated with the ultrasomc flow meter are random and mdependent

4.2.3 Per Referew 12'9.10;, the following plant. parameters are’ antlmpated after the power up-
rate pro;ect If actual plant conditions are-similar to these, this: calculatton remains valid.

Qu = Reactor 100% Poiwer

Qg = 2565.4 MWt . ”

Pss & Steam Generator. Pressure (pS|a)

Psg = 765.8 psia . )
Tew = Feedwater Temperature (°F)

Tew # 440.7°F

Few Feedwater Flow:(Mibg:/ hr)

Few = - 11.357 Mlbm/hr

5.0 -ANALYSIS'

Computatioriiiare. performed to-an-accuracy’ of several: S|gn|ﬁcant digits, but presented in
this calculatiih rounded to two decimal places'in most cases. Hand verification of this:
calculation wiilizing the' rounded values may’ result:in sltghtly dsfferent results dueto
round off'errais:
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51 SECONDAFR!"HEAT BALANCE UNCERTAINTY (Without UFM Correction)

;Random Um eﬁaintaes

Per Analysis . nput. 3.1, the: fa!lowmg equatcon is‘used to compute-the random
‘uncertainties assomated with the heat balance:

) “2‘5 L ¥ (aQ |
] dw : P + T, —56 ¢
FW) : (awﬂn BDJ‘ ( PSG d / 6T d J 28 x

The: uncertam ies: assocuated with each lnput parameter (dlfferentuals) are. as.follows:

dWqu =feedwater flow' (random) =413 628 lbm /hf- [Analysis. Input:3.2. 4]
dWFWL = feedwater ﬂow (biag) ~ =442 588 Ibm/ hr [Analy5|s Input 3:2. 5]

;Q\WBD fm blowdown flow- o = 42,500 1bm / hr [Analysus Input 3.2 1]
ATy = feedwater temperatiire =43.63° F - [Analysis:inpui 3.2.7)
dPé‘c‘; = Steam: Generator pressure = #16.74 psua 'A[Analy3|s lnput 3.2:6]
dX. = steam quality - =#0.00016 ' 3.2

Per Analysis lijput 3:1, the p’aptial»deriva'tiveyareias follows:

56 +779:190'bu /fbm.
Wey. - ’

Nss - 695,895 biu / Ibm
W | '

Kss .. 6,271,603 btu I (hr- °F)
AP - :
Nse . 147,517 btu / (e psia)
7255 +.5,936,080,059 bu e

'Therefore the random: uncertamly assocnated Wlth the:heat balance' calculatlon is:as
fallows

dQsg'= 125,310,409 btu / Hr-

Per Reference 1.4, the conversion from btu / hr to Wt is performed by multiplying by a
factor 6f0.29243 Wt — hr/btu. Per Reference 9.10, 100% Power: aquates to 2,565.4
MWHt. Therefors; the random heat- balance: uncertalnty is converted fo %. Power-with the
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fallowing eqiation:

dQs¢ t}%:‘Pé)wer) de(btu /hr)(() 29293 Wt )( . 100% Power J

btu/hr \ ;565,400,000 Wt
Therefore,
dQsc +40.29 % Power (Single Steé”r‘ﬁ*@éﬁératof)"

Thée total rar:lom uncertalnty associated with the: heat balance: calculatlon is: computed
with the follaviing’ equation::

_dQ'SG:. i Jd@ng ?t‘dQ‘SGf ‘(_?'Bo_tht Steam Gengerators)
dQgg +£0.41 % Power (Both Steam Generators).

Bias Uncert;inties

There:are twii bias tincertainties that must be: considered, Feedwater Flow:Measurement.
bias (FWb) ard enthalpy bias (hb) These bias terms are calculated below, then
combined to yield the: total bias uncertainty for one: steam generator. This:resuilt can be

muitiplied by .; ‘ ‘tolyield total bias uncertainty: for both steam genérators.

Feedwater Flow Measurement Bias Uncertainty

Per ‘%octlon 3 2.5, the following: bi-directional bias: uncertainty. is: assocxated ‘with the
feedwater o measurement forone Steam Generator

FWb (il / hr) = £42,588-1bm / hr

‘Per Analysis | 1put 3. 1, the: welghtmg factor (partial denvatlve) associated with the.
feedwater flou heat balance: input’is as follows

Qse

+ 779190 btu/ lbm,

The feedwate: flow'measurement bias term is converted-ta btu / hr with the’ following-

equation:;’

FWb{t-u 7 hr) = FWb ('b""hr{ o J

Wi,

FWb (tllJ/hr) = 133'184‘144&[1/ hr
Enthalpy Bia: Uncertainty

Per Section 3....8; the followmg enthalpy bias is associated with the feedwater flow to

‘each steam ge verator which is-5,678,500 tbm/hr:

> O P e oL g
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hb = 0.25 btu/lbm
b (bia [ bir) = hb (bt /lom) * -Wew

hb (bi.i/hi) = -0:25 btu:/ Ibm * 5, 678,500 Ibm./ hr.
hb (b / hr). = -1,419; 625 btu f hr

Totdl Bias.(Incertainty

Total blas utj: ,enalnty (Biasr) is'thé sum. of the Feedwater Flow Measurement
uncertamty Iwas and-the enthalpy blas Therefore

Biast = FWb. + hby
Biasr = +33,184,144.btu [ 1,416,625 btu/ hr
Biast = +31,764,519 btu / hr - 34,603,769 btu / hr

Per.Referent:2 9.4, the conversion from btu / hrto Wt is performed by- multlplymg by a
factor of 0.261203 Wt —hr/btu: PerRéference 9. 10, 100% Power’ ‘equates t0.2;565. 4
MWt. Therelore, the. bias term is converted o % Power atilizing the: followmg equatlcn

i e WY 100% Power
Biasy % Power) = Bias.(btu/hr} 0.29293 ——— || ————e
Blsgri Poffer) = Baa iy '{0 29293‘&0‘/'h'jifJ,.[i?{SSS;ﬂDQ;QQO-?W.t.rl

-~ Biasy % Power) = +0:36% P'OWer"—‘O.AO % Power (One:Steam. Generator)
The- total bia unrertalnty -associated. with the’ feedwater flow:to'both Steam Generators
is obtarned b; multiplying the bias uncertaintiés for a smgle Steam Generator by h
Therefore, -
Biasy | % Power) = +0.72% -0.80% Power (Both,Steam Generators)’

‘Secondary Hy:at Balarice Total Uncertainty.(Uncorrected Feedwater Flow)

Total Uncer‘tcrnty (Uncorrected) =10:41% Power + 0. 72% Power-0,80% Power
Total Uncerta nty (Uncorrected) = #1 13% Power— 1.21% Power

. 4 ‘
f -" -J\ Fas * 4 I
T = ALY,
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5.2 SECONDA!Y HEAT BALANCE UNCERTAINTY (wsmum;nowguon’)
 Random Uy ;ertainties

Per Analysis Input 3.1, the: followzng equation is"used-to: comipute the: random
tincertaintie: associated with the: heat. balance;

y 2 2 NE $2 B ¥
‘ ”! GQ 6@ a@ aQ
dQ.. = _SE_ dwW 4 SG. dW Ny 5G dP + SG T “SG: d

The: uncertan mes associated w:th each mput parameter (dlfferentvals) are.as: follows

dWev = UFM corrected feedwater ﬂow =+29,380 lbm {hAr [Anaﬂysns (nput 3.2.3] l

. dWgo = blowdown fiow: =+2,500.lbm/hr  [Analysis Input 3.2.1]
dTrw =feedwater temperature =#3:63°F [Analysis Input 3:2.7)
dPss. = Steam Generator presstire ‘= +16.74 psia; [Analysis Input 3:2.6)
dX:  =steam quality. - =20:00046- [Ana|yS|s input. 3.2.2]

Per Anialysis »nput 3.1, the partial derivatives are as follows:
—=S8 = 779,190 btir / Ibm

= -505.895 btu/Ibm.

86 =‘-%6v,:"2:7'1"-,903:t5,tu-‘/‘(h'rméF)_
£E6 = 147517 btu I{hr - psia)
——3€ . :/3,935,089,059 bt / hr-

Therefore, thi: randoin uncertainty-associated with the:heat bialdnce calculation is.as’
follows: ‘

Qi = £32,438,841 bu / hr
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Per Referent 1974, th the’ conversron from btu / hrto Wt is performed by: multrplyrng by a
factor of Q. 29\ '93 Wt= Z -hr/btu. ‘Per Reference 9.10, 100%: Power equates to:2,565.4
MWH. Theretr re;the random heat balance uncertarnty is converted to % Power with the
‘followrng equition:

Wt. i' "1';00'% Power '
‘r owr-d b /h I

Therefore
dQss = - £0.3704% Power (Smgle Steam Generator)

The:total randsm uncertalnty ‘associated wrth the heat balance calcuiatron is computed
wrth the fO"OVr'Ing equation: .

dQse = tﬁio';g? +dQy. (Both Steam Generators)
. dQsc'= :+0:5238% Power (Both Steam"Generators)

Bias Uncertainties

Per Sectron 3.1.3, there ‘are ho féedwater flow measurement bias terms associated with
the heat balart:e- when UFM corrected feedwater flow is utilized-as an input. Per Section
3:2. 8 there is in enthalpy ‘bias térm that must be consrdered

. . [ A S
- e s »3 B 5
Entnalpy Bia: Unce;r/tamty r;_\ t (e fi )] by /g /)

‘Per'Section 3.;:8; the followmg enthalpy bias.is assaciated with the: feedwater ﬂow to.
each $team ge nerator-which is 5,678,500 Ibm/hr

hb = .25 bty l-lbm '
hb (btu "hr) = hb (btu/ by * Wew

hb (btuil ry = -0.25 bty / lbm ™ 5,678,500 Ibm / hr
hb(btu’! hr) =-1,419,625 btu. / hr

F’er Reference 2.4, the conversron “from bt/ hr to Wtis performed by multiplying by a
factor of 0 29 ;3. Wt - hr/btu Per Reference 9 10 100% Power equates to 2 565 4

Bias (% ower) = Bias’ (bm/hr)(() 29293 - W ]( 100% Povier )

R btut/hr 2,565, 400,000 Wt
‘Bias (% ower) = -0 0162 % Power (One Steam Generator).
PSS
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This calculatii:n: .compuited the uncertainty associated with the secondary calorirmetric
heat balance i;alculation wnth and withoutithe. Ultrasonic. Flow Meter correction factor.
Heat balanc: uncertaintles ‘Were.¢o forthe manual’ heat balarice: calculation
performed thiugh: performance ‘of DWO-1.. See. .Section 70 for results. The results of
this:calculatiiin are subject to the: followmg hmltattons

o This calcilation'assumes:that Reference 9. 3'will be rewsed to use-the: average «af
PIC-0751.; 0751B, 0751C,and. 0751D to-obtain Steam Generator:A pressure, and
‘the avers; e of. PIC-0752A. 7528, ,_'752C and 0752D will be used to-obtain Steam
Generatez B preseure every time’ the Secondary Heat Balance is performed The ‘
results of | his: calculatton are:based.on: the use of at.least 3 Steam Generator

Pressure mdncatlons peristeam qenerator

@ Per Refen ince 9 3, the feedwater ﬂow contro rooim indicatars. (FI1-0701 and FI 0703)

control rcu m mdmators The results of this alculaﬁon are based on: the use of the
,--PPC cem ;uter points for the: feedwater ﬂew measurement

o PerRefernince 9.3, the feedwater’ temperature control roomiindicators
(T1-0706 i:nd TI- 0708) orrecarder TR-0706 mayalso be used as the’ feedwater
temperatu e input to:the heat balance: The uricertainties-a jith t
room indir:ators-and the recorder are !arger than thie uncertainty:a
PPC cory| suter pomt indications-of feedwater temperature. Reference 9 6 does not
compute the: uncertainties assomated with the dnalog’ mdxcatlons of feedwater
temperatiire. TheTesults. of this'cale ' :use of the PEC
,computer Jemts for the feedwater temperature measurementiff '
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The following table istablishes.bounding differences between steam.and feedwater enthalpy
taken-from ASME Silizam Tables.and ‘calculated-using approxumatqons from Reference 9.4

STEAM ENTHALIYY (Saturated Conditions)

i

(SGA). hm = 1220.36-02709'PSG

1919.07-.02700°PSG

(SGB):  hm

XA = 11.999135
XB = 1.998668
PSG: ASIME

(psig)  hg . hf hmA._ mA__Deltabl
760 - 120044 5027 1199. 8361199.772 -0.065 1199 0.06:
765:8 120029 503:75 1199.6871199:614 -0.073 1199 362 1199.293 goj‘.o;egf
770 120018 5045 1199:5781199.501 -0.078 1199.253 1199.18 -0.073

FEEDWATE[H ENTHALPY (Compressed hqund at 830 psna)

\\hFW = 1 1045°TFW - 66. 493

TEW  ASME.  Cale.
deg F  hFW . hFW  Deltah

T442.7 42232 42247 0450 .
440.7 42011 420.26' .0.150 - T

438.7 417:80° 418.05 0.160 N

e e e aain e Pt e ey 03 el o naws vy o4 RS % wwn | WETe e wr o womct trrwe b




‘0

Attachment 4
Rwlsion i2

Page 1 of 1
EA-ELEC08-0001 REV. A A jr2
| SECTIONL. Affected .| Revision _
T tems Affec!ed By Th)S A Yes No. | Required Identify" Closeout -
1.0 OtherEAs S 0 ® Al {RZ
| 2.0 Design Documerits: Electnccl L T
_ E-38ithrough E49 o ®
3.0 Design Documents Mecharii:zal
‘M240-M246, M257-M261 M54~ MB66. L
Mis00" 0 B
4.0 LICENSING DOCUMENTS A
4.1 Final Safety-Analysis Repor: : FSAR) 0o @
4.2' Technical Specifications O @
4.3 -Dperating Requwements Maual g &=
5.0 'PROCEDURES o
54  Administrative Procedures , B &
5.2 Operaimg Procedurés’ (SOP ZOP; ONP, ) ‘
... ety o @
53 'Workmg Procedures o 0o &
5.4, “Tech Spec uwelllanceTes =‘r0(;gdp[esl o @
6.0 OTHER DOCUMENTS. _
61 Q-List B B,
62 VF’Iant Drawmgs o B8
|63 _EquipmentData Base o @
164 Spare Paris (Stock/MMS) : o |
6:5' 'Fire Protect n?-rogram Repurt(FPPR) - a @,
6:6: Design Basis Docurients o \
6.7 Operating.Checklists: (22 I
6.8 SPCC/PIPP Oil-and Hazarde s’ )
‘ Material:Spill Prevention.Plar 0o &,
69 EQ Dagumernits o @&
6:10. TAOV/AOV. Program Documerts; (Voitage. _
) thrust, weak-link, etc) 1 I D E
611 Work: Instructlons ‘ 0.8, i s
612 q_sudete | I~ < G S DR o2 330
S.EC.T I.ON‘l_l _
g L Poars « P ) P U S ‘g C g e o !
Do any:of thefallowing documents | eed to.be generated.as_a reguijt of the.canclusions reached in:this EA: :
Yas: No:
1. -Gorrective Action Document o a Refsrence _ v
2., 'EQ Evaluation. Sheet? J:] Refsrerice: e
3., SafetyEvaluation? 0 @  Reference: . Dot
4. Design Basis Document Chzi ge:Request? a ® ‘Refarence =
5. 'FSAR Change Re Squiest? o o Reference. )
8.  Verification Test:Procedure. (1nr changes to’ 03 Reﬁfargng_e;;z .
.the Design Basis)?
. r\ ‘ . . : .
Ko b0 = "oy Jligl2ees | R2:
Completed By thhard A. Bischoff: W A A et 7 Date:_July-15, 2002
Y 4,14.., © [
Technical Reviewed By Dridsn, Ml,_. 0 il ’LI Date _ 3/ 5/ ( =l :

‘Identlfy Section; No, lrawmg, Docunnnnt etc

peTe Rev.2. only chooped wpaT MeThodshoy ano chfvs‘wﬁ »-'”/0}"“’”‘;‘ ]ﬁz :

/)y/zoéd"

M ok e g B S 5, g S ST T ek sk ot S0 f (T B



Proc.No'9.11
Attachmemtﬁ

S _ . Revision 13
EA - ELEC08:- 0001 . REV. 1<‘ RE S Page-1.0f 1

Thls checklist provires' gmdance for the review.of engineering.analyses. Answer
questions’ Yes or Ni., or N/A if they:do.not-apply.. Dogumentall co nts.on a.EA
eview Sheet: - Sati: .factory resolution:of commerits-and completlon of this checklist is

@' noted by the Techrisal Review:signature-at the' bottom of this sheet:
1. Havethe: r0| iar.input codes, ‘standards; and design principles been. e
specn" ed?
2. Have the inpui. codes, standards and: desxgn pnnmples been Y
properly-appli ad? B
3. Areall mputs :nd assumptions:valid-and the basis for their use .
documented? . '
4. Is'Vendorinfarmation used as. mput addressed correctly.in the Y
analysis?
5. Ifthe analysis argument departs. from: Vendor Information/ : ¥
. Recommendziions, is the: departure justof' ication documented? ‘ -
6. Are.assumptic 15':«accuratelyx-descnbed and reasonable?- ‘ Y
7. Arethe design basis changes permntted by this EA bounded: by -the i
apphcab!e 5009 Review? ™
8. Are all constarits, variables:and formulas-correct and properly !
apglied?
8. Have all comirients been-documented on an EA Review-Sheet-and Mo Commensis
reselved, or hijve any minor (insignificant)-erfors been identified and. '
their mssgmf‘ ciince justnf ed? (Indicate "No Comments;".if none were
made.) ,
10. Ifthe analysis involves weldmg, isthe: followmg information ad .[A» v
accurately refiesented on the .analysis: drawing-(Output document)? S
@ Type ¢! Weld
@ Size ol 'Neld
® Materi:il Being Joined .
® Thickni:ss of Material’ Bemg Joined
®.Locatidi of Weld( sg
@Approjiiate Weld ymbology
11. Has theobjecl:ve of the analysis.been met? - Y
12. Have adminisiiative req}unrements such as humbering, format, -and ‘ Z.‘ o
‘indexing been iatisfied’ ‘

Technical Revz wer bM(«w»w—.
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Ai(See ' _:ttachment‘B‘ 1 e Guldance)
List the documents (Ul ‘SAR, Techhical Specifications,.and: olher documents) reviewed.where relevant
information was found: mcludrng sectron numbers:, FSAR 753, 3, ‘Ooeratmq Réquirements Manual section

i 3; G l Issu SqumarV '2002-03

1. "Does the prcpu'.ed aclrvuty mvolve a change toan: SSC that. adversely affectsan ___Yes. . . No
UFSAR descril.ad desrgn funcllon? :

2 ! SropTit Yes. _¢ No
Zifgcts héw U *»AR descnbed SSC desrgn funclrons ‘are. pen’ormed or ' ’
controfled?

3. Dgesthé: propw.ed activity involve revrsrng ar. replaclng an'UFSAR descried . Yes _ No
evaluation’ merlrndology lhat is used.in. establrshlng dhe: desrgn bases or used in o

A es:the qed.a _Yes ¥ _No
UFSAR, wherd iin SSCi rs utilized or controlled in‘a;:manner thatiis-outside’ the o
reference bo« {;l ] eergn for-that’ SSC orisinconsistent:with, analyses or

5. Does: the propr ied actrvrty reqq._nre a change to the Technical Specifi catuons? _Yes ¥ _No '

M. If all questrons are an* ered NO then |mplement the acllvrty wrlhoul perfcrmmg a 50 59; Evaluauon or

obtalnmg NRC "“pproxrzrl

question' 5.is:answer:d YES, then'a. chense Amendmerit: must be obtained from the NRC prior-to
rmplementahon of’the = ,trvrty

If on § is;answeyi:d NO and queshon 1 2 3ordi is answered YES then a50.59 Evaluatron shall be
;i'eri med.v

1\ Pr\c,\‘/idév.en..overall jusii“cation for the-answers to'the screening questions:

-

“This’ engrneenng analysis at ’*Iresses the secondary calonmetnc heat balance uncertamty The resulls will be used
|for the power-uprate:prograr3vall
: <perform any ¢hanges; or mod lncaticns

luatron “This'engineering analysrs only evaluates existing: equrpment and dces not

Conlmued L1

V.  Scréen Signoffs . Scréen Preparer:

“3creen. RGVleWGr:,‘W*‘P[‘? .
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