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ABSTRACT

The heat transfer function or thermal performance is the most important function of the steam generator component
in nuclear power plants. The declining of thermal performance, fouling does not affect the electric power of the
nuclear power plant within a certain fouling level, but it affects the output when goes beyond the governor valve
wide open of the turbine. The VWO steam pressure can be predicted through the thermal performance evaluation
of steam generators in the nuclear power plant. In consideration of the fouling characteristics of the steam generator,
methods of the thermal performance evaluation and fouling cases are reviewed, and also the critical VWO value
is estimated through the actual thermal performance evaluation. It is necessary to apply the VWO theory based
on the thermal performance of the steam generators.

Key Words : steam generator(57 '%A87]), thermal performance(€/3%5), fouling(¥&), fouling factor(T-ETHAIF),
VWO BN, electric power(H7]&H)
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Table 1. Example of fouling factor uncertainties

Fouling Factor
Uncertainty
(uh-f*-°F/Btu)
Clean Recent
_Tvpe Startup Oper. Change
Clean baseline 30 0 30
Short-fived measurement errors 10 5 11
Pressure transmitter drift 14 14 20
Systematic T, RTD error 10 10 14
FW ventur fouling / power cal. error 3 10 11
Streaming errorin T, 5 15 16
Added separator pressure drop 0 5 5
Total Statistical Uncertainty 36 26 45

3

)y

i=1

oF

Astatisti(ul (F) = 6;ti

™

|

2o Botw

)AQ(xi)

F : fouling factor
Az;) -
FE 93} 848
g}, Table 12
woz AgT 5

A&
NERE
P

. B718d7| m2d ot

9] PAelx e SR 92 Wk ]
2 E ZFEo® Wiy e wel 3

Fig. 3~Fig. 5t A= Al 278 2718 5
e 2 Bl = dlo] A tuA]l ved 3

o AR o Aol T},

AAZ YA =g} gl AeksE Hils 57
deoll FEFS vk 77 & B Ao
A FAHeE B8HE AP e o Atk
AR P4 A= S7F: 1 °F = 7~8 psi

Z71%4 37}

o

[¢]

2o
N

fr B o ofN

X

Transaction of the KPVP, Vol. 13, No. 2

=43

2

5

%784
YZE 12 ph--F/Bu A% 48 sk A
S 2 Q)R A EL] Gl Hls| vkt FFEo|th

=3 SIS 2215 RSO A sHAe

2245 FAISES I AledhE A A 24
@ maAslol 9e n)A 4 ok YA T
= iAo g 4 42 Ao® RuHith

olgtell S7IAY7] A FEEdl7] =d, AL
7 e 9 FAWAA 14 S Bl e
= 2719k Askol Qe 1A 4 U fLolTk
e : -
. 561 L
e 960 i T a2
o8 T | . ——EOC Refueling Outages | |

E :é %40 \ qm [ = = = Valves Wide Open (VWO)

S RO [ [
T & 920 Tt N\ T
g ‘ il I | |
g5 o0 e —

3 [T e, [ ]
EE 800 I N

sao : T |
® 860 . Pk

840 T T " T T T T T T
0 1 2 3 4 5 6 7 8 9 10 N

Approximate EFPYs

Fig. 3 Example A unit SG pressure”

'i 250 g

=

5 '

T =200 .

g3 : |
£ E150 : v

= O ) ' |4 |

g 'T.'. | | 1 ‘”M \ %

L 200 Ll Ay 1

v ¢ 1007 A puka. g

§ 2 '#\ | ‘l \‘L WIE '

o 50 AT t T

© : | fv ¥ ! SG1

2 N | 562

< 0+ | ———EQC Refusling Outages [

|= = = Valves Wide Opsn (VWO)

-50 T T T T T T T
4 5 6 7 8

Approximate EFPYs
Fig. 4 Example A unit SG global fouling factor”

9 10 N1

200 0035

MKW )

&
=

3
3

0018

o
2

www-u*}

2

o

Global Fouling Factor (uh-ft*-°FiBtu)
0= Overall Best Esimate of Clean Perfomnance:

0008

-100

0018
0 1 3 4 a 8 7 8 El

Approximate SG Age (EFPY)

10 "

Fig. 5 Example B unit SG global fouling factor'"”



S71EA7) SR drjede] day nE 35

U K 97l et e YHEoZ 7%
7] s+ HrHE Falste] AAIgE LA AL
oF AR 92 FAIYS Itk

K 47l s e & HEE =2 A9
- PAF FFEH623puhr->F/BTU)S  Al4bsta
o|F FA F7]ol it G485 o s HAAst
Fra=s
7Fs 2715 ‘16 LA 9] & B AT}
=7 271949 W3lSAle 47 Fig 6, Fig. 79 2
th 7Fs A F7hl et A =] frdell ofg o
=dHE A&EH R Frksta F7I9E e AH A4
= FAE EIth

Fig6ol4 K 932 4% 37t A= 7Fs =7]
o (HhE L3t (E FopAt 74 713 4%
o wel oAl (HE HA S7Fehe AE8 A A A
S HoEth F7EAY] ARSI o R S
- @A F7E oF 68uhr-f>F/BTU 748k 7%
g2 o 2bar A= FVISIE WHIE EASHT. &
g 2EFHoR VMY ST SISkl oF
3bar AE Asty FEALHATE A WSty

NEe HolFal Qo

= MBSNEY
150 t.__m‘“ EPE,
|

Em L -
13 +
" s -1
¥ B -
L €4 o 3 Lol @ e |2 %ﬂ
= [ [ ¥ |
P et | b [Tk foT M =

S % 49T+ i
3 oo ERCNEAE w213
B il PR | -
@ -150 P

4
-200 .,Tr
250

Fouling Factor
8
!

Cycle
Fig. 8 K unit average fouling factor trend for cycles

70 T T T T T T
69 .
68 .
67 4 -
® 66 -
é 65+ .
o
€ 64 o
i
A 63 .
62 4 .
61 4
60 T T T T T T
12 14 16 18 20 22 24
Cycle
Fig. 9 K Unit average SG outlet steam pressure trend
for cycles

Table 2. K unit average SG outlet steam pressure for cycle

71 13 14 15 16 17 18
4 (bar, abs) | 67.5 | 669 | 662 | 65.7 | 654 | 67.9
71 19 | 20 | 21 2 | 23 -
4 (bar,abs) | 64.8 | 646 | 647 | 63.8 | 642 | -

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
B R e e R R e R e P e

72
7 TTTE, [ Y
70 |'ﬂﬁﬂ.‘:“ Asca, Iﬂﬁ =EET
@ R S L ||
& b PP ET Ll RER T
&8 3 AN R - T |
g’é? = "'l |
ges ¥
£= 1 |
E &2 i~
8
62 =
61
&0
55
B e 4 4 vt oo ta ot ot Pt o o ot Pt Tt ot a4t ottt a4t Tttt 4t e 4 e o e a4
ppbpbbbbh bbb bbb Rl el b
Elsh-SE-t-F-R=F-bugab S0 35 F0-F- 4 R0 SR ¥R al S0

Fig. 7 K-unit SG steam pressure (bar)

Fig. 82 A1 2.3 5718 B =3 AF2 ¥
SFAE UEhd Zeltt gHed el oF 8
FF ol S7Fsh= 2102 yelyit seds 2
ARl i B FEkATE R A7) sl
dRkzo g 8T K 419 A-¢ ASCA AlHS
L 5 ¥ VSR Oa 43EReE &



36

113
o

),
rP{r M
1

)

Ho rie

o
it

=P

current

!

nargin - P Vo (8)

EEEEREBEERE)
2
=

AdEE 1

rr

i

ed

~
<
S
N}

B
o

|
£

Rl

margin —

of
o

k1
o
A
e

olN Mo
N2
QI
2

2

e
N
m
T
O
o
fo

i)
A

3

aa

=

rlo
o2 b

e M

W

::_1,

ey
E.
N
iv
kvl
£

L
=
o

oo
by
&
2

L
2 K
J8 o
)

ol
)
2o

A
B o

o

ox
rlo

o
=
=
2

IN
A

™
N
o o
1
2

o Ho
i)

JHEZ2 Z71HAY7] E7E ] IYEH VWO
Z21ol| TR EEE F7EAY7] dd5S T
g F97} 9ot

5.2 VWO(valve wide open) S7|2=
ditxoz HYME HAHVWO) dHoR
HRlEE 7 AAV|E 4¥s 8314 =t Al
ZAPE R thA APl YA HZole B ~3%9
s 7RIS A
BRI E EH/IRH(VWO) 71992
H3kA] o w A s & Ut

Transaction of the KPVP, Vol. 13, No. 2

Puiva MWeg.00 |

Gross Generation (M\We)

-2BEEEBEEE

500 B0 700 200 %00 1000 100 1200

Average SG Tube Bundle Pressure (psia)

Fig. 10 Relationship between VWO condition and electrical
(5)

(] W0 200 W0 a0

generation
1020
000
@ 580
g Margin 2s of June
9 es0 2016: ~16 psi
]
-
8 s — | 1
e
2 | '
Est, VWO Pressure : -
520 -~ 92Gpsia at 2912 MW -
Est. VWO Pressure :
922.5psia at 2902MWt
500 T v
% VS 0% W% L% 0% 6% 0% 8% 90% 0%

Average HP TBEN Governing Throttlle Valve Position
Fig. 11 K unit characteristic GV position - steam pressure
curve®

H VWO 371948g 1o} A8 dFE 5 Al
2)=

Fig112 3713447 & &8 5434 Yepd
Aolt? B4 77] K ¥ EHHlgE Jx
68%~72% TIHAe] E&8 WEol o S
247] & 4 dolHE Aestay 5Y #3839 Hul
HH Aol s 2k e E TE 4] g

B S 70%~95% TrelA ] A7) B o4 E
HolEl & x3tete] F73l3k & o]2 K IR F&
shath

olFgA =EH K ¥ HHMB- S/ &

4 ST VWO B &2 926 psigd] AL
2 A=A

5.3 K &% VWO(valve wide open)

K 7ol tiste] VWO AA 71e9k= ) ahedol
°J% VWO dl& ¢S Blas] Btk

K 979 A2 7] Hd 273571992 6417



71447 B2 A71EEe] dad 1E 37

bar(930.7psia)°| B&E Z7]A7] & ¢t ok 9
psia®|th. E{¥l A2} A A= VWO BT 9
DL 61.94bar(898psia)©] 1L ©]ol| Gl &
71948 62.77bar(910psia)°] 22 VWO %48 of+=
oF 2.2 bar7} T HA FH-&F HIlo A A A v}
ofgro] AR o] FHBE FFAA FF7] HF T
719489 ZaE oF 033baro] 22 ¢ 65-7] Fol
VWO 57148 =23 7o d=Hrt)

gHH EHdolE 71E BRI EN 579k
A4 Hrke BEl Ejl" vwo 1Y
926psia [63.8bar(abs)] 0] L2 VWO Z7]143
oF I.1bare|th IHEZ LAHOJE 7[ELE2E3
°]% VWO 4ol =28 Aoz oA e} A
= BY e R vwo mRzlo] =7 ¢ A
o2 BAEh

roN 4 &

Jo 18
INrlF o Jm

71
71

(1) Kreider, M. A., Moroney, V. D., Varrin, R. D. and
White, G. A., 2014, “Steam Generator Thermal
Performance Transients,” Proc. of Steam Generator
Management Program 2014 Steam Generator
Secondary Side Management Conference (EPRI No.
3002002756) Baltimore, MD, Session 4, Paper No.7.

(2) EPRI, 1986, “ATHOS 3 : A Computer Program for
Thermal-Hydraulic Analysis of Steam Generators,”
NP-4604-CCM.

(3) KHNP, 2007, Steam generator thermal-performance
evaluation program (SGTEP).

(4) EPRI, 1998, "Steam Generator Thermal Performance
Degradation Case Studies", TR-110018, pp. 4-1~3,
7-15.

(5) Domininon Engineering Inc., 2016, “Economic
Assessment of tube Deposit Management Options for
the Steam Generator at K Unit,”” R-4892-00-01, Rev.0,
pp. 4-49

(6) Kreider, M. A., White, G. A., Varrin, R. D., Jr., et
al.,, 2003, “Thermal Performance Trends in Re
-placement Steam Generators,” Proc. of 2003 Steam
Generator Secondary Side Management Conference
(EPRI No. 1008468), Savannah, GA, pp.838-875.

(7) Lee, W. K., 2015, "Difference of the TBN Performance
between Design and Actual in NPP," KHNP 5th
Workshop on Improvement of the Performance and
Efficiency in NPP, pp. 3-10.

g9t 7171 3Es] =2 Al3d A& 20179 129



