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A study on the improvement of Turbine Power
at Nuclear Power Plant for Turbine Performance

Diagnostic Test
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ABSTRACT

A study on the improvement of Turbine Power
at Nuclear Power Plant for Turbine Performance

Diagnostic Test

Kang, Kyung Hoon
Adviser @ Prof. Lee, Goung Jin, Ph. D.
Department of Nuclear Engineering,

Graduate School of Chosun University

In a nuclear power plant, a steam cycle of secondary system that excepts a
part of low pressure turbine is operated on saturated steam area. That is
why precision thermal performance test which is in the level of ASME PTC
6.0 Full Scale Test is technically difficult to do and it also needs high-priced
test fee.

For this reason, acceptance performance test of the nuclear power plant
which is done in the scope of the whole secondary system was only able to
check generator electric power and heat rate by ASME PTC 6.0 Alternative
Test. Moreover, it was not capable of doing performance index management
of the secondaray system that is sorted by the main unit facilities.

As a result, although generator electric power is changed, it is not easy to

do cause analysis and seek a solution to the problem since there is not
enough basic performance index data.
Since Hanbit unit 5 had been commercially operated in 2002, there was a
decrease of generator electric power during the fourth operation. To analyse
an accurate cause and check performance deterioration which is compared to
the initial acceptance performance, precise heat rate test of the secondary
system was done.

This paper has been prepared to optimise the efficiency of the secondary
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system which is done by the management of Hanbit unit 5 reactor thermal

power and check performance deterioration state of the main facilities.
Furthermore, it also has been prepared to analyse the main problem of

generator electric power decrease and draw a conclusion of the optimal

operation so that the plant utilisation and competitiveness could be increased.
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Table 3-1 Permissible Deviatien of Variables

WVariable

Permissible Desiation for the Average
af the Test Conditions from Design or
Rated Conditions [Mote (1)]

Permissible Auctustions During Ary
Test Run [Note (2]

nitial st=a m pressure

nitial and reneat skeam temperature

hnitial stea m quality

Primary flow
Secandary Nows

Pressure drap thraugh fassil unik reheater

Extraction pressunss

Extraction flows [Nate (3]

Tempsrature of fead water 1=aving rinal
heater

Exhaust pressure [Mote (53]

Load

Vollage

P T factar

Speed

Aggregate Bentropic enthalpy drop of
ampane of the sections of an automatic-
exkraction turbine

=30% of the absalute pressune

=15°F (8K) when superheat is 27°-50°F
{15-30K); = 30°F (1K) when super-
neatis in excess of 50°F (30K

=05 percentage paints af quality fr
burbines withwet throtile steam

Hot specified

=500 = (primary Aow) (secandary Niow)

+=50.0%
5.0
=500
=10°F (K]

=0.05 psi (0,34 kPA) oF =2.5% Of the ab-
solute pressure, whichever is larger

Refer to para. 3-13.5

=5.0%

HoE spedified

=5.0%

=10.0%

=0.25% of the absolute pressure ar 5.0
psi (34.5 kPa), whichever 5 langer

=47F [2K) when superheatl s 27~ a0°F
[15—30); =7=F (4] when superneat
B N exeess of 50°F (30K

=0.1 percentage points of quality far
turbines with wet throttle skeam

Refer to pam. 4-10.1

Same as (d) = (primary flow]y (sescondary
now)

=002 psi 014 kPE) or =1.0% 0T the
absalute pressure, whicheser is larger
>0.215%

=10%
*0.25%

27| 4 (Psia)

HNOTES:

1} Inany eqent, the manufacturer's allow able variations in pressum temperabure and spesd are not bo be excesded, uniess specifically

agresd [ b=tore the best.

2} Fluchuations would B2 indicated by scatter in the data (refer to para. 3-5.7.

3} When steam is exiracted for feedwater heaters, the exiraclion pressures fwhich are fieed by the turbine design and fow canditions) may
deviate fram expected values by a few percent. This normally has a negligible effect upan the overall performance. It shall be ascertained
thak such deviations that do exist are not due to malfunclioning of fesdwater heaters. IT1arge deviations persist, agreement must b=

reached as to the course o be Tollowed,

&) IF it is nof pracricable (o abkain design Or rated exnaust pressure, the st may be conducked Dy agreemient at another exnaust pressure,

and either party may require that the exhaust pressure corredtion ounde be verified by test.

3% 33 ASME PTC 6.0 <X &+38t= 58 A%

=
op
2

&

i

jul

1065.00
1064 50
1064.00
1063.50
1063.00
1062.50
1062.00 2 L '_ -_ -. -- -‘ -_ -_ ._ i
2% 33 100% AR 9EE 53w 13 AR(TROD #3571 §7E Wsh5ol

Collection @ chosun



1049.00

s
1048.00 T |
- I "
1047.00
— .f I + I
E o 1] il
z o001 hr11:1T {8 PR T ETI ri'Eﬂ' PRFERET
i T T T T8 0 Tl Lot e T 1 T
'+ 1 L [y | 4l il ] el "+ ] i
-'::‘-J (L T.Ill!l_l_ ltjl !l_: I ‘I_|‘|E-’1$rl‘u‘. !‘ﬂil." 'II‘Y.JIITH |:L'ITHJT||‘|II$ _‘l_ |14 ol i_| J' :ﬁ,: il ;l'!l
s TR RS RY gl T TR Sl TR
= It | ‘ 'l | I gl A w
[ 4 ¢ | 1 4 I S L 1 |
1044.00 : I - =TI 1“. THTT S +t
+ i | 1 “l"l. i l pes
1043.00 =
l l
1042.00 . . . . . . . . .
g g =] g g =] g =1 =] g g
8 3 @ @ 8 3 3 3 8 8 8
- B = = = = R B = = 5
5 § & § & & % 3 &1 & 3
% 34 100% ¥A2 &9 Adexld 13 AIE(TROD i@ d71&9 ¥slao]
1065.50
—+—P_MS_1
——P_MS5_2
1065.00 P_MS 3
. P_MS_4
106450 |2 iR gns RNV T N M. g R ag f
- 11 . P | L N
£ R 11';;;;:';-}% a8 I
€ saon | T SNSRI LA
% 4 St B £ LR &) ?r}t} t:‘"-' 'r'i S y o
5 & o] * g -7
= 1063.50 — %,
¢
K
1063.00
1062.50
1%2[}0 L L 1 L L L L 1
¢ 8 § 8 ¢§ § § 8 8§ ¢
s £ £ & 8 = ® B = =
) 5 5 = ] b e} bt i} 5
2 - 2 2 R S R R & %
> g & g = B & g i ]
T 351000 AR 9EH 4T 24 AW(TR2) F37] §he] wiakdol

Collection @ chosun



1050.00

1
1049.00 :
[+ $
1048.00 % it I ” I
’ ! [ 1 + 1 1 t T !
= # L | + { L .
g | 1] (1, 2 1141 20Ut | 4111
= 1470 —oRe T |l IIhd I I T I, | P s
il i1l 1?" °||| In 41 " 4 'l*'.T'Fr'rﬁn i o “-T;' | JLTI ,11'... 1S (I
% 1046.00 :*"!_'i | T’l" b ii'n‘,, "‘1', "".*f . ?;'|.?| r‘ﬁ}l ll T:“‘m,ﬂ, ,'H,!'Ih: o
7l e et s IJR*TT' gt l”ll.; Ity
‘l'l_j 1045.00 JI. Ll', Ii‘ i I | II L4l & f‘l l I| |.|£Ii || * II! I
K- | |
* L | e A o .
1044.00 1 i I 1 I
-
1043.00
1042.00 . s s . s s . .
g g g g 5 g g ) g g
& & & & & 5 & & s 5
S 5 5 8 5 5 i g g g
= = = ] ] ] 0 o = P
- w - (=] —_— L] = o —_— [
L] == &n = £ w . -~ %] [=2)
% 3.6 100% IAZ €58 e 22 AQ(TR) AT H7]E8 WslSol

Collection @ chosun



A4 % 2AAT 8% AVNF A BA

A 1A A=

AAE AL 220 AlS(=EHIAlE) Aedde F7IHY 4J%5Ad CODE <l
ASMEPTC 60 & #-&ste 8 7}ssty ASME PTC 6.0 541382 Full
Scale Test ¢tAlternative Test 2 Fi-¥ T} Full Scale Test & &3l EHYIA}
olF Aexds FIT Fe HAd HAU|EEHIH HYlAbelE EanE(EE
E&)WERE ol 2% Ale FoARE A A #Alel Thed Wi
Alternative Test & @9 7|71 ds #4& 918 HFE HAS6HA o
9x 23 AlE AAE BAxAL g A
Al o] dF AR A F g

ASME PTC 6.0 ASME PTC 6.0
Full Scale Test Alternative Test
Al =2 Z71HY 2 (F71E8) ¥ HYIAOIE =8 T
A& 23e oF 0.35% (X WA 7|F) oF 0.50%
Group 1 274l Heat Balance Calculation EHIH
Group 2 EEHH HrEgHM HE DA
Ta HE ghE4 ot EHA Aty s
FICHs g2 Z71HY =3 EY7E HeRt 29t
SEECIAEI|(MSR) d= T
a=/tE7 S8
247 MSEICH
=1 == sy ]

1 ASME PTC 6 Full Scale Test ¢ Alternative Test & 2 X}o] H|L

)
T
>

o,

4.
st o] A dibHow ASHERL viAH 2 &g A9 E T
5 71(Cycle Steam)e] A (Expansion)e] I F7] FHoA] o] Fojxm g
Full ScaleTest sFao] Az es &olstr =] UiFE] et ior &

ZIHRL JIFA A Vsrvleo® F2 ARSI 9

AT Ao = Hx Ad A S7I1HY AFEsAd R 22 A% de
3912 93] Alternative Test & AFE3IaL glow weha] 22 A% F9 A
H ATAEE FHeA] Eekditth

B ARG 2232 ASME PTC 6.0 Full Scale TestE 7o 54 7
718 AAste 4 WS FHS5sIReH, 4 &4 71 SWdA= Full
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o]Z Heat Balance A]Ed o]

2R e Y Al oid A

]o

=& TR A
Test Boundary)Z &= A% EAAHZxA
2002 ' FEAAE 557] ¢
A3 Alterative Test 4] 7]H e 24
T8 HuE He ARE BHYIAFo]Z Heat
=9 BHlALolE A
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>



A 23 TdAG AV]E4d 2 U Ao]F A&
#9557 24 A% AW AAFAHTROL, TRODS % 51 7 2ol dxpz
A& i 100.44%0] A 13?49;1 W AGA Y 77 F SAHE dAG &9
2 it 1,045600kW olth FAE Adxd wdd A7EHE 100%9AFE
AF, AATIE BN YT F57) 4E(72768ke/em), BT 1 4(09) 2
257 AFEE8Immiy) Fow RAS FAzA BHAn AvEHe

J ]

1,043, 517kW = 2002 W17 5 diH] 4290kW Aol om Hulitols ¢
2H]E 2 EHY Al E 282 ZH7) 232827 keal/kWh 9} 36.93% 2 EHl %] ]t}
2749 A5 A s A= 2PEY 45 Control Valve
2 IE30.17% 2 31.57%) Ho] mE £ao] wrAE = Aol Ao A
Fol EAE whd AA AT Valved FiE o] o3 uF £4o] Gl
o]4# 9l %7 (Valve Best Point)oll A1 2] 7|5 Fko
A, s 2 A A eIl BA
A vlasly] YA CVH4 1 &4 gist 37189 »Aw
s Ad= ® 43 9 2
CV#4 1= &40l BAE AAxd Udd A7|&8L 1,047,364kW= A A1
% 1,0654,645kW thH] 7291kW w2 F=Folm, 2002 1575 1,051,684kW
H] == 4330kW Astd Zles EAHATH
AAZA HulAbolE dAu &2 2319.77kcal/kWh® AAId 5 23036 kcal
/KWhtH] 16.17kcal/kWh 52 FF<Folm, 20029 <1735 2,310.15kcal/kWh
tiu] 9.63kcal/kWh Z 713} th.
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o,
2
i

)

i)

2 X 7| MEX|E dHlds | 20024 | 2008 A ’éfIIEHHI Q1= H|
k2| Ads | dsTT HAiL ot
S = @ ® © @-@ ©-®
e 2,825.49 | 2,830.86 | 2,838.00 12.51 o .
(1009%) |(100.19%) |(100.44%) | (0.44%) | (0.25%)
AMEZEH SFE FIISH kw 1,054,645 | 1,055,835 | 1,045,609 -9,036 | -10,226
AMEZE EHUIAO|S YAHE |kealkwh| 2,303.60( 2,305.38| 2,333.80 30.19 28.42
AMEZH HEIAOIE 58 % 37.33% 37.30% 36.84% | -0.48% -0.45%
HA=H AHdb ®#I|1Ed kv 1,054,645 | 1,047,807 | 1,043,517 | -11,128 -4,290
HHAZEH EHUlAMO|E EAH|E |kealkwh| 2,303.60| 2,318.66 | 2,328.27 24.67 9.61
MHAZEH EHAIOS =8 2% 37.23% 37.08% 36.93% | -0.39% | -0.15%
¥ 42 4 537 FAx7 75 23 A% JeAE (CVH# nEE4 BA 7))
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2% HE @ MEX|E dAds | 200244 | 2008 4 g:jutum 9_1_1_-ii1l:||
(CV4 RZAA Y B) el U+ | dsWL | HA :."32}
@ (B © ©-® ©-®
HAZxH gd3o ®7|Ed kw 1,054,645 | 1,051,684 1,047,354 | -7.291| -4,330
HAZH EHUIMOIE EAHE |kakwh| 230360 2310.15| 2319.77 16.17 9.63
HAZH EHIAOS 58 % 37.33% | 37.22%| 37.07% | -0.26%| -0.15%

¥ 43 8 5357 BAxA 7 23 AT HeAR (CV# usEd B 5

o, 22k Ale Fa A e Aol g8l 55719 QA i
AeAs7E S71ERT] AT Far aEAMTY =E)d ey dde] F
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7IHE 2 MSR o A3 HesAxE G F dATh % MSR ¢ 4
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1,051,052kW Z QA% oib]l 632kW A3td Aoz EAEQoH, o=
MSR 3 F5A% 9 2545 4sAs 24 A% 630kW ¢ AAsE 5
Z] o] T,
SHAINE, 919 AFHE V|Eo=E JIFAdT tv IdHW 9 AJENR Z5A S
7F e AR gty g = gloy dA" ArEY A Y
A3 B AsdoAy drjede AFdsAE GA 54 AEF SHAA
g thH] oF 1.35 MW=A Al4tE e old didstes vEe 85 Astt +
ZIERlo A HAYgt Aog FAHHAT,
1,056,000
01,054,645 BMSR B HsXst
S : HELAE U S57E BOP HisTist
i oHEe| == 12y 82 V(e Msnst (25 | |
OEZEH st FHolEe
1,052,000 Bt
B - - SE— 50 kW
E :'l/////f' R
3 _{3//39;55? [@3,700 KW
~ S
=
— _,./ ~ o
3 oo .
1,046,000 =1y
200218 2ig-i= Y|
HriE & 2R o
1,044,000 it
1,042,000 ~
AN &% xsiel
O 41 Y 557 AF-AAsUHH d7|E8 A3t YU
SHH, CV#4 2 E &

AE HAS A e AA ddA &d 20E Eew A
Ads vl G A7|EY HAS oF 747kW = F9 U2 F 44 3 2
38l 5 6 7] AleFA o] A Heat Balance 9AE YEH 2 FWPT ¢
Control Valve oA #Ast= nF &4& 1HsHA] &3 oy AA| dds
AN E AHFEAZ QT BAG HV|EY A3 8<lo] dAYsI QlojH o]
9ol AtEIHle] HAAUH E& A3/t WrEY AR F8 a1oE B F

A

Collection @ chosun



ke A7 Heat Balance ¥ F57197) A% &4 2 7] o g &4
Zae AT ArjEedes S/ ade® AEsta

FET oY% BE(Feedwater Booster Pump)e| 745 AA(35.15kg/cm2) T)H]
=2 &7 YHU64lkg/cm2)o. 2 23} Aol X weE FFF HBE
(Main Feedwater Pump) &8 &% TAZE A3 FWPT 758 F7] S7]%0]
Zasta Ao wbdwg dr|EYo] SUbske &3t U Ay Bz
A 2uFE SV T

ole] AA vl &4 FZ(Condensate Pump) =7 «4¥ J7F € F7
Sizing (Flow Passing Capacity) HA} &2
A wmEkARE BAG A= St 7l ska Aok

T 2008 4 H7159 71§ =2 ol g4
dsig HAL Heted
AU 58 U 1% 24 | 2756 kw
HeHE 28 -7,440 kW
FWPT 28 %2 2% &4 -2,214 kW
MSR 45 -452 kW
1,054,645 kW | 1,047,198 kw |-7,447 kw | 571 Make-up (0.2%) 550 kw
=S L-PIPEE 1,800 kW
Mz B2y 57| W praas 653 kw
HY 3 ZW) =4+ g2y &7 99 170 kw
F34 4% HE g 2,249 kW
Z7|5 ¢l Sizing 757 kW
7,782 kW
335 kW
% 44 28 53] AA e T driesy #a ddEy
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2008 H 5T
HAHAS | 2002 H = 1=
== H| 2=
DYUEE HSX|E el opgered| e ek
e al o= 2l
® ® uhg 2 o2 ©@-@
BE 28 = @
nMain Steam to HP Exhaust o G TS
EHUE =8) - :
nMain Stearmn to HP Exhaust
: il o % 83.29% 83.08% 83.06% -0.23%
(Valve Best Point E8)
% Load Distribution % 38.64% 38.64% 38.48% -0.15%
HP Turbine Shaft Power kW | 412,268 408,308 406,638 -5,630
Pressure Ratio (Pupex/Pis) - 0.1311 0.1324 0.1324 0.0013
Pressure Ratio (Pupeai/Pist ste shen) g 0.1853 0.1802 0.1802 | -0.0051
F 45 39 557 IYEHN HS5AE
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X
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o
1]
X

2 %ﬁﬂ?}lﬁ}.

3227

HE=

654,710kW tH] ©F 4710kW
61.52%= AA HH] 0.15% =4
| we) @)
% (TROL, TRO2)SIA 245 A

2008 9 ds

T

%
[—
3
3
o c@
N
N
Y

FUPLY

HAES M A T H|
MYEY dsX = Al Awel P!
® TEY | mEY | oo
AN H = ©
N Bowl to uzep (UEEP S 8) 83.17% 83.35% 83.65% 0.48%
NP Bowl to ELEP at Test Pressure 87.85% 86.54% 86.89% | -0.97%
NP Bowl to £L2P at 23.1mmHg (ELEP 28) 87.85% 86.47% 86.80% | -1.05%
NP Bow to BASE ELED 91.79% 90.31% 90.77% | -1.03%
LP Turbine Shaft P
SR n 654,710 648,525 650,001 -4,710
at Test Pressure
% Load Distribution 61.26% 61.36% 61.52% 0.15%
¥ 4.6 Y 557] A A&
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A5 d FEE
B A" A3

TTD, 2497 TTD )71 47 tju] 45oe] WolA =
MSR A 9 B 9 #3 e
H] 3.35% % 4.02% S

MSR B TTD & 1895C= AA s Wiy 495C ¥
&)

T HollMe 2

2 e oF H0kW = obF m]u]ajr.
o MSR A ¢ B 22} 0.76%69F 0.85% = A A1 2.44%
7ol 71efsha gle.

w¥AHo® 9

Fegow o
7

F2h 93.65%%9F 92.98% % AA 45 97%
AEer, At A47] TTD 237 A

=

% 11.33T th®] 4.05C % 4467C %7

A% 1823C o]
224 AE9 Fshrt AdH ez
71618l Ao® AaEn A=

o
1 Q14

-

6]

Fgeolm 2002 W
1840°C th#]

o

2

FAE ¥, MSR B A Aste g dxd drE

154 =

ez AF(TROL, TRO2)ONA #4E AHEHE 45
A%E ¥ 47 3 2
1§ AdLxIC}
QAYs | 20029 _ﬁZEC:OSi; ;&El"ii A chy]
MSR HdS5X|E Ehe| eyl |TUOFEIRTOOT|
@ ® e e ©-@
He HE T C
Moisture Separator | A _ 93.90% 93.65% -3.35%
% 97.00%
Effectiveness B 93.25% 92.98% -4.02%
A - 15.22 15.39 4.05
LP Reheater TTD (G 1133
B 156 15.79 4.46
A 18.23 17.84 17.85 3.85
HP Reheater TTD °G 14
B 1840 18.9 18.95 4.95
A 0.76% 0.76% -167%
Cycle Steam AP % 2.44%
B 0.85% 0.85% -1.58%
¥ 47 4l 53.7] MSR A sA %
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17h A e skl wheh o 1,804kW o 8
o% #UHUT wehA MSR AsAEe] AA

A71&8 Asbo nx= G oF 452kWW 2 B F T

A4 s 2002 4 ol+=HE& AA|cHH] Xt
MSR dsX|&® che We| gy uY
@ ® ©-@
Moisture Separator | A 93.65%
1 % 97.00% -1,215 KW
Effectiveness B 92.98%
A 15.39
LP Reheater TTD — °C 11.33 -554 kW
B 15:79
A 17.85
HP Reheater TTD o] 14 -487 kW
B 18.95
A 0.76%
Cycle Steam AP 1 % 2.44% +1,804 kW
B 0.85%
3E 48 MSR A5 %2 A div] Haprt #AdAG 7|8 vX= 9F
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45 e AF(TRO1, TRO2)eA]

A% BAAY @UARY 557] FHE0 s
_]

¥ 49
Tt

WA FE AR SHE AsARES BASHA &2 dEfeltt dx®t 714
Fohgo® 100% A2 dE9S dAsH FAse A A 23 AT
o A% F5 9 Hul Fv] Z7) 2de] A WA goum 4% olHpe
g 5408 s deAREAE S AFEEe 7 dos dddn
SazEr] Mex|E 2Ads 2002 4 2008 ’ET:IIEHHI
£l +ds dsdd =i
st ® ® ® ©®
Feedwater Heater#7 A g & 278 /556 | 223/622 | 246/7.93 | -032/237
Feedwater Heater#7 B °C 278 /556 | 1.80/7.35 | 243/6.77 | -035/122
Feedwater Heater#6 A € 278 / 5.56 1.85/4.88 | -0.92 /-0.68
Feedwater Heater#6 B € 2.78 / 5.56 149 /640 | -1.29 /0.84
Feedwater Heater#5 A .5 2.78 / 5.56 1.95/3.80 | -0.83 /-1.75
Feedwater Heater#5 B L5 2.78 / 5.56 2.34 /447 | -044 /-1.09
Deaerator e 0.00 -0.50 -0.51
Feedwater Heater#3 A : 2.78 / 5.56 0.78 /419 | -2.00 /-1.37
Feedwater Heater#3 B = 2.78 / 5.56 123 /433 | -155/-1.23
Feedwater Heater#3 C € 2.78 / 5.56 107 /400 | -171 /-155
Feedwater Heater#2 A g o 2.78 / 5.56 104 /6.80 | -1.74/1.25
Feedwater Heater#2 B g o 278 / 5.56 123/795 | -1.55/239
Feedwater Heater#2 C .5 2.78 / 5.56 146 /730 | -132/175
Feedwater Heater#1 A g 2.78 / 5.56 114 /564 | -1.64 /008
Feedwater Heater#1 B g & 2.78 / 5.56 0.84 /579 | -194/0.23
Feedwater Heater#1 C € 278 / 5.56 092 /5.37 | -1.86 /-0.18

¥ 49 34 557 F571E7] A E
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45w AIF(TROL, TRO2) eI A8 557 A

A A3 A xddAe H47] TTD, WiF B 2%2H(Logarithmic
Mean Temp Difference), € #7FS (Heat Transfer Coefficient), &+7] Y7}
=(Subcooling) & E¥ B4V A7) dutd oz A Al v dsd
Ao F A HAUrh

olg HF7] AHeAR

Z o]gsled TASME PTC 122 Steam Surface
Condensersy o me} A3 2104 SAHE 557 JAFEE AA 233049
AFEE BA A3 A3 w3k 3593mmHg = AAA 38.1mmHg wH]

2.17mmHg & F=olth

2445 | 20024 2008 4 2AICHH]

247 45X=E £l elsgs | gsTE | HA
@ B © ©-@
Measured Condenser Pressure mmHg ‘ 38.1 4791 9.82
Condenser A TTD G 315 -1.15
Condenser B TTD & 4.3 3317 -1.13
Condenser C TTD e 2.86 -1.44
Condenser A CW Temp Rise C 7.14 0.21
Condenser B CW Temp Rise TEz 6.93 6.86 -0.07
Condenser C CW Temp Rise e 7.51 0.58
Condenser A LMTD C 6.03 -1.19
Condenser B LMTD C 7.22 5.96 -1.26
Condenser C LMTD 50 5.83 -1.39
Condenser A Subcooling C -0.18 -0.18
Condenser B Subcoocling e 0 -0.09 -0.09
Condenser A Subcooling g -0.29 -0.29
Condenser Heat Duty (Total) kcal/hr 1.58E+09 1.54E+09 |-3.51E+07
Heat Transfer Coefficient (Total) |kcalhr-m2-¢| 2423.82 2,884.18 460.36
Corrected Condenser Pressure mmHg ‘ 38.1 35.93 -2.17
3 410 @Y 557 H7] AeAE
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WFE] w=Ee a7 7% 54 B 23 x025%E w55ty $8 ASME
PTC19.5 CODE oA+ o}2fe] 3 7FA &8 Z7(Acceptance Criteria)S L7
shal gtk
Average Cx Value
o]ZHQl F# AF &4 Cq = CX - 0.185Rd-0.2 x (1 - 361239/Rd)0.8 ol *
Cx Hytgko]l 1.0054+0.0025 oluel EAlsllof s} o]&= 1 A Aoz AA|
o] 4 E Reynolds Number %9 (2.0E+675.0E+6)14 3 &4 X2 2
2k 0.25%5 wrEghe ghelelr] 919k otk
Reynolds Number Independence
CX %4 Reynolds Number &= A& 3}s w424 (Cx
=7] (b7} +27E-10 olujell EAjalef s ol WlFe] =&s A F 4
A LA LA A ZA A2 Reynolds Number <49
E §¥ 54 28 24 025%E WSS gRlsty] $1% 2dolt)
Scatter of Calibration Data
9% AFFTEe Tl HF CX #hel 27 FASA 22 Reynolds
Number 5= 4833 HAH2(Cx = a + b Rd)e] £0.0003 o]l <3|
ofstm o] Cx Bt kel gk A=EgdE g<lsty] g ol
rEe 3

A9 Ay 4HA B4 A9
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ke
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@rﬂol FE1112 @r FE1122 o AA" 5 4 7/Ne] Tap Set & 57147
B 97 Sl d#4¥ FE1122 “Y” Tap Set & ASME 195 CODE ¢ &
| 3t “X” Tap Set ¢ #Hupehid AR s FH
oRE FAY 3 Ao #gdrt
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71247 A S712471 B

FE-1112X FE-1112Y FE-1122X FE-1122Y
1.0029 < Cx <1.0079 2= atx ot= o=
b < +27E-10 okx ] = S
M| 3Zh £0.03% op= ] = op= T
¥ 51 34 557 WFE =& AnA AAA B4 A3y

¥

DA FE1112 9 “X” 2 “Y” Tap Set 94 =47 &
W FE1122 9 729 1.16%9 FHHAE Hola glor

’

2002 W QI EA Y
o2 A= 021%90 W
¥l FE 1122°Y” Tap Set ¢ 3 &4 &3 = (Measurement Uncertainty)
S7te Qe A friko] AW vEuve 4R B 5 dnh 2008 W
AeAgA g = o]g et Tap Set 1t 73 HAZY F7bshs FaE Holx

Faz g8l 6 5719 el d Were] &2 Tap Set 7+
PR = 0.08%8 0.06%E ofF Fa g et

9 BA ges AR 2002 W 53

fo
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r o]
i
o,
off
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2
>
rir
ofN
Y
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>~
Y
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247 B Q17 4% A4S FENZ2 “X7 Tap Set o4 =41 §40e A4
saom ¥ AwA g AR A% PP Headn
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PMS HIO|E{E O|Z&F E{HI/LUX7| H7|=3 HE 24
01,049,754 HEelowdown =2 27
= 1,050,000 Ara wed =3 Oz~ e2d =3
-
r 01,044,993 31.045.073
AL 1,045,000 |—] E11.043.869
L] Wl npg ol ol [E—
~ 14.5 MW wEE =Hr1@™ xst i 6.5 MW
= g
K_ 8.0 MW
EJ L0s0000% —] | @1.038 544
01.037.034
L
:] B1,035,261
_:,’_ 1,035,000 |[—]
L]
K
= 1,030,000 |[—
zn
1,025,000 |[—
1,020,000
3A O/H = 4Xp O/H H AXF O/H = 5K O/H 5K O/H = Haew HMRT
'05.07.20 ‘06.10.25 ‘06.12.27 ‘08.03.18 ‘08.05.22 ~08.09.26 ~08.11.19

a9 52 3l 557 BT HrEY WEk Fo] (PMS HIolE o]§ £423)
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A3 A L7 F7] S48 S8 =43 34
Ao A D/A 2 FU|He wF# =FdA9 F7IE(PTIG, PTIS2,
PT153) SA43 % 53 9 Zo] AYEHY A F7]d h¥o] dijzesw v
A SAFRCH g HEd Eg A4 vEhaL S Elst
olH gt AL AUHW F7|dk =Fo A Hood Side Lagging &% 44 =
H#e] Crack 7FedE& WEstar glew, dx dMzs 2 A=7F Gvlstut

FF ASHA ¢4 A QY F Yonmz A7 FuyIk F Aol Bas

11l = = A

488 470
——P_DAEXT B —e—F DAEXT C —=-P_DAEXT_A ‘

P_DAEXT_A

P_DAEXT_B, P_DAEXT_C

478 45.0
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Al 4 A ASREE AR 7IEEddE AVEg A5 AA

2002 ¢ 4l 55.7] <l A7

A A 4 AGLAE 54990, B AedadAe

A AR AARAA ) e Y BAE wPete] A& wds v A

GAE AHgerArt

A A AS(PMS) 5 2335-MPJO001 + 3 5.
7%

It
A B A 2 ARAE Be 349

A7l 7P 2ds A
(0.129%)5 Holal Ao 2008 W At A ALE&H 4 A#E2A =
ol AW AYA #Y 2 xHTurndown Ratio Erron)E B A Aaelx: 7

5.3¢9F ol mie- dAsk= A2 Al webd, &5 v F71E ol A

MY s Aedds A HA

R4

F gk
olaMSA|Y WMo M7|E3 |crgl|  TROL TRO2 TRO3 Average
EN H=EH =8 ®M7|5Y KW | 1,056,874 | 1,055835 | 1,056,334 | 1,056,348
PMS MPJOOOL X|A| F7|=3 kW | 1,058,560 | 1,057,040 | 1,057,538 | 1,057,713
BA % | -0.16% -0.11% -0.11% ‘ -0.129% ‘
X 52 gl 3] Edd dAVEE oA 41
2008 4 5 TICH MO M7|=8 thg|| TRO1 TRO2 TRO3 Average
AL} M2 =HA| x 0.9970 KW | 1,045070 | 1,046,149 | 1,044,555 | 1,045258
PMS MPJO0OL X|A| M7|=3 kW | 1,045,047 | 1,046,089 | 1,044,441 | 1,045192
A} % | 0.00% 0.01% 0.01% ‘ 0.006% ‘
¥ 53 ¢l 557 HAE drEey & B4 2
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[3]

[4]

[5]
[6]
[7]
[8]
[9]

FIER

EN-P-RPT-007, Turbin Cycle Performance Diagnostic Test Report :
Enesco, 2009

FHEl3ub A 4 System Manual(5 7428 7] Ad4])

EPRI TR-101388, Feedwater Flow Measurement in U.S Nuclear Power
Generation Stations, EPRI, 1992.11.

EPRI-1003472, Level Control Guide for Feedwater Heater, Moisture Separator
/Reheaters, and Other Equipment, 2002. 12

ASME PTC 6.0:Steam Turbines

ASME PTC 12.1:ClosedFeedWaterHeaters

ASME PTC 12.2:5team SurfaceCondensers

ASME PTC 12.4:MoistureSeparatorreheaters

ASME PTC 19.1:MeasurementsandTestUncertainty

[10] ASME PTC 19.2:PressureMeasurement
[11] ASME PTC 19.3:TemperatureMeasurement
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