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Replacement of Low Pressure Reheater and Performance Evaluation on Domestic NPP

Moisture Separator Reheater

Abstract

Moisture Separator Reheater is one of the most important equipment for the
integrity of low pressure turbine and the total efficiency of the nuclear power plant, It
supplies the dry steam to low Pressure turbine after separation of moisture and
reheating the wet steam out of high pressure turbine. This equipment is always
operated under severe conditions, therefore it should be carefully maintained for safe
operation and operating confidence. After replacement low pressure Reheater of
Moister Separator Reheater on domestic Nuclear Power Plant, there was MSR
performance degradation and vibration of condensate drain line. So I found out root
cause and commented a solution, site people modified the equipment. Finally 1
concluded the performanc of MSR was good condition, after I inspected the equipment
and evaluated the performance of MSR.
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7 <= (fins/inch) 19 19
USH 93t 2 0| () 32,260 32,480
AAG WA () 1,050 835
A Bl B et 7) (ST36.8) | e (ST35.98)
A A A A Z A
= 71 Cm) 21 0] 3’3%880 7o) 1123’,15109 7o) %é(?ﬁo
3T A Manessman
3. A% NEFe



om. 28
1. A9 A, MSR A5A3 94d&4 9 gIHE

b AJFALG 7] wA SRk

Tube bundle?] 7|dWote #Auts A E s AY & WY Ao 237}
o s = A 1dA= +HAF AANE Rt
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. MSR 453t 9dE4

1 +d 2 Aujole HE

O MSR A% FrH WHE9 #uS8 Z7F=2 2 19999 OH209%-EH 4702 HE<] o
& v]=r TEIAHThermal Engineering International) 9} 2. A Al 2FS F=735}% 2

- wA A 1,257 LP HE B &3
37 00177 00277 il
137 6.0% 0.7% 6.7%
2357 9.7% - 9.7%

Terminal Temperature Difference)’} H.Z5gkoll v &
NAS AEstF o 7d <kd
A7 AA

O A F MSR TE=2%=AHTTD :
Shal Hij#e] 2l F o] WAl E o

- Partition plate®] gasket 45

- Excess steam™¢ ZHdS 93 by-pass WH Ax 2 w59 orifice sizeE
¢229mmel A ¢1omm=E F4stg o wigde] s 2 TTD EXhso] Al&H

O TEIXAM = wl#RF 314 % thermal balance A AIFS F3 2001 257] A E
g H] 7]1ZkFell tube sheett] 7] A e-§ orifice sizes WA3IA O 2.3
g 1, 29 7FES7] wEel £ EA FhR d4ES =8 TTD 3 MSR =
T ASE714 &% A= AastA A

- Tube sheetW orifice size B3 WY

EER LA A = H] 2
Zone - 1 ¢5.56 ¢5.56
Zone — 2 ¢594 ¢594
Zone — 3 ¢6.35 ¢6.35
Zone - 4 e ¢ 3.87 A1
O 2001. 8. 9 FHAY] 71&EA7F Atsle] ANk TA-d ] gl 2 wjgey =] vl gn)
ZIWMH(2GSS 073VV) 24 52 S Solx FJH #Hert gled O/H 7373t
%ot 157] MSRol| 3534 Yoz Azl s =305 A
- A Z] 717 2 2001, 10. 11 ~ 13(3¥97h)
- Tube sheet] 57| A|tE orifice Aw=] =<
- Channel headW¥-9] equalizing(6"# &) ¢ A4
2) 8 FAHE =&
7} TTD &%= % MSR =4 &% A3}
Designed TTD | Guaranteed TTD | A% % =A 3k o] H] 1
o o 68T 38TF=3 | 257
26°F 23°F %.1°F 31Tz | 157

) B35 TTD "g= 69,000US$ penalty 3 ZF(A2Fx=71 10,000 US $ / °F)
- MSR &7 A%<s7] £X5(EAA : 2524C)Ast=  EHl blade F2 7HsA A&
W 7tEE7] 7wt e 19 w3107 JAEEA A

- TEI Wi &2 5 A : ASME &3 w5 AdgA+Y F 314 0 ASME &7 %3
th) 23 7] A 102 A =33 5 1, 29 71957 % 2HY dA 2
- A7] - T9ENES L AoAE FAE) 3 A 1, 29 o] War 2 AyE
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D107, wfee] AAAd R ddd B Al

- e xE s A A - 4796 — 63 umE A #
O AuZdel o3 EHTtel mE BAA o5 AL
9.67x10° x 365 x 24 x0.906(1-0.05) x 39.34 = 2,868,248260¢/ = 28791/
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2. Aul/lAd 2 Z002(Right) A & A
7. 137] MSR As3d A3
O T2 (Terminal Temperature Difference) 7§41
- GSS 001ZZ(Left) 1%+ @ AA(26.82°F) thH] 7§ $-(13.1°F)7F 13.72°F 7R 4.
- GSS 002ZZ(Right) 19 : AA(26.82°F) thH] A $(8.05°F)7F 1877°F 741 4.
- A
GSS 001ZZ(Left) : AA( <14.67C) dWin] 71 (172T)7F 26T Asts] a1,
B A (18.337C) Win] 7RA $(17.27TC)7F 1.13T 7§44,
GSS 002Z(Right) : A7 <14.6C) tiv] A +=(155T)7F 0.9C A3} a1,
WA HA1756T) iy wA $(155C)7F 2.06T 744,

O Al%=7] 48743 Cycle Steam Pressure Drop)
- 1%
GSS 001ZZ(Left) : AA(1.3 psid) oiH] 714 $(0.362 psid)”7}F (0.938 psid) 7144,
GSS 002ZZ(Right) : 2 A1(1.3 psid) thH] wA] $-(0.362 psid)7} (0.938 psid) 7§ 4.
- 2%
GSS 001ZZ(Left): AA(5.917 psid) ¥ 7HA $-(5.424 psid)7F (0.463 psid) 7H4
GSS 002Z(Right): A A (5917 psid) WH] WA $(5.37 psid)7F (0.547 psid) 714 %E.

O FiE7 &8 (Moisture Separation Efficiency)
T 001ZZ(Left)/002ZZ(Right)| %A
A A A (%) 96.2 96.2
Q=] (%) - 93.42
A A (°97.9)(%) - 92.53
i3 7l + S578a o4F 7+ 98.001 / 92.812 95.41
M zasg Nz« $359a gy 7% 91.026 / 92.233 9163
A n
- TEHEF-3%7+= + SE5THA gY 7+ 92.222 / 93.391 92.81
J—ﬂ_ W =F%F 7]+2nd pass SEF2% 7|+ 97.080 / 91.745 94.41
A | T TEF 7I5+2nd pass SFTE VT 89.909 / 91.150 90.53
k3
Tl #Ee%3% 71F + 2nd $EreE
(%) ;iv" o 71+ 2nd pass S5 91.137 / 92.341 91.74
T sy aee 4/ A9dRe Agele and 2 AS/ A% wdA
ST S HATE3%7]1(%) + 2nd pass S5TFEE VIET] B
S 2 ARE AFOR GREUEOL74%)S A (9629) ] 4.46% A3,
- FEEE 289 AdeE AT F719 Moisture Carry overs <7 A A<L”7] TTD
L AlE 719 FEEE ASAIA AYEHW AT SVIEE AStAF.



O MSR &7 (A%

HHl ) ASS7Y GHE

T A A A GSS 001ZZ(Left) GSS 002ZZ(Right)
3+ (bar.a) 7.99 7.926 793
2%(0) 252.4 253.2 253.4
ol &3] (Btu/1b) 1270.7 1,271.5 1,271.7
- A% "HHl 97 FIeEE AvAAd F2 o wA Fel AAX(25247C) tiH] GSS
001ZZ / 02277 Z°] 08C A% / 1T Ae¥a, Anjjd 2L wa A thH] GSS

00177 / 02277 Z=0] 22T A% / 54T 5w Aeel.
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SA A HEH tube X thermocoupled] 4§z}
Z2xog AESH

73 E] ] ‘3‘4 g
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S71% 71 10°F) oiv] Eddd &
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Excess steam(2-pass design, 95% M.S. #5282 %)

2]:96.2%,
&3te] LP bundles

=¥ E UEo] HE % 7] avdd.
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AABEe] Al E

Al
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25%
Reheater parameter 0.25% ] 5% 109 25%
(design)
LP. 169 167 167 167 168
TTD °F
H.P. 136 127 127 124 12.4
Subeooting | LP. 15.0 9.0 9.0 8.0 56
extent H.P. 26.0 12.0 75 35 0
. LP. | 243800 | 253.800 | 260,000 | 273,000 | 313,700
Heating
Ibs/hr
steam flow HP. | 217000 | 230,000 | 239,000 | 252,000 | 283,000




2) AE 7]+

Design Design condition H] a1
case
Heat balance 7] (100%)
-n: 0 7 %
1 n: 96.2%, mass flow 7] TEI A 7

-TEI flow orifice 22 %] A+
(excess steam 2.5% subcooled 10°F)

A =4

7001 |-$4 n, mass flow 7]+
-TEI F - O A 4

2 A A A & -l

-$7 1, mass flow 7|&

20021 Tprp .0 AR A
-Tube 107} plugged (.- £4h)
3 F-0 &% : 12 rowel 03" F.O A% F-0 x4
—-Actual n, mass flow % & Optimum
4 F-0 %4 : 5~8 row 025" 0.35"= o F-0 %4
-Actual n, mass flow % -&
5 F-0 %% :5~8 row 025 0.3"=Z & F-0 24
-Actual n, mass flow #-&
6 F-0 A% A7 : Actual n, mass flow A& F-0 %A
— Alstom
7 Heat balance 7]%& 947
3) HE &
Subcool | E HES T
ubcool | Excess | HE
) TTD jj e | A¥9H A | Heat duty
3 = rate | vapor | # 73} . Al AL
(°F) . et (ft2) (Btu/hr)
(°F) (%) (psi)
(psi)

Case 1 1952 | 1060 | 23412 | 1.265 |13.496| 26985.5 |9.1496 x 107 TEI 27

Case | Z001 | 2096 | 11.11 | 54241 | 1.205 |17.064| 26981.1 |9.9289 x 107 |<=#1%]:0766.35°F

2 2002 | 20.37 502 102739 | 1.198 |18214| 26573.7 |9.1514 x 107 | = A:0762.6°F

Case 3 21.08 9.46 5.3414 | 1.205 |17.672| 26981.1 |9.9160 x 107 Optimum

Case 4 20.65 | 13776 | 53954 | 1.206 |[15.218| 26981.1 |9.9625 x 107

Case 5 2072 | 1198 | 52476 | 1.206 |[15.828| 26981.1 |9.9544 x 107

Case 6 2030 | 2086 | 58715 | 1.205 |[11.230| 26981.1 |9.9994 x 107

Case 7 26.82 - 3.0 1.300 - - - Alstom 4727

4) AE A3}

- Alstom ¢4 7} TEI A7, 73 2 /A deks vla HES 23
Case 3(1,2 rowell 0 0.3“ F-O AxA])o] Optimum design® & IhE L
FASEY 2 TEI A7 Program®| zto] % o] 23 AA AL zo] 2 TEIL 74 Wkeh
S Ay 2 A F AAs o] v Ag Ao=w e H st
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3. MSR A% & &4 AE
7h. s 2 AAZFH
1) MSR A#%53%¢
137] A11x O/H(2001.11) & ALAL 7] 7002 A 2 1 L7 7t 57 7F
Channel headoll X $Fvlel29 <833 B (Pr. equalizing line)& &3te] 3
HE AS AR AAsAZ & AsAEs AAE A
O A7 &9 : AAXA v 0.32MWe, O/HA the] 9.67MWe AE 453
- ] Ao MdulwA A4 MSR LP bundle 27] 2AA] &8 A
(°F 1~ 2MWe)stal, AA wAA &2 Fdsids 11~13 MWe AE9(95, 96
gl 3, 45719 A5 HAAA Ndnty, FEAL-2~HAd =%, 4 path F)
O ALEU AT AZZ7] e : AAA un] Z001 / Z0027F 0.8C/1TC AZdx
O/HA tH] 2001 / 20027} 54C/2.2C 2550l AE M AA4S G4 A7)
- 1et A<g7] w5 #(Pr. equaling line 5) X% : Z001 O/H /3 7} 4796 / 63um
2 A 5 AAskd
O AME7] TH==2(TTD)
- 19 Z001 / 20027} AAAE =, A A H] 13.72 / 1877 FetE 7|4
- 2% 1 Z001 / 70027} e AR AAXE ETE(2.6 / 09CAHsH3H O/HA di]
1.13 / 2.06C 7§43
O AE<s7] ¢=E73HPr. drop)
- 1ek A4 7] Z001 / 2002 BF AAAE v, DA dib] 0.589psi 4= A
- AA 72001 / 70027} A E v AAA] Y] 0.463 / 0.547psi 7HAE
O 714937 %94 Iy =(subcooled) : O/H #/%(Z001) 3.3~87 / 0~66.35°F, il
Al $(Z002) 0~626°F= AAX(25% HYS71%F 71+ 10°F) tiv] Ed L3 257
EE UEo] &% VedE 9 o] 8
O 1% Ad7] 71957 ol 2A div] o B
Channel head°lAl &% w9 <=3

— JN

o|

N rlo
=)
=y
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5=

g ¥ (Pr. equalizing line)& &3}
slElp® Qlste] A7 Asol Az »ox Fd=d, ArAd & tEF
S-2Fo] Z001/2002 : 126,526/122,683 kg/h= A A7 103498 kg/holl B3] k7t =&
FEHI R AL k. 7tEF7] ol AARFHREY =4 U4es olf+ row No
1, 29 cold leg tube(5571)7} finned tube WAl 5357l 23+ erosions W3} 7]
#18 bare tubez AAE AT o] kel AEWHA Frihol| ot 7tEF7|7F FwED
SE5HA Esta FH UHE 3] (Channeling) &l & do=z vivky,

O 137] FEEY &8 AAA : 96.2%, LP bundle Z001 oA #('97.9) / &
92.83% / 92.55%=, 11x O/H(2001.11) ¥ Z001/Z002 : 91.137%/92.341% = AAH=] 2L
oo olie] FEEE &8 A dEHs T UMESY] fFE2 A7 A9 &
5 d 4 (Fluctuation)©] 7§ % o] A&7 A w7F A= AL

O 70013} 70029 w2 &8 WA Z00le] 12% AHA%E wekomw 1 A<L~7] 7}
d37] FudEE 22 YA FEFHTdE 15 YAELE AXEA Ao
(Z001/2002 L+71E=7] 49 : 23.9/22.7 bara)7t HEE 27] A n Al 1L
& A 7o BaA dtlu FEEDY 28 FEEY7Y Addie o

o] HAaH o=z A3y ANE71e] AA s AsA L Aoz dAdd.

Mo fo
ac)
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AgALE7] AuAH © 7002 A A - F v BEA

1) MSR Fd=2%=x2 7hA
2 on 7] 3] OH-10% OH-10% OH-11# OH-11%
- = ('00.05.30) | (‘000811 | ('01.09.26) | ('01.11.15)
o GSS 001ZZ(Left) | 26.82°F - 26.13 145 131
" 1GSS 002ZZ(Right) | (14.9C) - - - 8.05
ooy [GSS 001ZZ(Left) | 1467 19.43 1827 1833 172
" 1GSS 00227 (Right) | (26.28°F) 1756 1433 1756 155
O MSR A5 1, 29 AE7] TH=ExHTTD) 2 %A S
- Qg7 FHL=X(TTD)
1et : O/HA wi¥] 7001 7} 14°F9tE /A H
2%k O/HA oiv] Z001 / Z002 : 1.13 / 2.06C /WA %
¥ Z AR - 2tk TTD = Ti - To < 146[C]
Ti: AE7] 12935 57 2=FE4), To: 1, 29 Ad7] &7+57] 229714 9)
O MSR &7 71257t dsHo] AYEN Hed 599 AAdS & A,

- MSR =7 57]=% : O/H& ©i®] Z001 / Z002 : 2.1 / 54C 7§

O MSR &7 A%5717H

]
1=

A

) OH-10d | OH-10% | OH-114 OH-11%
= % | (10005.30) | ('00.0811) | ('01.09.26) | ('01.11.15)
o GSS 001ZZ(Left) 8.22 8.1 7911 7.926
B 7.99
(bar.a) |GSS 002ZZ(Right) 8.22 7.9 7.88 7.93
=5 |GSS 001ZZ(Left) - 249.9 251.7 251 253.2
(C) |GSS 002ZZ(Right) ' 250.11 253.569 248 253.4
2) 1t AE7] 7ME37] 79 528 a4 da
v = ('00.0530) | ("00.0811) | ('01.09.26) ('01.11.15)
GSS 001ZZ(Left) | 103,498 173,916 109,170 104,033 126,526
GSS 002ZZ(Right) | 103,498 136,152 116,550 151,380 122,688
= A 206,996 | 310,068 225,720 255,413 249214
O HP HARl 49 F7|7F 55 =(2AYE © 2543 bara) 19 AL7] 7MES71= FE
AR-=Z z2E AT YHEHAAYE : 849 bara) wor g FHO| FAo] whayst
g 719 F7)Eo] F7vekAl @t 20006 Al F At v Ao wAE GSS 001ZZ(Left)
& WA A-E JEEF7] o] ol 1A a, GSS 002ZZ(Right)= 1 o|%& 24
3l ol SUkete] FR7F §438 EdEe A BolFal, 2000d Al AR|A
of wA s & GFo] 7+7t 126526/122,688 kg/hr & A|Gzre] B33 Hilo] i E.



O 19 L7 7Hd57] d+/=7 ¥4

= = ('00.05.30) ('00.08.11) ('01.09.26) ('01.11.15)
GSS 001727
ol /&=t 22.71/16.69 | 24.53/23.93 | 24/23.65 23.9/22.32
Left
9 et osys/-
GSS 00227
(bar.a) 21.76/18.69 |23.24/20.583| 21.9/18.33 | 22.7/21.55
(Right)
O 19 AE”7] 7tE57] AP 2 S5l da =5, oy AAs

- k) ek E7el AP7E Z001 WA R/F

AP : 6.026bar / 0.599bar= = o] %]

o A1 O/H(2001.11) & Z001/Z002 AP : 1.58/1.15bar = %< 7A4,
3) 2vk Ad7] 71457 w43}
= = ('00.06.30) | ("00.0811) | ('01.09.26) | ('0L11.15)
GSS 001ZZ(Left) |115,7195| 183,204 162,630 168,509 149,018
GSS 002ZZ(Right) | 115,7195 | 172,656 159,390 185,684 147,730
= A 231,439 355,360 322,020 354,193 296,748
O 2¢ Ad7] 71E3F7] 52 1d AL7]A ASS717F Az 7P E R Eehd =&

e A F

271914 71EE7)

A
=]
PR ol

002ZZ(Right)& A Ao 1%+ zﬂoﬂﬂow 7457 A
a1, 2001 Al nAY WA F §Eo] Wol 79

AL7]

ol <

8 SR =(CRT) 4= %4

% s
O 1% A4
o] FFH,

KRG

ol&

AEZ7)9) Thel AHgH O lste] Hul Aol 2

9.67 MWe ‘<54

4) 19 QL7 e AEdY 24 2
O 2000 AlF g w Aol GSS 001ZZ(Left

A3 A (H ) ¢ 4796 m)o] ueug—a—}g; . oA

7 BEsle] BEo] 188
lsto] EAYSHA 5
o) AE(AY : 63 mo] .

5510 s

~—

37
Anldew v

#(Pr. equalizing line)©]
Axojok 3t} Hot legZol 25 AZAHd 712180,

F o%

7V Z=7)17F S35 o] AsAStE 29 AL A BAS 93 /g

e 19 49

AR W AAF} F
§ Sx5g)

o] $%49 58O

A A+
sako] FAHY

CABIAe WA 15
4 AAHZ Cold leg
i x5k

2o ] #7}?;}\:} GSS 001ZZ(Left) 1k AL7] A Aol 1 A
15 B2 fo]l FAFEAT, 20008 AF AR Aol wA
T o] AAaEATE 2001 Al G oA uj Aol AnZRA
= Qs B

GSS

CRET

<717 B
Rl Abo]l2 AAl 285 Asr7l= 2910 H3 o, “Hlﬂﬁi -
A Z&ol 7k 7] &9

o]

d57 &= il
7] Mg A(CRT) 4%

FHAA e AP

24 TFFAVE v Fog

| gagshslo] W
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L @?1 <+ MSRe| #H
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=57 AAA(25247C) Y] 0.8~1T
FeHol AR AHAdE FIANR LT, A%t ALY v E

T 479604 63m= s GAsE AT Ve A=A = AE AA - Xﬂﬁf& At
IRAARE EAle] 22 A0S A AASHAA Hzste] £4 # 3
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