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1. Research Background
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I Introduction

1. Research Background

s 2XHAIE S48t F|of

. 22X
G |
-AE W F2 2H|(571247| HEH §)2 74 AN A = AFE R
- A8 E(sludge) Y X S71EWT| LR HH x5 St €28 X5 UX|
- F82 Ho &=
- pH : 3|2 X2|(AVT, all-volatile treatment) 7|4t O}2I FUS E8 Y& |d A {X]
- EL2(DO) - #717] A Sto| =tz FUS St b A
: PWR secondary water chemistry guidelines
: Reference monitoring Sea water
+
. Steam Make-up water
4+ (Filtration + Condensate)
: !
Condensate
SG +— Feedwater =  polisher ¢ Condenser ¢— Make-up tank
« pH . pH e * pH N » Conductivity
+ Conductivity  « Conductivity * pH + Conductivity « DO
+ Na, Cl, SO, « N,H,, ETA « Conductivity + DO
« DO * Na, Cl, SO, * Na
+ Fe, Na © ETA

[Water chemistry monitoring parameters in PWR secondary system] [l

[11 M. W. Maeng et al., Handbook of Nuclear Water Chemistry, Korea Atomic Energy Research Institute (KAER), Donghwa Technology Publishing Co., Ltd., Daejeon, Korea, 2009.
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I Introduction

2. Research Approach

4"'0!\.»\\_ ‘3‘;

B

f

Main Steam

o BEY 3w 8

%LUALU%L

- M=t Z7|1UM7] (RSG*) 2K}t : 2R CH2(Blowdown) ® & 7|(Main Steam) st

« E{HI : E{4l LY F|Z (Extraction) X = Wek(Axial) 2}2l

- Z2527] A HE7| (MSR*) S : MSR Hi=*(Drain) & 7

« HAAE] HodstY HH (Steady-state Thermodynamic Equilibrium) 74 5 & Feedwater
/\l/\< =» Blowdown

* RSG : Recirculating Steam Generator ** MSR : Moisture Separator and Reheater

(Hydrazine) 3N,H, = 4NH; + N,

(Ethanolamine) ETA = organic acids + NH;

Main Steam

MSR

LP Turbine

HP Turbine



II Methodology

1. lonization and Boiling

=1 L

R A N
v o g g |
— : Moute Coutl |
T T === N /\ N o e e e e e e /7
: Mip Clnl : = - o N
N e e Y] + 1 1
+ + > i Moue Cout,i .
= - \ o ’

~_

neutral #+ cation = anion

 lonization
Kw o _
H,0 = H"(aq) + OH (aq)
Kp,NyH, + B
N,H,(aq) = NyHs" (aq) + OH™ (aq)
KpETA i _
C2H7N0(aq) = C,H,NH"(aq) + OH (aq)
NH3(aq) g NH4+(aq)+0H (aq)
* Boiling
KpNyH,
NyHy(aq) = NyH4(g)
KpETA
C,H;NO(aq) = C,H,NO(g)
Kp,NH3
NHi(aq) = NH3(g)

» 11742 O|X|+ S &=

> 82| 0|2F (K, X SIEHEH FHAK,) 7| 4712

» 2FStE(NH,, ETA, NH,) RZEHZEA 7|4 3710 HHA =&

A ] A V) v l
minCin,i = moutCoutL + mout( outi T Coutl )

> SHIA| 2= (N,H,, ETA, NH;) 7|HF 3712 B ™Al =&

4

11742] D]X|5=0ff CHEt ARBFE Y (11x11)

Kp: &HiAl= ¢;: &%= 1 : mass flow rate v :vapor [ liquid z:ionc charge 7



II Methodology

1. lonization and Boiling
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II Methodology
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2. Steam Generator

o WEehd S7|UM7| (RSG) R

- RSG (Recirculating Steam Generator)

- Qs G EZ3 252 71E U 7|3 (7]- =8 AEl)
-2t SEEE|7|E Sl HAx7 9F 99.75%2 F£F7| M S E2|E HH2 FE 2 =2 (Recirculation)
- =31t HIo{E {6l LIS Mol LHE EELLCI2 (Blowdown)2 & X|£XHO 2 HIE
- F8 28 H=
- Recirculation Ratio (Ry) : 37| S CHH| 71247 |8 =& 2 H|E
- Blowdown Ratio (Rgp) : & 2+ ¥ [HH EERLCI2 2 HIE
- Moisture Carryover (CO) : S=&2|7|& St T F57] Lo HolA= Ao 2=

Main Steam
. . o Main St
Feedwz.lter Decomposition Bulk Water N Clrculétlon Iomzz.lt.mn ain S.eam
Crw Mpw Cs¢ mge Cew mew & Boiling Cys Mpys
A
Blowdown Recirculation
CBD Ti‘LBD CRC mRC
I
Circulation \
L Myys + 1M m
mIRL C =C 0 R — MS. RC: 'SG
Bulk Water ° BD S6 ke Mpys Mmys
. . . m
@ Feedwater Q@ Muys = Mpyw — Mpp Q Ry =—2
Mrpyw
> &4 = Blowdown

\Q Mge = Mys + Mpc
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IORA.

2. Steam Generator

RS

/,/E

« Y=&d 71247 (RsG) 22T
« 'L MI| W& Bulk Water B BH
IN ouT
Bulk Water R L . T . !
W —y o » CW lmpw'pr+mRC'CRc:::mBD'CBD+mCW'CSG:
s¢ Msg LoD Lo __ -2 ___zr __21Z I Csp = Cse
T = mpp * Csg + Mew * Csg
RC > BD
FW : feedwater RC : recirculation water — Mrw CFW + Mgc CRC
CW : circulation water ~ BD : circulation water SG mSG + mBD
31t Eo| Fis) v
- Decomposition Loss Fraction (L;): @& 2 QI 7| & o8HE i2] 28l H[ & (%)

- Decomposition Mass Yield (k;): =6l €l 2tstE o] THel T W/ k= NH,2| 23 (9/9)

* —
Crwnyu, = Crwonya, — Crw nya, Ly H,

1474 Decomposition FW* Crw,gra = Crw,era — Crw eTali

* —
CrwinHy = Crwnns T Crwonyn, Ly a, ki, n, + Crw pralerakera
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2. Steam Generator

— W

N
0=
N
rfo
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4 ¥ olN

oH mp

4> 4> nf
mA  ofr
|.|-|

o

40
oM

* Blowdown Ratio

x7) FH7 2%

S7|'LM7| L& Bulk Water®]
H X7 55 71

Cisc = Cipp

* Recirculation Ratio
« Decomposition loss fraction

« Decomposition mass yield

\ 4

* Moisture Carryover

]
lonization & Boiling 2= A4t

0|23} 3 H|F AHM 2ES Sl
F37 A = SE EE
Cus = (1 —CO)x Cf +COx (Ct+cly)
Circ=Cl+Cls

Y
=7| 2= BEHolE

S7|4M7] L8 Bulk Water 5= YH|0|E

My * Cipw + Mpe * Cige

Cisc

Mge + Mpp

1




II Methodology

3. Turbine

\/
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By 23
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r
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0
ol oot

Main Steam

CHEHmultiple stages)E2 4. 37|

gdS floll Z Tl S 2P0l

= (n:EE L F
) - B8 nTHolM2] S7| 2

571 HE (quy,) : NTH &

Main Steam

Cus Mys qus

oy rIr

A
T

=4tsk (axial line)g 2} WXSIH L&
o

71e] Y E F=Z&E 219! (extraction line)22 F7| U=

g 2teloliMe] 371 HE
7|l AE (qexn) : nTE F7] 2HRA0MS T7] =

Tonization Axial line 1
& Boiling Cax, Max, qax,

Extraciton 1

Cex, Mgx, dEx,

Tonization

& Boiling

Axial line 2

Cax, Max, qax,

MSR

Cax, Maxy qax,

Extraciton 2

Cex, Mex, q EX,

® C(ri=4qrs X C{g + (1 —qrp) X (Cil + Cil+)

Q@ Cexi=qex X Cig + (1 — gpx) X (Cil + Cil+)

Q@ iy, = 1hay, + Mgy,

@ mys =myx, + Mgy,

* MSR: Moisture Separator and Reheater

12
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II Methodology
3. Turbine
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Calculation

pH; Ak
(p

13

- 4, 7] 2AN| M pH;

MS: Main Steam
** EX: Extraction
*x AX: Axial

*
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4. Moisture Separator and Reheater

E:

sNd

2y

IORA.

RSITY -

&

o SEE27| U XfH7| (MSR) 2HY

- MSR (Moisture Separator and Reheater)

- DY EY 7 50| ZHE BE S£2 222275 B8 HA. £alF A4S Sl (Drain)22 0|5
- &20| HAE 3715 ME7IE Sof HYS7| YeIZ HYEUOR 9
.39 23

rk
o 1*

- Drain 2% S () : S==cl 7|0 22|&|0] Sk = Y& =g 2
- Moisture Carryover (CO) : S=&2|7|0AM MAHEX| 20 MAYEBIOE 0|F5t= UM 2=

- Moisture Carryunder (CU) : E2|Ql 2I21C 2 HiZE|= M40 & b=

LP Turbine

HI_)TB ‘ Decomposition Ionizz.lt.ion LITTB
Cyp Myp qup & Boiling CLp Myp qrp
Drain
/] l\ Reheater Cpr Mpr qpr
2N . . )
@ myp =mp + Mpp
" 4 Moisture Separator
Drain @ Cpr=(1-C0)xC+Cox(ct+Clys)
L @ Cor=CUXCI+@1—-CU)x(C+Cle) y
HP Turbine

* HPTB: High Pressure Turbine ** LPTB: Low Pressure Turbine
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4. Moisture Separator and Reheater

RSITY -

q?

=
-MSR g 5 - Drain 2% /& - Decomposition loss fraction
- MSR &+ 2T | * Moisture Carryover - Decomposition mass yield
2 » Moisture Carryunder

I

pH; Al

2202 55 U BEE A% 7|8
2 pH (pH,) &4E

i

» Drain 28 S&
* MSR ET7(=XMYEHY ) S
* pH; at Drain, MSR Outlet




I Results

1. Steam Generator

[2]
3]
(4]
[5]

Blowdown ratio? : 1%

« Recirculation ratiof3! : 3.7

=
= 2T 53 :801.36 kg/s
AL

=
« FET SE[: NH; 800 ppb, N,H, 92.4 ppb, ETA 1600 ppb

« Moisture Carryover® : 0.25% (57| 4= 99.75%)

« Decomposition loss fraction : Ly,,, 68%!2, Lga 2%/

» Decomposition mass yield : ky,n4 0.56 g/9g, kera 0.62 g/g !

a1

Steam
Generator I

\

/
—
|

|

1

Monsture
Seperator

N

1

Soonchunhyang Univ., Final Report on Development of Advanced Amine Chemistry Application Technology for Nuclear Power Plant Secondary System, Ministry of Knowledge Economy (MKE), Republic of Korea, 2011.

HP Heaters

LP Heaters

“_E_I_
Feedwater
Pump

Hyoung Tae Kim, et al. “Performance Evaluation of Annular Fuel in OPR-1000 Plant During a Main Steam Line Break Accident”, KNS Spring Meeting, 2010.
Kihwan Kim, et al., “An Air/water Experimental Study on the Moisture Carry Over for the Moisture Separator of a Steam Generator”

FUE, ooy, 42, "CiYS =t =AM ETAS] E23 £ E7

SR |Eete| Steiisl=EE, 2014,

Condenser

Condensate
Pump

16



I Results

1. Steam Generator

< RSG Z1}

6.6 Decomposition OFF - this study
-—#-  Decomposition OFF - Code A
—=*— Decomposition ON - this study
051 —x- Decomposition ON - Code A
mh 6.4
T 6.
6.3 1
6.21
Feedwater Blowdown Main Steam
600
Decomposition OFF - this study
5004 -®- Decomposition OFF - Code A
—+— Decomposition ON - this study
4001 ~>*- Decomposition ON - Code A

N,H, Concentration (ppb)
2
»

200 P
100 7 "” .\\M“:
Feedwater Blowdown Main Steam

NH, Concentration (ppb)

ETA Concentration (ppb)

1100
Decomposition OFF - this study
10007 -m- Decomposition OFF - Code A
900 1 —*— Decomposition ON - this study
-2¢- Decomposition ON - Code A
800 +
700 1
600 +
500 +
400 1
Feedwater Blowdown Main Steam
6000
Decomposition OFF - this study
-—®- Decomposition OFF - Code A
50007 Decomposition ON - this study
-—%- Decomposition ON - Code A
4000
3000 -
2000 1
Feedwater Blowdown Main Steam 17

~+« Feedwater
Ll Blowdown



I Results

Steam Generator

1 TONAL
| |
!
x o AL S =
< F8 27 Ha Holof MHE pH,
6.30 6.30 6.30
—e— Blowdown this study —e— SG Blowdown this study —e— SG Blowdown this study
6.28 —®— Main Steam this study 6.281 —#— Main Steam this study 6.281 —=—  Main Steam this study
6.26 --#- Blowdown Code A 6.26- --¢- SG Blowdown Code A 6.26 1 -#- SG Blowdown Code A
--#%- Main Steam Code A --#%-  Main Steam Code A --#- Main Steam Code A
6.24 6.24 6.24 1
H
E 6.22 1 6.22 1 6221
| i - i i i L
6.20 1 6201 ®===== oo Bmmme B W-nnn Wooos = 16201
1 1 g e———— S A ——— - { e o * H H
6.18 6181 e e > A— 6181 S ya—  — B am—
6.16 6.16 1 6.161
270 280 290 300 310 350 375 400 425 450 475  5.00 0.005 0.010 0.015 0.020
Temperature (°C) Recirculation ratio Blowdown ratio
6.29 6.30 6.30
—e— SG Blowdown this study —e— SG Blowdown this study —e— SG Blowdown this study
6.271 —#—  Main Steam this study 6.281 —=#— Main Steam this study 6.28 —#— Main Steam this study
6.25 1 --o----SG Blowdown Code A 6.26- -#-  SG Blowdown Code A 6.26 - --e- SG Blowdown Code A
-#- Main Steam Code A --®- Main Steam Code A --#- Main Steam Code A
6.23 1 6.24 6.24 1
R 62 | () 622
6191 —e—— o o ¢ o o o | 6201 6.20 - B E- B BB B B-—--®
PRLAIK SELE EEELE ELELE EEEEE SGELE ELELE SEEEeH
15] R e e St v J) L) e - s s s s
6.16 6.16 1
6.13 = T ; T . . - : . . . ;
0.0 0.1 0.2 0.3 20 40 60 80 0.2 04 0.6 0.8

Moisture carryover (%)

Decomposition loss fraction of N,H, (%)

Decomposition mass yield of N;H, (g/g)

18



I Results

2. Turbine

‘\\v

sy
K\

'?,r'.o N

&

R sm

< EHI 8 =H
B8l A7 HEF FEF: 757.65 kg/s
- E{Hl A3 Z& : NH; 804.16 ppb, N,H, 90.42 ppb, ETA 1575.06 ppb
- 7|2l 7= - 27
1 of 2 2 of 2
x7|afol U o 90.92 kg/s 90.92 kg/s
2 260 °C 232.2 °C
sUT 57| 1 98% 95%
x7| =7| AE 97% 92%
« F7121 7= - 371
1 of 3 2 of 3 3of3
F7|2t HEY¥F |F 60.61 kg/s 60.61 kg/s 60.61 kg/s
ec 260 °C 245 °C 232.2 °C
=ust =7| AL 98% 96% 95%
x7| =7| HAE 97% 95% 2%

Main Steam

EX2

A 4

MSR

AX1

\W

Main Steam

—

19



II Results Main Steam

2. Turbine

EXZEX]
< 2FehE sk (712121 27H)
820 120 1750
This study —=— This study 1725 |~ This study
—~ 1151 .
_’gglo, -4-- Code A . 2 -4-- Code A 2 1700 -4-- Code A
= " < 1o+ =
S / 5 g 16754
= 1 # = =
g 800 .l.,\ ,,/ g 105 g 1650 -
S 4 = =)
3 D 7 8 1004 8 1625
2 7901 ~2 # = |
=] ~ ’ o] o)
C Sog” o O 1600 A
< & = 95 p
4 s = 15 4
% 780 2 o] 5 1575
1550 -
770 . : : 85 1= ; : : ; . ; .
EX1 EX2 AX1 AX2 EX1 EX2 AX1 AX2 EX1 EX2 AX1 AX2
’, SLSE= x o
<+ 2tetE sE (F712H2 37H)
820 120 1750
This study s —=— This study 1725 | —®— This study
,.’é: glo4 —4- CodeA %: | —a-- Code A g 1700 - -4-- Code A
& ‘___---r-""""‘ %* 110 B
g / g g 1675
5 30 g=——== i / B 105 =a
N = 1650
E S ,’ 8 E
b} N 4 1 17 |
% 790 1 \\ / % 100 % 1625
O V' “ o] O 1600
e m . ﬁ
% 780 m 1575
Z o M
1550 1
770 T T T T T T 85 T T T T T T T T T T T T
EX1 EX2 EX3 AX1 AX2 AX3 EX1 EX2 EX3 AX1 AX2 AX3 EX1 EX2 EX3 AXl AX2 AX3

20
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3. Moisture Separator and Reheater s

L4

< MSR &8 =7

« MSR 2% :190.6 °C

- Y HEF 7T :575.81 kg/s

- Drain 2% 73 : 84.07 kg/s

* MSR 2+ & : NH; 808.2 ppb, N,H, 88.1 ppb, ETA 1550.12 ppb
* Carryover : 0.25%

 Carryunder : 0.25%

« Decomposition loss fraction : Ly,, 68%, Lgra 2%

» Decomposition mass yield : ky,us 0.56 g/9, kera 0.62 g/g

|
/ \\ M 7 _MoiJs?ure_ \ m

Steam Seperator &
Reheater J

Generator
—— —_— —_—

\ / Condenser
Pr—

Condensate

Feedwater Pump

—

Pump 21



I Results

3 . Moisture Separator and Reheater

< MSR Z1}

7.0
Decomposition OFF - this study
-#&- Decomposition OFF - Code A
6.91 —*— Decomposition ON - this study
-=2- Decomposition ON - Code A
66 T T .
MSR Inlet MSR Drain MSR Outlet
700
Decomposition OFF - this study
= 6007 --=- Decomposition OFF - Code A
g 500 - —— Decomposition ON - this study
= - -=>-  Decomposition ON - Code A
=
g 400 - A
= ,’, ™~
L Py N\
g 3004
=} o .
@) 7 .
<+ 200 1 7 N
= ’, '
71001 w2 A
Nw
0 - T T T
MSR Inlet MSR Drain MSR Outlet

LP Turbine
/—-I\

HP Turbine

Drain
1200 A4 Decomposition OFF - this study

= -#- Decomposition OFF - Code A
& 1000 { —*— Decomposition ON - this study
Z -=¢= Decomposition ON - Code A g
S
= 800
!
=
S
2 600
S
o
E’“ 400 ~

200 +

MSR Inlet MSR Drain MSR Outlet
2000 ] Decomposition OFF - this study
=~ --®-  Decomposition OFF - Code A
& —=— Decomposition ON - this study
.5 60004 ~7¢~ Decomposition ON - Code A
S
=
=
S
2 4000
S
&)
<
[
K 2000 1
MSR Inlet MSR Drain MSR Outlet

22
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3. Moisture Separator and Reheater

LP Turbine
/—-I\

<« F82 23 Ha W0 ME pH,

=~

pH

6.721 —&— Drain this study
---- Drain Code A

6.71 1
6.701 w====— - [ EEEET -——--- -———- -
6.691 ® . o —e . 3"
6.68 1
6.67 1

0.05 010  0.15 020 025 0.30

Carryover (%)
6.72 —#—_ Drain this study
—#~- Drain Code A
6.71
-
6.70 W ————— m==l__
- s |

6.691 .\’\
6.68 1
6.67 1

20 40 60 80
Decomposition loss fraction of N,H, (%)

pHy

pHr

i m—
Drain
HP Turbine
6.72 1 —— Drain this study
-#-- Drain Code A
6.71 1
6707 g —--—- B——-——- -——-—--- -——-——- 0
6.697 % ® * ® o ®
6.68 1
6.67 1
0.05 010 015 020 025 030
Carryunder (%)
—&— Drain this study
6.741 .
—#- Drain Code A
6.721
670 T [ M —— ————— B=————— o —————— ]
6.68 1
6.66 T T T .
0.2 0.4 0.6 0.8

Decomposition mass yield of N,H, (g/g)
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1. Summary & Future Work
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