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ABSTRACT

Investigation on the Improvement of Erosion at Flow

Control Valve in Nuclear Service Cooling Water System

Kim, Jeung Wook
Adviser : Prof. Kim, Jin Weon
Department of Nuclear Engineering

Graduate School of Chosun University

The function of Nuclear Service Cooling Water(NSCW) system is for supplying
cooling water(sea water) to the Component Cooling Water Heat Exchangers,
Essential Chillers and Emergency Diesel Generator Chillers. In the NSCW system,
the Flow Control Valve(FCV) is installed to prevent an overflow of the system. As
metal loss damage(erosion) inside the FCV due to the cavitation and sea water
corrosion occurred frequently, the material of wvalve disc was changed from
AL-Bronze to Monel in 1996. After changing the material, the erosion by sea
water corrosion was clearly improved. But the erosion induced by cavitation is still
observed.

System overflow is prevented by a FCV(18 inch), and an orifice is provided at
the downstream of the heat exchanger to avoid cavitation due to excessive
pressure drop through a FCV, and to meet the flow rate through each flow line.
The FCV is of a butterfly type, which is commonly used for modulating in the
opening angle range of 20°~70°, because in general it has an equal percentage
nature in this range.

To calculate the pressure drop through the FCV, Flow-Series, a system sizing

computer program, was used. The pressure loss charged by the FCV was
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calculated based on the conditions of low low water level and high high water
level, and it was evaluated to determine whether or not cavitation occurred at this
pressure drop. The result shows that cavitation occurs at the pressure drop where
the valve should be charged, in a manner dependent on the sea water flow rate
and sea water level.

Damage of the valve disc and the body shows typical erosion, and it has a
uniform direction. This phenomenon is caused by the fact that wear occurs on the
metal surface due to the serious turbulent flow of the fluid, and the flow velocity
varies more rapidly as the FCV operates in a state of partial opening at around
65% during operation. It is assumed that the mixed coarse sand presents a more
serious environmental factor in terms of the likelihood of erosion.

Although the present valve material, Monel, has superior corrosion resistance and
relatively excellent erosion resistance against sea water, the erosion speed increases
rapidly when solid particles such as sand are included in the fluid. To address this
weakness, it is desirable to apply super stainless steel(SR50A), which has excellent
corrosion and erosion resistance, as the valve material. SR50A has excellent
corrosion resistance against sea water to the same extent as Monel, and its
mechanical characteristics are much more superior than those of Monel and
Al-Bronze.

The plan suggested is that the valve size be increased to 24 inch to mitigate the
high velocity through the valve, while the required head be decreased so as not to
generate cavitation at the valve, and the orifices installed at downstream of the heat
exchanger and the cooler of each flow path additionally charge the reduced head.

This study describes the reasons for valve damage and the plan to address these
reasons by reviewing the design data of the NSCW system and the FCV,
analyzing the operating condition, and evaluating to determine whether or not
cavitation occurs at the pressure drop that the valve charges. The results indicate
that it is desirable to replace valve material with SR50A, which can endure in sea
water that includes coarse sands and which has excellent corrosion and erosion
resistance, to increase the valve size to 24 inch from 18 inch to mitigate the high
flow velocity, and finally to decrease AP of the valve by increasing AP that the

orifice charges at the upstream of the valve.
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147171 QA FASE ok o Hulg 9% A% AdL §457] ¢
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) e < 10 CFR 50. GDC 44, "Cooling Water”l| w-&t},
(2) ¥ Alsel & Abaio] whu[g A} SSECA 7]sE fFAsteol st
T AEstHE & dH] A o] Fob= A VlEe] WmETh

(3) 10 CFR 50, GDC 45, "Inspection of Cooling Water System = GDC 45,
"Testing of Cooling Water System“e] W} A 2 A]g o] F=aix]ojxJof i}

4) A&q4d 2 25 o5 goh

ASME SEC. III, Class 3 % Seismic Category 1.

ASME SEC. XI

AWWA 2 ASTM(Z A E Hje] obd &l Fi)

HI (Hydraulic Institute) Standard

10 CFR 50, Appendix A & B

ANSI B31.1 Power Piping & Valves

ANSI B115 Dimensions of Flanges and Flanged Fitting
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P&ID @ 3-M-EF-001

P.O NO. : 3-]-605

Valve no.. A-7]-EF-HV1}4, B-7]-EF-HV204, A-8J-EF-HV14, B-8]-EF-HV204
Service : NSCW TO OUTFALL

Supplier : BIF in USA

Type of Valve ! Butterfly Valve

Model No. @ 0668-18

FAxA

Fluid : Sea Water

Flow Rate(Max./Min, gpm) : 21,000/21,000
Upstream Press(Max./Min, psig) : 25/13
Downstream Press(Max./Min, psig) : 22/10
Design Press(psig) : 80

Design Temp(°F) : 150

Radiation Exp. : 1 x 10° RADS

Specific Graviity : 1.02

Vapor Press(psia) : 0.6982

Shutoff AP(psi) : 80

Process Line Material : CS, Rubber Lined

R AR

(7h WB 23

- Control Mode : Modulating in Jogging Mode
- Body Size : 18 inch

- End Connection : Lugged Wafer

- ANSI Class @ 150#

Body Material : CS, SA516GR70

Packing : Grafoil

- Lining : BUNA-N



- Active/Non Active @ Active
- Material
@® Dsic @ CS, SASI6GR70
@® Scat : EPDM
@ Main Bearing : BRZ, AST
@® Disk @ CS, SA516GR70
(1}) Motor Actuator
- Type : Electric
Class : Class 1E
- Power @ 450VAC, 60HZ, 3PH
- A # : 0.7HP, 1700 RPM
- Enclosure : NEMA 4

- Closing Time @ 30 Sec

- Motor MFR : RELIANCE

- Actuator MFR/MODEL NO. : LIMITORQUE/SMB-00-10
(t}) ¥ ¥ Data Sheet @ 3-J-EF-V23 & V24
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Typical corrosion rates, mdd

Material
1 ft/sec 4 ft/sec 27 ft/sec
Carbon steel 34 12 254
Cast iron 45 - 270
Silicon bronze 1 2 343
Admiralty brass 2 20 170
Hydraulic bronze 4 1 339
G bronze 7 2 280
Al bronze(10% Al) 5 - 236
Aluminum brass 2 - 105
90-10 Cu Ni(0.8% Fe) 5 - 99
70-30 Cu Ni(0.05% Fe) 2 - 199
70-30 Cu Ni(0.5% Fe) {1 1 39
Monel 1 1 4
Stainless steel type 316 1 0 <1
Hastelloy C <1 - 3
Titanium 0 - 0

SOURCE : International Nickel Co.

4) Monel®] 729 dFolA UF2ade] Hojuw, yHAdE vws 535 A
oju} fr&o]l Frbslal ®e fAIY Eet 2 AR x589 He 35
8 ANELE7F S8k dnt.
5) HV104/204 W8 = A8 2= wnr /eyt oF 50%A4 % 2 Auyo] 92
HEZ f&0] vs F&eA WeA Hu, &g 52 R 2oz HA
U5 7REE s o] 24 Adow dddr
3.9 Yo APy nF
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O Fluid © Sea water

O Design Press 150 psig

O Design Temp : 150 °F

O Press Rating : 150B

O Valve Body Size 18 inch BUTTERFLY VALVE
O Valve Class  Nuclear Class

O Process Data

- Flow(gpm, Max./Normal/Min.) : 24,000/18,000/15,000
- Upstream Press(psia, Max/Normal/Min.) : 30.7/29.4/19.4



' 14.5/14.5/145

188

1 90/90/90

D 1.02
1 0.6982

- Downstream Press(psia, Max./Normal/Min.)
- Max. Diff. Press(psia when valve closed)

- Temp.(F , Max./Normal/Min.)

- Specific Gravity
- Vapor Press(psia)
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ZH e fE502 98] VaporZF HAS D thA] Wl —?E‘rl‘%l“f"ﬂﬂ Flow
Area”} 373 = o] Cavitation®] ¥4, o] 2 & WM JJREFEFo] &
A Ao AbmE.

- Reducer”7} €%F3] Sa/S ¥ %] &5 543] S2/dHe=zXA o5 a4
o=

S 7FEAIA A e® E
- Stand Pipe 4 @528 A7) fmEo] gsdde] 7led Ao® &
18 gk @42 @4 S04 g G oo WlH 375 Altsle] A
Estaal 71E W8 FFA¢l ENERTECHAHE, BIFAH S AFE Zaados

=
WH Sizingg F3stYa Blwgo R 23 wr FFAel VALTEKALY A+

B T o3 WX Sizing 435 ®3 HESH

FRAA PES AN )= WEE PAaE w8 B e 22 AR

o] Bl ok ALARE valste] A AHE EEstolol s, V)& WH

gt At57F glen= Ryg MR E Fushr|2 2449 ENERTECH/\]'—J R4
Aol o 5

&
"Valve Sizing and Cavitation Calculation”-2 7 E 8} th.
A
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© 18 inch MBS A5 AL Z23E Yetdl=dl, Full Cavitatione] 24y
H4E & F dow HAAfHe] F3E FR e U F dnh 5
A “Valve Required Cv#t"o] “Max Cvi"H o}t & Aoz YEgEY o= A
AFds FHAZA F glv W82 72719 28 vepdth 2822 VALTEK
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FHafrdel -+ Cavitatione] dojupx] ot Hul 2 A&l A "Incp
Cav’el d7do] dojytar U2 A% 4= g}l "Incp Cav’# Incepient
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VALTEKS] ALt 435 F3sld & A% AAxdS H3stA] ¢ge ¢ 18
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3 3.1.3 VALTEKA} 18 inch Valve Sizing

MAXIMUM NORMAL MINIMUM H i
& gpm) 24,000 18,000 15,000
oo st 182 149 490
A2 Tket 948 10.2 6.14
e Q7 Cv 11,852.8 84792 9,369.4 Max Cv @ 9950
e A 90° 7 83°
Cavitation 37} Full Cav. Full Cav. Incp Cav.

3 3.1.4 VALTEKA} 24 inch Valve Sizing

g = MAXIMUM NORMAL MINIMUM Hl 11
& gpm) 24,000 18,000 15,000
N 16.2 149 490
A2 Tket 189 198 11.0
e Q7 Cv 7593.1 59302 8,617.6 Max Cv @ 19,600
e A 47° 41° 51°
Cavitation %7} Incp Cav. Incp Cav. -




1) ENERTECHAF A8 22 o3k ALt

ENERTECHAFS] A4t A3 3% 315904 31.107FA o VeI T
ENERTECHAF A= 18 inch WE A= 55° 7%= Ao e F EQIE
A1 Cavitation®] 7}7b8 &4to] vebsith. o] 21 W8 o] 135 FE 3}

oFztel Walrh wr 23 ®l#Fol Erosion? Cavitation2 Z#HE 4 U2
L 4tk AV E AYe MR o A= Cavitation®] YA E X Far, WRE

7] 24 inch oA+ Cavitation®o] &A= A FS2 & = Ut}

i 3.1.5 ENERTECHA} 18 inch, 15,000 gpmell 4] & A2k

Wy e Cv H2Hgpm) | WME s 5 st | A4 78l | Cavitation
0 0 0 88.00 16 - -
10 296 1193 16.20 16.20 21.74 no
15 474 1909 16.20 16.20 21.74 no
20 741 2983 16.20 16.20 21.74 no
2 1037 4176 16.20 16.20 2144 no
30 1334 5369 16.20 16.20 21.14 no
35 1749 7039 16.20 16.20 2084 no
40 2223 48 16.20 16.20 2084 no
45 2816 11334 16.20 16.20 1993 yes
50 35657 14317 16.20 16.20 1903 ves
5% 417 15000 1153 1378 1782 no
60 5514 15000 740 9.65 1661 no
65 6877 15000 476 701 1570 no
70 3418 15000 3.17 542 14.80 no
' 10227 15000 2.15 440 1450 no
30 12361 15000 147 3.72 13.89 no
& 13843 15000 1.17 342 13.89 no
90 14051 15000 1.14 3.39 1359 no




i 3.1.6 ENERTECHA} 18 inch, 18,000 gpmel A& ALk

Wy e Cv Figpm) | WE sl | A% Ast | 24 Fst | Cavitation
0 0 0 88.00 15 - -
10 296 1144 1490 1490 2081 no
15 474 1831 1490 1490 2081 no
20 741 2861 1490 1490 2081 no
2 1037 4005 1490 1490 2052 no
30 1334 5149 1490 1490 20.23 no
35 1749 6751 1490 1490 1994 no
40 2223 8582 1490 1490 1994 no
45 2816 10870 1490 1490 1907 no
50 35657 13731 1490 1490 1821 ves
5% 417 17049 1490 1490 1705 yes
60 5514 18000 10.66 13.89 1589 no
65 6877 18000 6.85 10.09 1503 no
70 3418 18000 457 781 14.16 no
' 10227 18000 3.10 6.33 13.87 no
30 12361 18000 212 535 13.29 no
& 13843 18000 1.59 493 13.29 no
90 14051 18000 1.64 486 13.00 no

i 3.1.7 ENERTECHA} 18 inch, 24,000 gpmell 4] & A2k

Wy e Cv Figpm) | WE sl | A% Ast | 24 Fst | Cavitation
0 0 0 88.00 5 - -
10 296 606 490 490 1361 no
15 474 1050 490 490 1361 no
20 741 1640 490 490 1361 no
2 1037 2297 490 490 1342 no
30 1334 293 490 490 1323 no
35 1749 3871 490 490 13.04 no
40 2223 4921 490 490 13.04 no
45 2816 6234 490 490 1247 no
50 35657 7874 490 490 1191 no
5% 417 9777 490 490 11.15 no
60 5514 12206 490 490 10.39 no
65 6877 15228 490 490 9.83 no
70 3418 1863H 490 490 926 no
' 10227 22638 490 490 9.07 no
30 12361 24000 377 490 8.69 no
& 13843 24000 3.01 490 3.69 no
90 14051 24000 292 490 850 no




i 3.1.8 ENERTECHA}F 24 inch, 15,000 gpmell 4] & A2k

e e Cv frid(gpm) | WE st | A% st | A4 78l | Cavitation
0 0 0 88.00 16 - -
10 527 2121 16.20 16.20 21.74 no
15 343 3394 16.20 16.20 21.74 no
20 1317 5303 16.20 16.20 21.74 no
25 1844 7424 16.20 16.20 2144 no
30 2371 9545 16.20 16.20 21.14 no
3H 3109 12514 16.20 16.20 2034 no
40 3952 15000 14.40 1485 2034 no
45 5006 15000 8.9 042 1993 no
50 6324 15000 563 6.07 19.03 no
5% 7852 15000 360 409 1782 no
60 9802 15000 2.4 279 16.61 no
65 12226 15000 151 1.9 1570 no
70 14966 15000 1.00 1.45 14.80 no
I 18181 15000 0.68 1.13 1450 no
80 21975 15000 047 091 1389 no
& 24610 15000 0.37 0.82 1389 no
90 24979 15000 0.36 0.81 1359 no

3 3.1.9 ENERTECHA} 24 inch, 18,000 gpmoll A 2] AlAkA]|

Wy e Cv F#Hgpm) | WE F A% st | 22 st | Cavitation
0 0 0 88.00 16 - -
10 527 2034 1490 1490 2081 no
15 343 3255 1490 1490 2081 no
20 1317 5085 1490 1490 2081 no
20 1844 7120 1490 1490 2052 no
30 2371 9154 1490 1490 2023 no
3H 3109 12002 1490 1490 1994 no
40 3952 15256 1490 1490 1994 no
45 5006 18000 12.93 1357 19.07 no
50 6324 18000 810 874 1821 no
5% 7852 18000 526 590 17.05 no
60 9802 18000 3.37 401 1589 no
65 12226 18000 217 281 15.03 no
70 14966 18000 1.45 2.09 14.16 no
I 18181 18000 0.98 1.62 1387 no
80 21975 18000 0.67 1.31 13.29 no
& 24610 18000 053 1.18 13.29 no
90 24979 18000 052 1.16 13.00 no




i 3.1.10 ENERTECHA} 24 inch, 24,000 gpmol 4] 2] A AEA]

Wy e Cv Figpm) | WE sl | A% Ast | 24 Fst | Cavitation
0 0 0 88.00 5 - -
10 527 1167 490 490 1361 no
15 343 1866 490 490 1361 no
20 1317 2916 490 490 1361 no
2 1844 4083 490 490 1342 no
30 2371 5249 490 490 1323 no
35 3109 6832 490 490 13.04 no
40 392 8749 490 490 13.04 no
45 5006 11082 490 490 1247 no
50 6324 13998 490 490 1191 no
5% 7852 17381 490 490 11.15 no
60 0802 21697 490 490 10.39 no
65 12226 24000 3.8 490 9.83 no
70 14966 24000 257 3.71 926 no
' 18181 24000 1.74 2.88 9.07 no
30 21975 24000 1.19 2.33 8.69 no
& 24610 24000 0.9 2.09 3.69 no
90 24979 24000 092 206 850 no
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9 Cavitation 24X AH-E 3]
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SFelvstel uteh WohE ARE Lok Avk: ¥ 322 fuedwn e
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¥ 322 fHzxdwa g#H£s 2 Cavitation WA H 74T
- LLWL 4%
7} 2 A ey HV14
gk | guaar| RN Sgpm) P Cavitation W)
TT L HIN =
@ | G| SV Chiller | D/G . A
Hx (psi)
15000 1568 | 12060 | 6733 | 1767 | 3131 Yes 45
18000 1465 | 15072 | BO76 | 2121 | 1642 Yes 159}
200000 | - : - - - : :
= F o) 2 20,979 gpm
- HHWL 4%
7} © HV14
SECERE hES A el flepm) o Cavitation| i
W=
@mw | @ | Y Chiller | D/G . Eis
Hx (psi)
15000 1968 | 12060 | 6733 | 1767 | 41.87 Yes 41
18000 1465 | 15072 | B076 | 2121 | 2698 Yes 51
21000 1351 | 17583 U2 | 47| 975 Yes 6o
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21000 - - -
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