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Assumptions have always been that wall thinning on the secondary side piping in nuclear power plants
is mostly caused by Flow-Accelerated Corrosion (FAC). Recent studies have showed that wall thinning
on the secondary side piping is caused by Liquid Droplet Impingement Erosion (LDIE), Solid Particle
Erosion (SPE), cavitation, and flashing. To manage those aging mechanisms, several software such
as CHECWORKS, COMSY, and BRT-CICERO have been used in nuclear power plants. Korean nuclear
power plants have been using the CHECWORKS program since 1996 to date. However, many site
engineers have experienced a lot of inconveniences and problems in using the CHECWORKS program.
In order to work through the inconveniences and to remedy problems, KEPCO-E&C has developed
a “3D-based pipe wall thinning management program (ToSPACE)” based on the experience of over
30 years in relation to the pipe wall thinning management. This study compares the results of FAC
and LDIE analysis using both the CHECWORKS and ToSPACE programs with respect to validation

of the wall thinning analysis results.
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Fig. 1 DB construction and 3D display using CHECWORKS program.
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Fig. 2 DB construction and 3D display using ToSPACE program.
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Table 1 Boundary conditions for FAC and LDIE analyses

Phase Units Single-phase | Two-phase
Flow Rate Mlb/hr 0.49 0.49
Inlet Pressure psig - 325.59
Inlet Enthalpy Btu/lb 60 850
Outlet Pressure psig 100 100
%% MFA Run Definition : 00001-ToSPACE (Compa) o | = |[=
Branch Junction Power Flowh ate
Bl ~v|Facive 00 [100  w|x [ 0450000 4k
Source Sink.
Pressure 0.000 psig 100,000 psig
Enthalpy @ B0.000  Bhuflbm 0.000  Btufbm
Quality 0.000 0.000
Branch Definition [left click for line and segment list)
Line Name Segment Mame S
1| 00001-TeSPACE (Compare) 00001-ToSPACE (Compare) SEG1
2
3
I
Delete Line... Fieset Save Help

Boundary Condifion Edit Branch ‘

Fig. 3 NFA Boundary Condition.
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31062
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2
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2 2662 ]
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a
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114,62 0.58402
86.6201 0.556357
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Fig. 4 NFA Evaluation Result.
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Fig. 5 Window for inputting Boundary Condition of ToSPACE.

Table 2 Comparison of single-phase analysis results between CHECWORKS and ToSPACE

Pressure, psig Enthalpy, Btu/lb Velocity, ft/sec Wear Rate, mils/yr

Component CHEC ToSPACE | CHEC | ToSPACE ?I:\II{F]?\C) (%\I[{REE) ToSPACE | CHEC | ToSPACE
NO1 102.700 102.598 60.000 60.000 10.929 12.100 10.927 5.613 2.724
P01 101.940 102.559 60.000 60.001 10.929 12.100 10.927 2.372 1.239
EO1 101.750 102.058 60.000 60.001 10.929 12.100 10.927 3.416 2.430
P02 100.990 101.300 60.000 60.003 10.929 12.100 10.927 2372 1.141
E02 100.800 100.800 60.000 60.003 10.929 12.100 10.927 3.416 2.397
TO1 100.000 100.000 60.000 60.003 10.929 12.100 10.927 3.730 3.724
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Fig. 6 Comparison of Pressure in Single-Phase Fluid.
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Fig. 7 Comparison of Enthalpy in Single-Phase Fluid.
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Fig. 8 Comparison of Velocity in Single-Phase Fluid.
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Fig. 9 Comparison of Wear Rate in Single-Phase Fluid.
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A gl st 741*} (3.416 mils/yr) F|3L Qthe 23S 9uldtt}. Table 33} Fig. 10014 & 5 9l%o]
Z oA W Z2Z o) g udEtx] Ealu Q= RS CHECWORKS =~ #Z713°] NFA9} ToSPACER &4 %
& 5 AUtk AE7} ¥)52%k vbA, CHECWORKS 2739 WRA 3

3.2.2 2MeHel /S7IEEA sjMAnt
Table 3 &ollA AF3F 274

Table 3 Comparison of two-phase analysis

A AE Yehd A7 g2 21 o 5= ik o] st AR
AN FLE T2 oA o] AT} AXbEths RS
=gd o7 EldehA] ok Zlow sdEh Fig. 1194

results between CHECWORKS and ToSPACE

Quality Pressure, psig | Enthalpy, Btu/lb Velocity, ft/sec 'Wear Rate, mils/yr
Component CHEC | CHEC CHEC | CHEC
(NFA) | (WRA) ToS CHEC ToS CHEC ToS (NFA) | (WRA) ToS CHEC ToS

NO1 0.560 0.321 0.556 | 306.900 | 325.610| 658.100 | 850.000 | 199.172| 136.230 | 519.788 | 90.163 149.218

P01 0.560 0315 | 0.556| 304.880 | 323.094| 653.500 | 849.982| 203.965| 135.217| 524.128 | 24.869 68.231

EO1 0.562 0317 | 0.558| 294.980 | 311.652| 653.000| 849.982 | 206.941| 120.076 | 544.285| 36.202 | 137.021

P02 0.562 0.315 0.559 | 292.820| 308.977| 650.400 | 849.964 | 209.988 | 138.417| 548.994| 25.721 64.692

E02 0.564 0.317 0.561 | 282.150 | 296.588 | 649.800 | 849.964 | 213.426| 123.549| 572.856 | 41.878 139.612

TO1 0.614 0.384 0.614 | 100.000| 100.000| 647.000 | 849.964 | 216.302| 278.237| 814.473 | 126.571| 340.109
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Fig. 10 Comparison of Steam Quality in Two-Phase Fluid.
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Fig. 12 Comparison of Enthalpy in Two-Phase Fluid.

PHEEE T ZRINA vss AEE Kol gtk
Fig. 1204 lghu]= & 2 739] glo] Wol v A%
o 4= Stk 18y Table 114 AlAIE 912 Az A
B = gl%o] 91t gy 850 Btu/lb® skl ot
CHECWORKS & 13of|4 = 9]5-=Z+E] 658.1 Btu/lb
Z AR = A& & Ak o] CHECWORKS 2271
Ao Wulst o 72 AGHECE Fig 132 755 st A
©ZA] CHECWORKS =~ 773 2] NFA 2 WRA A}
2 AXEE &l v AS & F 9en, ToSPACE
Z2 Mo Aaby f-40] CHECWORKS®] H]&f w2
Z& & 4 3k o= CHECWORKS ZZ 730l v
detu]® wiAste] ALketl7] Wliolth Fig. 14+ 7
v ek 210 Z A AXTEYE Al 54

g 130] H]5e8kARE CHECWORKS ZZ 15807 A
¢ 1HE°] ToSPACE Bt} 212 215 & &= Qlth. 0¥
AR 9A] CHECWORKS ZZ g #oja] v olgtv) 2

At Akl ol wE B fo] IHSE AlAke
WA= 7] wlol v

]

ftlo

F

R

322

350

300 *

250

%)
S
S

CHECWORKS
+=ToSPACE

=
=)

Pressure, psig

=
S
L 4

w
=]

No1 POl E01 Po2 E02 Tol
Component Order

Fig. 11 Comparison of Pressure in Two-Phase Fluid.
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Fig. 13 Comparison of Velocity in Two-Phase Fluid.
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Fig. 14 Comparison of Wear Rate in Two-Phase Fluid.
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Fig. 15 Comparison of LDIE Rate in Two-Phase Fluid.
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