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Flow-Accelerated Corrosion (FAC) is a phenomenon in which a protective coating on a metal surface
is dissolved by a flow of fluid in a metal pipe, leading to continuous wall-thinning. Recently, many
countries have developed computer codes to manage FAC in power plants, and the FAC prediction
model in these computer codes plays an important role in predictive performance. Herein, the FAC
prediction model was developed by applying a machine learning method and the conventional nonlinear
regression method. The random forest, a widely used machine learning technique in predictive modeling
led to easy calculation of FAC tendency for five input variables: flow rate, temperature, pH, Cr content,
and dissolved oxygen concentration. However, the model showed significant errors in some input
conditions, and it was difficult to obtain proper regression results without using additional data points.
In contrast, nonlinear regression analysis predicted robust estimation even with relatively insufficient
data by assuming an empirical equation and the model showed better predictive power when the interaction
between DO and pH was considered. The comparative analysis of this study is believed to provide
important insights for developing a more sophisticated FAC prediction model.

Keywords: FAC, Statistical modeling, Machine learning, Random forest, Non-linear regression

1. ME
271554 (Flow—Accelerated Corrosion, FAC)

al
Bl B

=)
=

j=d)
==
)

ol w2 55 A frAle] S5l fste]
YA wEyuto] %1, o]7 st A
(wall—thinning) o] WAsl= dAS Lot
PEl) SlslAE S AR W e o
| @73 212 wSeljof @tk A4

gl

T |o
i
o
r H°

AC”

o= b al rlo
it

(ST %

¥
o
b
N

Z7] ¥j®+ (main steam piping) ¥ 5 vl
Fe

—_——

\o)
B
Yy

]Eo

O 1o
(feedwater piping) < &, 159 &3 Z7|7}
Wj#o g, 7MeF 49 A Ao] FAC 2z didslE =z

T Corresponding author: gglee@kaeri.re.kr

61

o
Hu
o
ot

wAek = ik AAl FACe] 23t

Fo] 1986\ vl=9] Surry 257] 9A
Mihama 3&7]ol|4 vz bk Ao

% b

i

fo

!

Y

ol r}‘)‘
o

o |0
S
S
~
rL
°,
2 i

7

Ll

14 gl 2]

7} dAErd ar, o] % W 97 Bl FACE H37
o2 dFsta WA fs AFE et [2-4].
49 AT AYE vgo g 7} F7lof|M= FACE <58
T e ARFEE skl e Helel AMEstaL
olth [5-8]. o] 3t AAFTEE S Wb A wj#e] Ak 2
W25 A e} FALSHAl sk, Hel st ARgAE JAE] o]
25 7HAar Qlof WA s de] e i fg-sic daks
9] dxlolgta & 4= 9l FAC 5 o= nde 317
278 98 W4E Wol FACY £5E oS3t} o2 g
B BAF AYPE Fato] dojzl F4] 7)1l ti gt olsllE



GYEONG-GEUN LEE, EUN HEE LEE, SUNG-WOO KIM, KYUNG-MO KIM, AND DONG-JIN KIM

npo Z el = ahar, A E el S48 AR
=2 7Moo 7 AAAQ (empirical) B4 REE FE 5

[e)
= S
ool s q2e Fdekal 9len, AEH NS
Bato] el el P47 Ak

(machine learning) 7' Hlo|E] 9] o5 g T4
stels Al AT ol QIgitk [9]. 71 AA Ql

B, 94 w@est 22 dolHE &8-ato] dE2l W
o7 7elg A= B4 mdld (statistical modeling),
Q17ke] HA X} A AW (neural network) & o]
sto] v S HolHE A8k A5 5 = 71 AIEE,
T3l AF dlolE7t obd, P4 14 2 34 Q14], Ao
A T Bk Babek ofd7bA] A8o] gdiE | 2 (deep
learning) 7Mo% 72 4 Stk 7|28 07 7AEE

A

|
7Hgsk= Aol ofyel, HolH e 54& Asow
T = 7sS X3 "ok =, dlolE] 11 B
stef, mEle] dlolHE A5 + A Hrh

FACE] A9, B o8 W7t Fasta 53¢t 7]t
oJatod ML) 7|EAH o7 23 AES &%, 75, pH,
|F4 % (dissolved oxygen, DO), 123 v A=
o] Cr &% & 38t =4, wiwke] =2 34 & 433l

e 2ds 9bskal v 53, o5 240] FAC]
Histel AP AR BeE dehdlix] @7 wiiel, et &
2] FFel ool Atk ol FAE FlolHE whE
o 3] Qe Wgel &1, {45, pH, Cr el tieh vl
3 3F2AE AAEATE [10]. 7)ol §E4ka] At

Table 1 Raw data points from References

&

F7h BlE pEeke glod, SdE A Ayl
etk Akl EAfsted, shube] WA SRS s
o] ull-%- o FH AL}, ool & AgellM= ZIAISE 7 5,
7P ARGl i ¢tk e AU dE e
2AE (random forest) ®'H-E ]85}, dlo]E 7|9k FAC
o5 e Tk, 7= HAE 3719 vlasgl
o] Fsto] dolg 7|Wk RElR ) 3 7Nk Y

Y o
o Mz

2. o1

n

HI
1z
Rl
HU

of AREH HlojEl= Ui dY
Aol FeE A8 AR E o]
1o]] Blate] dloje o] A3 F7io] 1) |
wo] Qi ekt el tiste] AYS a7l
Adtel] o gk A3ks sfiAsh] flsh Anw A 3tekel
th o]E AR BT fARSE AFALRE o) 8st] diE o
A71ell, 71 A3 do] s UEebsitr AA dHolE=
2% dolHE F7hE o] A dkAINE, vla A A &atA
8% YRR ZF ] ghs gR1E itk o
B doje]e] th3t FRE Table 19 g3kt

Table 104 Fog & FIZE 13] 7FsA1Z4 v 23S
1 Run®|#}1l &S ), Run 1-8 274+ loop AZ o] &

M e
cOp TR

F

o e

N oox

o
>
a

Reference Data points Loop type Run number Figure numbers
11 79 A 1,2,3,4 51,52,71,72,9, 11, 17, 19
12 183 A 5,6,7,8 2.4.8, 2.5.6, 2.6.3, 2.7.6
12 76 B 9, 10 287, 2.9.6
Table 2 Ranges of variables in dataset FACDB
Abbreviation Variables Unit Minimum Maximum Average
FAC FAC rate mm/year 0.00 8.06 0.87
FR Flow rate m/s 2.7 10.5 53
™ Water temperature °C 67.2 180.0 144.5
PH pH at 25°C 7.0 10.0 8.7
DO Dissolved Oxygen ppb 0.0 54.2 4.8
CR Cr content wt% 0.001 0.660 0.042
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Fig. 1 Screenshot of some DB records stored in the FACDB.
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Fig. 2 Scatter plots of 5 input features on the FAC rate in FACDB.
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Fig. 3 Example of decision tree model: (a) sin curve, (b) FACDB.
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Fig. 6 DO Effect of NR1 on the FAC at various conditions. The data points are represented as circles, and the predicted values

from model NR1 are represented as lines.
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Fig. 7 DO Effect of NR2 on the FAC at various conditions. The data points are represented as circles, and the predicted values

from model NR2 are represented as lines.
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Table 3 Comparison of RMSE among various models
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Fig. 8 Residual plot of model NR2. All data was used to fit the model.
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