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The Corrosion Behavior of Carbon Steel Materials Used at Nuclear Power
Plants During Deactivation and Decommissioning Processes

by

Wen-Feng Lu, Kun-Chao Tsai

Abstract

This study is focused on the corrosion behavior of carbon steel A106 B in a
static water environment, which simulated the decommissioning transition phase
of BWR power plants. When the autoclave was filled with stagnant water, the
corrosion rates of carbon steel pipe for the cold drawn and hot-rolled samples
were 23 um/year and 19 um/year, respectively. When the autoclave was not
completely filled with water, leaving the samples fully submerged, the corrosion
rate for the hot-rolled sample increased to 88 um/year. In an autoclave with
periodic water flow, the corrosion rate for the cold-drawn sample decreased to 11
um/year. When the autoclave was not completely filled with water, the sample
positioned at the air—water interface exhibited the highest corrosion rate of
approximately 102 pum/year. These results indicate that the influence of ion
concentration on the corrosion rate outweighed that of dissolved oxygen.
Sufficient oxygen concentration facilitated the formation of FeEOOH or Fe;0s3,

while an oxygen-deficient environment favored the formation of Fe;O,.

Keywords: Carbon steel , Corrosion, Nuclear power plants

National Atomic Research Institute



AR ST Ty LY

¥ =

AP Sl AlO6 B E ﬁ*iﬁﬁ—a"ﬁaf"”’fi“‘f B PR R RTR B
FAb R B 1A g FIE g FIRERIE R LT Lo Bl 2R %(-)F
%Uﬁﬂ%fﬁﬁﬁwﬂﬁ,Lﬁﬁkm@ﬁﬁﬁbﬁﬁ«)ﬁﬁﬂﬁﬂﬁﬁﬁ%
@ F 4w s 23 um /year ¥ 19 yum /year ; (= )F ,%(Z)ﬁ%%“f B R
TR Rmd kR A3 C)FAEF 5 1lyum/year; (2)F %03) 5 i
FEERY KRG umak o BB a(Z ) 145 )E wike )@y
Ak F & 5 9um/year ~ 93 g m/year ¥2 88 um/year - 1% F % (1)1 3)n
FoRe* T RO %EJ\ s BB FaEFERE 7 aF%Q)

BE R R R R AR F AR o F ARG R R AR F
EELAFRERIRARAYE 5513 6ppm SapF o I ERHF
Ak 2 BRI

FE O RTERAFFAE AL - HREFHT
32

5
B B PE o LR = FeOOH & Fe;O3 0 @ 4pF enF § 7 o K enTp 5t

Bl% B 4 & Fes0y o

Bl R 5 a3 ]



P&

s
N

% kg = 1 =2)

W a‘-’;’—\ ‘:ql \3'/\ A s s EEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEBEEEEEEEREREREEEEEEBEEESE

il

2. R
1
=3

3.

.. 23

&

ANE
il

24

fnd

=N}

=2



G R

Bl 1 TR B B4R AL B TR A 3T s 2
Bl2 F23) BT HATT R B e 6

B3 AlO6B £ R(C# " > (b)z(a)Wly ¢ *4=2xx > (QHFE T >
(d) Z(C)B T & = FET X oo 8
B4 AlO6B 23425 SEME () k> (b))% ()l & = f=2c+
O R G RN O L R At === S 9
Bl 5 AlO6B #4245 25 SEM B ()£ > (b)5 (Be ¢ > =3+ >
O R G RN O] R = = SRS 10
Bl6 AlO6B 43wz % p k= EBSD £ EDS B (a)SEM > (b)EBSD & 4#
S =8 > (c)EDS % A {7 Bl > (d) EDS 4B A 1 BBl coovveeeeeeeeeeeeeeeeeeesneennn 11
Bl7 ## 25k EBSD £ EDS Bl (a)SEM > (b)EBSD & 4p = 18] -
()EDS % 4 1 B > (d) EDS 4B A F Bl ovveeveeeeeeeeeeeeeeeeeeeee e 12

B8 Al0O6 BKAM ~ 47 (a)C#E 5Ttk bOHZETE> (c)CHFEY

R (N & 0 NN 13
B9 FH()FEBIE VS IR Bleooooreecoieoseoeseeeeeeeeoocessssseseeessssseeessssas 14
Bl 10 F5(Q2)FE B A VS B Blooooeoeoiooseoeseeeeeoeeooeessssseseeessssseeesssans 15

Bl 1l 95%03) ki XEHMLR @abdilwREy FRys B

iv



P () a(@) i () WE R FAE 21 B 7 oo
Bl 12 FRG)E BT VS BB Bl
R 2N TR A PO
RN - N g s
B 15 ()i2 2 (b)HI4 £ G § 1 4 SEM £ EDS 2 45 eoovveoeeeerrvreesessres
Bl 16 XPS % 0 F 15 20 A 45 ooovooeoeeooeoseeeeeseeeesesseeseessesssssessesseesessesssesen



DALO6 B & = 2o ot 4
DALO6 B 2 1 S5 et 4
DAT06 B R EE T o 4
ZEFERIER I A s 5
FEAH AR IE Z TR ettt 19

Vi



\’+
1. =3
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o ks prdleente f gl pliag 0 B S0 S4B BT R
2 wto% o H AR & 5L R (Pearlite) s s e d (Ferrite) » 4 K48 5
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PORRCF SRS BE IR W L A APM T g 2y 0§ &
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?*@’mﬁﬁﬁﬁz ﬂvﬁﬂﬁﬁﬁﬁ?%%’@ﬁﬁ%&ﬁéﬁﬂ

LA e AR - RBRE S F RRpCEREI N A0°CHUT > RS TS

S FRAGRHBET OIRFATRAGHEIMEIZ MG TR FA
Wikos 2?ﬁ&ﬁﬁﬁﬂﬁ%@ﬁﬁ’%Piﬁﬁw&éﬁﬁﬁﬁﬂ
MEERE R LR P T RRABAE L T FEF AR 1 417 - AL06 B
SPTRA AR R BT R R R AT ALOG
B % 4 AARAE 247§ HOR o AL06 B Hf b T RH 4 BLIF i G e
(corrosion) ~ i & J& # K4 % 2] (IGSCC) ~ & % (fatigue) ~ i* 4& (erosion) ~ ;i &>

\\\?'g’r

4v 3# i 4 (flow accelerated corrosion » FAC) ~ # # 4 J 4 (microbiological

-



influenced corrosion)£? # 1 Bl o & g ek iR FF B min b SFR AL T >

P - BRI A T S e R E RS BT T R

G RF AT LT B R ARRT PR R ST 0
oL TR A PR T ROR RS R B L BN e A
B A h - (e ) tr R 4 (Galvanic) ~ Ft A8 2

(crevice corrosion) » @ — A& JF 48 1k T Rk P OREAR BLIE 20 B < vt 00 o A p
a& Sl AL06 F HiEis iR SR L A FoRTR B 2 F ARk
R o SRV LEIARM A F ihp A 1 1 E
HIF BRI 2T R

A106 B: 274 (+3)
Carbon steel: 1710 (+25) — A106: 271 (+4)
A106 C: 2

Corrosion: 37

Corrosion: 45
Corrosion external: 8
Fatigue: 2
[ Corrosion: 59 4 Galvanic: 2
IGSCC: 9 Pitting: 8 (+1)
Fatigue: 17 i Crevice: 3
A106 B: 274(+3) — Erosion: 29

FAC (flow accelerated corrosion): 80(+1)

MIC (microbiological influenced corrosion): 37

Others:  41(+1)
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2. R

AR BT DAL L A 7 A2 F ok AIO6B ) - AR 4P
U REE L Co V- BRI AREY AL Ho B R ek 1T
Al06B % iptdh > HA 7 & % ASTM R4 78 | % 0.3 wt % > Gk g &
## % (Glow Discharge Optical Emission Spectrometry)=: 4 4 7.5 % 4o 2 #7
T AR 30 HAF A S B A BRI Y B4 ASTM 2§08
Al06 B #ish £ 4p x RAEE £4p e ®E > F 4% 10 % HNO; & 90 %
methanol 4 22 K45 60 # > K4 £4pf1* £ 5§ & jis (Olympus

OLS-4000)#. % # fir g 4 -

% 1:Al106B ¢ 4.4

) Pipe Wall Pipe Outside
Processes Symbol Class Thickness (mm) Diameter (mm)
Cold drawing C B 277 213
Hot rolling H B 5 32

% 21 A106 B = i» &=

Wt% C Si Mn P S Cr Mo
Cold drawing 0.19 0.22 0.43 0.016 0.002 0.002 0
Hot rolling 0.21 0.22 0.4 0.013 0.014 0.015 0.02

% 3:Al06B fHILT

Specification Tensile Strength (Mpa) Yield Strength (Mpa)
Minimum 415 240
Maximum 485 275




A106 B i# 3 (C)r & - (H)2 AR 47 B4 1 = S

B A1 AR G AT ED #1000 RS BERIFEFER SRR
(B2) £ ZxFFEPENZALHRE - FPAFETE A i 3R
T2 8ok M RERBER 45C
FHHE 4puSom FHRELLENFTFEE ERIKT
2300)2 % % )k R (YSIPro20) o A8 3 KM= 29 %A~ BT R TSL_“,/TT ~i
BRI E2Z7 kBB F &R0 1‘3‘?%‘”&‘% BRI R R DR R R
FHRQ): BRATFRT ¢RI ARARIR  FHROG) - g P kiR is
Huk R o Z B HE R RiEE LA 49T o FHR(DEFHRQFRE L
s Rayk o FER() R A RERGFET L 20 P(REEE 1ICE IH &
BedE B Syl 1 3 20) 0 FA&RQ) A eE R 16 F(RELE 2C 0 kB
MR SEel 3 16)c F A& (3) s BoRIL G LB T B R E PRI
Lo ke G o] 2 41T 0 FlA K g AR E A ATk G g g &
PR EF KB L - BERARELSZF (M RBIDE
BiE. 132 6)°? BFL - Xzd ko a @ s (RNl 20005 %l

IO EThR2E kY (RELw REBDERKE LT 6) F &I
BRI RS RA E R HET CF o LR R ART G g
(Mettler Toledo, Greifensee) & |3+ & B if 4 ehd & o 1 &P~ dcimg 7 1%+ T
%+ ¥ $2 & #c#(Scanning Electron Microscope, SEM) (Jeol JSM-7100F)j#. %14
A& G 4 K5 JU* & £ 478 % 3 R (Energy Dispersive Spectrometers, EDS)
(Oxford Instruments)~ 47 % m ¥ * 4 = (» 247 > 1 * X S5k T 3 i FH &
(X-ray photoelectron spectroscopy * XPS) (VG Scientific ESCALAB 250) % +7
KAz v It g+ F 9 fgst 6t H i (EBSD, Electron Backscatter

Diffraction) (Oxford Instruments) A $5 /4 4 1 *1i3 3 A T RFE L R o3 o F



2oiesg s 8% s 47308 5 HKL Channel 5 -

Test No. Ppecimen Test Condition Specimen Inspection Testing Time (h)
No. Interval
. C15 Still water Extract one specimen per
Experiment (1) H15 (45°C) 60 days 21,000
Change water every 30 .

Experiment (2) C:10 days Fxtract 2 specimens per 12,000
(#5°0) ays
a6 Observation of interface Fixtract .

Experiment (3) 6 corrosion behavior at still a« 0;; (sipecunen per 12,500
w:b water (45 °C) ays

T

Air-water

interface

B2 F&3) #F5FHT LR
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C sample - Outer wall
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Figure 4b

20 ytm

(c) O C sample - Inner wall

Figure 44

C
20 pm
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H sample - Outer wall : H sample - Outer wall
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H sample - Inner wall H sample - Inner wall
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M5 AlIO6B #4235 2% SEM Bl (a)* k= (b) 5 (Fls ¢ 3 {234 >
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Fe map

20 pm

B 7 ##t: % PN EEBSD #* EDS B (2)SEM > (b)EBSD & 48~ = -
(c)EDS % 4 % B » (d) EDS 4 4 % B
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C sample - Outer wall ' H sample - Outer wall
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C sample - Inner wall H sample - Inner wall
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Corrosion Behavior of Carbon Steel and Stainless Steel during Nuclear
Power Plant Decommissioning

Wen-Feng Lu, Kun-Chao Tsai

Abstract

Galvanic corrosion between carbon steel and stainless steel weld
joints commonly occurs during the operation of nuclear power plants and
may also be observed during plant decommissioning. This study consists
of two parts: (1) corrosion tests under static-water conditions were
performed on weld joints of carbon steel and stainless steel to simulate
decommissioning environments and evaluate the galvanic corrosion rate;
and (2) electrochemical corrosion tests were conducted under simulated
decommissioning water environments to investigate the corrosion behavior
of stainless steels subjected to various degrees of cold working.

The galvanic corrosion rates of the carbon steel and stainless steel
weld joints typically ranged from 0.17 to 0.22 mm/year, with maximum
rates between 0.22 and 0.31 mm/year. These values are approximately one
order of magnitude higher than the uniform corrosion rate of carbon steel
(0.02-0.05 mm/year). Electrochemical tests indicated that corrosion
resistance increased when the cold working level was below 10% but
decreased significantly when the deformation exceeded 20%. Compared
with non—cold worked specimens, the corrosion rates of stainless steels
with 20% and 30% cold working increased by approximately 10% and
20%, respectively.

Keywords: Welding joints, cold work, Galvanic corrosion, nuclear power
plant decommissioning

National Atomic Research Institute
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ASTM < 2 0. 29 = = s s = s s
Al06 030 0.10 0.035 00 040 0.1 040 040 00
GR.B 1. 06
Gl 018 019 04 0.013 0005 0.02 001 0.01 0.006 O
Al06B
ASTM < < < < < 180 <1 80 =1
304L 0.035 075 2.00 0.045 0.015 = =

19.5 10.5

Gl 0.022 0.5 156 003 00004 181 028 881 048 O
304L

#5405 309L &

Content

(Wt%) C Mn Si Cr Ni Mo Cu P S Fe

309L 001 | 153 | 0.5 |23.07 | 13.73 | 0.07 | 0.09 |0.023 | 0.001 | Bal.
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« JR1% 300L

—>

B 27 FRAR/F A4S 2R R E AR
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AutoLab PGSTAT 30 ([] 37):& {7 &+ 7 i {& it ;% (Potentiodynamic polarization)
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GRS TR log Rk TRE] 0 T H 3E 2 x (Tafe)(F 3 F AT 2
BT (B 38) BRIZFST T A B 392 2 HE S e S

30613041 4 4e 1§ BriE R s

ail A (U5R RIMMIE (%) | &5 k/EE(mm)

SA 0 2.75
5%CR b 2.78
10%CR 10 2.76
20%CR 20 2.81
30%CR 30 2.68

272 B FAF %K

I T

}%Tﬁa’@ém%ﬁ -1.0E81V
Tﬂa?”‘ 0.1mV/s, 1mV/s, 10mV/s
f@(%ftﬁﬂ) 3.5wt%, 1.75wt%, 0.875wt%
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Analysis of the South Wall Leakage Incident in the Unit 2 Fuel Pool at
Indian Point Nuclear Power Plant and Associated Nondestructive
Examination Regulations

by

Joe-Ming Chang

Abstract

The Indian Point Energy Center (IPEC), located in the suburbs of New York,
experienced an incident in 2005 during excavation at the Unit 2 spent fuel storage
facility, where shrinkage cracks and water leakage were unexpectedly discovered
in the concrete pool wall. Analysis revealed the leaked water contained tritium
and other radioactive materials. Although the contamination area was limited, this
incident prompted a comprehensive investigation by the U.S. authorities. During
the investigation, the team employed nondestructive examination (NDE)
techniques such as visual inspection and vacuum box leak testing, and
implemented monitoring wells to assess groundwater conditions. The results
confirmed that on-site contamination levels were significantly below U.S.
regulatory standards and posed no substantive risk to public health. The leakage
was attributed to a combination of long-term factors, including construction and
maintenance activities causing defects in the pool wall liner and changes in earth
pressure against the structure.

This report provides a detailed analysis of the 2005 TPEC spent fuel pool
leakage incident, including the event background, investigation procedures, the
NDE methods utilized, and a review of relevant regulatory standards for concrete

structures in nuclear facilities, specifically ACI 349.3R-18 and ACI 201.1R-08.



Based on these findings, the report offers recommendations for assessment
processes, evaluation methods, and key regulatory measures tailored to the
management needs of domestic nuclear power plants, serving as a reference for

related nuclear facility safety management.

Keywords: Spent fuel pool, Visual Inspection, Evaluation Procedure

National Atomic Research Institute
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5.1. Cracking

AR AMERENRA2AD 2 2DNY (HB ) @ F A &
BB E 5 BIRA o )@ﬁ%é\l M/Q}ﬂ; 4 5\4 émﬁ'fi bt,tk\?;‘,] .
5.1.1. Crack widths (%% & )

PR AL HERN LV S ERFERZ BHIR

5.1.2. Checking (& %] )
2d R BRIERGT R 3 RRI DR o F L R (plaster) ~ kiR R

cement paste ) mortar) gv e /f{ concrete Z\ W o
t paste) ~ #) 4 (mortar) 2 ;& t

5.1.3. Craze crack (3% 2 &)
KRN S AR ZF Fabit E R EIEN D S R A S PR

47



5.1.4. Crazing (& & i) :
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5.1.5. D-cracks (D & &%) :
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5.1.8. Longitudinal cracks (% 4] %)
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5.1.14. Transverse cracks (#m gl 4)
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5.2. Distress
BT P AR AR ED HIRERE AL F LR BRE S o
A HA L sk AR (Blde s BA A K AT J TR S e
A AR I ) R R T EA LS hp g 4 PR
B. A2 HALARBAIRAPFNEmPEE o (FL1LE HfFo)

234t
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5.2.2. Deflection (3 /& %35) :
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5.2.3. Deformation (%35) :

50



5.2.4. Delamination (4 % %3¢ )
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5.2.5. Disintegration ( #f%) :
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5.2.7. Dusting (# 1*)
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5.2.8. Efflorescence (¢ #) :
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5.2.10. Exudation (;d!) :
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5.2.13. Joint leakage (#3725 )
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5.2.14. Joint fault (334 )
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5.2.15. Leakage (&) -
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5.2.16. Leakage, liquid (7 &% &)
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5.2.17. Leakage, gas (§ &% &)
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5.2.19. Peeling (#]3%)
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5.2.20. Pitting (BLRk 4% FK5) -
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5.2.21. Popout (‘RE &R A1)
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5.2.24. Popouts, large (4 3] & 28 8L)
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5.2.27. Scaling, severe (k& #]5%)
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5.2.29. Spall (#]&) :
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5.2.33. Airvoid (# 3*)
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