111




1 % &

1'% & () +

, -%0







4

®




I
# b #







#
$ %& '()*
+(% #, *
0" *$12

33 0
1 4 (
n 4

).t

# 33 56 %7238
4 9 .

644




R45 C33 R57 C33 R5& C34 R59 Cal R59 C33







1"#$ "% &'"( ")H+, +&H#*- & -H#+ #
[ -0+.$ " )'H#+. " 12F +-# +

34.)'" -

#5 #5#* & ).H#+.)+) -#- 6 ) "H) - ).H+.
H#+.5)+).5+ " "5 677 *8

" " # I $ %

1% " )"

& "I

) Mok o
N

97 31




67

*/

;. le*716*
1> # 6)6%
# 2 I=6%$7 "> %
K
7T

"2, @
42 644
3 4 2 644







—»
t
# $%& (")™ "
)
|
»
L)
+
L)
B
)




PLANT DATA

Based an drawimgs,
documnents, e.g., FSAR,

DRAWINGS
Plant-specific
irfarmation

consultants,

r ¥

PARTS INFORMATION
Excel spreadsheets by group
developad by BNL, revised
based on technical inpul.

Y

” 4 COMPONENT SUBGROUPS e
p| Excel spreadsheefs developed by a |—

Panel lead exper, revised based on,
i it 3
Members DRSS QIO B

L 4
EVALUATIONS

]

I|lw

Excel spreadsheets with
5 || degradation mechanisms scored
and commented on by panel

¥

EVALUATION DATABASE
6 ACCESS database with all i
evaluations

]

v

REPORTS
7 I Compilations,
filters, counts, efc.




/I 0

| Num- | #of
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. |
7 1 Reactor Coolant System [Cold Leg Piping 28 12 |
—= —m Wassed (RPV) 2 Reactor Coolant Systemn (Crossover Leg Piglng 19 _12
| Reactor Vassal intomas (RVI) 3 |Raactor Coolant System HotlegPiping 2 12
R - 5 Reacke Coolant Fressure Ecundany (RCPE) 4 [Reactor Coolant System Pressurizer
(s Rgacke Coclant Pums (RCF) 5 Pressurizer Spray Piping
M.F‘M Oprintac Foalial il vas [PORVS)L E 2
bel Vakves (SRS
] 8 |Reactor Coolant System Reactor Coolant Pu A
Emargancy Cone Coolng Sysiom (ECLS f—High Hasd el orent Punp
Injpction ng Mgt o Chermics and o 110 Reactor Coolant Systern Reactor Pressure Vessel 32
Ciontrol '54““’“1: oves il [Reactor Coolant System Steam Genarator ) 71
ECC Sl tarmadiale Elead '"'—-'—_I— 12 Reactor Coolant System Reactor Vessel Internals 25
newred Saluty Faalus Balaty |n‘?ﬂm? I mciiin 1 13 [Reactor Coolant System Stop Valve Loop Bypass Piping )
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*+ # Abbreviation | Degradation Mechanism
BAC : Boric Acid Corrosion
CREEP Thermal Creep
CREV ! Crevice Carrosion (including denting) |
DEBOND De-bonding )
EC Erosion Corrosion Including Steam Cutting and Cavitation
FAC Flow-accelerated Corrosion - ]
FAT Fatigue (corrosion/thermal/mechanical)
FR Reduction of Fracture Resistance
GALV _ Galvanic Corrasion |
GC General Corrosion
IC Irradiation Creep
MIC Microbially Induced Corrosion
PIT Pitting Corrosion
3CC : Stress Corrosion Cracking (intergranular, transgranular, irradiation-
assisted, strain-induced, hydrogen-embrittlerment) and Intergranular Attack
sSwW Swelling
WEAR Fretting\Wear
Degradation Highly Likely Degradation Highly Likely
Limited Knowledge to Mitigate It Knowledge Exists to Mitigate It
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" Degradation
) Manageable
Degradation may be 1 2 3 By Mitigation

possible, but limited knowledge
to mitigate it if it did occur KNOWLEDGE




Il 0

.
11} #

| |

" Extent of Damage at time t

$ $%
$ " #
I &'
% %!  $( )




1)

2

%& 'O*+()
| ) t,)- A
"
$
01' 234 - %& 5 4 015 2
I
.6 # &1 ! %2 01 2
# 1 7 1!
%& %& )
8 9
8 51 7 "7
4 # #
%' 2# %<2 ;% I 28 &!
- ! !
#2 # ## #8 51!
144 ## # P
I #22 1 1




$

1) 2 3 24+
s |
#2 0
ABA O 7
$ 40 BD 7"
13
> 6 4 E
x 2 0
$- 6/ 4

*1'3 2

'$3 , B,

"0 $/ 3 #




1) 2 3 24+
s |

0+ * $)
CH# S K+t % 4

5 o6#* *7+#7 # 890 !

! # 0O $: 7,
0 #!







1) 2 3+% 5 6

0$$4 ABA# B "0
IIO

$ 2 4' OH 7
ABA # B "0
'$S 4%  #;
. 7* #*
1 [ *+ <
6 -. 4 4 . : .4 ;
) 4"0
$
"I . 4 /). - /
" 4 )-9 4 -
4'(




1) 2 3%67 +%(
s |

Frimsanze

Sl
Generator

Eeactor
Wensal




#) * + &.%- [- )
- 1072
D FATIGUE
X2 3 e
E 10 'S 4 <
E’ o 1-10 Hz -
=
_ low freq.

§ 1072 I 9
Q 40
S
~ =
o 107
=T
S

1078

100 200 300
TEMPERATURE (C)

($$4 ,BA F $




% 67 +%(18 0( / )

-%
I
&+ # * o+ +/
$&<
0- 3, G
0- <- 6% G




% 67 +%(76 +%(18 0 ( / )

3% LSl
I - L
8.E-07 T
7 E-07 343C CGR based on a current
=0 H, level of 35 cc/kg and
| Alloy 82 (8X peak vs. H;
BS U Vel ECP offset = 0, ), = 20.2)
o 9.E-07 +
- ; @
= 4 .E-07 1 3950 E
QO i T
© 3E-07 / =
2.E07 S
1.6-07 4 4 290C * *
-’ L 7 O O O %
0.E+00 A L s s s sl = ==~ =
1 10 100 1000

New H:z Level, cc/kg




% 67 +%(76 +%(!8 2

T | ;
AT A o
N o] 3
N I\
“"\.\\wwdr?m M/\N:M :»:it”;
# # .. 86# 2 [# 2
$#  # 6 ##;‘r# #" 2 #
o =5)>2#2 2 8 8
4# #" "2 6
#288 # 8 8 # O6#
4 7
=, )? = )>86##4
# " # 4 6
[# 2 #2 #7
=*=, @2 24# #
2 ## " 6
8 27




% 67 +96(76 +%(18 2 Y\ =g

CGR [mm/sec]

AlloyB00 Crack Growth Rate at 340°C
) ) LI ) L ) LELILLIL) ¥ ) ) LIBLLLIL ) ) IIIII,_ 3.&E‘m8 1.&E‘007

4 5.00E-008
1 3.00E-008 1-40E007

1.20E-007

e Y™ X

1.00E-007

i 8.00E-008
4 1.50E-008

!
SNU test dat 340°C (K,___ = 30MPa/m) ‘

Oscillated DH (30~9 cc/kg) o imA R
T ———J &\ | — 4 2.00E-008 6:00E-008

Relative CGR

15

ol / oo : : L YRR Y : : 22 8 E e
:- : RS | : : F ; : SR | R 1-mE_m8
(—I—hls teSt) \ ............ ....... _- 4_mE_008

Mgy o A0 (G = 30MPRIM) | ] 1002 008

= 338°Ctestdata (K__ =659MPa/m) || 717 2.00E-008

A 316°Ctestdata (K_ =659MPa/m) ||

0.5 — — — T ——— 0.00E+000 0.00E+000
0.1 1 10 100 1000

1.0 +

Dissolved hydrogen [cc/kg]




% 67 24+ +& # #)/
/

Schematic of OD
Circumferential | = [-""" """ ---TT-- -2
Crack with DCPD

o W |
Ovwerview of OD
Circumferential Crack
Generating Apparatus







Test temperature ('C x 0.01) and pH

&
(

—=— Test Temperature ('Cx0.01)
—no—Test pH
" | —=—DC Potential Drop

f s oo

C—fOn ;—\

100
Test Time (hr):

150
217 hour test

112

110

1.08

1.08

1.04

1.02

1.00

0.98

0.86

Moq[g :uswivads 1s8) a1 Jo Ad0d

Test temperature ('C x 0.01) and pH

Maxirnum Thinning
Rata:51.4%

I".J-

L

—=—Test pH

—a— DC Potential Drop

—=— Test Temperature ('Cx0.01)

el [ e (e N N i N L1 N (O ol - T N -0 e s TV O 3

Test Time (hr): 795 hour test

800

1.20
1.18
1.16
1.14
192
1.10
1.08
1.06
1.04
1.02
1.00
0.98
0.96
0.94
0.92
0.0

moq3 :uawipads )sa} 8y} jo Adod




X

"

*

+##_ 1

$ %&'
)

O +II [} %

% +

(&



















s |
0
I
#S% & "
()
x|
++







-% /

WG SR

I
0 $123 *4/
3 4/ 5 23266+4

! "0," 3 4/
1 +3 24/'78 23 +4/1 326664/
& ) +3266+4

)9 " 0 &+3 4/9 %23 #4/
1 +32664/$ 232664/ $1 3266 4/
| & 3266 4/9 326624/ 2326624

)5 ¥ 05! 326664
)5 0!: 3266+4

0; %3266<4
! " 0= +/#3266*4




9

$% &%

/ > & <66
& 2> 2
$, 6+t6 )
377 ) 2<4
1 ? @

A% 6+6 3 4/
266+7(
A) 2<3 & <66 4] 266#7




& <66




3 4 * 5
py— TEEE T e oL zazay| =g
- = x| ==ET = A HE = o | S =d | = = =d =
I = Alloy 500 Annaa = 2.2
— i . = . 12111-
A=l 1er11-oisine 3% ceamay  |BReBee) s Tabwiar | Pips |MUR7) e | T o otbioa-ream, | “4in
CFDM e 4001 o = Product Diviaion
180 4.02|0.85 12188 Ha=z
i [P FAS s a2alEler |ppvwa-|  &lloy 82 ol [PAFT ha) 27 VB3 M | sma | s | EIEE e
Edg —an LE-AE] 20 Al IETFE e.Durnmz Mata — oy qe=
= o P = 415  1z1ee ‘o3
MEgC R = s ZH ., |mmieoer|  pow Tabular | Pies ed | T | g | 54 o1 BioE- 258} ':'E'EE
|;|=i:-‘|=“'5'- 12117 - 0 Sine_ a1 =] (2= &= Producst Divisjion ny
= 1801 1.82(0.25) 1 = E4 32 HE D/ | Arv_wA— Al Loy 82F Wold |PHT/ bl B7. WWEZ.1| O XY Rl | 5o A
-y el i = 21 5l1ovAZ or 182 |wotal|-Weldsd| L= & 1| ol :
sas === — Alloy B0 Bnneal— i o 52 | LB
= = A Bz . 181 EE— -
GleE = I'? N _ J-15 | ZHiexl =) |ppv-p-dn Carpantar Fod | ad, =8 0B {OB0— DEE)
= | 12185-005(080 1 Toto e Vo b
E'E:“i%; nae). 1.58| 0.a |2l 2@s|2a24HE 2 | apv_wne Alloy 82 Weld |PHFT /el 67, VEZ.1| DIM |00 ) @ o -
5 1211?]‘1?5(02_ T T eEas T 1oy or 182 |wetal|-Weldsd| B&= B 1| ol —
Edo% Id |PAHT s fa) B7. WE7. 1| S Liels =
Y=gy =) HEE = = A P A— Bl oy 82f e mz.a| & 181 BE—
el 121%::"35?02— aa | 86| 271 (v-a=% ME{E'EE]_D'E T | allowE2 or 182 [Metal|Melded| T 61| [10] D03{nE-gom
=ds T 434 HHE 3T — [71s
SRR o= a.2a HEZ S aa-z—- = | BPv=niA— Bl Loy B2 Wa |d |PAHT fbel| 67, 17E7. 1 = land 4 5 {01 B _
:;L:i 1211 6-00atoz— |a5.5| 85~ | 271 [v-a= iuizE{ELh;;Ia 7. 48 BllowBz or 182 |Metal|Meldsd| Z= B 1| [10] ooB(0E-_aea
= a1at = E =
=g7 Mzﬂgi 3.04 = - . Alley 800, 7] oo """ﬂ"';“'_ e S o al 7T 112'11‘“'5‘]:_
s ehAc | SRS | Coulter Stesl @ . . - - )
StAm@ | 12116-00aine- £l I E‘fjl; =2t 1B | o Comary |2 o Horked & poBloE—aah
L= 28] B3 Ty [EHE Wold| sfe- |Ev.1 Z=]| @S ]
: Egs Egd=% BPY-A— - a4 1
ga% oe =85 iLZp==as)| 1ema | O o 82 wetal|welded| BB | [10] ’
= Ll = Alloy EIDD'I—” 3 Foros Gl 7.8 % Rz &l 0.28 |Iz%]|_—
HTAS s Y| S 3.78 S DL ' APY—R—18| o) tar Stesl & ad. e 4 ' ooaTlE0s— -
7.1 d Fiod [19]
LA AT | 12911- aavisoe- | 1717 o |22 K Foron - War kad hL]
aus ce 25 |7 82 e o=y slloy 82 == [weid [PaTieal ey [01% | o o[,
B 2o Erm| Ed2%ITCE’ | ppv—wA- W= . s
Bas a5 °® . g E-SE =) i@ bl oy 182 Matal|Waldad| L= EE. ol
. . = aa]s
A ﬂ%ﬁq‘%@ aloz| o [#E12 Egoa BBY=w/A= Allay 82 :;!:I m"'f'd‘ad £7.1 "lf Bd.4| 226 || T
72 F| 1mr-ooae- |04 =3B A8 [20] EQ
= 1507




%

%

s |

| & & & <66
%
%

2 & | &
B 3)9 40 :
32 C+227* 4

3 '/

40

%




+ /

3

1 &

N4$ 5 #

& % # 2

# #

$60
!

- )4l

- ).+

! >

% #

"& 22 &1

D)
R

1% " #

&

Q)+ e




\Wald Swveray Th zkress ta

|

N

NSy

Giilatior | aypr to =0 1"

g nal Wall,

*he

Frostilsted 3BCE rirmnmfere nbial flzawe
Gtk eguaals origiral wal 1 ckress

N e Wl Qg iy | Pisaness Doehred oy,

T ~ bt

o

Applied Precsurs

Plastic Zone




1/ !
-
1 $II
#"& ) ((
+ * #9%.!
#"& o (( #
(
E> 8 $"
"&
Il # * [ 0O
# "& & #%.
/)9

%.




#1 " $%&




9 %&

1/ 6
1 1! /)21

1 " 13 7/

%
1 " 8 #, 0
1/ -/ 3 ,0

1 "_I_*# ’ *+*




%

2+ ;'

$

#&'




%&

#
A e (0
, $
" " (0
$ % &

/ or* & 01 1 2 1




%&

&

& & %
& &

& &




2<

&)

" g




&

$9,

3 +
%

4




7|I

&)

%

19!




&) 7"
e
5 & %
& & & /&
/
| H
+A 2HTH 4
8 % H

3 %4




&)




Op. conditions

- Power/T/P/0Q

Configurations
- Gap, shape ||

'_l

Flow Distribution

-Two phase
T/H Analysis Vibralion:
| Contact
Free Yibr.
FIV Assessment u Erettng
— Instability, etc
Wear Damage Crack Growth
Assessmentand [— Evaluation
Prediction -Analysis & testing

Pragram for Tnfegrify Assessamead of SO0 ule

PIAT"

Op. SG Integrity/Design/Safety




2

%&

*$

"$

"$




(e )




-%

/00+1 $ $" -&*23 . %
1&1+* $ % % &

-&** 8000

HSH % &'USS (

) &%$$ (

)t H8%$S (

+ 0, - ((
| &%3$$ ( (

Pl &%sS ((

1&!+*2
+2 + + )
+ Ol# + $




1)

20%
18%
16%
14%
12%
10%

8%

6%

Capacity Factor Loss (%)

4%

2%
0%

o M 4%
s) (s) Gs)
NN NN

D> > P S A ®
e by (s) s )
NN N R A M N

Oy L) M . Y be ) o A )
s] () Oy Oy Oy Oy Oy () Oy Oy
NN N R M M A MR )

Bl NSSS Piping [0 Reactor Internals M All Other Causes

Fig. 1 Corrosion-related capacity factor losses in BWRs since 1980
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