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Project Main Goals g’

ROSATOM

(i) Accumulation and studying in detail information related to the KURION/SARRY adsorption
towers design features, operating history and results of preliminary investigatigss: the
slides: 3,4j

(i) Development of corrosion occurrence review report based on Russian Side experieaeehe
slide: 5}

(i) Implementation of adsorption towers ranking (related to the potential corrosion types,
intensity, etc.) based on the accumulated data analysis;

(iv) Research Program Development for subsequent implementation of Corrosion experimeats
the slides: 6- 12];

(v) Model samples manufacturingsee the slides: 1112];

(vi) Preparation and implementation of Corrosion experiments (in accordance with the Research
Program)/see the slides: 1350];

(vii) Prediction Model development to predict possible development of the selected corrosion
processes under the conditions of the 1F site &l of the types of KURION/SARRY adsorption
towers[see the slides: 5162];

(viii) Development of a forecast (using the Prediction Model) to describe the possible developmer
of corrosion processes (under the storage conditions) fory&@r storage periodsee the slides:
60,61}

(ix) Development of Countermeasures set that can reduce the negative corrosion influence unde
the real storage conditions of the KURION/SARRY adsorption tovwass the slide: 63]




Results of preliminary Data accumulation and study (related to the
KURION/SARRY design features as well as storage conditions) (1/2)
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ROSATOM
Designconditionsand storageconditionsrelatedto the KURION/SARR¥sorptiontowers.
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The following materials were selected for developing the Research Program related

Corrosion experiments implementation: stegB16L; zeoliteg Clinoptilolite.



Results of preliminary Data accumulation and study (related to the f.‘
KURION/SARRY design features as well as storage conditions) (2/2) ‘,

The following main requirements were formulated for Research Program Developrr'i?asf\{to:M

- Specific activity of /! -containing components®Sr /13’Cs) should be equal to ~ 48qgJg;

- Welded model samples should model as butt weld adik& welded joint (to check the
possibility of crevice corrosion development for KURION adsorption towers geometrical
conditions);

- It is required to provide the following contact types for crevice corrosion experiments
Implementation: Metal¢ Metal contact type, Metalg Non-metal contact type;

- Welding operations (when manufacturing the model samples) should be performed without
additional thermal processing;

- The following details related to the welding conditions were taken into account:

For KURION ¢ Weld filler meta: ASME SFA59 ER16.Si(Root
pass)/ER16L(Subsequentpass) Carbon 0.02 wt.% 1 -ferrite 9-11 wt.% Welding conditions:
Rootpass: GasMetal Arc Welding Subsequenpass: SubmergedArc Welding

ForSARRY Weldfiller metal: WELTIG316L(Japanes&velding rod), Carbon<$.02 wt.%,
1 -ferrite 10-12 wt.% Welding conditions Root pass (root area formation):10 12kJ/cm, TIG
welded in Argonatmosphere,Subsequenpass(formation of the remainingpart of aweld): 10
15kJ/cm, TIGweldedin Argonatmosphere(both side),not usingbackingplate
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O-like welded joint of the KURION adsorption tower  Longitudinal welded joint of the SARRY adsorpﬁon tower
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ReportContent

(a) Description of the Russiand A Re&p@@dencein the
field of corrosionprocessestudy;,

Thefollowing corrosionmechanismswvere considered

- Hydrogencrackingof Zr-containingalloys

- Stresscorrosioncrackingstudiesresults

- Intergranularcorrosioncracking

- Corrosionstudiesof structural and fuel materials

(b) Application of Russiand A ReXp@renceto consider

the occurrenceof the considered corrosion processes

under the conditionsof the KURION/SARRStorage

¥

" The following corrosion mechanisms were selected for
the Research Program development:

- Crevice corrosion;

- General(uniform) corrosion,;

- Pitting corrosion;

- Intergranular corrosion;

\

- Stress corrosion cracking.

(@)

External appearance
channel in the zone of the process failure
from the side of the adapter (a) and the

pipe (b)



Research Program Development e.’

ROSATOM
The main purpose of ResearchProgram is to select and assessthe methods and

equipment required for preparation and implementation of the experimentsrelated to
the acceleratedoccurrenceof the selectedcorrosion processesThe scopeof experiments

(provided by ResearchProgran) should be sufficient for further development of the
PredictionModel aswell asCountermeasure®lan

The presence of/’ -activity is provided by saturation ofinoptilolite with °°Sr and'3’Cs




ResearclProgramDevelopment
LbaQa {O2L)S 2F ¢2N]J

Parameters of experiments Type of the towel] Number | Control Methods to be useo

corrosion contact 2 [CH, s Bgg |t,h/"w | KURIONSARRY of the
ppm samples
4 5 6 7 8

2 3 9 10 11

Type of The statg  Type of

General Homoge - 25,70 100, 0,~4-1G 1000, +/+ 48 Visual inspection, photo, 3-1
(uniform), neous 1000, 2000, +-means gravimetry, Optical
Pitting 29000 3000, consideration for metallography SEM/EDX
5000 certain tower type
Homoge - 25,70 100, 0,~4-1G¢ 0, +/+ 36 Erm Bre(CLALD,T 3-12
neous (BEogp) 100Q, 1000, before and after the
29000 5000 1000/500Chour test
General With - 25,70 100, 0,~4-1¢ 1000, ST 48 Visual inspection, photo, 3-2
(e welded 10000, 2000, gravimetry, Optical
Pitting joint ™ 29000 3000, metallography SEM/EDX
5000
With - 25,70 100, 0,~4-16¢ 0, +/+ 36 ErF BrF(CLALD,T 3-13
welded (Ergrp) 10000, 1000, before and after the
joint ™) 29000 5000 1000/500Ghour test
Crevice Homoge - -b - 25,70 100, 0,~4-1¢ 1000, +/+ 48 Visual inspection, photo, 3-3 +2
neous (ASTM G78 10000, 2000, gravimetry,maximum depth  sleeves
01) 29000 3000, of corrosion, Optical
5000 metallography SEM/EDX
Homoge C b 25,70 100, 0,~4:16 0, +/+ 36 Eorcr Brerf(CLALD,T 3-10 +2
neous (ASTM G738 100Q, 1000, before and after the sleeves
01) 29000 5000 1000/5006hour test
(ASTM G192
08)

AcceptedLegend:

D: irradiation dose;

*): welded joint of steel AISI 316L

M-NM: metal-nonmetal 7




ResearclProgramDevelopment
LbaQa {O2LS 27

Table continuation

Type of contact Parameters of experiments Type of the| Number
tower of the

samples

)

ROSATOM

62 NJ|

Control Methods to be | Type of

% |[CH,ppm| s Bdg t,h/ ", KURION
SARRY
4 5 6 7 8

2 3 9 10 11
Crevice With O 25,70 100, 0,~4-16 1000, 2000, SRS 48 Visual inspection, photo, 3-4+2
welded (ASTM G781) 10000, 3000,5000 gravimetry, maximum sleeves
joint ™ 29000 depth of corrosion,
optical metallography,
SEM/EDX
With Db 25, 70 100, 0,~4-16  0,1000, +/+ 36  Borcr Brerf(CIALD, T  3-11+2
welded (ASTM G781) 10000, 5000 before and after the sleeves
joint”  (ASTM G1928) 29000 1000/5006hour test
Crevice With .- 25,70 100, 0,~4-1G 1000, 2000, + /- 48 Visual inspection, photo, 3-4 + 3
welded (ASTM G781) 10000, 3000,5000 gravimetry, maximum 7(3 mm)
joint ™) 29000 depth of corrosion,
With Do 25,70 100, 0,~4-16 1000, 2000, +/+ 4802=96 optical metallography, 3-6
welded 10000, 3000,5000 SEM/EDX
joint™ 29000
Sjit==o - Homoge - 25,70 100, 0,~41¢ I n%p +/+ 108 t,=f(CIALT.D) 3-14
COrrosion GEeIS 10000, N ) P
cracking 29000 WEMERaC
Stress With - 25,70 100, 0,~418 I ngp +/+ 108 t~f(CLALT,OD) 3-15
corrosion WWE ! 10000, W N EEp
cracking eI 29000 WEMEpaC
AcceptedLegend

*): welded joint of steel AISI 316L

**) : welded joint of KURION adsorption tower

D: irradiation dose;
M-M: metal-metal:
M-NM: metal-nonmetal



ResearchProgramDevelopment A
L b aAdditional Scopeof work ,

ROSATOM

It is plannedto considerthe 3rd temperature (50 ¢ /far severaltypes of studied corrosion
processesn the conditions of absence®f radioactivity. Theabsencesof radioactivity will

allow to showthe required Arrheniusdependenceaswell assimplify the implementation
of Additional scopeof work.

Thescopeof additional work is presentedin the table form:

Type of Corrosion/Type Pomtsof Time, | Points of Cl], T,6 / Number of model samples | The use of
of repassivation to be used radioactivity
potential

Pittting corrosion 0, 3000 1000, 5000, Type 31: 3 pcs, Without use of

20000 Type 32: 3 pcs, radioactivity
o, 1000 1000, 5000, 50 Type 312: 6 pcs, Without use of
for pitting corrosion 20000 Type 313: 6 pcs radioactivity
Crevice corrosion 0, 3000 1000, 5000, 50 Type (33: 3 pcs +3k: 3 pcs)  Without use of
20000 ¢ contact «metal radioactivity

nonmetal»+12 washers;
Type (34: 3 pcs+ &: 3 pcsk
contact «metaimetal»;

Repassivatiorpotential 0, 1000 1000, 5000, 50 Type 310: 6 pcs; Without use of
for crevice corrosion 20000 Type (311: 6 pcs)contact  radioactivity
«metaknonmetal». + 24
washers



ResearchProgrambDevelopment ¢
/[ b LL ¢ aScdpéofvork "

_ROSATOM
corrosion metal the sampleg length W|dth thlckness yp ing implementation
Homoaeneou: Steel sheet 3 mm, 60 t=20+1 "C (glassontainer)),
9 ' steel 316L the volume solution/sample
Pitting Steel sheet 10 mm, surface ratio = 10:1. Duration i:
. steel 316Lwelding up to 72 hours
Ll le e/l wire OKAutrod 316L + 60 50 20 3 32 Solution: 10% solution of FgCI
OK Flux10.92
_ 1
Homogeneou:SteEI sheeB mm,steel 60 30 30 3 3.3 t—20¢1/601r_1 C (glass
316L container),
Steel sheet 10 mm, the volume solution/sample
- steel 316Lwelding surface ratio = 10:1. Duration is
Crovice Welded joint oo okAutrod316L + 0 el el € & 30, 60, 90 days. [F1LO, 9505,
OK Flux10.92 19000 ppm
Solution is poured in the Model
Model Tank as  tank. t=2@1/60+1 'C. Duration
SRR I SpiEilelL e : : : assembly  500-3000 hours. [ql10, 9505,
19000 ppm
Preliminary heating up (65T,
1 hour). The boiling of solution
with adding of the copper chips
is implemented within the 8
hours.Zlike bendof the sample
Intergran . Steel sheet 3 mm, (80£0,5%(20+0,5)%(3 isused
lar A= steel 316L 12 & AL € #0,2)mm Solution: It is planned to add

the copper sulphate (5.1) g
to (100Gt3) cnt of water as
well as small portions of sulfurit

acid (25@3) cn?

10



ResearchProgrambDevelopment

Model Samples Descriptiog Model Samples shape selection

O

/ Type: 31 Steel 316 L

Related standard: GOST R 9.92807
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ROSATOM

ﬁype 3-2 Steel316 L
Relatedstandard GOSTR9.905-2007

TRy 25

~

ﬁype 310 Steel316 L \
Relatedstandard ASTM G 1928

ATE

il &
| 0 -
v

11



ResearchProgrambDevelopment

Model SampledDescription¢ Model Samplesshapeselection

O

ROSATOM

\

Type 3-7 Steel316 L

7 Type 34 Steel316 L N/ Type 311 Steel316 L
Relatedstandard ASTM G 7®1 Relatedstandard ASTM G 1928 Relatedstandard ASTM G 791
A e
E""I - ,ll!ﬂ_—ﬂl, M- TH -1 i) '\.JJ?@ ;'25 !f“.?
D Jroma 2z o
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Al >——. = LA
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4 Type 3-6 Steel316 L ) ﬁyge: 314 Steel 316 L \ ﬂl’yge: 315Steel 316 L N
Relatedstandard GOST R 9/908007 Related Standard OST 108.90101}7 Related Standard OST 108.90101.79
“ S 25 Ni. 7
. [ .- =" i I ﬁ
- S v //
r |
J R\ -
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Corrosion Experiments Preparation

O

ROSATOM

Theselectedscopeof the experimentg(seeslides? - 9) impliesthe implementationof the hot experimentsrelated
to acertainsetof the controlledparameterst, h; T,e /[CI} ppm; ABdg - sucha setof the controlled parameters
Is one experimentalpoint.
In order to optimize Hot Cellworking volumefilling it is plannedto usethe singleassemblyallowingto install all
the requiredsampledor eachexperimentalpoint.

Uniform/Pitting
corrosion

Samples type
3-1, 32,312, 313

Crevice corrosion

Samples type 3,
34, 310, 311,
3-7, 36 + Washers

Stress corrosion
cracking

Samples type
3-14, 315

\ 4

6 3-3 7 9

31 3-2 3-13

|
l
] | | L \3-4

\ 4

L N— =l 3-6 3_7

1 -panel, 2 handle 3- bushing(slotforming device, 4, 9- washey
5 - highwasher6, 7- bolt, 8- nut, 10- screw 12- crucibleswith
samplegype 3-10and3-11

The assembly related to the certain experimental point

(t T, [C], A

13



Corrosion Experiments Preparation

Description of Approach on Corrosion tests implementation

Theneachassemblysinstalledin the container
7 34 2 0 3-4 3-10 12
/_ 3-7
S LA

¢ = /[ [ [

© 0|5 i (@% 2 /
o & oL, % @ “:\' ﬁ .3@
@ . @N = L__g\}_}lj B ['(© } =

= ©
=~ W12 Z\3-11 e
An overall view of a container with installed

The crosssection of the assembly
assembly for corrosion experiments

installed in the container

A schemeof samplegnstallationinsidethe container

Container for corrosion tests

Lid

Panel with installed samples (top

Panel with installed samples
view)

The funnel for water
(side view) adding

Panel for samples installing

Container for corrosion tests with installed assembly

14



Corrosion Experiments Preparation
Details related to crevice corrosion

The scheme of crevice corrosion experiments implementation

@@E

\ 4

Bolt

experiment) in accordance with standard ASTM &

Washer

Sample

Crevice Former

ﬂ@@*@

Washer

Sample type 3, 34 assembling (muHtrevice

4 The surface )
roughness of the
manufactured
samples is equal to

\ 4

‘.

g‘.

before adding zeolite after adding zeolé
Samples type-30, 311 for defining the
repassivatiorpotential of crevice corrosio

1.6>m (Ra=1.6>m),
Thus the studied
crevice gap is equal
to units of
\_ micrometer Y,

4

/ Despite the fact that the \
distance between two walls
is in the shown range 0.5L
mm, there is the possibility

of presence of the crevice
gaps equal to tens of
micrometer in areas located
close to the welded joint.
These areas are planned to

\_ be studied. -
( It is planned to \

implement the
additional study (using
the optical microscope)

2F GKS aly

—

> surfaces in order to
define that the

measured value of

repassivationpotential
is related to the

\ considered gap /




Corrosion Experiments Preparation

Sample type 33

Samples type 34 + 37

Sample type 312

/.

Sample type 310

Samples assembling

1o



Corrosion Experiments Preparation 6

ROSATOM

™ -y

Samples are fixed on the panel

Container Filling (with
zeolite) related to
RepassivationPotential
Measuring (crevice

. Collection of the preparedcontainer
corrosion)

Container filling with Zeolite

17




Corrosion Experiments Preparation i.,

ROSATOM
Manipulator
Container
Thermostatic
equipment
Hot Tests Implementation. Required set of the prepared containers and
thermostatic equipment are installed inside the Hot Cell
Container
Thermostatic
equipment
Cold Tests Implementation. Required set of the
prepared containers and thermostatic equipment are T

installed inside the Thermostatic Equipment



Corrosion Experiments Preparation i.’
An Approach to Model Tanks Fragmentation

ROSATOM

It isrequiredto implementthe Model Tanksragmentationin order to providethe subsequentnalysiof crevicecorrosion
occurrence It is plannedto implement preliminary analysisof the welded joint state usingthe microscope In order to
providethe accesdo the weldedjoint, the modeltankis preparedin accordancewith the followingapproach

It is planned to use
the optical
microscope
OLYMPUSZ61 that
will provide the 5-20
times magnification

- A line showing the approach for
preliminary cutting of the model tank to
provide the visual control using the
microscope As a result, the areas for
subsequentdetailed metallographiccontrol
will be selected

An overall view of the Model Tank

G’he technology of manufacturing of )

NN

. the model tanks R 2 S aeycade the o T
; presenceof s_maller gaps (gapsequal An example of a view of surface state in the gap
7 to tens of micrometer) in the areas between the bottom and the shell

close to the welded joint root (this
fact will be defined after cutting the
samples when corrosion tests are
completed) Suchareas are planned
\Io be studied. Y,

19




Experimental Results
CNIITMASH Site. Pitting corrosion (1/2) -

Experiments related to the pitting corrosion (In accordance with Russian Standard GOST 9.912-89 1 equivalent of
the Method A of ASTM G 48). Experiments under the conservative conditions to assess the tendency of 316L steel to
pitting corrosion.

Type of sample Dimensionsmm Number of the samples Solution Duration,h | Temperatureg /
Flat sample without welded joint 50x20x3 5 10% FeQ@l c,® 72 201
Flat sample with welded joint 50x20x3 5

An overall view of the samples after the experiments

g s A FENS | e
f > ?‘ ! 'l: 4"'@ =
-

Front side

.'J&TJ{)‘J, -
y e l’l' ‘:

> 0k g vy Vi) 7
.

, Initially, obtained pittings
y are closed with «lids».

Thus, when experiment
g had just been finished the
samples surfaces look like
Opposite side «shiny steel»

N T

— AL

&
£

A -

ore experiment

shiny sample surfaces

Samples bef Samples before experiment 20
Samples without welded joint Samples with welded joint




Experimental Results
CNIITMASH Site. Pitting corrosion (2/2)

Type of sample Averagerate of pitting | Maximal depth
corrosion g/m2h of a pitting, mm
Flat sample without welded 3.3304 1.7
joint
Flat sample with welded join 2.9+1.2 1.8

It should be noted, that it has been obtained that the areas of more extensive development of pitting corrosion
are along the s a mp lered$ ssirface as well as close to hole that in general corresponds to accepted standards.
Crevice corrosion w a s ndérntified in the areas of contact with fluoroplastic thread (that provide the sample
hanging), due to the fact that diameter of the fluoroplastic thread is much smaller then hole diameter.

General Tendency of AlSI 316L steel to pitting corrosion has been identified

21



Experimental Results u
CNIITMASH Site. Intergranular corrosion (IGC)

Experiments related to the Intergranular Corrosion (In accordance with Russian Standard GOST 6032-2017). GOST 6032-2017
has the following features compared with other standards (EN ISO 3651-2, ASTM A262:2014, JIS G0575:1999): preliminary
heating i 650 e Qluring 60-min period, experiment duration T 8 hours, angle of sample bending i 90e Conditions: boiling water
solution of CuS0O,&H,0 (50N1g) and H,SO, (250N3g) with presence of metallic Cu; Duration of boiling ~ 8 hours.

The state of base metal after experiment is finished

\
)

The state of weld metal after the experiment is finished

Welded Samples before the experiment

4 The boundaries of )
austenitic grains were
not destroyed after the
IGC experiments are
finished. Based on
these results, it was
concluded that the weld
metal of heataffected
zone (HAZ) and the base
, : YSilFt R2y Qi
= T e e T \_ tendencytoIGC. )
Microstructure of the  wjicrostructure of the  Microstructure of the
weld metal HAZ material base material




Experimental Results 6
CNIITMASH. Crevice corrosion (in accordance with ASTM G 78) (1/4)

ROSATOM

Experiments related to the crevice corrosion (In accordance with Standard ASTM G 78).

Type of sample Dimensionsmm | Number of the Solution Duration, | 5 SLJi K 2 F | dTenipé&r&uxsp i
samples d groove (h) mm
Flat sample without 30x30x3 54 1¢[Cl] =10 ppm 90 0.2/0.3/0.5 25+5/60+2
welded joint 2- [CI] = 9500 ppm
Flat sample with welded 30x30x3 54 3-[Cf] = 19000
joint ppm

Area of crevice corrosion, S mm?2

[CH, ppm 10 9500 19000 10 9500 19000
h=0.2 mm 0.00 26.50 40.75 0.75 16.62 38.00
h=0.3 mm 0.00 33.20 71.50 0.00 6.25 32.00
h=0.5mm 0.00 15.25 47.00 0.00 0.00 27.00

Mass loss per surface area of sample, gam/S g/mm?

emperawres | 2 | e

[CH, ppm 10 9500 19000 10 9500 19000
h=0.2 mm 0.00 1.44 1.94 0.74 1.50 3.29
h=0.3 mm 0.00 1.93 3.74 0.00 0.86 2.16
h=0.5 mm 0.00 1.93 2.72 0.00 0.00 1.94

23



Experimental Results Q
CNIITMASH. Crevice corrosion (in accordance with ASTM G 78) (2/4)

ROSATOM

32 2 E &

——1

| —=2Z

-3

0.2 0.4 0.6

[

.

1¢[CH =10 ppm;
2-[CH =9500 ppm;
3-[CH =19 000 ppm

Ul

-1
-2
3.00 -3

25

60 ecC

Graphical interpretation of the dependencies of S mm?2 (surface of crevice corrosion foci) and gam/s g/mm?

(mass loss)

24



Experimental Results 6
CNIITMASH. Crevice corrosion (in accordance with ASTM G 78) (3/4)

ROSATOM

Overall view of some samples after completion of the crevice corrosion experiments:

lll

Sample = 98 will be
considered in detall on slid

© (6)
(a) Front side, (b) Opposite side (a) Front side, (b) Opposite side
Solution:3,t = 60 eC Solution: 2,t=25¢e C
Washer 6s gmmoove O. Washer 06s groove 0.

25



Preliminary Experimental Results

9
CNIITMASH. Crevice corrosion (An example of analysis) (4/4)

ROSATOM

Scanning line

e el s

| e S e e e e e

Decmax= 33.6 >M

Dcr,maxis the maximal depth of crevice corrosion 26



Experimental Results ‘4.’
CNIITMASH. Crevice Corrosion. Model Tanks (1/4)
Use of Automatic welding method led to appearance of a defect called «incomplete welding». After that,

additional Model Tank was manufactured (using the Manual Welding Method) in order to avoid such a defect,
thus Model Tank with/without incomplete welding defect were analyzed.

ROSATOM

A scheme of the manufactured Model Tanks:

REG

/,
7]

Root area of the
welded joint

Prepared metallographic Specimen

Model Tank Conditions of an experiment B ' The width of
Model Tank 1 T=25%5¢ /[CH] = 10 ppm; crevice area related
Model Tank 2 T=255¢ /[C}] = 9500 ppm; e \fvoeltgliénéoengﬂzltfo
Model Tank 3 T =2595¢ /[C} = 19 000 ppm; \‘ e

Model Tank 4 T=6@2¢ /[Cl] = 10 ppm;

Model Tank 5 T=6@2¢ /[Cl] = 9500 ppm;

Model Tank 6 T=6@25 /[GH = 19 000 ppm; An example of incomplete welding. Model Tank 6

10->m-like defects(in the root areaof the weldedjoint) are most interestingareasfrom the point of view of crevicecorrosion

development



Experimental Results
CNIITMASH. Crevice corrosion. Model Tanks. Example of crevice Corrosion u’
formation (2/4) ROSATOM

Analysis of the crevice corrosion development in case of presence of the defect (incomplete welding).
Model Tank = 6 - [CI-] = 19 000 ppm. T =60 e Ct;= 3000 hours.

Mormalized mass concentration [%]

Spectrum O Al Si Cr Mn Fe Ni Mo
22,0711,82 (3,12 23,38 2,52 27,52 3,25/16,32
22,542,18 22,9010,80 33,66 2,39 15,32
23,302,01 3,72119,59 7,80 27,31 2,08 14,19
20,250,82  23,210,7136,06 2,02 16,92

0,6618,21 1,52 66,46 10,71 2,45

L B T

MNormalized mass concentration [%4]
Spectrum O Al Si Ca Cr Mn Fe Ni Mo
1 28,85 1,08 23,19 24,17|1,77 20,95
2 21,71/0,860,51/0,48 22,82 0,67|38,27|2,59 12,09

The presence of etched areas inside the defect
related to the incomplete welding

SEM+EDS

In the crevicegap of defect there is a selectiveFe dissolution(Fegoesinto solution in the form of ions and forms a
corrosionproduct alreadyat the exit of the crevicegap)aswell as enrichmentof the surfacewith elementsthat are
more stable under these conditions (Cr, Mo) due to their greater tendencyto transition to a passivestate, which
confirmsthe strengthenedoccurrenceof crevicecorrosion(anodicdissolution) The presenceof Siis explainedby the

fact that the root areaof the weldedjoint wascreatedusinga SitcontainingERB16LSiweldingwire. Al, Si,Mn, Cacan
getinto the defectareafrom the flux OKFLUXL0.92 (FluxOKFLUXL0.92 - Neutralagglomeratecchromocompensating
flux usedin welding)




Experimental Results
CNIITMASH. Model Tanks. Features of crevice Corrosion formation
(3/4) ROSATOM

Development of crevice corrosion depends not only on the defect width but also it depends on its configuration
(presence of transition area).

The influence of transition area is also modelled by using the varied
value of washero6s groove depth (h)

L 3

) . ¢ 4.5%0
Incomplete welding _ e
Bl ’ 4,00
area “w i . [ 1
S— o 530 ; T 3,50 3 [
3,00 =D T

3,00 | ~w—3 / {

2.5

Am/S. rim
e 8
A
e
& 8

0.50 0.5
0,00 > * 0,00
0 0.2 ('R} 0.6 [ 0.1 02 03 04 0s 0s
A, MM B, am
¢KS RSLISYRSY QS NE Y & K&/ BEHNUSBKS ¥
O2 Yy RA ( MDVIaSYT ii¢ ARIRISH I Kiinrme B FuSLILIV

HTEO /8 € dolp ALJLING TO /8 £ M b 11 LdLriky
5dzNJ Yipaielye & 0Ay | OO02 NRwy OS 4 A

¥

The overall view of the samples tested under the following
conditions:[CI] = 10 ppm, T29= 60

Model Tanks  fCH&IOLILIY = ¢ ,t £30@0m) o /



Experimental Results >
CNIITMASH. Model Tanks. Features of crevice Corrosion formation Q’
(4/ 4) ROSATOM

Development of crevice corrosion depends not only on the defect width but also it depends on its configuration. An example of
crevice corrosion presence/absence inside the same Model Tank. Model Tank 6. Sample 6: [Cl] =19 000 ppm. T =60 e Ct,=
3000 hours:

Crevi cCorrosion presence.

»

Crevice corrosion absence:

The presence of transition area (width = 0,1 i 0,3 mm) located between technological gap and a gap formed by incomplete
welding has quite a significant impact on crevice corrosion intensity. This finding has a good corresponding with results obtained
during the experiments described in the item (a) in case of using the wa s h egnmodvesequal to 0.2 mm. The process of crevice
corrosion formation in the incomplete welding area is a stochastic one (in spite of same conditions, crevice corrosion
coul d/ deforinetdmdhe considered areas).
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Experimental Results Q
INM. Uniform/Pitting &4 orrosion

ROSATOM

Pitting corrosion without radiation

t, h D,MGy T,°C 25 70
[CH], ppm 100 10000 29000 100 10000 29000

Metal No* No No No No No

11001200 0 o
Welded joint No No No No No No
Metal No No No No No No

20002064 0 o
Welded joint No No No No No No
Metal No No No No No No

3024 0 o
Welded joint No No No No No No
Metal No No No No No No

40564152 0 o
Welded joint No No No No No No

* - No = no pittingcorrosion
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Experimental Results “.’

INM. Uniform/Pitting Corrosion

Pitting corrosion with radiation

t, h D, MGy T,°C 25 70
[CH], ppm 100 10000 29000 100 10000 29000
1000 ~0.87 Metal No* No No No No No
Welded joint No No No No No No
1728 ~15- Metal No No No No No No
2000 =17 \yelded joint  No No No No No No
Metal No No No No No No
3024 ~2.6 o
Welded joint No No No No No No
4056 Metal No No No No No +x*
~36 "
4152 Welded joint No No No No No ¥

* - No = no pittingcorrosion,
** -+ = Pitting observed
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Experimental Results G
INM. Crevice Corrosion. Results for experiments without radiation

ROSATOM

Crevice corrosion without radiation (irm)

t, h D, Material T,°C 25°C 70°C
e [CH], ppm 100 10000 29000 100 10000 29000
1100 0 Metal Metal/nonmetal  No* T ®c XM MW058.6 No 29.0X33.2 MH ®p X0
Lot Welding  Metal/nonmetal No No 15.4 No 154X253 HH®DcCc Xnt
Metal Metal/metal No No No 7.3 No 18.4
2000 0 Metal Metal/nonmetal No Do XmAGDCc X5m No Mn ®n X mvpndy oK m-
e Welding  Metal/nonmetal No nodc XT PN XMT Na 291 35.2
Metal Metal/metal No No No No No + (.d)**
Metal Metal/nonmetal No p®dc XmAdpp®@c8Rm 2.1 OMPC XpC @BPXT T
3024 0 Welding  Metal/nonmetal No PPy XH opdRm X m 1 Mo 17.2 22.8
Metal Metal/metal No No No 7.1 No 22.9
Metal Metal/nonmetal No 113 T®n XHC ®H oM®dPc X pytddy X mc
4152 0 Welding  Metal/nonmetal No 7.6 p®c X1 ®Md HMDPn X0 n @n4
Metal Metal/metal No No No No No + (n.d)

* - NO = no creviceorrosion,
** -+ (n.d.) =crevicecorrosion observed (depth @fevicecorrosion no dementing)
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Experimental Results

INM. Crevice Corrosion. Results of experiments with radiation

O

ROSATOM

Crevice corrosion with radiatiofin > Y)

t, h

1000

1728
2000

3048

4056
4152

D,
MGy

~0.87

~1.5-
~17

~3.6

Material

Metal
Welding
Metal
Metal
Welding
Metal
Metal
Welding
Metal
Metal
Welding
Metal

* - No = no creviceorrosion,
** -+ (n.d.) =crevicecorrosion observed (depth afevicecorrosion no dementing)

T,°C
[CH], ppm
Metal/nonmetal
Metal/nonmetal
Metal/metal
Metal/nonmetal

Metal/nonmetal
Metal/metal
Metal/nonmetal
Metal/nonmetal
Metal/metal
Metal/nonmetal
Metal/nonmetal

Metal/metal

100
No*
No
No
No

No
No
26.6
11.1
No
No
No
No

25°C
10000 29000 100
MM®H X H 238X c mddiNo

y X®Hc @m &dn X PpNoPo 12.3..28.9

No No No
PPPXmMnHoPn XT INOT
8OXMO dPdgmn T X M dN® o

5.1 4.2 No

MH®T XTmmBy X0 pNdC
MM®PH Xpm@APc X MpNOdn

No No No
Mp Dy Xom™H®Cc XH HOY
y PpXmMpPAH.O0 No
+ (n.d)** + (.d)** No

70°C
10000 29000
PPPXCc PMTpPpPhXo n
MH®T XN N
No + (h.d)**
MPDPMXH MMIHD 1 X M d

HM®n XH THOYyMIAE.IX

No 2.6
My @1 X0 M@ thbn ©
oc ®H X n M@®5...16.4

No 7.6
HNn®n Xp qgndydm Xy T
MNnZc XHpHgnd n X np

+ (.d)** + (.d)**
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Experimental Results "

INM. Crevice Corrosion. Example of implemented analysis (1/2)

ROSATOM

Area B Scanhring lines

e s

wce 3

Front side




Experimental Results u’
INM. Crevice Corrosion. Example of implemented analysis (2/2) ool

t-] =200 pin0 With madiatiorC Area A. Profiles in accordance

Sample No 426. Welded joint. T = 25 eC.
with the selected scanning lines (Dcr,max- the maX|mum depth of crevice corrosmn)

Dcr max— O um

Characteristic types of scanning profile
along lines in any directions.
There is no crevice corrosion.

Dcr,max=0 um

Length
profile, um




Experimental Results
INM. Crevice Corrosion. Samples type 3-6 made of fragmented Model Tanks.
Example of the Implemented study (1/4) ROSATOM

Before test 70 °C, with radiation

%

Sy

a4




Preliminary Experimental Results
INM. Crevice Corrosion. Samples type 3-6 made of fragmented Model Tanksu’

Example of the Implemented study (2/4) ROSATOM
SampleS ¢ He&Z0°, K:L] =29 OOOBBm t =3048h, without radiation
| ext earance o

: 1’ =z 4 £ & s ,' a " "’uf: VV - 7
investigation | 7 TG e e

uuu

4, Ve W

Refer to the lower left photo
onp. 40

In the gap between
Shell and Bottom,
crevices and
corrosion products
KIagSy Qi oS
indicated.

03]

A 4
*Lextc Laser
confocal scanning
microscope
OLYMPUS LEXT
OLS5000




Preliminary Experimental Results
INM. Crevice Corrosion. Samples type 3-6 made of fragmented Model Tank ot

Example of the Implemented study (3/4) ROSATOM
Opposite side Front side

= g

e NN

A sample for study usirgext

2 St RSR 22Ay0GQa YSi
shell/bottom metall.

| NEBOAOS&AK/ 2NNRPAAZ2Y
been identified.

Refer to the lower left photo

£ Welded joint
40



Preliminary Experimental Results

INM. Crevice Corrosion. Samples type 3-6 made of fragmented Model Tanksq,
Example of the Implemented study (4/4) D OSATGM
AsamIeS C I-TFG:ZO .CI- =29 OOOppm t =3048h, without radlatlon

S R AT s

pm
826.163
-

9 8 7 65 4 3 21

Scanningthe profiles has been implemented by using the confocallaser microscopein order to define the presenceof , M beginning of areas of !l 153
incomplete welding aswell aspresenceof crevicecorrosion(enlargedviews of profiles of the zonesthat are closeto boundariesbetweenweldedjoint '
and bottom parts):

s shell Welded joint in agap a zone with biggest (but not 1 ‘
B ——— significant) changes of a scanning Shell

profile end. The beginning of an &

area of incomplete welding and . Basis

presence of crevice corrosion in it

KFayQi oSSy ARS

1764.414 ym

) . Welded joint
a line of transition from welded

joint to bottom side has quite a

smooth profile. The beginning of an

area of incomplete welding and

presence of crevice corrosion in it

KIayQid 0SSy ARSYGATASRO®

1764.414 ym

aline of transition from welded
joint to bottom sidehasquite a
smoothprofile. Thebeginningof
anareaof incompleteweldingand
presenceof crevicecorrosionin it
K | & heenidentified.

1764.414 ym

this scanning line transits to

tilted plane of the bottom side.

The beginning of an area of

incomplete welding and presence

2T ONBGAOS O2NNRaAz2y Ay Al Khay!
been identified.

1764.414 ym



Experimental Results
INM. Stress Corrosion cracking (1/6)

©

=
o
=

Homogeneous Inserts(oxidizedZr)
sample
Ra 125 "
k=
2,
©
S
: o
o =
Bolt (oxidizedTi) &
Shell(oxidizedTi) T2
5 Al

Welded joint sample M D | T
0.2 E
\,Sr?afZS i =
SENT))
S
o
none L
, ] o
2 A o)
| S
@)
n oL ‘ T
5 J SCC installation as an assembly " 42




Experimental Results

INM. Stress Corrosion cracking (2/6)

[CI=100 ppm

25°  Without Radiation

[Cﬂzlooooppnym

1000
o O — R - :
“Homogeneous '  Welded " Homogeneous |  Welded o Homogeneous ! Welded

Homogeneous |

Welded

Homogeneous |

Homogeneous |

Wmm'
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Experimental Results

INM. Stress Corrosion cracking (3/6)

ROSATOM

70° . Without Radiation

[Cr]:loo ppm

[Cr]:loooQ_ppm |

[cr] =29 000ppm

1000
Homogeneous ! Welded Homogeneous | ~ Homogeneous ! ~ Welded
’ ;
Homogeneous Welded Homogeneous ~ Homogeneous ! Welded

Homogeneous ! Welded

Homogeneous !

Homogeneous ! Welded
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Experimental Results

INM. Stress Corrosion cracking (4/6)

ROSATOM

[CI=100 ppm

25° with radiation

[CI]= 10 OOO ppm

[CI=29 000ppm

Homogeneous Welded

Homogeneous Welded

T

3 %/1¢§(,WW’I{ »'a‘- T
T

Homogeneous Welded

Homogeneous Welded
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Experimental Results
INM. Stress Corrosion cracking (5/6)

O

ROSATOM

[CH=100 ppm

1000 h
~0.87 MGyHomogeneous

Welded

70°  with radition

[cr] 10000ppm

Homogeneous Welded

[CF]=29 000ppm

N

Homogeneous Welded

2000 hi

'Illii

‘ ""—*r

Welded

~ Homogeneous ~ Welded

Homogeneous Welded

,.._1 ) 7 M GV Homogeneous

i

~25 MGy Hmégeneous

3000 h

Welded

Homogeneous Welded

Homogeneous Welded
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Experimental Results
INM Stress Corrosion crackina (6/6)

Stress corrosion cracking without radiation

t, h D, MGy T,°C
Material lppm 100

Homogeneous metal No SCC

1000 0 o
Welded joint No SCC
Homogeneous metal No SCC

2000 0 o
Welded joint No SCC
Homogeneous metal No SCC

3000 0 o
Welded joint No SCC
4000 , Homogeneous metal No SCC
5000 Welded joint No SCC

t, h D, MGy T,°C

Material 100
~0.87 Homogeneous metal No SCC
1000 o
Welded joint No SCC
Homogeneous metal No SCC
2000 ~17 o
Welded joint No SCC
Homogeneous metal No SCC
3000 ~25 o
Welded joint No SCC
4000 Homogeneous metal No SCC

~3.44.25
5000 Welded joint No SCC

25
10000
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

Stress corrosion cracking with radiation

25
10000
No SCC
No SCC

No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

29000

No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

29000
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

100
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

100
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

70
10000
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

70
10000
No SCC
No SCC

No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

29000

No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC

29000
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC
No SCC



Corrosmn Experiments Implementation

O

CNI TMASHOSsS Si de Mai n Findings
Type of Type of Samples| ExperimentalConditions Main Findings of the Experiments
Corrosion
Crevice Model Tanks SixModel Tanks were The use of the selected process on automatic welding led to presence
corrosion manufactured to implement a defect ofcincomplete Welding. The width of crevice of incomplete

the crevice corrosion
experiment under the
following conditions: T =
25+5/ 60+H
500/19 000 ppm, duration

welding area is in the following range; 0 >m. Crevice corrosion
development is happened not in the technological gap that is equal to
0.8¢ 1 mm (a gap between bottom part and shell part of the Model

¢ /] 2108/ fTank) butin the zone of incomplete welding. Herewith, the presence o

transition area (width = 0.¢ 0.3 mm) located between technological

3000 h. gap and a gap formed by incomplete welding has quite a significant
impact on crevice corrosion intensity. This finding has a good
corresponding with results obtained during the experiments described
onthe slide 49crevicecorrosiold Ay OF aS 27F dzaAy:
equal to 0.2 mm. The process of crevice corrosion formation in the
incomplete welding area is a stochastic one (in spite of same conditiol
ONBEOAOS O2NNRaAA2Z2Yy O2dzZ RkO2dzf Ry Q
In accordance with obtained experimental data, the general tendency

Intergranular  Platelike Experiments were

corrosion samples: implemented under the aiSsSt !'L{L omc[ G2 LD/ KlFayQi o
(IGC) (80+0.5mm)x(20 following conservative

+0.5mm)x(30.2  conditions: preliminary

mm). heatingcc pn e/ -RdzZNAYy 3 cn

Welded/non min period, experiment

welded samples. durationg 8 hours, angle of
sample bending pn ¢ ®
Conditions: boiling water
solution of CuSQ® p,®
(50t1g) and HSQ (250+39)
with presence of metallic
Cu; Duration of boiling ~ 8
hours
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Corrosion Experiments Implementation

NMO s

Si de

i

ngs (1/ 2) g’

: I
Type of Corrosion| Type of ExperimentalConditions | Main Findings of the Experiments
Samples

General(Uniform)/
pitting corrosion

Crevice corrosion

Homogeneous
metal ¢
Sample 31,
3-12;

Welded
Sampleg
Sample 22,
3-13.

Homogeneous
metal ¢
Sample &,
3-10;

Welded
Sampleg
Sample #,
3-11, 37, 36.

Experiments were DSYSNIf O2NNRAaAA2Z2Y KlFLayQd oSSy AR
implemented under the Pitting corrosion developmeritas been identified for experiments that
following conditions: [dI= have been implemented under the following conditions:

100, 10 000, 29 000 ppm, T - Experimental duration is more than 4000 hours;

' HpX pnsz T -s[CI=29ROIppinA 2 Y
1000/2000/3000/5000 h,

samples: welded/non

welded, with/without

radiation.

Crevice corrosion - The surface of crevice corrosion Development increases as the value c
experiments have been [CI] increases;

implemented under the - The pH value has the quite high extent of influence on crevice
following conditions: [@l= corrosion formation;

100, 10 000, 29 000 ppm, T -! Y RS NJ G KS O 2iyaidtionAresigtanceXcfcrelice

' HpX pnI tn cerfodion Brazhtibnick Mefahonmetal contact and for non

1000/2000/3000/5000h ¢ Sf RSRk ¢St RSR al YL S&a YIRS 27F {|
for tests duration that is up to ~ 1100 hours, and during tests that are
longer than 2000 hours, foci of crevice corrosion begin to appear
(including experiments with [CE 100 ppm).

-Ly OrasS 2F¥ AyONBlFaiay3a GKS SELIS
corrosion starts appearing (for metabnmetal contact) in case of [[I
=100 ppm, starting from short exposition time (~ 1000 hours) and in
absence of radiation;

- Welded joint (in case of metahetal contact) has the higher resistance 1
crevice corrosion. The first signs of crevice corrosion foci appear only at
e/ AY &I Ti=28000apni & both £xposures of ~ 1000 and ~200(
hours in conditions of irradiation presence/absence.

- The presence of radiation has a high impact on crevice corrosion
formation/development

49



Corrosion Experiments Implementation

| NM6s Side. Main Findings (2/2) Q",

ROSATOM
Type of Type of Samples | ExperimentalConditions Main Findings of the Experiments
Corrosion
Strescorrosion Homogeneous Stress corrosion cracking NEda O2NNRaAz2y ON}YOlAYy3 F

cracking metal ¢ Sample experiments have been

type 314Welded implemented under the following

SamplegSample O2yRAGA2YyayYy ¢ I wWpX Tn /T [2RAY

type 315 . 0,5 (,(0,5Rp ) ¢ 0.5x300 = 150
MPa; 0,75,,(0,75Rp ) ¢
0.75x300 = 225 MPa; 1,9,
(1,0RR » ¢ 1.0x300 = 300 MPa.
Welded/ nonwelded samples
have been used. Experiments
have been implemented
with/without radiation

Inserts(oxidizedZr)

Iy 2@SNIff QASmp/EZFOLumﬁZ al YLX S
2

a
oofGtMI‘nLn]LJYCD 2 AGK2dzi NI RAFGAZY

Bolt (oxidizedTi)
Shell(oxidizedTi)

ly 2@SNIftf OASHP2 FohMkSLI &P YLIE S &
OBIMNWLIY ® 2 AGK NIRAIFGAZY



Prediction Model Development t."
Prerequisites for General/Uniform corrosion assessment

ROSATOM

The following dependenceof the depth of uniform corrosion on time, concentration of
chlorineionsin water andtemperaturewasobtained

heel N @ tidAT icM R exp(3660/T) (1)

Where:
hge I maximal depth of uniform corrosion, mm;

t duration of an experiment, h;
[CI]T Cl-ions concentration, ppm;
T1 temperature, K
C2 NIY@efA IENB a0 B KSYLINRE OBAA KBAf t SEAISBAYSY S N
RIF2O2NN2RBMBEY SHIS|T 668 & KIF FONEIANBFZ § RIYUl dzif 5
St SO0 NRPOKERM DI f
mal {11{ A RBAG K Y H® y RABEVKST FEVE Y A W If Vi-ER&R A
0 K2 NNBDSXK2 PR2NB2 Y IS VIGVARAYE K ta2id A ¥ § SB$ea (16K
[ 2 NNE DA Bgf oS 20 dz b 2w dg LI p gvvp @ p
mal (1P KYKR Yy RAE 1EAdKY ZNNDSK2 PR 2 SkBdaa S 6 |
SY GA NBY FRY (i fP EY HR Y RABM 4 & dzik 16V & | £ Aw/ch qicdk %
M HAY LJdY n¢p mdd
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Prediction Model Development
Incubation Periods (PIT/CIT) Assessment (1/5)

O

ROSATOM

Influence of Cl-ions concen
50

40

30 1

erer AT

20 4

10

100

80

60

rer M

40

20

tration and experiment duration on crevice corrosion maximal depth change

200 100 100
k4
® - [CI-]=9800-10050 ppm ® - [Cl-]=7390-9150 ppm n ® - [C1]=6820-10050 ppm S/ ® - [C1-]=4330-8430 ppm . ’
B - [C1-]=22260-28550 ppm m - [CI-]=23700-26600 ppm n 20 B - [C1]=28850-28940 ppm g 80 B - [C)-]=22260-31320 ppm '/
150 1 ~ a
e il . ’/
s / D,,.=85.1oglt)- 2213
. o L ® D53 1l 385 X L0 B Lhel)-m3 .
’ 20 | D= 137.110g(t)-3526 ~ i = ES Ve
- 3 ‘ s 3 ’ 3 /
e & R?=0.35 / & , & /
D, =283l0glt)- 772 _ .~ g s . 0 L . 0 i
eeogs 2 . -7 . ’
g 50 P L L ’
20 ’ D, = 53.3loglt) - 138.2 20 e
D= 11.0-log(t) - 24.89 D, = 36.6-log(t) - 86.0 e R2=0.50 , D,,.=49.1-log(t)- 141
R?=0.68 e RY=045 S /!  RT=049
: - . 0 T i 0 ' ' ' ' 0 +—~ t
25 3 35 2 25 3 3,5 4 1 15 2 25 3 35 25 3 35
Logt (hrs) Logt (hrs) Logt (hrs) Logt (hrs)
O "R5%¢g c,70;8 Towithout iTrradité&atiomadhatdon

|l nfl uenicenofcdlcentr at idounr aatnido ne xomne reisneaymtcma xioma |

dept

100 100 200
4 Ilr
® - [C1]=6820-10050 ppm Vs ® - [C1]=4330-8430 ppm "y ® - 120Ch ¢ - 117%6h el
~ / u-2064h . 3016h 0., =30 Liagcr - 1192 §
u - [Cl-]=28850-28940 ppm ,‘ 80 W - [C1]=22260-31320 ppm v! 80 Ri=080 y
g A 4 -3024h 150 & -3024h /A
4 . 7’ b -m g
’ -4152h . /0, = 200 egich 8250
D, =53.4-log(t)- 98.5 & 60 | D,y = 85.110g(t)- 2213 7 &0 4 feeth 5 Rn%
Ri=1 ’ E R'=078 S £
s ES s =
4 3 Vs H
e o 40 4 / ol 40 4
4 L[] - o . X N
’/ P u_,_as.cg,::lqlcl;-zu.: o, 25.?\!|0_P.IEII a2 cam2
" 4 ’, - . 2
S .Dcr‘c=53.3‘log(t)—138‘2 20 4 ’/ 20 < ) /- —m T ;}?Ic:)gs\ll 55,2 | =
L’ R¥=0.50 R4 Dy, = 49.1-log(t) - 141 s g olog(cr] - 532 ; :..,:-_sﬂ.:- g‘cn R
’ R?=0.48 i y " ’ =082
- P + ' ; 0 s , , N g W =he4 I
1,5 2 2,5 3 35 2 2,5 3 3,5 4 3 4 i 4
Log t (hrs) Logt (hrs) Log CI' (ppm) Log CF {ppm)

(a)

Obi25¢e ;&di 70e ;@ ci withoutirradiation; b, d i with irradiation

(b)

(€)

(d)

Crevice corrosion maximal depth change as a dependence from [CI] in case of fixed values of experimental duration

pH




Prediction Model Development Q
Incubation Periods (PIT/CIT) Assessment (2/5)

ROSATOM

[ Qdicicri tboaknt r aitd s

i rradiati on

[ Al ¢dcritboakntr atdros

i rradiati on
th, sl Ncubation
i rradiati on,

toewi Ncubation

h;

Calcul at ed qu( upp mpf

conditions experiment h

Without
irradiation

With
irradiation

70 Without
irradiation

With
irradiation

1200
2064
3024
4152
1008
1992
3048
4056
1176
2016
3024
4056
1008
1992
3048
4056

peri od
h;
peri od

iof wdter meeting the crevice ¢c

iof wdter meeting the crevice ¢

corresponding the crevice corro

corresponding the crevice corrc

6815
2415
2125
2900
5215
2650

325
6975
5210
4515
1815

435

».

For conditions without radiation:

[CHeiter T M Z &P éxpehi745/T), R=0.73; n=6

For conditions with radiation:

[CH* eI M Z O HPS-éxpEBH00/T), R=0.85; n=5

For conditions without radiation:

to o = €Xp{(19.081745/T- Ln[Cll.; o )/0.66}

For conditions with ra

O dny St I8 mkne] Y B 650 WSRY P

Where T - temperature
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Prediction Model Development to’
Incubation Periods (PIT/CIT) Assessment (3/5) ’

To estimate the incubation period of time required for the formation of pitting and the development of
crevice corrosion on austenitic chromium-nickel steel, the following expressions are used:

4 Fd Ypf= « H 7 Scfi»
PIT=k =k (2 CIT=k-  # F= " (3)

Where:
PIT i incubation period before pittings formation, h;
CIT 1 incubation period before launching the crevice corrosion, h;

"~ LowCh

Noble (+)

k1 aconstant, h; =
[CI] - the chloride concentration, ppm; g

PREN i numerical equivalent of stainless steel resistance to local |

corrosion, that is calculated as follows: L High Ci-

Potential
~
m

PREN = %Cr +3. 37 %Mo+16A%N (3) (
concentration less then 3% weight);

9 bH p dONAPEHE P H[Z T8O/ (4)

[ N 9, =ECE; (5) ]
n 9,=ECE, (6)

Active (=)

Log Current density

Wher e:

E.ipotential Yf($HEY osi on,

E,iitpot enti alfiorfmgati on, V (SHE),

E,,ppotential of crevice corrosion launching, V (
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t NBRAOUAZY az2RSt 55@St2LIVYSyld
LYyOdzol GA2Y t SNAZR&EWOt L ¢k / L C¢O IaaS@Y

E.; and E_ . have been calculated as follows: ROSATOM
298 ﬁPI eCl pH- 7Q . 298 (PREN ca
[ E T . 273 +log(1+n)- 0. 25@)983 ]_H 75 9 (7) } [ Erup = T1273 ( 7c 0.25 - log 36 +1 [].20) (8)]
wher e

EpsErwgl v [Lédgcription is sbdwn on the slide

3Ta speed of wdst er moving

PINIi tting Initiation Number, is a function of
Pl NPRENO .%Mn-1 0%S

Processing of electrochemical measurements of the pitting corrosion of 316L steel gives the following
expression for the difference in the pitting resistance bases of base metal samples in water
containing chlorine ions:

NE, ¢ pE*, = 972.7¢ 157.3Log[C] ¢ 0.75T; R=0.98; n=6 (9)

where

gE, - pitting resistance base for conditions without radiation, mV
gE™*, - pitting resistance base for conditions with radiation, mV
[CI]T Cl-ions concentration, ppm

TT1 temperature, K

(7), (8)- LucianoLazzari Engineering Tools for Corrosion. Design and Diagnosis European
Federation of Corrosion (EFC). Series 201 Ritting and Crevice Corrosion. Pages&1

DOI: http://dx.doi.org/10.1016/B9780-08-1024249.000045. 55



Prediction Model Development
Incubation Periods (PIT/CIT) Assessment (5/5)

O

Results of PIT calculation (in 2x@up)s,y) On acctrda
conditions 10 100 300 1000 10000 29000
Without 25 3.90E+27 9.07E+12 8.36E+09 4.39E+07 7.96E+04 1.11E+04
i — 50 3.96E+25 1.04E+12 1.60E+09 1.23E+07 3.52E+04 5.67E+03
EiEo 70  1.27E+24 2.05E+11 4.57E+08 4.65E+06 1.88E+04 3.36E+03
25 1.08E+20 1.52E+10 1.17E+08 2.90E+06 3.30E+04 8.13E+03
With radiation 50 1.89E+18 2.31E+09 2.79E+07 9.73E+05 1.67E+04 4.70E+03
70 9.42E+16 5.65E+08 9.55E+06 4.28E+05 9.97E+03 3.07E+03
1000000 1000000 ¢
T e S N\ N N Pitting |
1 Designated period 1 Designated period .
100000 of storage KURION 100000 E of storage KURION 70°C corrosion
10000 10000 4
= z g = 5 g
: 1000 ¢ a : 1000 ¢ a oo
el No pitting corrosion - No pitting corrosion
100 ¢ 100 L
10 _i Content of [CI] 10 _: Content of [CI']
3 _— in KURION 3 _— in KURION
1 i — — — e 1 I t Al — —
1 10 100 1000 10000 1 10 100 1000 10000
[CI], ppm [CI], ppm

0O - 25 oC, No corrosion O - 70 oC, No corrosion O - 25 0C, No corrosion O - 70 oC, No corrosion

W - 70 oC, Corrosion observed W - 70 oC, Corrosion observed
© (b)
O71 without radiation; b i with radiation
Areas of pitting corrosion resistance as well as tendency to pitting corrosion for steel AlISI 316L
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Results of CIT calculation (in hours, in accordance with expressions (3), (4), (6), (8), (9)

ROSATOM
|l ncubation period values (i n hours) before 2Il®wvince
diluted and satud4 ansesdcpoinceinéermsi om)Clartificial sea:

Fls
conditions 10 100 300 1000 10000 29000
Without 25 1.94E+15 1.85E+07 2.48E+05 9.67E+03 1.94E+02 5.74E+01
radiation 50 1.42E+14 5.06E+06 9.28E+04 4.57E+03 1.22E+02 3.93E+01
70 197E+13 1.89E+06 4.37E+04 2.56E+03 8.44E+01 2.90E+01
25 294E+10 246E+05 1.39E+04 1.54E+03 1.07E+02 4.65E+01
With radiation 50 3.06E+09 8.11E+04 6.02E+03 8.24E+02 7.37E+01 3.46E+01
70 562E+08 3.52E+04 3.20E+03 5.11E+02 5.50E+01 2.73E+01
1000000 € 1000000 ;
- pesignatedperiod \\\ | 2D\ pesignatedperiod |
1 . . 1 esignated perio
100000 of storage KURION Crevice corrosion 100000 70 °C ofstgorage KEIRION
10000 - 70°c 10000 - Crevice corrosion
< F §H soec ) < ; 3 2
2 1000 + sl 1000 + @ 25°C e L
& No crevice corrosion + No crevice corrosion
100 Va 100 /
i Operation period i - Operation period
10 + Content of [CI'] in sorption mode b 10 ¢ Contentof [CI]  in sorption mode
" in KURION P ' " in KURION
1 i t t t 1 t t f +
1 10 100 1000 10000 1 10 100 1000 10000
[cr], ppm [CI], ppm

O - 70 oC, No corrosion
= - 70 oC, Corrosion observed

0 - 25 0C, No corrosion
@ - 25 oC, Corrosion observed

(b)

O - 70 oC, No corrosion
m - 70 oC, Corrosion observed

0O - 25 0C, No corrosion
@ - 25 oC, Corrosion observed

©

O71 without radiation; b T with radiation
Areas of crevice corrosion resistance as well as tendency to crevice corrosion for steel AISI316L
57



Prediction Model Development
Assessment of crevice corrosion depth (2/2) u’

CI'T time dependencies (polynomic dependenci es Dbggsed
sl bde

Undeheondiwii tohm@udti at i on

y25 ¥=0.1 15 1.7 0 031+ 9.6 9 &9 2 6 652+ 3 41 3.1
y(5 0 430.1 0 7 1.5 8 G+ 9.0 2 ¥4 2 50 63+ 3 16 6:5 [ Dy max - Maximal depth}
y(7 0 ¥30.1 0 X6 1.4 9 233+ 85 0 628 2 B 2)65+2 B 0:1 of crevice corrosion
Undeheondiwiitolmngi at i on

y 2B ¥=0.06 X9 0.9 2 8754 7 X8 15 X+2 17 8:4
y* 5 02 430.0 5 449 0.8 2 63 4.8 8 624 1 2 750+ 1 B 4:4
v* 1 0e 430.0 4 X7 0.7 53+4.4 4 527 130 36+ 1 90 4:1

wher e z=1 otg {;,

=1 og ()t *
x=1 o0 g'I(thlp)n
‘ Mathematical processing of the obtained data
f W )
D,y max = (L49QEE)i  €})©29:012  (f(P6E0.0% S HIAZKOF240)/T), R = 95, n = 23.
| without radiation )
é )
D* ¢, max= (9-78+2.33)i 4, [}) 044009 (JP2g005; S HUSIKOH160)/T), R =092, n = 32.

L with radiation 58
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ROSATOM

To determine the operating time for the first failure of samples made of austenitic stainless steels
due to transcrystalline corrosion cracking, it is recommended to use the following expression:

Int; & InL T 17.797 0.5InC, i 1.5INCq + In[exp{U, - (8,/2Y2 - UGhy YN0 /RT +
+ exp{U,, - ((,/2Y2 + UGbN} Y2)N,0 }/RT]

where t ¢ time beforefirst failure of atube, h; 10000

G, and &, ¢ Chonsconcentrationin water, ug/kg;

U, ¢ energyof activation of a processof dislocatedatom self
diffusion,kJ/mol (for Russiarsteel08 18" 12 U, =130,94 kJ/mol)

1 ¢ activationvolume, 1028 m3;

L ¢ thicknessof a pipewall, mm,

b - Burgersvector (for steel08 18 12 b=2,53Q0°m):; »

" ¢ densityof dislocationsm?;

G- shearmodulus,N/m?;

N, - Avogadronumber, Crppm
Influence of Glons concentration on critical time before appearanc

h - coefficient,h =0,1, . .
of stress corrosion cracking for steel AISI316

N ¢ numberof dislocationsn microcluster

R=8,317J/(mol) ¢ universalgasconstant There is no risk related to the Stress Corrosig
" -temperature,; Cracking during the 5@ear storage of the

', - total tensilestressin metal, kPa KURION/SARRY adsorption towers

p



Prediction Model Development
50-year Forecast Development. Without radiation

At otcaolr r obde pifhhadveemef i aefdo! |

wheir e
10
+6
————— T ESEOE_ppm
1 R
e e —_——— 6
E
g
5 .
g 0.1 ——— "~ 300 ppm
8 — e == ———
= T e === =" T e un 6 30
2 100 ppm 50 ppm ppm
a
0.01 N
N
10 ppm 2 ppm
Z(hgc+Dcr,max)
0.001 B t 1
20 30 40 50
Time, years
10
1
£ E
E E
s 01 8
wv v
o
g £
] 2
£ 0.01 =
a o
a 3

0.001

10 ppm

30 ppm

Time, years

40 50

O

ROSATOM

f\]N:Shgc, if t < CIT; W, - gener.?l corrosion. See p. 31
h= hgc+ Demae A T Dilmaeepl5d ¢

Depth corrosion, mm

0.01 +

0.1

0.01

0.001

0.0001

10

20

Time, years

50 5o
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Prediction Model Development
50-year Forecast Development. With Radiation

10

01 +

0.01

Depth corrosion, mm

0.001 +

0.0001
0.1

Time, years
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