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Background

ﬂ]ﬂ BWR - Boiling Water Reactor (ABB Atom AB)

0 PWR - Pressurized Water Reactor (Westinghouse)

~
Forsmark NPP
Forsmarks Kraftgrupp AB
Capacity Operaﬁon
since
Forsmark 1 1006 MW 1980
) Forsmark 2 1006 MW 1981
Ringhals NPP Forsmark 3 1200 MW 1985
Vattenfall AB )
Capacity Operation
since N
Ringhols 1 860 MW 1976 SFR - final repository for radioactive waste
Ringh(ﬂs 2 917 MW 1975 Swedish Nuclear Fuel Waste Management Co — SKB

Ringhals 3 960 MW 1981 ~ /

Ringhals 4 960 MW 1983

Westinghouse Atom AB )

~ Nuclear fuel factory

- research reactor, scrap freatment, storage

Studsvik AB )

N
Oskarshamn NPP
OKG AB
Capacity OPeraﬁon
since
/ Oskarshamn 1 465 MW 1972
" Oskarshamn 2 630 MW 1975
Barsebdck NPP Oskarshamn 3 1200 MW 1985
Sydkraft AB )
Capacity Operation
since N
Barsebdck 1 615 MW 1975-1999
Barsebdck 2 615 MW 1977

G

CLAB - central interim storage facility for spent nuclear fuel .
Swedish Nuclear Fuel Waste Management Co - SKB I
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About SKI...

« State authority founded in 1974.
* Reports to the Ministry of the Environment.

* Financed through levies paid by the nuclear power
companies.

e 559% for administration & 45 % for research

115 employees.
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Regulatory situation

SKIFS 2004:1

mpectoate hegatoton code I Umbrella regulations
an ageing management
| programme shall be
%ﬁgﬁi‘:ﬂ.‘i’;E;‘E:’r!t?fi";’é‘:',';‘i‘;Ludm prepared and submitted

General Recommendations Concerning the to S K I by 2 O O 5 = 1 2 = 3 1

Application of the Swedish Nuclear Power
Inspectorate’s Regulations above

any deficiency in
defence in depth shall
be evaluated, classified

and reported
SKi

iIn all caz=s concerning interpratation the Swedish version mkes precedemos.
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Regulations — SKIFS 2000:2
concerning mechanical components

More specific than 2004:1; but still

Statens karnkraftinspektions
Iﬁ'r:nttningssamling pext SKi Very general
Requires inspection and testing
other programmes to ensure
R structural integrity
karnay fall

Only qualified inspection and repair
procedures permitted

Allmanna rad om tillampningen av Statens
karnkraffinspektions foreskrifter enligt ovan

Report and investigate all
degradation

Expand inspection sample up to 100
% if degradation found SKo
1
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A qualitative I1S| system has been used.:

Consequence index (Cl) — D|C| 1 2 3

IS a qualitative measure

of the likelihood that N | B

degradation will result in : 1 .E
* nuclear fuel damage Il E

e damage to reactor i
containment tightness

Damage index (DI) is a

gualitative measure of the

likelihood that crack

formation or other

degradation will occur SKi

 discharge of
radioactivity

I
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Damage index _
Examples of experience

Damage index is determined based conditions for
by the probable loads and assigning DI 1:
environment relative the
construction and material
properties of the component

General
e Mixing flows with AT>100°C
» Occurrence of high vibrations

e Conditions that can result in I @A T E G e SO

damage > DI=1 / cannot be excluded
- « T>150°C and carbon content
« Conditions not expected to >0,004% in SS materials
result in damage => DI=2 e T>150°C and nickel base

. : . alloys (e.g. 182/600)
e Conditions with minimal

loads and other benign

.. o
conditions = DI=3 SKl
| ( B nupeer 2005



Conseguence index

Consequence index is
determined by:

e pipe position relative to
the core and valves that
close automatic in event
of break

e pipe dimensions

e system and thermal
technical margins
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STRYK database

contains information on
operationally induced
degradation of barrier 3 in
all Swedish NPP:s

not limited to piping,
Includes vessel internals,
valves, etc.

1900 entries covering
1300 different events
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Care needed for analysis

Quality of data variable
e reporting requirements have changed

 Information not always to be found in plant archives

Time entered for an event is the time at which the event
was found and reported and has therefore no direct
relationship to the initiation time for the event

System numbering not consistent between plants and
not sometimes not even for same event SK'
|

MPEER 2005



Events as a function of calendar time
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Events as a function of operational time
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no of events
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Detection method

@ Ultrasonic testing
o 2% 2701

3%
3%
10% x

W Visual control
O Penetrant testing

OgWalk down

46%
mEC

O Magnetic testing

W Functional
testing/Maintenance

O Not specified

m Radiographic testing
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Degradation mechanisms

@ IGSCC

m Erosion

O Thermal fatigue
0O Vibration fatigue
m Corrosion

@ Other

m TGSCC

0O Manufacturing defects / Installation
errors
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|IGSCC Malin root causes

chemistry

material w eld repair
sensitization Q
cold work
Ni base alloys

Somewhat subjective: many cases could be
assigned to two or more categories. | have tried
to make the choice on the basis of the
Information submitted by the plants.

Cold work dominates, unlike e.g. the US where
weld sensitisation dominates.
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SCC: Sensitisation and Cold Work

Sensitisation: CRD system
In R1 dominates. No cases

In F3 or O3, built after the
problems reported in US.

Circ. cracks in HAZ

N N W
o o1 O
!

[

no of events

o o1 O O
I

Bl B2 F1L R FB 01 02 O3

L plant
Sensitisation

R1

120
100
80

no of events

0

Cold w ork

Cold work: Elbows in R1 &

60 -
40
20 |

O1 dominate. Also grinding
or other surface damaging
operations, e.g. scratches

and punch marks.

Bl

B2

F1

F2

F3

plant

o1

02

03

R1

Axial, often several cracks,
both inner & outer radius of

MPEER 2005
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IGSCC per operational year

14

no of everts
(0]
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1
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7 9 11 13 15 17 19 21 23 25

operational time, years

Continuing problem despite replacement of component

HWC

Peaks at about 10 and 21 years due to replacement a
Inspection after removal

Peak at 17 years due to X-750 events in vessel inte

i
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|GSCC In vessel internals

60
40
20
O 1 |_| 1 = 1 —/ 1 '_I 1 = 1 = 1 1 —/ 1 = 1

78 82 85 87 88 89 91 93 95 98 99 00

no of events

year reported

Example of the effectiveness of inspection
techniques

Mostly X-750 with inappropriate heat treatments
- cracks found after visual inspection .
techniques improved for vessel internals. SK|
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Fatigue In Swedish plants

Concentrated to thinner
walled pipes in the

reheating and pressure "
relief systems as well as N m
. J
HP turbine feedwater P
"':20
'|=' 15 1
Most frequent N T
4 moOdHle =
mechanism for Forsmark B B o o o
3, but not Oskarshamn 3,

an identical plant. No
explanation at present

SKi
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Concluding remarks

ISI programmes are effective for monitoring
the degradation of components for which
mitigation measures are inadequate, and for
ensuring that unexpected events are caught
before component failure.

As such they are an important basis for an
ageing management programme, together
with a well-planned maintenance programme.
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Concluding remarks

A database containing information on the
degradation of components and systems is a
valuable tool when establishing or reviewing
ageing management programmes. It also
llustrates the importance of individually
designed porgrammes even for nominally
identical plants.
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Concluding remarks

In order to follow the development of
degradation mechanisms and correlate them
to inspection programmes it iIs necessary to
Include all systems and components in the
database, and not limit it to piping.

The OPDE database provides a good basis for
participating countries, but is insufficient in

Its scope since it only contains information on
piping events.
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