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NPP containment ageing

@ More than 10 concrete degradation mechanism with influence on
containment building

@ RPV concrete cavity exposed to temperature and radiation loading is one
of most critical damage mechanism

@ No effective validated inspection procedure proposed for RPV cavity until
now!




RPV cavity damage mechanisms SI%\'@

@ Neutron and gamma rays irradiation has effect on concrete

@ Changes of the concrete properties depend primarily on aggregates
behaviour

W Irradiation exposure can induce volume change of aggregates

W@ Heat generated from radiation absorption (attenuation) in concrete may
have detrimental effect on physical, mechanical and nuclear properties of
the concrete




Influence of irradiation on mechanical properties uE.}vs’

Long term exposure to radiation and thermal loading can result in
degradation of mechanical properties of RPV concrete

mNeutron radiation more than 101° n/cm 2 or 101° rads (more
than 40 years of operation) of dose for gamma radiation in
some cases decreases tensile strengths, compressive

strengths and modulus of elasticity and causes marked
Increase in volume

mHigh irradiation generates growth of calcite crystals, which

decreases both size of pores and the strength of the
concrete

mRadiation induced temperature has minor influence on

changes of concrete properties
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Damage mechanisms in NPPs u.JvS

@ Following table shows ranking of importance for specified concrete
damage mechanisms

@ Identification of research gaps in three principle areas:
mMaterials

@mlnspection
mPrediction

—

Research Gap Analysis

Issue Ranking

Materials | Inspection | Prediction




Issue

Ranking

Research Gap Analysis

Mate-
rials

Inspe-
ction

Predi-
ction

Chloride diffusion
into concrete

High

X

X

Swelling due to
alkali-aggregate
reaction or delayed
eftringite formation

Medium

Boric acid effects on
concrete

High

O

X

Concrete creep,

microcracking

Medium

Corrosion of
reinforcing steel
embedded in
concrete

High

Concrete dissolution
effects on spent fuel
pool liners

Medium

Boric acid attack of
steel reinforcement

Medium

Radiation damage of
reactor cavity
concrete

High

Water treatment
chemical attack of
concrete

Medium

Containment liner
corrosion-accessible
and inaccessible
areas

High

Aggressive
groundwater/Extern
al sulfate attack

Low

Paost-tensioning
tendaon relaxation

High

Leaching ofthe
containment liner

High

Thermal
cycling/cooling
towers (operational
temperatures)

Low

Bulging of the
containment liner

High

Freeze-thaw
damage

High

Containment
pressurization/depre
ssurization
(integrated leak rate
test)

Low

Spent fuel pool liner
stress corrosion
cracking (welds)

High

Pre-and post-
tensioning tendon
corrosion/stress
corrosion cracking

High

Hydrogen
embrittlement of
post-tensioning
tendons

Low

Thermal fatigue at
penetrations

Low

Concrete
carbonation and
effects on steel
reinforcement

Medium

Differential
settlement of
structures

Low

Spent fuel pool
channel corrosion

Low

Ranking and gap analysis of damage mechanisms SL’]JVS‘




Ranking and gap analysis of damage mechanisms -Qh
- radiation damage of reactor cavity concrete - U'JVS

Research Gap Analysis

Issue Ranking | mate- Inspe- | Predi-
rials | ction | ction

Chloride diffusion .
into concrete High X X
Boric acid effects on :
concrete High X o X
Corrosion of
reinforcing steel .
embedded in High X X
CONCIelE— —

| Radiation damage of
reactor cavity High X ? 7
concrete

"Corammentinei—

a0
corrosion-accessible

and inaccessible High X
areas
F’os_t—ten5|_0r'||r1g Hinh ¥

@ High ranking of damage mechanism
@ Inspection and Prediction identified with question marks!
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Design of VVER 1000/320 RPV cavity E%?S

a steel frame embedded in heavy
concrete construction transfers weight
of RPV to the cavity

@ serpentine concrete segments,
opposite to active core,serve as a
biological shield

a ferrite steel cladding (11 mm thickness)
on outer surface of biological shield

@ structural concrete in the lower part of
cavity

@ ionization channels around cavity
circumference formed by embedded
steel pipes




Experimental Irradiation Project Proposal $6av¢
O~

@ Irradiation damage simulation of RPV cavity concrete after long term
operation of NPPs

BCyl indrical samples (50 x 100 mm) of
concrete i ferro-serpentine concrete

@ Irradiation of samples above neutron fluence 10%° n/cm?

@ Post irradiation examination of samples focused on changes of mechanical
and microstructural properties

® NDE inspection technique testing on model segment of outer part of
reactor cavity with ionization channels




Irradiation experiment
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Reasons for post irradiation testing

TR

@ Decisive mechanical parameters (strength and stiffness) of concrete decrease under

exposure to neutron and gamma radiation.
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Irradiation experiment description

@Birradiation of concrete specimens in
vertical channels of light water research
reactor LVR-15

@Specimens in special aluminium capsules

@Thermocouples controlled temperature,
temperature maintenance by passive
systems

@Neutron monitors for neutron flux and
fluence determination

@Monitoring of gas released from concrete
sample during irradiation experiment
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Post irradiation examinations
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Post Irradiation Evaluation (PIE) Suavg‘

@ Optical Polarization Microscopy

R—

® Scanning Electron Microscopy and
Microanalysis

® Nano Hardness Testing T Micromechanics

® Thermogravimetry and Differential Thermal
Analysis -




Optical polarization microscopy Suavs‘

ZEISS Axio Imager




L

Optical polarization microscopy U.JVS

B Detection of alteration processes in primary C-S-G gels (loss of bound
water). Interpretation of alteration processes in concrete on micro-level

® Changes in structures on micro-level; i.e. occurrence of newly-formed
shrinkage in consequence of mineral transformations and flux heat

@ Occurrence of newly-formed mineral phases as a products of alteration
processes




Scanning electron microscopy and microanalysis SL’]JVS’
X~

@ EDX71 elementary microanalysis &
simultaneous element mapping

@ WDS microprobe for precise elementary
analysis

@ BSED i phase and chemical contrast

@ EBSD/OIMT electron diffraction & preferential
orientation analyses of mineral aggregates

® Resolution 0.8 nm @ 15 kV

@ Probe current 10 pA1 300 nA: both for sensitive
materials & analysis

MERLIN




Nano hardness testing - micromechanics S.JE.}VS'

@ Detection of changes in microstructure from initial stages

@ Decomposition of C-S-H gels on sub-micro level in elementar clusters

@ Phase mineral alterations in all spectra of intensities

@ Indication of newly-formed phases in consequence of exposure to radiation energy and heat
flux

@ Detection and measurement of changes in mechanical properties of exposed material on
micro-level

@ Interpretation of changes of mechanical properties on micro-level




Thermogravimetry and differential thermal analysis S.;.,JVS'
I~

@ Identification and quantification of changes of phases in dependence on continual heat flux
into the sample.

@ The technique is based on the fact that when substance is heated, it undergoes reactions and
phase changes that involve absorption or emission of heat. In DTA, the temperature of the test
material is measured relative to that of an adjacent inert material.

@ DTA can clearly identify the phase changes of material in original (intact) state, that is phase
transformation in concrete due to irradiation.




NDE technique development and testing

retegate
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0 Institute of Thermomechanics AS CR, v. V. i.

Academy of Sciences of the Czech Republic

Pavel Kudrna, Zdenek Prevorovsky, Milan Chlada, Josef Krofta, Jan Kober




Non-linear Elastic Wave Spectroscopy - NEWS

@Methods selected for preliminary testing:

mNon-Linear Wave Modulation
Spectroscopy - NWMS

@Non-Linear Time reversal Method -
NLTRM

mScaling Substraction Method - SSM

)
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Original Biological Shielding Specimen
and Specific Concrete Model Blocks

Part of the reactor biological
shielding from NPP Greifswald




