Mobile nuclear laboratory
for
IN-Situ measur ementsin NPPs

P.Raics, J.Szabb

Institute of Experimental Physics, University of Debrecen, Hungary,
Laboratory for Nuclear Safety and Techniques,

H—-4026 Debrecen, Bem tér 18/A
raics@tigris.unideb.hu szajo@tigris.unideb.hu

S.Schener, J.C.Sz8es

L aboratory for Nuclear Safety and Techniques,

Quantechnol ogies Research and Development Co, Debrecen, Hungary;
www.quantec.hu; scheiner@quantec.at j.szeles.akh@aon.at

P.Tilky, J.Schunk, T.Pintér

Nuclear Power Plant, Paks, Hungary


mailto:j.szeles.akh@aon.at
mailto:scheiner@quantec.at
http://www.quantec.hu/
mailto:szajo@tigris.unideb.hu
mailto:raics@tigris.unideb.hu




In-situ gamma and alpha-spectrometry, neutron
counting and gammadosimetry are utilized In
Paks NPP Hungary since 1985 to assdt
maintenance operations as well as elimination of
malfunctions with thelr consequences. Devices,
methods are well applicable for the new
generations of the future reactors as important
additional safety measures.

Laboratory for Nuclear Safety and Techniques was
established by the University of Debrecen, Hungary
and Quantechnologies Co In 2005 to utilize the
results of the basic research achieved earlier in the
investigations of fission, gamma-spectrometry and
related fields.

|sotope selective, non-destructive analysis is applied
to determine the activity of corrosion and erosion
products as well asfission products.

Measurements are carried out after the yearly
shut-down with a cooling time ranging from severd
days to 3 weeks depending on the maintenance
schedule.
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Material transport in the primary circuit

SOURCE 1. Corrosion processes + neutron activation in the zone
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SOURCE 2. Dehermetization of the fuel assemblies

a) fission product nuclei: °'Y ®/Zr/Nb 19SRu/Rh 12°8b 131.133] 13/Cs 140Ba/La
141Ce 4 Ce/Pr 1°°Eu ... (y-spectrometry)

b) final nuclei from (n,y)-reaction on fission products: 122.1245p 134.136Cg 148mPm ___ (v)

c) trans-Uranium nuclides: 238239 40P 21Am 4224Cm . (a-spectrometry, n-counting

4+ Relocation / rearrangement of contamination within the primary circuit

Results: contamination, surface activity, gamma-dose ...
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REACTOR

Anion+cathion exchange column
+
Boron control system

A

Points
on the loops:

Mixed bed
ion-exchange column
Feed-water system

Y
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1, 2: hot leg

3,4: cold leg 8G2,46 —» Turbine1, 8G135 —» Turbine?2

SG: Steam Generator; 7 23 4 locations of in-situ gamma-spectrometry
| Main circulating pump; O Mainisolating valve
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Si surface barrier detector:
PIPS
=Passivated Implanted Planar Silicon

touchable,
cleanable surface | ¢

Polyethilene moderator slabs




6 Other detectors

Gamma- and neutron-dose rate meters'
GM-tubes
Field survey meter, gamma + neutron
Scintillation neutron detectors

PC-controlled devices:

USB. RS232. interface;
\-controller. ...

[HV. LV]; [Digital Signal Processing] + PC§

[HV. LY +DSP] + PC

Scalers; timers:; coinc/anticoinc
units; pulse generators;
digital oscilloscope, ...



Gamma-spectrum measured at a primary circuit location
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Measured gamma—spectrum on the
mixed—bed ion exchange column
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Specific activity, kBg/crh

Specific activity, kBg/cm?
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Co0-60 Surface activitiesof single points 1, 2, 3, 4, in the 6 loops at Unit 4
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. ° Surface activities in Unit 2. | Lost Material
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Activity profile for total corrosion product activity along the vertical axis of the mixed-bed ion exchange column



Steam Generator:
Activity profile determination of isotopes by in-situ gamma-sepctrometry Spatl a| dlStn bUtl on Of the

r 225000 B Mn-54

5Cas0 ' _ corrosion nuclides along
et [ ) || umitz | the horizontal axis of the
% 150 000 S CyCIe 22,2006 | StearT] Gma‘aor
g 129 000
5

140000 |
L 74000
L 5¢ 000

494,0 -459,0 -393,0 -361,0 -321,0 -270,0 -228,0 -60,0 -20,0 230 80,0 1190 2245 2865 3385 3790 4450

Assay point location relative to the symmetry axis, cm :

[ I Steam generatar wiall |I

Investigation of the decontamination process by in-situ gamma-sepctrometry
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13 Special Nuclear Techniquesfor Handling M alfunctions, I ncidents

PI PS alpha—detector with preamplifier fixed to the pool
surface (or casette wall) by vacuum to determine transuranium
activities.

Under water gamma—spectrometry
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