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. | Intermediate level waste (ILW)
. | Low level waste (LLW)

.| Very low level waste (VLLW)

. | Very short lived waste (VSLW)
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Decommissioning Plans:«

- Bohunice, Slovakia (2013-14)+
- Chinshan, Taiwan (2014-16)

- Kousheng, Taiwag (2016-18).
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Red - Highly contaminated/activated - :
- Reactor Vessel and internals Fﬁ?"fﬁ_ﬁ & B FR R & HZ%

Primary Process Systems

O Biological Shield 01% @
Yell - Medium contamination 5

- Process systems 19% - O - 03%
- Buildings and structures
O - Turbine and Turbine Systems (BWR) i
0/ -
Blue — Low contamination o a
- Buildings and structures ﬁ%,&&ﬂ %ﬁﬂﬁéﬂ\ﬁ
6 - BoP Systems = WA A

Turbine and Turbine Systems (BWR)
White — Conventional handling
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SYSTEMS, STRUCTURES AND COMPONENTS-- Advanced Services with iPIX Gamma Imager

31

FUNCTIONNAL CHARACTERISTICS

* Real-time portable Gamma-ray imaging system

» Mask #2 yellow (rank 7 / 4 mm thick) for medium-low energies and background < 10uSv/h
*2m (6 ft) and 10 m (32 ft) Ethernet cables

» Software * Fully rugged convertible notebook < Manual Tripod
* Dedicated transport case < POE injector < USB key
* Bumpers and handle * User Manual -« Power cables
CANBERRA

www.mirion.com
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kiblie geometncal models for efficiency Characteriz ation of heat
ﬁ =4 do Ei E rate determination using ISOCS exchangers for free release

ﬁ.&- Scheme of activity calculation

& EActivity - ol B oo

Gamma
attenuation
calculat:on
code

S — | — ————
‘m
e fficiency

ISOCS Uncertainties Estimator and multi-Geometry Calculator enables the o 14
of model’'s parameters, such as geometry, matenal, shapes




ISOCS is an excellenttool to evaluate the activity of these
components for continued waste storage or disposal

-
preng 1 Efficiency Calibration Curves
e ) ' Curve
: ‘ LowEnergy ® Measured High Energy © Dual " Linear
: 0.001 C Empiical € Interpolated
} H Scale
Biae =  Linear @ Log
0.0001
. 1 Order of low - ' .
| /’ = wagroy: ]| -]
'Y Order of the g
1e-005 he 5 :
10 100 1000 10000 POM"O'"’d [ L _,

Energy (keV) ool [ | Eeree|

Datasource: D\PCNT2K\CAMFILES\isocs\IG01278 CNF
IN(EH) =-1.4302+001 -22698+00040(E) -+ 3.3632+000%n(E)"2 ~ 3 669e-0014n(E)"3
+1.093e-0014n(E)"4 - 4436e-003n(E)"5

[ ok | concal | Help | LstPks. | pint |

ISOCS efficiency response curve interface

'

&y . Activity measurement: Method
\ | | | ® Locate the contaminated source (using gamma
2 ;i‘ imaging system and/or Geiger Mueller detectors).
N, ';\,‘ ¢ Use spectrometer (HPGe, CZT, Nal or LaBr, etc.) to
y obtain gamma spectrum of the hot spot(s).
¢ Use an ISOCS template to obtain the geometry detection
efficiency (Gamma attenuation calculation code).

N :
Tl ~— e »

.""

rv

' N
A
- -

o L il : 2
® The gamma spectrum will be analyzed using spectroscopy code
2 (Genie™ 2000 software), combining the detection efficiency
ISOCS cart with detector, from the I1SOCS template and eventually deducing the
cryostat and modular activities of the contamination / source(s).
shield system ¢ Advanced In-situ Gamma Spectrometry (AIGS) Services can

greatly improve the accuracy of activity results based fromthe

[T aF = Y o7 -




» Characterization of Large
: Structure s & Components

D&D Capabilities and Solutions

IPIX Gamma Imager: Real-time
Monitoring & Hot Spots Localization ISOCS System Measurement

= The In Situ Object Counting Syatema (ISOCS) is commonily
used to measure contaminated materials and areas, both In

IPIX is a unique garmurm imager that quickly locates low level place or after removal from the facilites, also for final atatus
| radicactive sources from a distance while estimating the doas measurement to the clearance.
hico b R TR Eemri :"m"".,‘ngm il prdore ,.“',.d",’,%'.,',‘; « HPGe detectors have the best FWHM resolution in
the SO0e S re (ALARA) for the workers. gamma spectroscopy and allow fastast specific nuciide
SROmAs idaentification, even with complex spectra. Nal detectors
| Due to the uae of the coded masks, the need for heavy have a good efficiency for very low activity determination of
shielding has been eliminated, making it a compact and simple nuclide mixee. CZT detectors are asmall but have a
lightweight (-2.5 kg) system. better onergy reaciution than Nal detectore.
= IPIX is an excellent todl to precisely locate the radicactive Key benefits

source position. Knowing the positon healpsa to improve the
activity calculation comectly when usaing the ISOCS syatem.
Best tool to track low energy emitters.

= Immediate, accurmte, nuclide-specific results for in-situ
measurements of any object or surface.

N sustrial < . oh @ ron » Sowrce-Less detector-specific calibrationa generated by
. on for n he ents (1P66). software as the sample is being calibrated.
— Can be opermted remotely minimzing exposure to the
oparators (ALARA). = Al calibrated ob a/surface are usually plane, cylinder,
‘ User friendly, with push button image acquisiticn. box, sphere, well/Marinelli or pipe.
| — High performance to quickly and prec isaly locate hot epots. = Mobile detector positioning device includes
| ~ Estimates dose rate at the measurement point, 25 mm, 50 mm collimatora (for HPGe detectors) and

backshields. t accommodates any detector orientation.
Custom-designed collimatore can aleo beo used.

| « Complex pipe template allows modeling of complec,
: multi-layer pipee and drums.

= Allows modeling of In depth profile contamination.

iPIX allows localization htweight unit can « Wide range of detectora (HPGe, Nal, CZT, LaBr) compatible,
':":‘.“':ymwu":'”m‘:;.c:; — - d‘P“’::: .";“..d allowing operation for range of applicatione and activities.
plant components, = Use of Advanced In-aitu Gamma Spectrometry (AIGS)
buillding, pipes, drums, Services to optimize waste segregation by improving assesy
scraps, etc... accuracy (for example when activity is inhomogenaeous).

Lead shielding

Doweo rate of
3 mSvh

NPP Example — Setup and Control
of Radiobiological Protection




» Charactrerization of Large
Sitructiure s & Components

DED Capabilities and Solutions

. CSPFamily
Dose rate measurement + mapping

and probes to suit many app lications.

9
> 4
All CANBERRA™ Smart Probeaes can be plugged to x ’ 9
the Mirion family of Smart survey metera. A GPS a2

survey meter is available to identify the position of
measuremanta and give a real time measurement of .-
dose rate and gamma spectra simultanecusiy. :’

e e e et

= connected to

the same Colibri ® meter
A COLIERI Communication ALARA Platform

Colibri meter

Lym<Nsvi i=s a software developed for supporting all acquisition modesa proposed by the Mirion
high paerformance multi-channal analyzers ( MICA) using Nal to obtain gamma spectra and with high
performancs analysis.

Wide range H*(10
dose rate .qui\:‘aloc)wt

LyrnxNavi used with the Osprey™ MICA Uses our unique “Time -to-Count™ technique with many
of its Geiger Mueller detectors

Marny Mirion detectors are appropriate for different levela of dose rate measurement, giving 3D mapping
of dose rate and gamma enaergy on a large surface. The Colibn inatrument is equipped with a GPS asystem,
giving an accurate mapping of a large surfacs.

17
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Test work scenario in the Halden Reactor
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Steam Generation ’ Steam

dryer

steam outlet

steam separator
core spray inlet

core spray line — TR feedwater inlet
Uppergrid piite v core shroud
recirculating ‘ = T

il : fuel assemblies

jet pump

i L ' recirculating
- : water outlet
bottom grid plate

control rod vessel support skirt

drive mechanism

© 2013 Encyclopeedia Britannica, Inc.
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%. m{ﬁ'l_-/3 ,%UM: 3D CADAL A g4 RPV % 3532 4 £ 31 &)

e ey | IR PN 77555 :
: EUI
= Remove Hot-Leg Ring-
| ! Cast concrete
= _( >_ Remove Insulation Ring.
"N g WU ' Insulation with metal plates«
M omower [ ; . Remove Cold-Leg Ring-
‘1< Cast concrete
: N e
Y RS
N p= LL - .
e
3
Insulation ring hatch

Insulation ring

Ring around Cold-leg

RPV supportring
andlocks.

Water Protection Barrier-

22
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In CAD systems, VR 4F & X i # 8
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sof9 —/T. B/ 4169 25 E (Point Cloud) A2 1 #1, 2)

‘ VR Virtual Reality

Real Plant 3D | - ’

Gamma
3D-Foto  3D- CAD I scanning

3D-
Scanning

Several commerCIaI products avallable

- Laser scannmg/hlgh resolutlon photos

- filming

- Photogrammetry
-3600 VR/AR

—

AR Augmented Reality
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From plant layout to specific
buildings and rooms




Laser scanning and high resolution
3D Photo:

- Google Street view

-Measurement directly in the
picture

- In-build navigation tool

- Possible to add dose information




Z. g0 =/9. BEEM R F F-eIBIFH( Ganma scanning )

Number of clusters

Multile gamma
camera 2D pictures
are transformed to
3D and incorporated

into the cloud
points
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