systémy pre
charakterizaciu

ert Hinca

ia technika
ani s odpadom

a meranu veli¢inu delime na:
otnostnej aktivity (Bq/kg) v objeme meraného

acie (Bg/cm?).

ozdel'ujeme meraciu techniku na:
nie materialov alebo priestorov - meranie

' spravidla desatina od uvolfiovacich trovni
akceptacnych kritérii pre tlozisko

Siroky dynamicky rozsah, ktory sa dosahuje
limatorov. Pre kazdu meraciu geometriu treba
kalibracnu tabulku s obsahom mnozstva

osti x vektor hmotnosti x nuklidovy vektor
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rchovej kontaminacie

-emitujucimi radionuklidmi — pouzivaju sa
acné detektory, plynové proporcionalne
vodicoveé detektory a idnové senzory (nasaju
ry z povrchu meranej vzorky a detekuju
aricmi na povrchu meranej vzorky).
-emitujucimi Ziaricmi sa meria tenkymi

bo velkoplosSnymi proporcionalnymi plynovymi

mindacie sa casto vykondva prenosnymi
nom pase. Pri merani sudov sa pouziva
0 posuvnym meradlom.

it povrchovu kontaminaciu oterovymi

surements systems
ity measurement

ents of waste in a particular format (e.g.
xed HPGe detector positioned adjacent to
rm supporting the sample.

riate for large sample volumes is to

mple to a hopper and thence to a

ves under a detector. This makes it easier
he sample.

ompletely surround the sample with a
sually a plastic scintillator in so called 4n
llators are sometimes used as a final check
or free release, or to ensure that material
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ts in decommissioned
ské Bohunice

, Pu-239/240, Am-241, Cm-244

uids), C-14, Ca-41, Ni-59, Ni-63, Sr-90,
1-129

Mn-54, Fe-59, Co-58, Co-60, Zn-65, Nb-
-95, Zr-95, Ru-103, Rh-106™, Ag-110™,
, Cs-134/137, Ce-141, Ce-144, Eu-
4/155

y measurement
dionuclides

dionuclides:

mitters is difficult because of the
itted particles. Sometimes, the
xtracted from a representative
produce a high-efficiency source

d by a-counting.

mitters can be carried out using a
ugh the higher background count-
an that the method is only practical
mitters.
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ty measurement
dionuclides

tters in bulk material is a very
. It can be done using small

g. a Nal(Tl) counter) or trolley-
ors.

for a particular geometry can be
ring the response of the

ctivity concentrations

rometry of a representative

en, modelling techniques are

h efficiencies.

. Scaling factors.
de vectors.

y in decommissioning is the fingerprint. This is
relative proportions of the radionuclides
al area.

y-spectrometry and/or radiochemical analysis
of interest. Often, some of the radionuclides
le using a given monitor, and one or more of
ctable will be directly measured and the

rom the ratios.

sometimes a concern, and this sometimes
radiochemical analyses or by more direct
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ors standards

r energy — Nuclear fuel
actor method to determine
- and intermediate-level
ages generated at nuclear

SERIES No. NW-T-1.18

of scaling factors for waste
lear power plants. — Vienna :
ergy Agency, 2009

finition

factor or parameter
ematical relationship

he radioactivity of a DTM
an ETM key nuclide as
mpling and analysis data.

10
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or application

tivity is function of key nuclide
= F(Akey)

of DTM nuclide is calculated
Ay and scale factor
uclide according to (linear

=S Akey X SF

11

actors basics

easurements of radionuclides
e radiochemical analysis, through
r by a combination of both techniques

provide long-term regular and
ivity inventory and dispose with large
sults (accumulated sampling).

proach is performed, when at first step
tis evaluated and scaling factors

p scaling factors verification and
easurement is considered.

12
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Nuclide vectors

egression of measured values,
values. The only requirement to be
outliers is that the regression
than 0.8.

in the case of poor correlation,
s supported by statistical tests is
tion method.

ide vectors &
ors comments

f activity of radionuclides determined by

ssing

ive RV calculated without casual correlation
t stable

nversion (non spectrometric devices) during

dionuclides and casually related radionuclides

products and activation radionuclides
ssary (activity of key radionuclides

1.18 ,Determination and Use of Scaling

NPPs*
14

22.5.2017



e selection

d by non-destructive means when
mma emitting;

the detection limit;
uired difficult-to-measure (DTM)

life.

echanism similar to that of difficult-to-

icularly solubility) similar to those of

15

uclides

as a key nuclide for
clides and activation-
reactor coolant and

ey nuclides for fission
alpha-emitting nuclides.

16
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t to measure (DTM)
lides (Slovakia)

Nb-94

Co-60

DTM nuclide Key nuclide DTM nuclide Key nuclide
C-14 Co-60 Pd-107 Cs-137
Ca-41 Co-60 Sn-126 Cs-137
Ni-59 Co-60 1-129 Cs-137
Ni-63 Co-60 Sm-151 Cs-137
Se-79 Cs-137 Pu-238 Co-60
Sr-90 Cs-137 Pu-239 Co-60
Mo-93 Co-60 Am-241 Co-60
Z1-93 Cs-137 Cs-135 Cs-137

Ni-63 (Ba/ton)

| O-Pwr
A - BWR

Wl oa & RA87

[T N T T

ot 1o 10

w0
Go-60 (Ba/ tan}

reactor type

es correlation with

Ni-63 {Ba/tan)
w0
e O : Germany
A Japan a¥
) —~aty
187 O : France
V i uUsA '

w0 o

° 0"

10" 10 10t et
Co-60 Ba/ten)

22.5.2017




22.5.2017

es correlation with
0 country

Probability density Ratio(%) Probability density
0% 60 2

f= 6l

30
20 ]
10 |
i
8
0+ Japan
30
20
10
!
40
El]
0
10
8
0 UsSA
30
0
10
il i if . } ]
ws ottt et et o' ottt a0t
Ni-63/Co-60

{0 Germany

nis 109

j = 31
France i

t waste streams
mber

eams is result of
ured data .

is poor, correlation
ncertainty high, is

lit data in more groups =
etter , statistics”

we can combine data

10



ived clearance level
for mixture

ificial radionuclides, the =<1
uclide-specific activitiesor 5 4;
ivided by the corresponding

;shall be less than unity. This

on rule is adopted in national
dards.

IAEA GSR 3 derived clearance level for mixture
f(i) is fraction of activity concentration
X(i) is clearance level

22

22.5.2017
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erived clearance level
r mixture

X(Co-60)=100 Bq/kg
X(Ni-63)=100 000 Bq/kg

1 B 1
6, 04 00060004
0 " 100000

=167Bq/kg

This derived clearance level for mixture is parameter, which
we cannot measure directly.

We must calculate aggregate (total) activity for mixture an
then compare with derived clearance level .

23

level for activity
key nuclide

rule results another derived
of key nuclide

a a a
key .ZSFi.ﬂ & c<1
aLkey i a; a'Lkey

constant for stream

,i - specific activity and clearance level of nuclide i,
, Oy4ey - SPEcific activity and clearance level of key nuclide
- derived limit for key nuclide.

s derived limit is more practicable
ause value a,,, we can measure directly.
previous example X.,=99,93 Bq/kg

22.5.2017
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ionuclide vectors

Radionuclide H-3 C-14 Fe-55 Ni-63  Cs-137
Abundance 11% 5% 3% 3% 78%
SF(key=Cs-137) 0,14 0,064 0,04 0,04 1
0, ; (Slovakia, GO No.345/2006), Bq/g 3000 300 300 3000 0,3
X,,=385 Bq/kg X,,=300/1,000122=299,96 Bq/g

Bulk aktivation of concrete near reactor (VVER)

Radionuclide Fe-55 Co-60
Abundance 88% 12%
SF(key=Co-60) 7,3 1
0, (Slovakia, GO No.345/2006), Bq/g 300 0,3
X,,=2482 Bq/kg Xi,=300/1,0073=297,8 Ba/g

25

surement systems
erview

rement:
ste clearance levels verification
nce criteria measurement:

verification for waste packages
and intermediate level

s used for in-situ measurement

Bulk contamination of buildings material (VVER)

22.5.2017
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measurement

evices are widely used
m nuclear facilities into
d activities of individual
imated from the total

per cent when radionuclide is

uclide is incorrectly identified

measurement

s are rarely used with
s and hence have
y; also, there are
ftware used.

22.5.2017
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ceptance criteria
urement:

es used to quantify wastes
ository have problems

ent of activities of

s a wide dynamic range.

per cent for high activities of

easurement:

ed for in-situ measurement do
ted unit for the direct
nd X-ray emitting radionuclides

adioactive material and
laboratories are necessary,
practical

spectrometry (ISOCS) is possible
rs to DTM activities calculations

15
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rface contamination
ment devices

s are used to measure dose rate and
compared with clearance levels in
measurement is suitable.

rmo company) - portable hand-held surface
gamma emitting radionuclides measurements.

00, 300, 350) (VF company) - portable hand-held
eta and gamma emitting radionuclides

tion unit is intended for alpha/beta (gamma)
nts using a large-surface sealed proportional

tFHT 111 M

ination measurement

nt gas filling:
, Tc-99m, |-

32

16



Yy measuring systems
d in Slovakia.

say System (Canberra company)

urement system (Mirion Technologies Company)
Segregation System with belt conveyer (Canberra)
aste Measuring System (VUJE company)

VF company)

r (VF company), related FRM-06 and FRM-24
mma Scanner (Canberra)

pector 1000 analyzer (Canberra company) in-situ

ing System (Canberra company)

10 Series Q2 Low
ste Assay Systems

Provides qualitative and quantitative
gamma assays for waste in 208 L drums

Sensitivity better than 370 Bq for drum

Three uncollimated germanium
detectors mounted in five-day multi-
attitude cryostats with manual LN2 fill
system (optional Cryo-Pulse)

Factory calibrated for turnkey operation,
and includes QA check source and holder

Low background 10 cm (optional 15 cm)
low background steel shield

Automatic weighing system for matrix
attenuation corrections due to sample
density

22.5.2017
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e meradla typu Q2

Q2 Low-Level Waste Assay System Performance

_ — —
Daughter |Energy Density (g/cc) | Density (g/cc) | Density (g/cc) | Density (g/cc)
Measured | (keV) [ 57T 05 | a7 J 0s | 01 ] o0a | 01 ] o5

662

Cs WmBa 0.18 0.05 0067 | .0019 0.26 0.15 .0096 | .0056

Cs. 800 015 0.04 0056 | .0015 0.21 0.1 .0078 | .0041 | CONDITIONS:
uniform source

95% fill height for
2Th 28T] 583 0.47 014 0174 .0052 0.64 0.42 0237 .0156 | 200 liter drum

2Th 208T] 2614 0.22 0.04 .0081 0015 0.29 0.09 .0107 .0033

any ah 93 | 62 | 23 | 2006 0852 | o1 | 192 | 3370 | 7111 | MDA (minimum

detectable activity):
2w znpy 1001 | 267 | 69 | 9889 | 2556 | 36 173 | 1333 | 6407 | 5% Type 1 error, 5%
) g 609 | 032 | 009 | 0119 | 0033 | 047 | 027 | o074 | .ofoo | WPelerror
235)
] 185 | 032 | OM | 0119 | 0041 | 046 | 064 | 0170 | 0237 | enceicr o
Transuranics Maximum activity
#Am 60 11 06 | 0407 | 0222 | 18 | 102 | oes7 | .377g | Presentifall activity
isina 1 cm sphere at
a5y 414 | 1.2E+04 | 3.8E+03 | 4.3E+02 | 1.4E+02 | 1.7E+04 | 1.4E+04 | 6.2E+02 | 5.2E+02 | the worst location

2Py 152 | 1.5E+04 | 51E+03 | 5.5E+02 | 1.9E+02 | 2.0E+04 | 2.9E+04 | 7.4E+02 | 1.1E+03

amma Scanner (SGS)

Canberra

Turntable

36

“Co 173 | 015 | 004 | 0056 | 0015 | 02 | 009 0074 0033 | ot
#Co 810 | 015 | 004 005 | 0015 | 021 | 011 | 0078 | .0041 | 20% Ge detectors;
2Th A 908 | 055 | 015 | 0204 | 0056 | 073 | 038 | 0270 | ot41 | 10 minute count time;

22.5.2017
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meradla typu SGS

WM-2200 Series Performance

- Daughter | Energy -
Nuclide e keV MDA pCi | MDA kBq

s 13TmBg 662 0.1 3.7
1403 800 0.1 37 | CONDITIONS:
200 liter drum with
*Co 173 01 37 < 0.3 g/cc matrix
13384 356 0.2 74 density, 30 minute
assay time,
152 1408 0.4 14.8
Background < 0.02
=4 185 0.2 7.4 mR/h, no other
238 234 significant nuclides
u Pa 1001 20 740 present.
239py 414 1.20E+04 | 4.40E+05

37

askener sudov WS 1100 na Al,
MicroStep IQM Hrinova)

Modul s radioaktivnym preZarovacim
zdrojom zabezpetuje vertikalnu manipulaciu
radioaktivneho Ziarica. V olovenom tieneni je
zabudovany prezarovaci zdroj '52Eu 370 MBq.

Detekény modul
zabezpecuje horizontalnu (1m)
a vertikalnu (1m) manipulaciu

detektora s kolimatorom.

Rota&ny modul (3 rpm)
zabezpecuje uloZenie,
odvaZenie a rotaciu
monitorovaného suda.

Modul s riadiacim
systémom

Linearnekolajnicové vedenie

22.5.2017
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maskener sudov WS 1100 na Al,
+ MicroStep IQM Hrinova)

Detekénv modul zabezpetuje horizontalnu (1m) a
vertikalnu (1m) manipuldciu detektora s kolimatorom.

arovacim
u manipulaciu
om tieneni je

maskener sudov WS 1100 na Al,
+ MicroStep IQM Hrinova)

Merana veli¢ina: aktivita, jednotka Bq,
' hmotnostna aktivita, jednotka Ba/kg

aktivita

od 3,7 kBq pre radionuklidy '¥7Cs, '34Cs, 8°Co pre
dobu merania 30 min, hustota materialu do 300
kg/m3, pozadie do 200 nSv/hod.

hmotnostna aktivita

od 60 Bq/kg pre 137Cs, '3Cs, 69Co pre dobu merania
30 min, hustota materialu do 300 kg/m?3, pozadie do
200 nSv/hod.

Meraci rozsah:

Maximalna relativna

0 3
chyba merania: + 20% pre sudy s hustotou do 1000 kg/m?.

40
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M MERI—IN (EnViHEt) is used for

acts released to the environment from NPP Dukovany and
NPP Temelin.

',;:q -;;l*lll' u N

shielding from

40 cm x40 cm x 120

10 to 10* Bg/kg

conveyor

Free release measurement facility in Rez

22.5.2017
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SUPERFOUR DETECTOR ASSEMBLY
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Calibration standards for steel

Active material for calibration
standards:

ainer)

0 cm, mass 20 kg

800 kBq) in 250 kg Iron

or laboratory measurements

23
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PHANTOM CONCRETE

PHANTOM METAL

24
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ase monitor FRMO02

Calibration phantom crate and drum

32 scintillation type detectors in
41 geometry,

MDA for Cs-137 < 280 Bq for
material density 300 kg/m3

The monitor implements
radionuclide vectors (fingerprints)
technique, or optionally, can be
calibrated for a variety of single
radionuclides.

49

easuring system ewierorre
eptance criteria measurement in CR

= ENVINET a.s. »

Energy range:
50 keV to 2000 keV.

25



¢ (Mirion Technologies) radioactive
contamination monitor

Shielding of monitoring chamber: lead, min. 50
mm, max. 80 mm

Electric-powered chamber door
Container transport chain conveyor

Measurements are made by using 10 large
volume plastic scintillators dimension 500 mm x
500 mm x 50 mm in a 4n chamber.

Activity-calibration and evaluation: Leading
nuclide vector correlation, homegenity test-
procedure

Calculation of total gamma activity is based on
nuclide fingerprint method named ‘leading
nuclide correlation’ (Inc) which can be specific to
the measurement sessions.

suring and Segregation System with
conveyer (Canberra)

MDA 240 Bq/kg 137Cs for 30 kg portion
(70 Bg/kg pre 300 kg)
- Factor max. uncertainty 2

LEGEND

1 - CHARGING WORM TRANSPORTER
2 - OUTPUT CONVEYER

3 -~ CONVEYER WITHS BELT SCALE

4 —FEEDING CONTAINER 7 —EVALUATION PART

5 —THREE WAY FLAP 8 —ELECTR. SWITCHGUER & CONTROL
6 — DETECTION PART (SHIELDED LaBr(Ce)

22.5.2017

26



22.5.2017

ious Low Level Waste

Container
(6001)

PGe

cooling unit

s}

H
g v
Pb collimator

ma Box and Container
ter (Canberra)
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robe with InSpector 1000
(Canberra company)

[*

-4 and Cronos-11
bject / Tool Monitors
6x50 mm thick large surface area

plastic scintillator detectors
Radiation Detected:

Gamma photons with energy over
50 keV: 241Am, 133Ba, 137Cs, ©0Co, etc.

Built-in 100 kg range, 0.1 kg
resolution, weigh scale.

Used to detect gamma radiation
in/on articles such as waste bags,
tools, briefcases, hard hats, and
other miscellaneous objects.

56

22.5.2017
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ohic Gamma Scanner
)00 (Canberra)

25 Bq/kg

Complete quantitative gamma analysis for
fission/activation products or TRU (alpha)
radionuclides

hic Gamma Scanner
00 (Canberra)

C0-57  Nuclide: CS-136 Nuclide: BI-214
Dy m"znv Energy: 1048 ke Energy: 1385 keV.

Tie View Camern Acabow Mo

29



Passive/Active
huffler System

Active and
0 L drums
t time:

Source Storage
Shie\d'ag

Source Transfer
Tube

Neutron Detectors

Drum Rotator
Platform

Gamma Box
iner Counter

Detectors move laterally
(computer control), vertically
(manual) and in/out (manual)

Energy calibration

Sample container —
manually rotated to
count other side

Efficiency calibration

Adjustable detector stand
with four shielded and
collimated Ge detectors

2 Bg.kg!, 3 Bg.kg? and 10 Bq.kg™! 80Co, 37Cs

and 12Eu

22.5.2017
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akterizacia priestorov

ecommissioning operations, it can be used to
reas during normal operations, to evaluate
quickly locate positions of contaminated areas
nario.

d dose range.

mages.

/h in 30 min up to 10 Gy/h
, to quantify radioactivity

Drum measurements Contamination on a waste-transport rail

31



