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JRC NUCLEONICA: Gamma-Spectrum Generator -1

Measurement setup model implemented:
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Spectrum modeling procedure:
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Detector response profile model:
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Detector Reference Response Profile DATABASE:

Method: 0.15% :io.s

* Monte Carlo simulation using specially developed and validated
program — DRGen (Detector Response Generator)

Content:

* Peak-to-Total efficiency ratios for FEP, SEP, DEP, XEP, and 511 keV
annihilation peak

* Continuum-to-Total efficiency ratios for Compton continuum and 0.15,
Backscatter , peak” distribution

* Parameterized shapes of Compton continuum and Backscatter &
»peak” distribution 02 7 .

b0 .5

(=1
e
i

Scope:

Detectors: Nal and High Pure Ge (HPGe)

Crystal length and diameter grid: 20 mm — 120 mm with 10 mm step
Photon energy grid: 61 points, 10 keV — 10 MeV

Source-to-detector distance grid: O mm, 10 mm, 50 mm, 250 mm 0 06
Total number of profiles generated: 2 x 121 x 61 x 4 =59048

-
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DRGen (Detector Response Generator):
creating the Detector Reference Response Profile Database

== DRGen - Detector, Response Generator

== DRGen - Detector, Response Generator

Calculation log:

Point 54 from 61 (4466 ke') == 20000000 trials for 00:44:17 -~
Time remained: 05:10:05

Point 55 from 61 (5011 keW) == 20000000 trials for 00:44:04

Time remained: 04:24:27

Point 56 from 61 (5623 keW) == 20000000 trials for 00:45:15 v

Calculation log:

Point 1 from 61 (10 keVy == 1000000 trials for 12:00:27 AM ~
Time remained: 12:27:28 A

Faint 2 from 61 {11 keV) == 3000000 trials for 12:01:45 Al

Time remained: 1:44:07 AW

Faint 3 from 61 {12 keV) == 2000000 trials for 12:01:10 Ak w

Detector configuration

Detector: 0401
Source to detector distance :
Energy grid, kel

Ermir :I Mumber of points :I

Detector configuration

Detector: 0010
Source to detector distance :
Energy grid. ket

Ermnir :I Mumber of points :I

Efficiencies Efficiencies

Ernax :I [+ Logarithmic

Mumber of trials, thousands

Mmin Mmax

.-

Total 2610s-01  FEP: 8.724e-01 511 ke¥
SEF: 0.000=+00 DEP: 0.000=+00 HEP

Accuracy achieved, &

: 0.0002+00 CD: 1.269=-01
o 7202204 CS: 1116200

Emax :I [+ Logarithmic

Mumber of tials, thousands

Mrniry Mrnax

o0

Tatal 277102
SEP: 2.808=-02 DEP: 4.788e-02

Accuracy achieved, %

FEP: 1.0232-02 517 keW: 1.8902-03 CD: 913701

XEP: 0.000e+00 CS: 1.343e-01

Total 0.04 FEF: 0.04 511 ke : 0.00 CD: 014 Total: 013 FEP: 1.33 511 ke : 310 CDO: 014
> SEF: 0.00 DEF: 0.00 XEP: 1.80 CS: 014 i) cmsu, 2 SEF: 0.80 DEP: 0.1 XEP: 0.00 CS: 037
Direct gamma continuum regions: Direct gamma continuum regions:
peas 3 Forapesks Region#1: 0.00 Region#2: 0.00 Region #3: 0.00 e H Fordlpesks Region #1:  3.87 Region#2: 2.25 Region#3: 2,03
Cantinuum [ For all regions Region #4: 0.00 Region #5: 032 Region #6:  1.06 Continuum [ For all regions Region #4: 238 Region #5: 312 Region #6:  3.82
Scattered gamma continuum regions: Scattered gamma continuum regions:
Fegion #1: 0.00 Fegion #2:  1.50 Region #3: 092 Fegion #2: 481 Region #3: 586

§ Terminate |

Mormalized continuum of direct gammas

» Calc
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E: 155,49 ke¥ =2 Performed: 7000000 trials
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= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer

Features implemented: Measurement setup
BED

::/ \; - |g, hikp: filocalhost: 1652 Websice 1) application)Spectrum. asp: V| 5| % | | P~

ﬁ:h’ afe [@Nucleonica-Gamma Spectrum Generator lil ﬁ ~ B @ - |'_:‘,"PBQE v "J' Took +
An arbitrary individual Eu182

. y . Gamma Spectrum Generator
nuclide or a pre-defined | 63 Europium
mixture of nuclides can
. . Actual chart: Karlsruhe
be selected as a radiation
Element: Mass:
source 62 mucse mcures sector
) L. Quantity: Reference point: “Cooling” time:

The quant'ty (aCt|V|ty, |Elequerel V| |1.3509+T | |Nuc|ide creation V| |year V| |5
maSS Or number Of Measurement setup | Calculation results Optiong
atoms) of a nuclide or a
mlxture can be Speorﬂed Measurement time: | sec w1000 | Start Start in background | i<
EI'[her at the moment Of | Current configuration: ‘ HPGe, p-type, coaxial. Canberra GC-6020, rel. eff. 60% v| Delete | !<

its production or at the
spectrum measurement
starting point of time. In
the former case controls
for specifying duration of
a source cooling time
interval become
available.

Institute for
Transuranium
Elements

Calculations can be
started on-line or in a
background mode

Dimensions in
Filter

Source

2]

Source to Detector distance

Crystal length

Contact length

[22_]

Crystal
diarmneter

[oo ]

Contact
diarneter

[ Show maore settings

Done

Q Local inkranet

#100% v

A suitable y-spectrometer
can be chosen from 6 pre-
defined configurations,
which include 2 coaxial
HPGe (50% and 150%)
detectors, low-energy
(LEGe) and broad-energy
(BEGe) HPGe detectors,
and 2 Nal detectors
(D3"x3" and J2"x1"). In
addition, user’s specific
configurations can be
managed.
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Dimensions can
be entered in
Hmm”, “Cm” Or
“inch” units

Features implemented: Measurement setup

Institute for
Transuranium
Elements

Dimensions in

mm hd

The configurable
parameters
include the
source-to-
detector
distance, as well
as dimensions
and materials of
the detector
construction
elements.

Source

Filter

> 250.0

HPGe
Crystal

59.0

3 Crystal

10.0

Contact <
diameter

diarneter

45.0

70.0

Y

&

Source to Detector distance

Y

Y

Crystal length

Y

Contact length g

Show more settings

The dimensions
of a cylindrical
contact at the
rear side of the
crystal (a
construction
feature of
conventional
coaxial HPGe
detectors) can
be specified

Filter: Aluminum v 0.2

[ Add fiiter iayer |

Input window: Alurninurm w | 10.5

Crystal packaging: Wacuum W[ |3.0

Inactive layer / Reflector: | Germanium w105

Mumber of channels in the spectrum accumulated:
Channel-to-energy conversion factor, keV/channel: |0.3
Energy resolution (FWHM) in kel at 122 keV: 0.8
Energy resolution (FWHM) in ke at 1332 keV: 18

8192 v

1
2
3
4

Mo,

Layer material

Coppe
Tin
Lead

r

Aluminum

Thickness
1.0
0.5
0.1
0.2

Upto6
additional
absorbing filters
made of Al, Cu,
Fe, Pb, Sn, or
polyethylene can
be placed
between source
and detector




JRC NUCLEONICA: Gamma-Spectrum Generator -1_

Institute for

EUROPEAN COMMISSION et

10th Nuclear Science Training Course with NUCLEONICA, Cesme, Turkey, 8-10 October, 2008

Features implemented: Options

S(=1Ed

{= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer

@.\_ A |g http: filocalhost; 1652 fWebSite 1 fapplication/Spectrum, aspxst V| || X | | 2=

- phm »
- - I_-}’ Page = <F Tools -

i:f *'1":!'? [ @ Mucleonica - Garmma Spectrum Generatar y ‘

Gamma Spectrum Generator
Natural Uranium

Actual chart: Karlsruhe

Nuclide Mixtures:

| Natural Uranium

v|  Nucide Selector

Total activity: Reference point:
| Bequerel v| |2_55?’e+004 | | Measurement start |+
Eff|C|ency Gl‘aph teasurement setup Calculation results | Optiohs | Decay

can be activated
in the Calculation

N
»

Gamma Spectrum Generator Settings:
Display detector efficiency curves

calculations can
be enabled that

ReSU|tS OUtpUt Consider decay transformations during coaling and counting time intervals W||| a”OW
Include gamma-rays of daughter nuclides contributions
Decay Engine's accuracy factor from decay

The backscatter
peak simulation
can be switched

N
»

Consider effects of backscatter radiation

Backscatter peak normalisation factor

products, being
accumulated
during source

on/off, and its cooling and
contribution to spectrum
the spectrum can measurement

be adjusted

Dane

‘:‘-_-J Local intranet

H100%

-

time intervals
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Features implemented: Calculation results
Measurement setup Calculation results | Options

Complete set of

Statistical number of counts | % » Data displayed: |Stati5tica| number of counts % View/Save results in Text or Excel format  4—] . .
Count rate at start spectral information
Count rate at end Gamma-Spectrum Simulated for Nal {76.2 x 76.2 mm) can be downloaded
Thearetical number of counts as a text or Excel

Statistical number of counts S SRR ERRREREREERRE spreadsheet file

Right click within the
graph area enables
a context menu,
from which one can
print or download
the spectrum graph

Number of counts

Additional options
allow to customize
appearance of the
graph to meet one’s
| needs and
requirements

il 100 200 300 400 a00 GO0 700 ann 900 1000
Channel number

Switch between

channel number and » Display: [JEnergy scale [ Spectrum continuum [ Contribution of scattered photons CIMare graph options <
energy scale; show

eak’ continuum and MNo. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display . .
Eackscatter eak 1 42 Mo 99 6.23E+01 6.22E+01 6.26E+04 O < DISp|ay nuclide
o P 2 43 Tc 99 B.70E-15 B.79E-15 0.00E+00 n SpeCI_fIC _
contributions to the 3 43Tc99m 2 69E+01 2 68E+01 2 70E+04 O < contributions to the

full spectrum Total 8.92E+01 8.90E+01 8.97E+04 full spectrum
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E3 Microsoft Excel - GC-6020_Cs137_170mm_Spectrum.xls

LiJ_] Ele Edit Wiew rt pFormat g Togls  Data dow  Help E@j Fle Edt ‘iew [nsert Format  Took - s Type aquestionforhelp = o B X
s Ca Igul tio If’ara eters : = = Nuclide Specific Data =
0 RRER" RENEE AN N =107 T 7 ) S 50 susanatat
130 * & A2 - i3
A ] B [ ¢ [ b ] BN & [ ¢ [ o | e [ & ] B H ! |
% Nucleonica - GAMMA SPECTRUM GENERATOR Version 1.0.0.1 i i R Activity, Bq Number of Count rate, cps Number of counts
ERE TP R PR e 2 at start at end decays at start at end theor. statist.
T E RO 3| 55Cs13% | 55Cs137 | 1.000E+00 | 1.000E+Q0 | 1.000E+00 = 5652608 5652E08 5652608  0.000E400
= : B 4 | 56 Bal137m 55Cs137 9.437E-01 9.395E-01 9. 416E-01 7177E03 7.144E03 7.160E-03 0.000E-+10
& | SPECTROMETER: 5 TOTAL: 0.000E+00 0.000E+00 0.000E+00 1.17TED3 7. 144E03 T.160E03 0.000E+00
= - 3 6 v
7 |Configuration name Moname x "
ECrystai tyne HPGa M 4 » »’\ Paameters ) Nuclides / X- and Garnrna-rays [ Efficiency / 56 Ba 137m { |< b |
| 9 |Crystal length 52.00 mm Ready
| 10 | Crystal diameter 7220 mm
| 11 |Contact length 36.00 mrm
| 12 |Cantact diametar 1o.00 fmrn B Microsoft Excel - GC-6020_Cs137_170mm _Spect
| 13 [Inactive layer 0.20 mm Germanium ‘] Pl ER Yew frsst Fgmat ook Qata W =03 = B i
14 |Crystal packaging 5.00 mrm Wacuum Gam m a an d X I'ay Data . e ..
ot : - : HRW= A" NEWETT= AN NN R IR .Pi! - G- A -
| 15 |Detector input window 1.50 mm Alurninum 2 e &
[ umbor of additional fitars Lo m i e e - i PR (GO B S e e I S NP e S
i Filter Mo.1 | 0. s %G Emission rate, 1/s Phaotons Peak region counts Detection efficiency Ancestor's
18 |Filter No.2 0= 60 i = e S at start at end emitted  peakarea | peak bkgr total FEP MDA), Bq
19 |Filter Mo.3 | O = G SB00E06 | GSEODEDE  SEO0ELE  2715E0S | A0MEDS | 7TS3E03 | AGIEDS  1A41E40R
S Fiter Mo d | D. (] Fle  EdE View Inser & Toals  Data  window  Help -8 Xy b3 9B37E03 | 9793E03  9EI1SE0E  0DOOOE40 | 2757E0S | OCODE4O0 | OCODESCO NAN
e e | E e Eﬁ:l Glency ;ha 3 82 X 1951602 19402 1O4TE02 | S1SEQF | 3B | 2775605 | 2ETGEDS | 96HEAE
21 [Filter Mo.5 il 2 19 % 3IB00E02 3584502 3892E02 | 1EGE | 330IEDS | 3285E05 | 3VIEDS | 1997E+
| 22 [Filter No.B 0, - e E, kev 40 % 1310E-02 | 1304602 1307E02  2193E06 | 32MEDS | 1727E04 | 1BAIED  53IMED7
23 |FWWHM at 122 ke 0. A | B | i | v} I E I F | »~p& G B.500E-01 B462E-01 SA51ED 1.960E03 2 144E05 6.715E03 2311E03 1.964E+03
|24 |FUWHM at 13325 kel [ E keV | FEPEf. | XEP Eff. SEP Eff. DEP Eff. Total Eff. 3
|25 [Murnber of channels afl 2 | 1.000E+01 8.505E-15 | 0.000E+00  0.000E+00  0.000E+00 B.505E-15 d Gamma-rays { Efficercy / 56 Ba 137m { 55 Cs 137 [ Full spectrum | € ¥ |
| 26 | Channel-to-Energy conversian a3 | 1.03E401 | 1.158E-13 | 0D.000E+00  O.000E+00 | O.000EH00  1.218E-413
| 27 |Source-to-Detector distance 17 | 65| O.913E+03 1.576E-04 | 0.000E-+0 2.510E-04 1.3ME-04 4 546E-03
28 | Spectrum measurement time 1 | 66 | 1.000E+14 1.305E-04 0.000E+00 2.304E-04 1.176E-04 4 578E-03 o— -
= 57 | 137_170mm_Spectrum. xls
o 68 |Absolute efficiency for 1332.5 keV photons at 25 cm: 6.804E-04
30 | SOURCE: = 3 3 = = pat  Toals pe a question for halp
E Nuclide | o ?g Relative efficiency for 1332.5 keV photons at 25 cm: 96.70 % — o Gam m a Sp eCt r u m E: $ w s vl o o
(22 Quantity i 5w e ard ammatars ) Efficency { 55 83 137 ¢ 5 n—ael e S
| 33 |Reference paint of time Y Ready 5] T E [ F T G H 1 ] J | K &
: 1 | =
% sourceieadlinginteryal El il 1 Eiibirai iV Count rate at start, cps Count rate at end, cps Theoretical number of counts
=5 | CALCULATION: 2 ] Continuum  Scattered Total Continuum | Scattered Total Continuum  Scattered Total
| : 3:f 0.20 2 B3ITE06 8.042E.07 2 B50E-06 2 B25E-06 8.006E-07 2 B38E-06 2B63E-06 8.024E.07 2 BA4E-06
[ Consider decay transfumiatians YEs 4| o060 3185605 9725E07 | 3218E08 | 3171E06 | 9BSIED7 | 3204E0F  3178E0F | 970307 | 3211E08
| 38 |Include gammas of daughter nuclides Yes 5| 1m0 333E06 | 1019E06 | 3I76EL6 | IIELE | 1015E06 | 3.360E05  337E06 | 1017E06 | 3.36BELE
| 39 Decay engine's accuracy factor .01 [6| 140 331E06  10%EDE | 3394E06 | 338EEDE | 1030E06  3379E06  3373E06 10EDE | 33E7EDE
| 40 |Consider backscatter radiation Yes 1 7| .80 3.400E06 | 1.042E06 | 3.401E06 | 3.385E06 | 1.037E06 = 3.385E-06  3392E06 | 1.039E06 | 3.395E06
| 41 |Backscatter peak normalization factor 2 B 2 :ﬂ 3A11E06 1 D48E EE 3 4115{6 3396E0F | 1042E-06 3396E0F  3404E-06 | 1.044E06 | 3404E-06
| 42 | v g | 3 A21FIR EfR | RANAFNR | 1N4RFNR . AADAFNR  R413F0R 1 NMAFSR | 3413F0R | ¥
W 4 » w\Parameters ¢ Muclides / X- and Gamma-tays 4 E| < | ¥ | HEAEESH '{ Efficency }, 56 Ba 13?“"‘{ 55 CS 137 £ F“' m”m / I« > |
Ready
Ready
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Calculation results : Detection Efficiency

Detection efficiencyfor Nal (76.2 x76.2 mm)
[ Total FEF —— SEFP DEF HEP |
-2
10
10°
g
&
3 10
£
@
2
;; 107° Right click within the
e graph area enables
10® a context menu,
1ol R from which one can
7 - Ll el il s S R print or download
10 the efficiency graph
Gamma-ray enerqgy, keV
Select efficiency — Efficiencies displayed: [] Full Energy Peak (FEP) [¥] Single Escape Peak (SEP) [ Total
data to be d|5p|ayed [¥] X-ray Escape Peak (XEP)  [¥] Double Escape Peak (DEP) [l Mare graph options <€—— Additional options
allow to tailor the
on the graph K-axis settings: Y-axis settings: ffici ht
Scale Tick steps Scale Tick steps e |C’|ency grap 0
[¥] Auto I Log [¥] Auto [¥] Auto ] Log [¥] Auto one S needs and
Minimum Major step Minimum Major step reqUWementS
Maximum Substeps No Maximurm Substeps Mo
Grid lines Ticks Grid lines Ticks

Mmajor  [#IMinor [in  [#out [¥Labels Mmajor  [#IMinor Min [out [#ILabels
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NUCLEONICA: Gamma-Spectrum Generator

Examples:

100 kBq %°Co

1 g Nat U (2 years after separation)

Number of counts

2000

1500 +

1000 +

a00 -

Gamma-Spectrum Simulated for Nal (6.2 x 76.2 mm)

[ Scattering contribution  mmmmm Continuum

N |

a 200 400 500 800
Gamma-ray energy, kel

1000 1200 1400

Number of counts

Gamma-Spectrum Simulated for HPGe (rel. eff. 8.0%)
[ Scattering contribution s Cortinuum

EEE Peaks ]

a 25 50 7h 100 125 150 175 200 225 250
Gamma-ray energy, kel

275

Detector - Nal (©3"x3")
Source-to-detector distance - 25 cm
Measurement time - 1000 s

Detector — LEGe (20 mm x 2800 mm?)
Source-to-detector distance — 25 mm
Filter — 0.5 mm Sn

Measurement time - 10° s
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NUCLEONICA: Gamma-Spectrum Generator -1

Gamma-Spectrum Simulated for Nal (76.2 % 76.2 mm)

94 Pu 239 95 Am 241 05 Cm o244

Al other nuclides |

|
2.0e+4

Examples:

Detector — Nal (93"%x3")
Source-to-detector distance — 25 cm

Filter = 5 mm Pb
Measurement time - 1000 s

Actinides extracted from 1 kg 6-year-
aged PWR spent fuel. Activity - 5.25 TB(

Detector — BEGe (30% rel. eff.)
Source-to-detector distance — 25 cm

15+
&
E <
5 -
3 |
-
© 1.0e+d +
5 |
_=
E
=
5.0e+3
0.0e+] 4= f———t }
] 400 500 500
Gamma-ray energy, keV
Gamma-Spectrum Simulated for HPGe (rel. eff. 30.6%)
[ 94 Pu 239 95 &m 241 W 56 Cm 244 Al other nuclides |
30ets T T
25845 | '
E 2.0e45 + |
H
2 [
“ I
S 15e+5 |
2 |
£ [ ! <]
= 10845
[ || o
| i
50s+4 | | o
| ! "
S o O | e R
) T Lo {
0.0+ 4— .'...:........:...:....l.-hﬁv'....;..;.
0 400 500 500

Gamma-ray energy, keV

Filter —= 5 mm Pb
Measurement time - 1000 s
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NUCLEONICA: Gamma-Spectrum Generator

Example:
Results of the experimental validation with 60% HPGe coaxial detector

Absolute efficiency

10° Y Y T ' T " " " L T " " " ¥
0.0 0.5 1.0 1.5

Gamma-ray energy, MeV

Full Energy Peak efficiency as a function of the photon

energy: circles — experimental values, curve — calculated.

Two sets of data refer to the source location at 5 cm and
17 cm distances from the detector end cap.

-1

Detector response, MeV ' decay

10° 1 T T T T T T T T T T T T T —
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

E, MeV

Calculated (curve) and experimental (circles) detector
responses for 1%2Eu source at 17 cm distance from the
detector end cap.
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Nucleonica : Easy Monte Carlo for Gamma & Neutron
Dosimetry & Shielding Calculations through Web

CoB0
easyMonteCarIo Dosimetry & Shielding with Neutrons & Gammas
10,47 m| 527w 27 Cobalt ‘Yersion: 2008.09.24 07.05:08
Actual chart: Karlsruhe
Element Mazs Mixture selector Shield Detector
; Co V: :EU | -.:: O Compound . Paraffin o () Particle fiux
[Activity (Bq) ~| [1E+08 ' @bement [Pb ~] @ Doserate
Geometry | Source Options | Results |

Shield l: _1 Dimension in cm

(*) Gamma emitter i |

|50
C'Neutrunaniﬂer o

Source Diameter

[10 | T T
B / e Detector

________ =

| Source to shield :.40 _‘|

Source to Detector |100
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Variance Reduction Example: Point Detector Tally

For very small volumes and heavily shielded sources it can be almost impossible to get either a track-length or surface
crossing estimate because of the low probability of crossing into the small volume or because of the very low particle
flux outside a heavily shielded object. In such cases the use of the Point Detector Tally (one of the Variance
Reduction Techniques) can provide much greater efficiency (FOM) of the calculation.

In the Point Detector approach the tally is
scored, first, when particles emitted from the
________ Detector source, and, then, after each interaction of
T T Tllz==e primary particles, by calculating the
__________ probability for all secondary particles to be
emitted or scattered directly to the detector.

The approach therefore is also frequently
called as the Next Event Estimator.

p(u) — probability density function for a particle to be emitted / scattered into detector,
u - cosine of angle between particle trajectory and detector,

R — distance to detector,

A - total mean free path to detector.
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Future work:

* Include simulation of the spectrum distortion effects (e.g. due to coincidence
summing and energy resolution deterioration), which may appear in measurements
involving elevated count rates and small source-to-detector distances.

* Extend the detector response profile database to include LaBr; scintillators that,
because of their much superior energy resolution, start to replace traditional Nal
crystals in many applications.

* Include self-attenuation effects (by combining GSG and EMC modules), which would
allow more realistic simulation of gamma-spectra from voluminous sources.

* Include background gamma spectrum from naturally occurring radionuclides, which
will make the spectrum shape and MDA evaluations more realistic.



Thanks for your attention !

nuclennlca-'.l
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