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Development and Test of Field Useable Software for
the Analysis of Gamma Spectra of Seized Sources

IAEA Research Contract No: 14900

famma-cneKkTpomeTpuyecku aHaNU3 C UCMNOMb3OBAGHUEM
HPGe, NaI, LaBr (Cl), CdTe - pevextopos

*  WpeHTndoumkaums obpasuoB npon3BoSibHOro
pPagMoHYKNMAHOro cocraea

* OnpepneneHne cteneHn oboralleHnst ypaHoBbIX
obpa3uoB

* W3oTonHbIM aHanmM3 nnyToHMEBLIX 06pa3LoB
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

BeeneHue

TTpobnembr MAEHTUMPUKALUU 9AEPHBIX U PAAUOAKTUBHBIX
MATepuasnos NpU UX HeneranbHOM nepemelleHUU CBA3AaHLI B
OCHOBHOM C ABYMS 06CTOATENbCTBAMM:

HeAOCTATOYHAS KBANUMUKALMS NepcoHana (ogpuLepsl
MOFPAHUYHBIX, TAMOXEHHBIX CNyX6 U T.4.), HenocpeaCTBEHHO
NpOBOASLLErO U3MepeHUs B MOJSIeBbIX YCIIOBUSX;

He BCeraa KoppekTHoe nNporpammHoe obecreveHue,
Ucnonb3ykolleecs B NOPTATUBHBIX CMEKTpoMeTpax -
NACHTUMPUKATOPAX.
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

O6bwwme NpUHUUNLL

B ocHose uaeHTUPUKALUU NeXUT cpaBHeHUe 3HepreTUYecKoro
pacnpeaeneHus usmeperHHoro cnektpa S(N) ¢ sHepreTuuyeckum
pacnpeaeneHuem otaenbHbIX paauoHyknuaoe g;(E).

- CpaBHeHUe 3HepreTUYeCKUX pacnpeaeneHui
S(N)=G(E) G(E):Zai'gi(E)

« CpaBHeHue wu3MepeHHbIX cnekTpoB (MeToa 3TANOHHBLIX
cnektpos, Templates method)

g.(E)=s(N) S()=2b-s(n)

a, > Aa,
Ecnu Hyknua npucyTtcTByeT B npobe

b. > Ab,
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Kputepuu mnaeHTugpurkaumm

Yto Takoe ycnewHas
naeHTUPpUKaums ?
Kakosbr ee kputepumn?
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Kputepuu mnaeHtugpukaumm
CtaTucrnyeckasa 4OCTOBEPHOCTb a > Aa_ A——) 5ai < 1
| |

A 4
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Kputepuu mnaeHTugpurkaumm
TTonHoTa

DC (Dose Contribution)

D .
DC — unident 100

D

total

S.-E

2 Z 5I(Ei)l

S, -E, - 3Hepruu n nnowaaun nukos

g(Ei) - 3acppeKTUBHOCTb perucrpauuu
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Kputepun naeHtugpurkaumm
OAHO3HAYHOCTD

Cl- Confidence index

1
OE,-OE, F,-dl, A,

Cl =log

éE. : 5' .- OTHocuTenbHble MNOrpeLlHOCTN SHEPTUU U UHTEHCUBHOCTY
I I

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Technical and functional
specifications for border monitoring equipment, Revision 1, IAEA Nuclear
Security Series Nol, IAEA, Vienna (2008).
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Kputepuu mnaeHtugpurkaumm
NHaekc aosepua Ana pasnUYHLIX AEeTEeKTOpOoB

HPGe NEL LaBr3
Cs-137 2.8 1.8 2.0
K-40 3.2 2.2 2.4
Na-22 6.7 3.8 4.1
Co-60 7.3 5.9 4.8
Cs-134 6.8 4.4 -
Ba-133 25.4 8.5 12.7
Eu-152 67.4 18.3 27.2
Th-232 97.9 16.6 17.9
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Cneumngpuka paboTbr 3kcnepra

«  Keanuopukauus skcnepta, 6e3ycnosHO, BbIlle KBANUMPUKALIUU
oneparopa.

*  AHANU3UPYHOTCA CMEeKTpbI OT 60MbWOro KonuyecTea npubopos
C PA3SIMYHBIMU TEXHUYECKUMU XAPAKTEPUCTUKAM

*  CneKTpbI MOryT 6bITb NPeAOCTABSIEHBI B PA3NIUYHBLIX (POPMATAX

*  Moxet 6bITb NPOU3BOSNbHBLIN HA6OP PAAUOHYKUAOB, He
COOTBETCTBYHOLUUIMA YCTAHOBNEHHOMY B UCMOSIb3yemMom npubope.

* 3KCFI€pT umeeT bonbluee Bpemqa A4 aHAI3a CneKkTpa.

*  JKCnepT MOXeT NOAKMHoYATb ANg aHanu3a Apyroe
nporpammHoe obecrnedeHue, U UCNOMb30BATb pasHOObpA3HYHO
WHPOPMALIUIO, BKITHOYMAS UHTEpHeT

*  OKCMepT, KaK Npasusio, He MOXeT NpPoBeCTU AO0MNOSIHUTESbHbLIX,
MOBTOPHBLIX U3MEPEHUN, AOMYCTUM C LieSNIbFo YTOYHEHUS
3HepreTUYecKkou Kanmbposku.

A con hitp:/www.Isrm.ru 10



14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

TpeboBaHUA K 3KCNEepTHOMY NPOrpaMmMHOMYy obecnedveHuro no
UAEHTUPUKALUU PAAUOHYKTUAOB

» KoHeepTOp - Nnporpamma obecneumparollas YteHue nHobbIX opmMaTos
CMNEeKTPOB U KOHBEPTALIMFO UX B OAUH(UIUN HECKOMbKO) 06LLEenpUHATLIX

qopmatos. - Cambio”

« TIporpamma nonyyeHus aaepHbIX AAHHBIX MO MApAMeTpam
PAAMOAKTUBHOIO pacnaaa NpPOU3BOSIbHLIX PAAUOHYKITUAOB U
cooTBeTCcTBYHOWAa 6a3a a4epHbIX AAHHBIX

NuclideMaster  http://www.lsrm.ru/products/nuclide_master

- TIporpamma reHepauum cnekTpos
Gammalab http://www.Isrm.ru/products/virtual_lab/Isrm_gammalab
Gamma-Spectrum Generator _http://www.nucleonica.net

« Tlporpamma uaeHTUPUKaLUM - Specfr'aLineID

A con hitp:/www.Isrm.ru 1
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

OcHoeHbre TpeboBaHUA K NMporpamme UAEHTUPUKALUU

. Bo3moxHOCTb 06pabOTKU CMeKTpOB OT AeTeKTOPOB pPa3fIUYHBLIX TUMOB U pasmepoB(
HPGe, NaI, LaBr).

. BO3MOXHOCTb CUUTLIBAHUS CMEKTPOB B Hauboree pacnpoCTpaHeHHbIX (PopMaTax.

. KenatenbHo HanMume HeCKONbKUX anbTEepPHATUBHBLIX AfTTOPUTMOB UACHTUPUKALIUW.
. PacueT 1 BbIBOA OAHOTO UMW HECKOSMBbKUX KpUTEPUEB, XapaKTEpU3YHOLLUX
AOCTOBEPHOCTb UAEHTUPUKALIUU.

. TTpu 364AaHUU KOPPEKTHBIX NAPAMETPOB U3MEPEHUS -~ PACCTOSHUU, MO MOLAGHOLWUX
CNoeB, BO3MOXHOCTb OLIeHKU 3HAYeHUM AKTUBHOCTU UAEHTUPULUPOBAHHLIX PAAUOHYKITNAOB.
. YyeT BHelwHero u cobcteeHHoro (B cnyyae LaBr -aetexkTopoB) qoHa cnekTpomerpa.
. Y4eT nornoLeHUs ramma-usnyyeHus B 3alMTHBIX Croax. BosmoxHocTu oueHkm
TOJILUMHBI CJ10S B CrlyYae Hem3BeCTHLIX 06beKToB.

. Bo3MOXHOCTb KOppeKLUU 3HepreTUYecKom KanmbpoBKU B UHTEPAKTUBHOM pexume,

Hanpumep, NO POHOBBLIM JIMHUSM cnekTpa. TTepeHoc 3HepreTUYecKom KanubpoBKku U3 OAHOMO
CneKTpa B APYroW.

. N3meHeHue 6ubnuoTtekn paanoHyknmuaos. TToaknroveHue nonHow 6asbl
PAAUNOHYKNUAOB. AHANU3 LienoYek pacnaaa.
. NHTepaKTUBHBLIN peXum C NpOrpammoi, NO3BONSHOLWUU NPOBOAUTL BU3yasbHOe

CpaBHeHWe CMeKTPOB A aHANM3a NPUCYTCTBUS KAKOTO-NMb0 paauoHyKNUAQ.
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

SpectralLineID -¢popmatbr cnekTpos

SpectralineID noanepxusaer camoctoatesibHO
YTeHUe HeCKOJIbKO pacnpoCTpaHeHHbLIX (POPMATOB
CNeKTpos:

« ORTEC CHN
- IAEA SPE
« ASCII ASC
« CANBERRA CNF
Fopmatsbr CHI - npoussoautenen
« ASPECT SPC
« GREEN STAR SPS
« ATOMTEX SPE

A con hitp:/www.Isrm.ru 13



14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

SpectralLineID - [etekTopbl pasnuUyHbIX TUMOB

v* Spectraline Q@

Analyzer Options Processing Windows Help

= andy_LaBr v i v i e - p g | Activity[ AllMethods:
= |Handy_LaB B ? v : { AlMethods)

Ml C:\L SRM\Work\Handy\Handyi

416 480 512 544 960 1152
Channel Channel

S07 Counts: 7 Energ 1435.73 FW: J 999 Counts: v 12.32 Live: 36

160 192 r 256 5 480 496 512 544
Channel b Channel

v

223 Counts: 35 Energy: 742.71 FwW: 54.39 Live: 2222.( 3 H 493 Counts: 886 Energy: 124.10 FW: 1.03 Live: 3547.11
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SpectralLineID - TTouck nukos

,a.,spec"a“ne , e @

File Analyzer Options Processing ‘Windows Help

E [NM_Pu(Planar) vl | @ rd ol pa 7Y

Cggs0 10113 DR 11540
111.36  114.38
0.48

Channel

EChanneI' 1559 Counts: X 2 2 0.52 Live:

100000 45 gg80  103.064.30
3472 97 9945 1035.;. 111.36 11421 11742 12028

1049 1 _37 11719 119.68 12305
1194 121 55

Channel

1812 Counts: 706 Energy: 135.868 FwW: 0.55 Live: 1200.00 Real: 1493.20 Dead:
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SpectralLineID -PasnuyHbie metoarr 06paboTru

a B=1E3

Analy Options  Pr ing  WAine Handy_LaBr

’.—=_ Handy_LaBr _ 560
- 2 , - [5]x]
- 0 30 be ~

Channel: 542 Counts:

tirLL

Common repart

1000 I

Channel: 3 o 473 et 57,56 FW: 078 Channel:
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SpectralLineID Yuer nornoueHus ramma-
U3nyvyeHUsa B 3aGLMTHBIX CNOAX

i’ New container - Create new container g@@
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SpectralLineID OueHka TONWMUHBLI cnos

25 Energy: 1040.74 Fw: 1.69 Live: 300.0% 8 Channel: 155 Energy:

6 Energy: 1518.14 Fw:

2 Energy: 1612.14 FW: 78.70 Live: 594.00§

Channel: 4271 Counts: 1 Energy: 1403.04 FW: Cl H 0 Energy: 1610.59 FW: 78.65 Live: 595.00

KT1-5 (t=5mm) |KT1-10 (t=10 mm) |KT1-20 (t=20 mm)

HPGe S 9 19
Nal 6 12 24

A con hitp:/www.Isrm.ru 18



14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

SpectralLineID EunbTp nNo sHepruwu
’* IdentinfoForm E]@@‘

Lire area / Energy : / Muclide

n

JB data

[+
[+
[+
[+
[
£
[+

4‘,1./10% http:/iwww.Isrm.ru 19
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SpectralLineID - gunbTp No nepuoay nonypacnaaa

W4 IdentinfoForm

Lire energy / Nuclide

Line area / Energy

Activity / Nuclide

Activity £ Energy

Fitting criteria /..

By &l nuclides in database W
= [T 803.025 144 [224)

V] @ Fo210 136.3day) 8031 (0.01) ATOBMMBIEET  Po2iD 13839dey) 0107200713, [ Icendfication vindow (keY): 01[24]
(]9 Fa-210 136 33(day) G031 [+0.01] OGIZTAGTEEGE b0 223pea)  OI07-200713. h’::;'r'ndjsa'iﬁjjﬁ chai B
[C1®p Bi206 .24day) 8031 [+0.05) SEREET R0 AMne  OBA0NG. |
[1®p Bi206 6.24day) 8031 [+0.05) GRI7TIET2454833  Ac214 82sek] 0106200819 . Eolven 9
[14p Bi206 6.24day) 803.1 [+0.05) 44006139377 Rn210 24fhow] 0106200819 | ' - ,
[]@p 206 24day) G131 [20.05) 25759 392504 Bi2E G24fdsy) 0105200813 | [ show POV [] show PDV
(1@ 206 24day) G131 [+0.05) 4850072138 Po0f B8dey) 0106200813 | [ showsumpesk  [¥] show DB dats
(1@ 206 F24day) 131 [+0.05) GM0IEIETE  ALZ0R A0mn) 0106200819 [ Idertiy ne 803.025 ke |
[I#p Bi206 .24day) 8031 [+0.05) 7SETI938986  ALZI0 Bifhow] 0106200819
[1€p Gd143 9.28day) 802,94 [+0.02) 1962674522934 G149 928(dsy)  0106:200819.. | lertipallines |
(19 TH206 4 2(min) 8033 (x02) 16206736604319  Bi21M BOE+0B[. 0107200719, | [¥] Show idenified fines

Show unidentified lines
Activity unitz | By

Line energy Energy emar [ntensity Intensity emor | Line ... |

Add to library |

Cloze
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SpectralineID KoHTponb 3Hepretudeckoro cnekrpa

M IdentInfoForm |._||E|E|
Activity # Muclide

Line energy / Muclde Line area / Energy Activity / Energy Fitting criteri...
= T 803.239 134 [+23)

@ TH206  4.2(mir) 803.3 (+0.2) 1637728303 (+4000000) [ TEHERG TR LG8 10[%
Muclides decay chain

] & Po-210 132.38(day] 8031 (x0.01] FO137764.47 (+13000000] T - 1 E+10

Meaz. date 01-07-2008 13:25:20
T1 | 1.0E+D " Years w |

1 woma 2007rv | 192520 % |

| By all nuclides in databaze

T2 | 1OE+0 | Days v|

30 wonm 20081 v | 132520 % |
[ Filter by chain

Scan zpectum
show POV show PDY
show zum peak show DB data

| Identiy fine 803.239 ke |

| ldeniyalies |

Show identified lines
Show unidentified lines

Line energy E nergy ermor Intenzity Intensity error | Line t...

[ #dld to lbrary |

Cloge
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SpectralLineID BusyanbHoe cpasHeHue cnekTpos

iy Spectraliine

Analyzer Options  Processing  Windows Help

El [P HPGez0z) «|| & -

- I!I' m_ ?7 EnergyCalibration v

i C:\LSRMAWork\GP\HPGe(2

Channal
2617.74 P

Channel
2612.40 Fuh

7255 Counts:

0 Energy: 933 Counts: 57 Energy: 100.54 Live: 592.00

—
i |

100000

" e

4096 192
Channel » Channel

6934 Counts: 0 Energy: 1723.33 PW: 1.88 Live: 605,85 H 284 Counts: 14858 Energy: 913,97 FW!:

bl
65,10 Live: 4360.07%
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Conclusion
The results of the project execution:

The software for expert support of field measurements for nuclear and radioactive
materials identification SpectraLinelD was developed.

« ltincludes analytical identification methods and heuristic approaches, based on the visual
comparison of spectra under investigation.

« The software allows to deal with detectors of different types with both high and low
resolution.

* Quantitative criteria for successful identification are formulated.

The program SpectraLinelD combined with existing program products :
. for spectrum format conversion (Cambio),

- forradioactive decay parameters (NuclideMaster),

« for spectrum generation GammalLab, Gamma-Spectrum Generator)
may be included into the program complex for expert software.

Further development of the work :

« The program complex should be supplemented with methods of determining of the
isotopic ratio for Uranium and Plutonium. The most urgent developing of these methods
should be for new types of identifiers on the base of HPGe-detectors with electrical
cooling and LaBr, LaCl detectors.

« Determining of the upper level activity of identified nuclides estimation in case if sources
matrix and protection layers are unknown.
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3aknkoveHue

Pe3ynbTaThl BEINONHEHUA NpoeKkTa:

B pamkax Hactosuleir paboTer 66110 paspaboraHo nporpammHoe obecneveHue Ans
3KCNepTHOU NOAAEPKKU NOSEBbIX U3MEpPeHUIn MO UAEHTUPUKALUU SAepHBIX U
paAvoakTueHbIX Matepuanos SpectralineID. OHo BkniovaeT, Kak aHanuTU4Yeckue
MeTOoAbI UAEHTUPUKALMU, TAK U IBPUCTUYECKUE MPUEMBI, OCHOBAHHbLIE HA BU3YasbHOM
cpasHeHuu cnektpos. OHO nossonseT pabotaTtbh C AeTEKTOPAMU PA3SNIUYHOIO TUNA Kak
BLICOKOrO, TGK U HU3KOrO paspelueHus.

HononHeHHoe cylecTByHOWMMU NPOAYKTAMMU

*  NO KOHBepTAUUU CMEeKTPOB U3 pasHbIX popmatos (Cambio),

*  no napameTtpam paauoaktusHoro pacnaaa (NuclideMaster),

*  no reHepauuu cnektpos(Gammalab, Gamma-Spectrum Generator)

OHO MOXeT 6bITb BKNMHOYEHO B COCTAB KOMMJIEKCA MO 3KCMepTHOMY MpOrpaMMHOMY
obecneyeHuUto.

HanbHelwee pa3sutue paboThl CBA3AHO C pelleHUeM CreAyroWwmX 3aAau:

- [lononHeHue metoaamu onpeneneHUs U3OTONHOrO COCTABA YPAHA U NIYTOHUA.
Haubonee aktyanbHO passutue 3TUX MeTOAOB ANA HOBLIX TUMOB UAEHTU(PUKATOPOB Ha
ocHose HPGe- netekTOpoB C 3neKTpudeckum oxnaxaeHuem u LaBr, LaCl-petextopos;
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Cnacubo 3a sHUmaHue!

http://www.lsrm.ru/help/articles/

o

LABORATORY
of spectrometry
and radlometry

http:/lwww.lsrm.ru

mail: Isrm@Isrm.ru

Phone: +7 495 660-16-14
Located in Moscow, Russia
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Definitions

Identification means the
determination of set of
nuclides, which explains
(decrypts) measured spectrum.
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14900 - Development and Test of Field Useable Software for the Analysis of Gamma Spectra of Seized Sources

Identification criteria
Statistical reliability

a, >Aa, 4P 5 <1

s <l =1, >1
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