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Why practice with complex spectra?

Chernobyl / experienced analysts retirement

Analysts < 45 years may never have seen a fallout type spectrum.

Many analysts - same isotopes
- same low levels
- same samples
- same analyses

Isotope/activity predictability software ”convenience”

Give non-nuclear, smaller countries a chance to practice.
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Why use synthetic spectra?

Fresh reactor samples – difficult to arrange/distribute

Short half-lives, problems with gases.

ALARA, waste, handling, customs, imports, declarations, paperwork, 
etc.

High activity samples - low activity/background labs.

Certify contents of fresh samples from a reactor - work.
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Some examples of synthetic/semi synthetic
spectra for intercomparisons

IAEA - 1976 Spectra, 1995 Spectra, 2002 Spectra

”Sandersen Test Spectra” USDoE 1990,

Sandersen/DoE/EML 1996 - Gamma SpectrometryData Validation Program ,

NKS 2001 - “The Use of Synthetic Spectra to Test the Preparedness to 
Evaluate and Analyze Complex Gamma Spectra.”

USDoE 1996 – 2004 SYNTHETIC AND VIRTUAL ENVIRONMENTAL MEDIA 
(SAVEM) programme,

CTBTO Proficiency test exercise 2003.
The I.A.E.A. intercomparison of methods of processing Ge(Li) gamma-ray spectra - preliminary report, in 'Computers in Activation Analysis and Gamma Ray Spectrometry. I.A.E.A. CONF-
780421, Ed. Carpenter et al., Parr, R.M., Houtermans, H., Schaerf, J., (1979);Nielsen, S.P., (1982), Quantitative evaluation of gamma-spectrum analysis methods using IAEA test spectra, 
Nucl. Instrum. Methods 192 433-438; Additional results for the 'G-1' IAEA intercomparison of methods for processing Ge(Li) gamma-ray spectra.Zagyvai, P., Parr, R.M., Nagy, L.G., 
(1985), J.Radioanalyt.Nucl.Chem 89,589-607; An evaluation of commercial IBM PC software for the analysis of low level environmental gamma-ray spectra; Sanderson, C.G., (1988), 
Environment International, 14,379-384; IAEA gamma-ray spectra for testing of spectrum analysis software, M. Blaauw, V. Osorio Fernandez, W. Westmeier, Nucl.Instr.Meth. A387 (1997) 
410-415 ; The 1995 IAEA intercomparison of gamma-ray spectrum analysis software, M. Blaauw, V. Orosio Fernandez, P. van Espen, G. Bernasconi, R. Capote Noy, H. Manh Dung, N.I. 
Molla, Nucl.Instr.Meth. A387 (1997) 416-432 ; Nikkinen, M., (2001), The Use of Synthetic Spectra to Test the Preparedness to Evaluate and Analyze Complex Gamma Spectra, NKS 
Report No. 43, Nordic Nuclear Safety Research, Roskilde, Denmark, ISBN 87-7893-096-0, 80 p.; The 2002 IAEA test spectra for low-level g-ray spectrometry software Los Arcos, J.M., 
Menno Blaauw, M., Fazinic, S. and Kolotov, V.P., Nucl. Instr. Meth. A536 (2005)189-195 ; The 2002 IAEA intercomparison of software for low-level g-ray spectrometry Arnold, D., Menno 
Blaauw, M., Fazinic, S. and Kolotov, V.P., Nucl. Instr. Meth. A536 (2005)196-210 ; Booth, F.H.K., Dekker, K.M., Bottrell, D., SYNTHETIC AND VIRTUAL ENVIRONMENTAL MEDIA 
(SAVEM), WM’02 Conference, Feb. 24-28, 2002, Tucson, AZ; P. Karhua, P.,  De Geer, L.-E., McWilliams, E., Plenteda, R., Werzia, R., (2006) Proficiency test for gamma spectroscopic 
analysis with a simulated fission product reference spectrum, Applied Radiation and Isotopes 64 1334–1339
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REMSPEC 2008

NKS-project : ”Analysis of remotely accrued complex gamma ray  
spectra – proficiency test”

Main objectives 

• Exercise with a complex “fresh fallout” spectrum under time 
constraint

• Exercise with data taken on remote instrument (assistance)

• Exercise with data analysis

• Exercise conducting this type of exercise
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REMSPEC 2008

Scenario:

Kola powerplant (Russia) – serious accidental
release to atmosphere

Air samples taken in Kirkenes 20 hours later 

HPGe measured, assistance sought

Data sent to third party countries

Request for results within three hours.

The isotope activities in air based on the work
conducted by Larsen et al 1999.

Larsen, E., Naadland Holo, E.,  Saltbones, J., Stokke, E. 1999. Kola konsekvensanalyse. Vurdering av dosemessige konsekvenser av 
en eventuell ulykke ved Kola kjernekraftverk. StrålevernRapport 1999:Nr 10. Østerås: Statens strålevern, 1999.
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REMSPEC 2008

Spectra constructed using the CTBTO’s modified MCNP-code.

Detector model – standard coaxial HPGe detector from NRPA

Nuclear data (ENSDF-filer) from NNDC (http://www.nndc.bnl.gov) March 2008.

Spectra created in IMS 1.0 format and then converted to:

Canberra (.cnf), 
Ortec (.chn, .spc), 
standard .csv, 
Accuspec (.dat), 
International MCA (.iec), 
EG&G (.mcs), 
IAEA (.spe) 

Plenteda, R., 2002, A Monte Carlo Based Virtual Gamma Spectroscopy Laboratory. Universitaetsbibliothek der 
Technischen Universitaet Wien, Resselgasse 4, A-1040 Wien, Austria. 118 p.
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Energy/shape calibration spectrum

Two spectra : an energy calibration spectrum and the test spectrum

Calibration spectrum: 
~100 Bq each of 133Ba, 137Cs, 88Y og ~1000 Bq of 40K 

”counted” for 10 hours in close geometry.

Sent 2 weeks before the actual test spectrum - qualitative but not quantitative
information.

The aim was to check that everyone could open and analyse the files and allow
participants to conduct their own energy and shape calibrations. Also to avoid
artifacts due to file conversion. Could not be used for establishing (correct) 
efficiency curves.
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Efficiency data
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The REMSPEC test spectrum
24 isotopes in 1 m3 of air over Kirkenes.

Background not simulated - good shielding and short count time.

All transitions modelled but not EC in 134Cs and IT in 131mTe – not 
significant. 

Pb x-rays - not included (copper/tin).

Effects of any beta emissions - not included.

Annihalation + TCS  (including x-gamma) - included

Mothers and daughters - included.

827 gamma peaks and 184 x-rays

Simulated for 1 hour count time

Some noble gases - included
27.6133Xe

193.0135Xe

36.991mY

45.6131Te

2850.0132Te

202.0131mTe

409.395Nb

80.695Zr

58.991Sr

376.091Y

43.0143Ce

66.4141Ce

209.1140La

914.1140Ba

218.0127Sb

297.8103Ru

251.8137Cs

73.4136Cs

321.9134Cs

217.6135I

2443.60133I

2937. 0132I

3046.50131I
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NKSPEK1
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Test analysis + correction factors

Before distribution: 

Whole spectrum “hand” checked, 

All non-sum photopeaks over a chosen significance threshold were 
identified, 

Spectrum analysed in 3 hours using a fresh install of off the shelf 
software and an updated library, 

Coincidence factors calculated using readily available other software 
to check the feasibility of participants being able to derive reasonable 
estimates.

S. Sudár “Truecoinc”, a software utility for calculation of true coincidence correction IAEA Tecdoc 1275 (2002) 37-48
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Some probable sum peaks

Sum peak energy (keV) Probable isotope, summed energies (keV) and                 

correction factors in parenthesis.

277.8 keV 132Te;             277.88 =    49.72 (1.152) + 228.16 (1.004)
504.4 keV 136Cs; 504.47 =  163.92 (1.503) + 340.55 (1.227)

1190.3 keV 132I;               1190.35 = 522.65 (1.331) + 667.70 (1.264)

1315.0 keV 132I;               1315.30 = 505.80 (1.461) + 809.50 (1.386)
1318.0 keV 132I;               1317.80 = 505.80 (1.461) + 812.00 (1.312)

1394.5 keV 132I;               1394.90 = 667.70 (1.264) + 727.20 (1.466)

1400.3 keV 134Cs; 1400.58 = 604.72 (1.162) + 795.86 (1.163)
1440.2 keV 132I; 1440.30 = 667.70 (1.264) + 772.60 (1.264)

1443.8 keV 132I; 1444.00 = 671.40 (1.443) + 772.60 (1.264)

1499.6 keV 132I; 1499.60 = 727.00 (1.395) + 772.60 (1.264)
1622.0 keV 132I 1621.50 = 809.50 (1.386) + 812.00 (1.312)
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Results within 3 hours - identification
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Additional results within a week - identification
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Mother-daughters

133I (20,8 timer)� 133Xe

135I (6,57 timer)� 135Xe

140Ba (12,7 dager)� 140La  

91Sr (9,63 timer)� 91mY

95Zr (64 dager)� 95Nb

131mTe (30 timer)� 131Te

132Te (3,2 dager) � 132I
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Quantitative after 3 hours
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Participant

1 2 3 4 5a 5b 6 7 8 9 10 11 12

B
q

0
200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800

1st result
2nd result

134Cs

Participant

1 2 3 4 5a 5b 6 7 8 9 10 11 12

B
q

0
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460

1st result
2nd result

140La

Participant

1 2 3 4 5a 5b 6 7 8 9 10 11 12

B
q

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

1st result
2nd result

137Cs

Participant

1 2 3 4 5a 5b 6 7 8 9 10 11 12

B
q

0
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380

1st result
2nd result



www.nrpa.no

False positives

106Rh97Zr237Np109Cd

203Hg85mKr75Se224Ra

113Sn60Co69mZn223Fr

131mXe126I58Co210Tl

130I233U56Mn187W

126Sb214Pb41Ar138Cs

89Zr212Bi22Na239Np

57Co177Yb133Ba7Be 
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Follow up
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Personal observations…..
Uncertainties - too variable between labs for the same data?

Calibration issues – over-reliance on the routines of the software in use.

Summation problems   - Implementation, not awareness.

Problems with file types  - could be more flexible

”Exotic” isotopes  - some labs exhibit lack of confidence in identification. 

False positives – perhaps be more critical of what the software says?

Mother-daughter pairs  – the presence of one was not always considered to 
be indicative of other. 
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Possible and Actual Further NKS Activities

NKS Project MALRAD will take place in October 2009.

Analysis of Gamma Spectra for  Malevolent Radiological Situations 

Devised due to experiences at exercises such as LIVEX  and  
DEMOEX and to take account of new challenges.

Objectives: exercise opportunity, something different – detectors + 
sources + contexts + activities, 

Get off the ”software sofa”.

Hopefully a test of analyst skill/ingenuity as opposed to just testing 
software. 
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MALRAD 

7 malevolent scenarios devised based on actual events from 
the past or probable scenarios that have not happened (but
might).

Participants will be provided with a scenario description and 
spectra (range of formats)/other information.

Asked to identify all sources within 1 week and provide any
other information they can.

Typical first responder type of equipment.

If people want to sign up to this and have not already –
email to mark.dowdall@nrpa.no as soon as possible.
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Other possible NKS activities…

Maybe in 2010 (current NKS application): ORPEX – Virtual Search for ”Synthetic” Orphan
Sources Using Car-borne Gamma Spectrometry.

1 hour of ”video footage” from a carborne NaI ”waterfall” display will be produced in standard video 
format. Corresponding set of 1 or 2 s spectra will be provided. 

Participants will be asked to locate and identify (if possible) all sources seen using any means at their
disposal.

The 1 hour footage will be of an actual trip with a car borne system. Synthetic spectra will be 
superimposed on the variable background spectra at various points in the trip to simulate driving by 
different sources.
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Other possible NKS activities…2011?

A really difficult exercise using HPGe? 

Complex spectrum, 
combination of low and high activities, 
with high/complex background, 
requiring geometry/efficiency extrapolation, 
density correction + matrix correction, 
mother-daughter corrections, 
decay corrections, 
deconvolution, 
summation corrections, etc etc.

With file conversions required. Under time constraint. 
Using a badly maintained detector.

Would like to expand this to a wider group– contact small countries globally?
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