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The reference spectra for the 2002 IAEA intercomparison
for low-level gamma-ray spectrometry.

1. Detectors and electronics

Two detectors were employed: A 33 % Canberra HPGe detector, to be denoted
SMALL from this point on, and a 96.3 % Ortec HPGe detector, to be denoted BIG. A
10 cm thick, tight-fitting lead castle in all directions except the front shielded the BIG
detector. The SMALL detector was not shielded at all.

The associated electronics as well as some specifications are shown in Table 1. The
original datasheets and dimensional information obtained by other means are shown
in Appendix A.

Table 1: Main detector specifications

SMALL BIG

efficiency 33 % 96.3 %

resolution at 1333 keV 1.84 keV 1.82 keV

HV Ortec 459 Emetron EHV-6000

amplifier Ortec 572 Ortec 571

ADC Northern NS-623 Canberra Accuspec card

2. The spectra

Three kinds of spectra were acquired on each detector: Background spectra,
calibration spectra and test spectra.

2.1. Background spectra

Since the presence of large samples shields the detector from the environment,
two background spectra were acquired for the SMALL detector: One with nothing
present near the detector, and one with a 500 ml Marinelli beaker filled with distilled
water present. These two spectra are denoted BGSMALLPOINT and
BGSMALLMARI. For the BIG detector, only one background spectrum was
acquired, denoted BGBIGPOINT, because the expected count rates from the pill-box
samples are much higher than from the background, and moreover originate from
radionuclides not present in the background, as opposed to the natural radioactivity
measurements in Marinelli beakers on the SMALL detector.

2.2. Calibration spectra

Peak-to-total spectra

Six single-nuclide point sources were measured at 10 cm distance from the BIG and
the SMALL detector and at 20 cm distance from the BIG detector. The latter counting
geometry had already been calibrated in the past with a variety of traceable point
sources, allowing for determination of the activity of these sources. This efficiency
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was verified once again with the mixed radionuclide point source described in the
next subsection. The relevant data are shown in Table 2.

Point-source spectra

A certified point source QCD1 was purchased from Amersham. The original
specification sheet is shown in Appendix A. this source was counted at 30 cm and
20 cm from the BIG detector, as well as on the end cap, and at 20 cm and 10 cm from
the SMALL detector, as well as on the end cap. The spectra are denoted as
QCDBIG30, QCDBIG20, QCDBIG0, QCDSMALL30, QCDSMALL10 and
QCDSMALL0.

Pillbox on BIG detector

At Analytics Inc. Oak Ridge, a pill-box was filled with 100 ml resin at a density of
1.15 g/cm3, containing certified activity levels shown in Appendix A. This pillbox
was counted on the BIG detector until 1 % precision was obtained in the Cs-134 sum
peak at 1174 keV. The spectrum is denoted PICBIG.

Marinelli on SMALL detector

At Analytics Inc. Oak Ridge, a 500 ml Marinelli beaker was filled with 500 ml
resin at a density of 1.15 g/cm3, containing certified activity levels shown in
Appendix A. This beaker was counted on the SMALL detector until 1 % precision
was obtained in the Cs-134 sum peak at 1174 keV. The spectrum is denoted
MARICSMALL.

2.3. Test spectra

Test samples with known activity levels were obtained from Analytics Inc., Oak
Ridge, and from the IAEA. The activity levels were to be kept secret from everybody
involved up to the end of the intercomparison meeting, so no specification can be
given in this document.

In Seibersdorf, the IAEA mixed two reference materials and supplied two such
mixtures for measurement, denoted MIX1 and MIX2. Upon receipt, the materials
were placed in the same type of Marinelli beakers as used at Analytics Inc., sealed
with an inner lid of 3 mm thick Lucite glued in place with acrylic kit, and counted

Table 2: Sources and spectra for peak-to-total ratio determination. The activities
are stated with uncertainties due to counting statistics only.

source activity on May 1 2001, 12:00 GMT spectrum name

Am-241 ?? Am241BIG, Am241SMALL

Cd-109 31.6 kBq ± 4 % Cd109BIG, Cd109SMALL

Cs-137 35.5 kBq ± 1 % Cs137BIG, Cs137SMALL

Zn-65 40.4 kBq ± 2 % Zn65BIG, Zn65SMALL

Sn-113 79.8 kBq ± 1 % Sn113BIG, Sn113SMALL

Mn-54 35.5 kBq ± 1 % Mn54BIG, Mn54SMALL

Co-57 27.8 kBq ± 1 % Co57BIG, Co57SMALL
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immediately as well as after three weeks decay time on the SMALL detector. Right
after sealing, MIX1 was counted during 2 days. MIX2 was given a long counting time
of 23h35 to get excellent statistics, as well as short acquisition times of 20 and 6
minutes to get poor statistics. The short acquisition times were divided in two halves,
one half counted just before the long count and one immediately after, so changes in
equilibrium should have a minor effect on the expected peak area ratios between
excellent and poor statistics spectra.

After three weeks, more measurements were done for MIX1 and MIX2. Both were
counted during 1 hour on the SMALL detector, and MIX2 was counted for an
additional 3 minutes to get a “poor statistics” spectrum.

The spectra are denoted MIX1NEQLONG, MIX2NEQLONG, MIX2NEQ20,
MIX2NEQ6, all before equilibrium was achieved, and MIX1EQ, MIX2EQ and
MIX2EQ3, after equilibrium was achieved. The “long” MIX2 spectrum was analysed
with the IRI software, knowing and using the radionuclides and peak energies
involved, to get reference peak areas and energies. The results are given in
MIX2NEQLONG_REF.

At Analytics Inc., a Marinelli beaker of the same dimensions and matrix density as the
calibration one was prepared, and a 100 ml pillbox sample of higher density
(1.6 g/ml) than the calibration one. The pillbox sample was counted on the BIG
detector for the same duration as the pillbox calibration source, and also during 1
hour. The spectrum are denoted PITBIG and PITBIG60. The Marinelli beaker was
counted on the SMALL detector for the same duration as the calibration source, and
also during 1 hour. The spectra are denoted MARITSMALL and MARITSMALL60.
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Appendix A –specification sheets
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BIG detector original specsheet
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BIG detector more dimensions as specified by ORTEC
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SMALL detector original specsheet
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SMALL dimensions
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QCD1 certificate
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MIX1 and MIX2 certificates
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Pillbox and Marinelli beaker dimensions

Marinelli beaker and pillbox dimensions. The Marinelli material is LDPE, the
pillbox Nalgene. The shaded area indicates a 500 ml and 100 ml volume, resp..

0.159 cm 1.75 cm

8.69 cm
6.8 cm

7.85 cm

11.2 cm

 6.0 cm

 3.53 cm

 0.22 cm
 0.17 cm

 0.30cm

 0.17 cm


