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This paper describes a homemade lead, 15 cm-thick, cylindrical shaped shield of a 9" x 9" NaI(T1)
gamma spectrometric well-type detector. Commercially available lead was melted into cylindrical
rings. The molds for the cylindrical rings were made from hard-cooked beech wood which was
pressed in a sand mold to make the final mold. After cooling, the lead rings and ring edges were
sanded, transported from the foundry to the laboratory of the Department of Physics in Novi
Sad, Serbia, and assembled in the detector shield. The total mass of the shield is 2622 kg. Some
lines inside the shield are reduced almost 200 times and the total count rate (280 keV-3000 keV)

is reduced 132.7 times.
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INTRODUCTION

A major aspect of any nuclear spectroscopy is
the minimization of background radiation not origi-
nating from the sample that is being measured.
Background radiation comes from naturally occurring
or man-made radioactive nuclides in the environment
or from cosmic sources.

Before the creation of high-resolution semicon-
ductor gamma spectrometers, scintillation Nal(Tl1) de-
tectors had a leading role in gamma spectroscopy. Ow-
ing to their high efficiency and the possibility of
producing large and versatile shapes, these detectors
are still important in many applications. Large Nal(Tl)
detectors are frequently used in anticoincidence and
coincidence spectroscopy where the well- or annu-
lus-type crystal surrounds a germanium detector [1,
2].

A major aspect for setting up any detector is the
selection of the detector shielding to minimize the in-
fluence of background radiation [3]. Of all the shield-
ing materials, the most commonly used are lead and, in
some cases, iron. Lead is favored against the iron due
to its high density (11340 kgm=) and high atomic
number (Z = 82).

Lead and iron manufactured after 1945, may
contain fallout products such as Cs-137 and Co-60
from nuclear weapons testing in the atmosphere. Also,
lead contains contamination from the primordial ele-
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ments such as U-238 and Th-232 and other members
of the decay chains (present in the original ore or the
charcoal used in the melting process). The isotope that
is of concern, especially for low-energy gamma spec-
troscopy, is Pb-210, with a half-life of 22.3(2) years.
The Pb-210 undergoes beta decay to Bi-210, which
also undergoes beta decay [4]. Beta emissions of
Pb-210 and Bi-210 components in lead shielding pro-
duce a low-energy bremsstrahlung continuum, and
there is also a46.5 keV gamma emission from Pb-210.
The background radiation from the shielding is unde-
sirable especially if it is used for low activity counting
and for the detection of low gamma or/and X-rays.

THE DETECTOR SYSTEM

A schematic diagram of the 9" x 9" Nal(T1) detec-
tor is presented in fig. 1. All dimensions are external,
apart from the dimensions of the Nal(Tl) crystal itself.
Inside the 9” x 9" Nal(Tl) detector well, one 3" x 3"
Nal(T1) detector was placed. Pulses from the “big/an-
nulus” and “small/plug” detectors are summed in the
Canberra 2022 amplifier. From the amplifier, the signal
goes to the Canberra Multiport I Multichannel Ana-
lyzer and than to the PC with Genie 2000 software.

Before assembling the entire system, all
photomultipliers are tested individually and adjusted
with a Cs-137 point source to give a signal on the same
channel in the spectrum. The 9” x 9" Nal(T1) detector
is connected to the Canberra Model 3002-D high
voltage power supply and is set to 1000 V. The 3" x 3"
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Figure 1. Schematic diagram of the 9" x 9" Nal(T1)
detector with 6 photomultipliers

Nal(TI) detector has a Canberra Model 3005 high volt-
age power supply and is set to 680 V. Fine adjustment
of high voltage on each detector is very important.
Even a change of 1 V can broaden the energy line
within the spectrum and deteriorate the resolution of
the system. A detailed calibration of well-type Nal(TI)
detectors is described in [5].

CONSTRUCTION OF THE Pb SHIELD

The detector was surrounded by a 4 geometry
15 cmthick, low-activity lead shield. An additional
2 mm thick shield of tin and 1 mm thick shield of elec-
trolytic copper covering the inner part of the lead
shielding was added in order to reduce or eliminate the
presence of characteristic fluorescence X-rays from the
lead shield.

The idea was to render the shield easily assem-
bled and disassembled. The segments of the lead
shield were made in the form of lead rings surrounding
the Nal(TIl) detector, of a relatively small mass
(mostly about 33-40 kg, with only a couple of them
up to 55 kg). The outside rings are identical around the
entire shield (7 cm wide, mass 40 kg). Inside, the lead
rings are 8 cm wide around the Nal(TI) (33 kg) and
9.5 cm wide around the photomultipliers (38 kg). This
arrangement of lead rings enables avoiding the use of a
special holder for the 9" x 9” Nal(T1) detector. The 9" x
9" Nal(Tl) detector has an aluminum ring around it,
serving as a detector holder and as additional protec-
tion. Between the lead shield and the aluminum
holder, a thin sponge was placed, because it is recom-
mended to avoid direct shield-detector contact. If pos-
sible, the spacing between the detector and the shield
should be around 10 cm. In this case, it is merely 2 cm.

The five segments below the detector are identi-
cal to the ones around the Nal(T1) with 26 kg, 31 cm di-
ameter lead plate in the center. The five lead segments
above the detector have a smaller hole in the center for
an easy sample changing within the detector well. In-
side these holes, there are 2 lead lids for opening lids,
with a mass of 13 kg and 14 kg. The lids are made in
two parts, for easy opening by hand and to avoid the
use of elevators. Allof the lead rings and plates are
3 cm thick, except the ones that were casted in one
piece. The lead for the shield was bought at a scrap
yard in the form of old lead pipes. The total mass of the
lead shield is 2622 kg.

The 80% Sn rods were bought and melted on a
copper plate. The copper plate with the melted tin was
then submerged in cold water; the tin instantly cooled
down and divided from the copper plate in sheet form.
Tin sheets were sanded to 2 mm thickness, rolled in cyl-
inders and put between the lead shield and the copper
layer. The 1 mm thick sheet of electrolytic copper was
rolled around the Nal(Tl) detector.

On the laboratory floor, below the lead shield, a
10 mm thick steel plate was placed to balance the pres-
sure on the floor. Also, below the steel plate and between
the steel plate and the lead shield, to avoid any vibration,
two pieces of thick triple cardboard were placed. To be
sure that there will be no gap superposition between the
segments through the shield, the outer cylinder was lifted
for 5 mm by inserting the steel spacers below the external
shield segments. Pictures of the detector and assembled
shield are shown in fig. 2.

RESULTS FROM THE FIRST TESTS

When any laboratory acquires a new detector
or/and new shield, it “must” first carry out quality and
performances tests for the detector and shield. Also, if
the factory data are available, it is recommended to
compare the results from the collected spectrum with
given factory specifications.

The 9" x 9" Nal(T1) detector was bought in 1990
and, since in the archive of the Department of Physics,
Faculty of Science, University of Novi Sad, Novi Sad,
Serbia no specification from the producer exist, we
have to do with the data currently available. In fig. 3,
the spectra of the 9” x 9” Nal(T1) detector, outside and
within the 15 cm Pb shield, are compared with counts
in log scale and with a marked 1460.8 keV line (K-40).
In tab. 1, data on the ratio between the background
spectra, with and without the shield, are given. As is
shown in the last column of tab. 1 (Z,,/f;,,), some lines
inside the shield are reduced almost 200 times. The to-
tal count rate (280 keV-3000 keV) is 132.7 times re-
duced and the line of K-40 (1460.8 keV) is 97.3 times
reduced.
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Figure 2. (a) The 9” x 9" Nal(T1) detector with photomultipliers up; (b) the 3 cm wide path for cables; (¢) the 2 cm nar-
rower rings around the photomultipliers as a holder for the whole detector; (d) the 9” x 9" NalI(TI) well-type detector out-
side the shield; (e) the Sn and Cu layers; (f) the opening for samples changing; (g) the assembled shield
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Table 1. Background spectra ratio of 9" x 9” Nal(T1) detector without (Z,,) and inside the shield (Z;,)

Outside the shield Inside the Pb shield
Energy 1= 625653 1=517526s "
(30.95% dead time) (0.11% dead time)
Lou [s'T Ly [s]
280 keV-5000 keV 2641.0 20.8 127.0
280 keV-3000 keV 2626.5 19.8 132.7
280 keV- 600 keV 1081.6 8.9 121.5
600 keV-1000 keV 815.6 4.5 181.2
1000 keV-2000 keV 649.3 5.3 122.5
2000 keV-3000 keV 127.4 1.43 89.1
U-238/Bi-214 (609.3 keV) 313.5 1.64 191.2
Cs-137 (661.6 keV) 159.2 0.86 185.1
K-40 (1460.8 keV) 227.6 2.34 97.3
U-238/Bi-214 (1764.5 keV) 66.5 0.52 127.9
Th-232/T1-208 (2614.5 keV) 41.2 0.54 76.3
Th-232/T1-208 (3197.7 keV = 583.2 + 2614.5 keV) 12.2 0.32 38.1
"Count rates are corrected for the dead time
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Figure 3. The 9" x 9" Nal(T]) spectrum without the shield
and inside the 15 cm Pb shield (log scale)

CONCLUSION

Our newly designed lead shield for the 9” x 9"
Nal(T1) detector exhibited a very good perfor-
mance. [t seems that the shielding material (lead,
tin, and copper) purchased in local stores were a
good choice. No traces of any contamination in the
shielding materials were found. Taking into ac-
count that the exact quality of the purchased used
lead was unknown, we are satisfied with the results
achieved. We hope that with this addition, our
gamma-spectrometry laboratory will be even more
efficient in routine radioactivity measurements of
environmental samples. Because of its high effi-
ciency, the 9” x 9" Nal (T1) detector has alarge dead
time without a shield so, in order to achieve the low
minimum detectable activities (MDA), it was nec-
essary to place the detector inside the quality
shield.
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Jan XAHCMAH

MNNPOJEKTOBAILE N1 N3IPAAIBA 3AINTUTE 3A
9" x 9" Nal(Tl) CHEKTPOMETAP OBJIMUKA JAME

Y oBoM pajiy onmcaH je mporec u3rpafme 15 cm omosre 3ammrute 9" x 9” Nal(T1) nerekTopa o6mmka
jamMe ¥ pe3ynTaT IpBUX TeCTOBA. [JOCTYIHO, cTapo, OTHAHO OJI0BO UCTOIUBEHO je Y UIHHAPUYHE IPCTEHOBE.
Mopeny 3a [UIIMHPUYHE IPCTEHOBE HAIIPABILEHU CY Of] KYBaHOT, OYKOBOT IPBETA, KOjH CY YTUCKUBAHU Y ITecak
3a KaJjyne, Kako Od ce HauMHMO KoHauyHu Kanyi. ITocne xnabemwa, ONMOBHU NPCTEHOBU U MBHIIE IPCTEHOBA
OILLIMUPIJIAaHU Cy, IPEBE3eHU U3 JuBHUILlEC Yy JabopaTopujy y HoBom Capy, rie cy cHojeHd y 3alUTHUTY 3a
JeTEeKTOp. YKyIHA Maca 3allTuTe JeTeKTopa je 2622 kg. Heke rama nuHMje y CHEKTPY YHyTap 3alllTHTE
penykoBane cy ckopo 200 myTa, IOK je yKyHa 6p3una 6pojarba y testom cektpy (280 keV-3000 keV) cmamena
132.7 myra.
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