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Preface

At the third meeting of the Working Group 1 of the 'European Network of Testing Facilities for the Quality
Checking of Radioactive Waste Packages' held in Saluggia, 13. December 1994, it was decided by all mem-
bers to create a synopsis of existing systems for the gamma scanning of radioactive waste packages. A
questionnaire on the setup and on the operation modes of gamma scanning systems was compiled and
distributed to the members of the Working Group. The summary of the answers and a general information
on gamma scanning assay are presented within this synopsis. Its intention is to help people interested in
setting up or in upgrading an existing assay system in their decision for an appropriate system for their
specific requirements. A list of institutions and contact persons working in this field of application is added
to enable the user of this synopsis to get quick access to further information and to exchange experiences.
Furthermore, it was intended to establish a common wording.

Of course, such a synopsis would not have evolved without the encouragement and support of the mem-
bers of the Working Group 1. In particular the authors wish to thank A. Lewis and H.-J. Sanden for reading
the manuscript and giving valuable corrections.

Garching, September 1998

The authors
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1 Introduction

Radioactive waste can originate from different pro-
ducers such as nuclear power plants, reprocessing
plants, research institutes, nuclear medicine and
others. It has to meet certain specifications and
acceptance criteria defined by regulatory and ma-
nagement authorities. These criteria differ depending
on the form and type of radioactive waste and on
the individual country regulations.

Appropriate control procedures to ensure compli-
ance with these restrictions and limitations are nec-
essary for quality control. They can take place either
at the origin of the radioactive waste generation,
during the conditioning or at the final conditioned
waste package. Preferably non-destructive testing
methods are used in order to minimise the radiation
dose to the personnel, to avoid secondary radioac-
tive waste and to minimise costs. Furthermore, with
destructive testing there will always be the essential
question of taking a representative sample.

In recent years several non-destructive methods for
quality checking of radioactive waste packages have
been developed and tested. They can be disting-

uished by the measured quantity, mainly gamma-

radiation and/or neutrons, and due to their opera-
tion mode, i. e. passive or active. A summary of con-
ventional assay is given in Table 1.

One of the simplest but with limitations most pow-
erful inspection technique is the segmented gamma
scanning, Itresults in the identification of the gamma
emitting isotopes present in the radioactive waste
package via their characteristic gamma lines. Quan-
tification of the gamma activity can be achieved by
using appropriate interpretation models.

This synopsis focuses on the segmented gamma scan-
ning assay used for the characterisation of radioac-
tive waste packages. It summarises the basic princi-
ples of operation and the different scan modes and
their main field of applicability. Furthermore, two
interpretation models often used in practice for the
evaluation of the measured data are presented and
advice for the calibration and validation procedures
of the assays is given. Information on technical terms,
existing systems and contact persons or institutions
for further information are given in the annexes.

Table 1: Measuring modes conventionally used in quality control of radioactive waste packages.

gamma radiation
dose rate measurement

segmented gamma scanning

passive gamma counting
active radiography
tomography

neutrons
neutron counting

neutron scanning
time correlation methods

interrogation techniques

interrogation techniques

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998
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2 Principle of Gamma Scanning

The main objective of non-destructive gamma scan-
ning is to identify and quantify the gamma emitters
present in the radioactive waste package by evalua-
tion of gamma spectra measured outside a waste
package.

A suitable gamma assay system consists of

one (or more) gamma spectroscopy system(s)
shielding and collimation of the detector(s)

the mechanic, to manipulate the waste package
and/or the detector system(s)

a control unit

a data evaluation unit and

optional additional equipment (e. g. weighing
unit, transmission source, etc.).

21 Gamma Spectroscopy System
The block diagram of a typical gamma spectroscopy
system is shown in Figure 1.

A high purity germanium detector (HPGe) associ-
ated to a cooling cryogenic or cryolectric system is
usually used, although in some (older) systems Nal-
and Ge(Li) detectors are still in use. In practice ger-
manium detectors are preferred for the analysis of
complex gamma-ray spectra involving many peaks
due to their high energy resolution.

The high voltage power supply is required for the
operation of the detector and is conventionally called
detector bias supply.

The output of the detector is a small burst of charge,
which cannot be dealt with in the subsequent electro-
nic components without an amplification step. This
is performed by the preamplifier. It is located as close
as possible to the detector.

detector preamplifier amplifier

detector bias
supply

The linear amplifier, which is connected to the
preamplifier, provides two elements in the pulse-
processing chain: pulse shaping and amplitude gain.
The amplification factor or gain is normally adjust-
able over a wide range and must be adjusted care-
fully since it influences the signal-to-noise ratio.

The amplified and shaped linear pulse is converted
into a digital number by the analogue-to-digital con-
verter (ADC) for further processing by a computer.
The digital number is proportional to the amplitude
of the analogue input pulse. At present the ADC is
usually combined with the multichannel analyser
(MCA).

The MCA stores the pulse height spectrum which is
defined by the number of occurrences of the digital
numbers created in the ADC. These numbers define
the channel number of the MCA. At present most of
the MCA's are plug-in boards for computer.

Several additional components in the detector chain
(Figure 1) are available and sometimes in use (e. g.
spectrum stabiliser, pulse generators for calibration
purposes, pile-up rejectors and baseline restorers for
high count rates, etc.).

In addition, shielding of the detector system against
background and scattered radiation is required. An
energy calibration of the gamma spectroscopy sys-
tem must be performed after each shutdown of the
complete system or of single components of the sys-
tem and if the cooling of the detector was interrupted.
Furthermore, the energy calibration must be per-
formed in periodical intervals for quality control and
if any doubts on the correctness of the actual cali-
bration may occur (e. g. drift of peak position). The
gamma lines of the calibration sources should cover
the full energy range of application.

pulse height
analyser

ADC MCA

Figure 1: Block diagram of a typical gamma spectroscopy system.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998
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2.2  Shielding and Collimation

The gamma detector records the gamma spectrum
emitted by radionuclides in the waste package and
some background signals which can originate from
natural radioactivity in the enviroment, or other
radioactive waste containers, radioactive sources, etc.
Because the magnitude of the background ultimately
determines the minimum detectable signal an
external shielding of the detector is preferred.
Shielding materials commonly used are lead (Pb) and

tungsten (W).

2.3  Manipulator

In general, the gamma emitting radioisotopes are not
distributed homogeneously within the waste pack-
age. Therefore a gamma measurement at a single po-
sition will not give representative information on the
content of the waste package. Using an appropriate
manipulator system, measurements at different po-
sitions can be performed, resulting in a much more
reliable and representative characterisation of the
waste package. The procedure of performing subse-
quent measurements of gamma spectra at different

Table 2: Components of a manipulator system.

For segmented gamma scanning, an appropriate
collimator system is required. This system can con-
sist of a lead or tungsten block with a rectangular or
circular opening, enabling the detector to 'see' only
a part of the waste package, i. e. only the radiation
emitted in the volume 'seen' by the collimated de-
tector is recorded. The size of that volume is defined
by the aperture of the collimator and the distance
between detector and waste package.

positions is called scanning of the waste package. A
basic manipulator system consists of a turntable and
a lifting unit or the equivalent components as given
in Table 2. The swivel and translational units are
optional and are used for an improved characteri-
sation of the radioactive waste package compared
to conventional gamma scanning. An appropriate
calibration of the manipulator system must be per-
formed to ensure correct positioning and moving of
all components.

equivalent movement

rotation of detector around
the waste package
lifting of the waste package

component movement

turntable rotation of waste package

lifting unit lifting of the detector

swivel unit swivelling of the detector -

horizontal movement
of the waste package

translation unit

24  Control Unit

The control unit, usually a computer, controls both
the movements of the manipulator system and the
measuring process. Conventionally these two tasks
are synchronised. The measured data, i. e. the gamma
spectra, is stored on appropriate media (e. g. hard-

2,5 Data Evaluation Unit

From the measured and stored spectra the identifi-
cation and quantification of the gamma emitting
nuclides present in the waste package is performed

2.6  Additional Equipment

Most of the recently setup gamma scanning systems
are equipped with a weighing unit. The mass of the
investigated waste package may be used for the
calculation of correction values, e. g. considering the
attenuation of gamma lines within the matrix of the
waste package. A more precise determination of
these correction values is based on the use of an ad-

horizontal movement
of the detector

disk of computer) together with additional informa-
tion (e. g. real, live and dead times, position of de-
tector, etc.) necessary for data evaluation and for the
final documentation.

by appropriate software programs. This data evalu-
ation can be performed on an additional computer
system or is included within the control unit.

ditional external gamma source (e. g. *Na, “Co,
mmA g, 137Cs, 152Ey, etc). From transmission measure-
ments the mean attenuation coefficients within the
waste package can be determined. An appropriate
calibration of the additional equipment must be per-
formed to ensure correct working (e. g. calibration
of weighing unit etc.).

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages
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3 Scan Modes

In segmented gamma scanning the measurement
procedure can be subdivided into a number of sub-
measurements at different positions of the detector
relative to the waste package.

The scanning of all measurement positions can be
performed either by a discrete step or by a continu-
ous movement of the relevant axis.

The measurement positions for one rotation are de-
fined as sectors, the height positions as segments and
the horizontal translational steps or swivels as steps.
Each submeasurement results in of a complete
gamma measurement, i. e. the gamma spectrum, the
real and live times, etc.

Depending on the measurement conditions and re-
quirements an appropriate scan mode must be se-
lected. For example, an activity distribution within
the waste package can be determined with a high
resolution by using collimators with small apertures
and the multiple rotational scan mode with a large
number of segments and sectors.

3.1 Point Measurement

The detector and the waste
package are at rest. Depending
on the aperture of the selected
collimator and the height po-
sition of the detector i the
detector ,sees' for a given dis-
tance to the waste package the

On the other hand, if low detection limits are desired,
the rotational scan mode in open geometry (i. e. the
detector always 'sees' the complete waste package)
with only one sector and one segment is preferred.
It is obvious that for a given measurement time both
objectives exclude each other.

Therefore, before starting a measurement the user
has to make a proper decision on its final aims and
must select the optimum scan mode.

In the next paragraphs different commonly used scan
modes are presented. The description of the move-
ments is related to a system with a turntable for the
waste package and a detector system which can be
lifted, swivelled and horizontally translated.

Other arrangements can be easily transferred to this
basic set-up like using more than one detector sys-
tem (i. e. multiple detector system) which can de-
crease the overall measurement time. The fields of
application given for each scan mode are only exam-
ples and do not exclude other applications!

complete waste package (so called open geometry)
or only a fraction of the waste package (collimated

geometry).

This scan mode can be used for detailed studies (e.
g. investigation of hot spots) or if the waste package
is known to be fairly homogeneous.

segments: 1
sectors: 1
steps: 1
spectra: 1

Figure 2: Point measurement.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998
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limit the investigations to these segments by use of
an appropriate collimator and/or distance between
the collimated detector and the waste package. Then,
the rotation is performed to level out radial and an-
gular inhomogeneities within a given height seg-
ment. By combination of the results of the evalua-
tions of all segments quasi-homogeneous waste
packages can be characterised.

while
spectrum is measured and stored. Depending on the
tations. This scan mode can be

tain height positionh
aperture of the selected collimator
used for the characterisation of a

segments: 1
[ sectors: N
steps: 1
spectra: N

the waste package is rotating
by 360° or a multiple of it. Each
complete rotation is subdi-

and on the height position of the

detector, the detector 'sees' for a

given distance to the waste pack- C

homogeneous waste package and

for detailed studies (e. g. investiga- |

tion of hot spots). If the waste

3.2 Rotational Scan

vided into N sectors. For each
age the complete waste package or
package is homogeneous within

The detector is at rest at a cer-
g
~ sector the complete gamma
only a fraction of it within the ro-
certain segments, it is possible to

Figure 3: Rotational scan.

3.3  Vertical Translational Scan

The waste package is at rest,
while the lifting of the detec-
tor starts at the height position
h,.. and stops at the height
position fr,,, . This lifting is sub-
divided into M segments. For
each seg-

ment a complete gamma spectrum

is measured and stored. Depend-

can be used for detail studies (e. g. detection of lo-
calited activity distributions) or if the waste pack-
age is previously known to be homogeneous within
certain segments. The lifting of the detector levels
out height inhomogeneities, but does not consider
radial or angular inhomogeneities.

ing on the aperture of the selected B

A h stop

collimator and due to the missing
rotation, the detector may 'see' for
a given distance to the waste pack-

age only a fraction of the complete
waste package. This scan mode

segments: M
sectors:
steps:

1
1
spectra: M e

Figure 4: Vertical translational scan.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages
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3.4 Horizontal Translational Scan

Y., While the waste package

The detector is translated in a
* horizontal direction starting at
* is at rest. This horizontal
movement is subdivided into

K steps. For each step a com-

position y__, and stopping at
plete gamma spectrum is measured and stored. De-

pending on the aperture of the selected collimator
and due to the missing rotation of the waste pack-
age, the detector 'sees' for a given distance to the
waste package only a fraction of the complete waste
package.

This scan mode can be used for detailed studies (e.
g. detection of localised activity distributions).

= Y sto

R\ f p
// N\
segments: 1 fof \o\
sectors: 1 | [ |
steps: K W } /
spectra: K AN /]

“‘V\V“Esm\.' 7.

e, = “.‘,"'"I
L _ Y stant

Figure 5: Horizontal translational scan.

3.5 Swivel Scan
The detector is swivelled in a
horizontal plane starting at the
angle F,  and stopping at the
angle F, ~while the waste
package is at rest. This swivel-
ling is subdivided into K steps.
For each step a complete gam-

ma spectrum is measured and stored. Depending on

segments: 1
sectors: 1
steps: K
spectra: K

the aperture of the selected collimator and due to
the missing rotation of the waste package, the detec-
tor 'sees' only a fraction of the complete waste pack-
age.

This scan mode can be used for detailed studies
(e. g. detection of localised activity distributions).

Figure 6: Swivel scan.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages
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3.6  Spiral Scan
The detector is lifted starting at
height position k, , and stop-
ping at height position kA
while the waste package is ro-
tating. This lifting of the detec-
tor is subdivided into M seg-

ments, while the drum is ro-
tated by 360° per segment. Each of
these rotations is subdivided into

N sectors. In total M-N complete

the detector 'sees' the complete waste package.

This scan mode can be used for the characterisation
of a waste package. Currently, this scan mode is more
and more replaced by the multiple rotational scan
mode, although the resulting principle information
is the same.

gamma spectra are measured and ;

h stop

stored. Using appropriate para-
meters (e. g. collimator aperture,
speed of rotation and lifting, etc.),

T
e e e e et e

segments: M

sectors: N
steps: 1
spectra:  M-N

Figure 7: Spiral scan.

spectra and the sum spectrum the gamma emitting
radioisotopes present in the waste package can be
identified and quantified using some assumptions
(see e. g. chapter 4). Additionally, the nuclide distri-
bution as a function of height and rotation angle can
be investigated resulting in information on homo-
geneity and hot spots, respectively.

3.7 Multiple Rotational Scan
for a given height increment
gamma spectra are measured and

s+ h M=h stop

The waste package is subdivided into M equidistant
segments. For each segment
starting at the first height po-
sition h,=h_, , and stopping at

stored. Using appropriate para-

meters (e. g. collimator aperture,

the drum is rotated by 360° or
the last height position h,=h, .
number of rotations and liftings,

a multiple of 360°. After each
rotation the detector is lifted

Each rotation is subdivided into

sectors, for which complete S

etc.), the detector 'sees' the com-

plete waste package.

This scan mode can be used for the

-

characterisation of a waste pack-
age. From the measured gamma

segments: M

sectors: N
steps: 1
spectra: M:-N

Figure 8: Multiple rotational scan.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998
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tion with an axial symmetry (e. g. in an inner canis-
ter) is present, additional scan modes like the swivel
scan or the horizontal translational scan may be ap-
plied. The density of the matrix is either determined
by simple weighing of the drum and subtracting the
net weight of the drum or by a transmission meas-
urement using an external gamma source.

If axial inhomogeneities are detected, the waste pack-
age is subdivided into a number of axial regions with
(quasi) homogeneous activity distributions. For each
of these regions the evaluation is performed either
by calculating sum spectra for each region using the
data of the multiple rotational scan, or by perform-
ing rotational scans for each region. If the density is
assumed to be constant for all regions, then simple
weighing of the waste package is sufficient. This as-
sumption may lead sometimes to great errors, there-
fore the use of transmission measurements for each
region is recommended. Since axial deviations of
measured count rates for a nuclide may also be
caused by inhomogeneous density distributions in

3.10 Remarks

Further combinations of the movements of detector
and waste package may be appropriate for some spe-
cific investigations, but will not be used in routine.

Repeated application of the horizontal translational
scan mode and of the horizontal meander scan mode
for different angular positions of the detector rela-

the presence of an homogeneous activity distribu-
tion, the latter method also corrects for this effect.

Radial inhomogeneities require more sophisticated
methods for data evaluation when using segmented
gamma scanning or the use of emission computer-
ized tomography, which both are not considered in
this synopsis.

All scan modes not considered in this chapter can be
used for getting more detailed information. E. g. the
vertical translational scan can give a more accurate
subdivision in axial regions than the multiple rota-
tional scan, since the distance between two succeed-
ing segments can be selected much smaller for the
first one considering the limited measuring times in
practice.

Point measurements can be used to investigate sin-
gle positions of the surface of the waste package in
more detail, e. g. by increasing the measuring time.

tive to the drum, enables a two- or three-dimensional
tomographic reconstruction of the activity distribu-
tion (emission computerised tomography), although
for the attenuation correction the density distribu-
tions within the waste package must be known from
additional transmission measurements.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages
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4 Data Processing and Evaluation

The results of segmented gamma scanning are the
segment spectra and the sum spectrum. The latter is
calculated by summing up all segment spectra. While
all spectra are used for nuclide identification by their
characteristic gamma lines, the quantification of the
identified gamma emitting isotopes is convention-
ally based on the net peak count rates of the charac-
teristic (undisturbed) gamma lines in the sum spec-
trum. Furthermore, an homogeneous distribution of
the activity and the matrix is assumed. The isotope
specific activity distributions resulting from the seg-
ment spectra (e. g. measured with the multiple rota-
tional scan mode) give information on the correct-
ness of that assumption. Improved evaluation pro-
cedures are known (e. g. [Mar89]), but usually not
applied in practice due to the increased requirements
on the operators skills and on the time needed for
measuring and data evaluation. The conventionally
applied evaluation procedures calculate the activi-
ties in a conservative way, i. e. for an inhomogeneous
activity distribution the activity reality will be lower
than calculated.

41 Basic Relations

Two methods of calculating the (specific) activity
from the net peak count rate Z, determined from the
sum spectrum, were established in the last years.
They can be mainly distinguished by the correlation
methods applied. The basic relation of both
evaluation methods is given by

a=T-7Z 1)

with a: specific activity [Bq-g™]
T: transfer or correlation function [g?]
Z: net peak count rate [s™]

The activity A of an isotope can be calculated by
multiplying the specific activity a (equation 1) with
the net mass M of the active matrix

A=M-a 2)

As shown in equation 1 the measured quantity Z,
the net peak count rate, is correlated in a certain way
with the specific activity a to be determined.

The correlation function T can either be determined
experimentally or by mathematical calculations.
These two different approaches in setting-up the
correlation functions T are presented in the next two

paragraphs.

42 Experimentally Determined Correlation
Function

This method is based on a calibration measurement,
which can be performed using either a volume, disk
or point source of well defined properties (e. g. ac-
tivity, size, composition, etc.). The calibration factor
HE, which depends only on the energy and on the
size of the collimator, is defined by the relation

A,

HE = —F—
ZyMy- K

€)

with HE: calibration factor [cm™]

A, activity of the calibration (volume)
source [Bq]

Z, net peak count rate of a gamma line [s7]

7, emission probability of calibration

source

area of detector cone at the volume

source [cm?]

F .

o

Therefore it is necessary to measure calibration fac-
tors for each type of collimator used and for each
energy of interest. In practice the calibration
measurement will be performed for all collimators
only for a few energies covering the whole range of
application (e. g. by using *?Eu and **Am). From this
data all other values are estimated by interpolation.
The overall correlation function is defined by the
relation

(4)

with HE: energy and collimator dependent
calibration factor [cm?]
7:  emission probability
L/p: mass attenuation coefficient of active
matrix [cm?g?]
K : correction factor for attenuation within
the active matrix
K : correction factor for attenuation in the
inactive shielding
K.: correction factor considering the part of
the time, the detector does not see the
complete active matrix.

The correction factors can be calculated on the basis
of the information about the composition of the wa-
ste matrix. For large fairly homogeneous volume
sources the results are independent of
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the distance between the detector and the source
as long as the source completely fills the detector
cone,

the depth of the active matrix as long as K, =1,
the density p of the active matrix,

the material properties of the active matrix.

A detailed derivation of equation 3 and 4 is given by
Filf3 [Fil89]. In this publication the mass attenuation
coefficient is considered within the calibration
factor H. For harmonisation, this factor was elimi-
nated and the new calibration factor was called HE
(equation 3). The mass attenuation factor is now con-
sidered in the correlation function T.

4.3 Calculated Correlation Function

This method was developed to 'ensure harmonisa-
tion in terms of measuring geometry, type and ac-
tivity of the package to be characterised' [Cha94] and
is applied to all types of waste packages having cylin-
drical geometry.

The cylindrical volume source is approximated by a
linear source with the same activity but placed be-
hind a flat shield. The mass attenuation and the den-
sity of the shielding are the same as for the cylin-
drical matrix. The self-attenuation equivalent thick-
ness of this shielding is calculated as a function of
the mass attenuation coefficient and the radius of the
waste package. Therefore the correlation function is
given by the expression

arctan o

1 RO J-e—f(@rbz)de (5)

T: . .
en 2-(R+4d)

with & detection efficiency
1: emission probability
R, radius of cylinder
R: distance detector-surface of cylinder
d: self-absorption equivalent thickness of

flat shield
0: opening angle

and with
H 0

*=2(Z+R) ©

and

b2=p~Z-ij,u]-+zpiﬂiti @)
i i

Z: shield thickness equivalent of matrix
self-attenuation

H: height of waste package

p:  theoretical density of waste

p; density of shielding material

m: mass ratio of waste elements

y: mass attenuation coefficient

t:  thickness of shielding

A detailed derivation of equation 5 is given in refer-
ence [Cha%4].

44 Remarks

The accuracy of the results obtained from both meth-
ods strongly depends on the knowledge about the
composition of the matrix. If no or only a little infor-
mation is available an improvement can be achieved
experimentally by using the results of additional
transmission measurements. The gamma transmis-
sion source should emit photons in the same energy
range as covered by the emitting radionuclides
present in the waste package.

In general, the specific activity is not homogeneously
distributed over the complete volume of the waste
package. By rotating the waste package and lifting
the detector (e. g. using the multiple rotational scan
mode or the spiral scan mode) an averaging is
achijeved and enables the quantification assuming an
homogeneous activity distribution.

5 Validation

The gamma scanning system must be verified to
ensure the accuracy of the results. The verification
must be performed after each restart of the system,
when a new calibration is performed and in regular
intervals during routine operation. Therefore
dummy waste packages with well defined composi-
tions and activity contents similar to those, which
have to be characterised in practice, are measured
and evaluated. These waste packages must not be
the same as used for any calibration procedure in
order to avoid the abolishment of the systematic er-
rors.

If the results of the validation measurements devi-
ate from the declared values of the dummy waste
packages, the system has to be checked, repaired and
new calibrated. All waste packages characterised
since the last verification shall be characterised once
again. Alternatively, if the reason for and the date of
the first deviation can be determined precisely cor-
rections of the results may be performed.
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Technical Terms

To avoid misunderstandings in discussion of gamma measurements of waste packages, the most relevant
technical terms as used within the Working Groups of the “Network” are given below.

collimator:

control unit:

data evaluation unit:

detection unit:

energy calibration:

energy range:

efficiency calibration:

gamma emitters:

gamma spectroscopy system:

gamma spectrum:
manipulator system:

mechanical unit:

open geometry:

positioning system:

radioactive waste package:

scan mode:

sector:

segment:

segmented gamma scanning;

step:

sum spectrum:

system that collimates the radiation coming into the detector to a
restricted area of the waste package

system for controlling the manipulator system and the data
acquisition process

system for the evaluation of measurement data

system for the measurement of a gamma spectrum of a selected
region of the waste package

procedure to calibrate the correlation between channel number of the
multichannel analyser und the corresponding energy

range between a minimum and a maximum energy for which the
detection process is performed

procedure to calibrate the system response, which is a combination
of the intrinsic photopeak efficiency and the geometrical efficiency

radioisotopes emitting gamma radiation

system for the measurement of gamma radiation

energy distribution of measured gamma radiation

system to move the waste package and /or the detector system

system for manipulating the waste package and / or the detector
system

measurement using an uncollimated detector

system for positioning the waste package and / or the detector
system

container filled with radioactive waste

measurement procedure defining the way of performing subsequent
measurements of gamma spectra at different positions

subdivision of a rotation
subdivision of a vertical movement

performing subsequent gamma measurements at different height
positions

subdivision of a horizontal or swivelling movement

combination of a number of spectra by simple adding
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shielding: devices for shielding the detector against interfering radiation (e. g.
background radiation)

turntable: mechanical system for rotation of the waste package

transmission source: external gamma source for determining the matrix properties by

transmission measurements

weighing unit: system for determining the weight of the waste package, often
attached to the turntable
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Comparison of Technical Data of Gammma Scanning Systems

Appendix B offers a fast abbreviations on all relvant technical data of the individual gamma scanning systems
which are described in general in the subsquent Appendix C. The association between the columns of the
technical terms and the owners of the systems is made by the abbreviations listed below.

RCM1:

RCM2:

FZJ:

NNC:

LOVL

SCK1:
SCK2:
ITN:

NUCL:

ENEA:
CEAL:
CEA2:
CEA3:
KEMAT1:

KEMAZ2:

Institut fiir Radiochemie, Technische Universitit Miinchen, Walther-Meissner-Strasse 3,
D-85748 Garching, Germany

Institut fiir Radiochemie, Technische Universitit Miinchen, Walther-Meissner-Strasse 3,
D-85748 Garching, Germany

Forschungszentrum Jiilich GmbH, ISR-PKS, Postfach 19 13, D-52425 Jiilich, Germany

Waste Quality Checking Laboratory, Winfrith Technology Centre, Dorchester, Dorset,
DT28DH, Great Britain

Imatran Voima Oy, Loviisa NPP, P. O. Box 23, FIN-07901 Loviisa, Finland
Teollisuuden Voima Oy, Olkiluoto NPP, FIN-27160 Olkiluoto, Finland
SCKeCEN, Boeretang 200, B-2400 Mol, Belgium

SCK e CEN, Boeretang 200, B-2400 Mol, Belgium

CIEMAT-DEN, Avda. Complutense 22, E-28040 Madrid, Spain

Societa per 'Ecoingegneria Nucleare, Via Anguillarese 301, I-00060 S. Maria di Galeria (Roma),
Italy

ENEA-ERG-SAL-LAB, C. R. Casaccia, I-00060 S. Maria di Galeria (Roma), Italy
CEA/ Cadarache, DCC/DESD/SCCD Bét. 326, F-13108 St.-Paul-lez-Durance, France
CEA/ Cadarache, DCC/DESD/SCCD Bat. 326, F-13108 St.-Paul-lez-Durance, France
CEA/ Cadarache, DCC/DESD/SCCD Bat. 326, F-13108 St.-Paul-lez-Durance, France
KEMA N. V., Utrechtseweg 310, Postbus 9035, NL-6800 ET Arnhem, Netherlands

KEMA N. V., Utrechtseweg 310, Postbus 9035, NL-6800 ET Arnhem, Netherlands
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RCM1 RCM2 FZ] NNC LOVI TVO SCK1  SCK2 ITN NUCL ENEA

D D D GB FIN FIN B B E I I
Principle
(type of measurement)
segmented X X X X X X X %
unsegmented X X P X X
Mechanical Specifications
movement of package
rotation X x X X X X X X X X
translation X (%)
lifting X X X X
movement of detector
translation X X (%)
lifting X X X X X
swivelling X X ()
max. size of package
diameter [mm] 800 1400 900 580 580 720 600 760 680 800
height [mm] >1500 1400 1000 900 870 1068 890 n. def. 860 1200
max. weight of package [kg] 15000 15000 15000 800 200 600 450 2000 350 1500
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CEA1 CEA2 CEA3 KEMA1l KEMA2
F F F NL NL
Principle
(type of measurement)
segmented X X
unsegmented X b X
Mechanical Specifications
movement of package
rotation X X X
translation X
lifting X X
movement of detector
translation
lifting
swivelling
max. size of package
diameter [mm)] 1500 800 600 600
height [mm] 1500 1000 1000 900
max. weight of package [kg] 10000 20000 500 100 1000
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sisdouA.

RCM1 RCM2 FZ] NNC LOVI VO SCK1  SCK2 ITN NUCL ENEA

D D D GB FIN FIN B B E I |
Detector System
number of detectors 1 1 1 1 1 1 3 1 1 1
HPGe detector X X X X X X X X X X
rel. efficiency at 1332 keV [%] 31.6 77 20 30 17 15 10 20 15 64 40
crystal dimensions
diameter [mm] 58.4 73.7 50 56.5 52.1 42.5 50 48.5 72
height [mm] 56.7 69.5 53 525 40.5 44.5 50 55 66
energy range used
min. E [keV] 30 30 30 50 75 200 50 50 100 60 60
max. E [keV] 2800 2800 2700 2000 2000 1600 1500 1500 1500 1900 2800
peak/Compton ratio . ; : : : ; : : ; . .
at 1332 keV 66:1 90:1 45:1 54:1 50:1 50:1 40:1 53:1 5711 67.5:1 62:1
energy resolution at
60 keV in keV 0.7
122 keV in keV 0.8 0.9 12 0.83 11 0.87 1.04 0.7
433 keV in keV 1.8
600 keV in keV
1332 keV in keV 1.7 1.8 2.0 2.0 1.7 1.8 2.0 1.7 21 1.8
1800 keV in keV
detector cooling
liquid nitrogen b X X X X x X % X b
electro cooling X
cooling time [days] 4 10 4 7 25 10 10
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CEA1 CEA2 CEA3 KEMA1l KEMA2

F F F NL NL
Detector System
number of detectors 2 1 1 1 1
HPGe detector X X X X X
rel. efficiency at 1332 keV [%] 15 15 15 10 24
crystal dimensions
diameter [mm] 40/25 5 5 50
height [mm] 51.4
energy range used
min. E [keV] 20 20 20 40 40
max. E [keV] 2000 2000 2000 2800 2800
peak/Compton ratio . . .
at 1332 keV 32:1 32:1 32:1
energy resolution at
60 keV in keV
122 keV in keV 0.8 0.8 0.8 0.9 0.8
433 keV in keV
600 keV in keV
1332 keV in keV 1.8 1.8 1.8 1.9 1.8
1800 keV in keV
detector cooling
liquid nitrogen X X % X X
electro cooling
cooling time [days] 5 5 5 10 3
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RCM1 RCM2 FZJ NNC LOVI TVO SCK1 SCK2 ITN NUCL ENEA
D D D GB FIN FIN B B E I I
Shielding and Collimation
no shielding/ collimation X
shielding material
Pb X X X X x X X
Pb/W X
low background steel X
Cu, Cd lining X )
number of available
collimators 5 4 3 1 1 1 0 4 1 5
collimator material
Pb X X X X X X % X
Pb with Cu lining X X
Pb/W
W %
aperture (29) []
collimator 1 14 2.0 29 18.8 26.6
col]jmator 2 5.7 34 57
collimator 3 11.3 13.2 11.3
collimator 4 16.7 43.3 16.7
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CEA1l CEA2 CEA3

KEMA1 KEMA2

F F F NL NL
Shielding and Collimation
no shielding/ collimation X X
shielding material
b X X X
Pb/W P
low background steel
Cu, Cd lining X X X
nun.'tber of available 4 1 1
collimators
collimator material
Pb X X X
Pb with Cu lining
Pb/W
W X
aperture (20) [*]
collimator 1 1.8 2.2 3.6
collimator 2 3.6
collimator 3 26.6

collimator 4
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RCM1 RCM2 FZ] NNC LOVI TVO SCK1 SCK2 ITN NUCL ENEA
D D D GB FIN FIN B B E I I
Electronics

preamplifier

S

sisdou/

attached to detector,
EG&G ORTEC

2001, CANBERRA X

2002, CANBERRA X % X

2004, CANBERRA X

2008, CANBERRA X

RC-PSC 821 GeR, SILENA X

compatible to 142A,
EG&G ORTEC

Resistif-Transistor reset,
EURISYS

amplifier

92X, EG&G ORTEC x x
472, EG&G ORTEC X

572, EG&G ORTEC

672, EG&G ORTEC X

972, EG&G ORTEC X
2020, CANBERRA x X

2024, CANBERRA x x

2025, CANBERRA x

7201, EURISYS

7244, EURISYS

9308A, SILENA ' ' ’ x
Oxford/Tennelec 245 - 7

swojsAs buiuuess ewwer) Jo

g-g xtpuaddy



8661 12quaidag ‘T0-v-OM 1oday  saSesde aisep sandeorpey JO SupioeyD Afeng) a3 103 sanIoe Sunsa] jo spromisN weadomy

Electronics

preamplifier

CEA1
F

CEA2
F

CEA3
F

KEMA1 KEMA2
NL NL

attached to detector,
EG&G ORTEC

2001, CANBERRA

2002, CANBERRA

2004, CANBERRA

2008, CANBERRA

RC-PSC 821 GeR, SILENA

compatible to 142A,
EG&G ORTEC

Resistif-Transistor reset,
EURISYS

amplifier

92X, EG&G ORTEC
472, EG&G ORTEC
572,EG&G ORTEC
672,EG&G ORTEC
972, EG&G ORTEC
2020, CANBERRA
2024, CANBERRA
2025, CANBERRA
7201, EURISYS

7244, EURISYS

X

X

9308A, SILENA

Oxford/ Tennelec 245
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D D D GB FIN FIN B B E I I
ADC

S

92X, EG&G ORTEC X be

916 A, EG&G ORTEC

sisdouA.

918 or 919, EG&G ORTEC X

450 MHz Fast Wilkinson,
CANBERRA

ND-570, CANBERRA X

8706, CANBERRA X

8075, CANBERRA X X

8077, CANBERRA X

AccuSpec A, CANBERRA X

7601, EURISYS

7602, EURISYS

9308A (Wilkinson 100 MHz),
SILENA

7600 EURISYS suc. app. 750 ns

multi channel analyzer

92X EG&G ORTEC X %

ADC with PC X

AIM 556, CANBERRA X

5100, CANBERRA X X

ND-66, CANBERRA X

AccuSpec A, CANBERRA X

Series 35+, CANBERRA X 4

PCA 16 CIC, EURISYS

9308A, SILENA + C89 X
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PC-Card Interfast,
EURISYS
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ADC

CEA1l1
F

CEA2
F

CEA2 KEMA1l KEMA2

F

NL

NL

92X, EG&G ORTEC

916 A, EG&G ORTEC

918 or 919, EG&G ORTEC

450 MHz Fast Wilkinson,
CANBERRA

ND-570, CANBERRA

8706, CANBERRA

8075, CANBERRA

8077, CANBERRA

AccuSpec A, CANBERRA

7601, EURISYS

7602, EURISYS

9308A (Wilkinson 100 MHz),
SILENA

7600 EURISYS suc. app. 750 ns

multi channel analyzer

92X EG&G ORTEC

ADC with PC

AIM 556, CANBERRA

5100, CANBERRA

ND-66, CANBERRA

AccuSpec A, CANBERRA

Series 35+, CANBERRA

PCA 16 CIC, EURISYS

9308A, SILENA + C89

PC-Card Interfast,
EURISYS
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Computer System

computer type

RCM1

RCM2

FZ]

NNC

GB

LOVI
FIN

VO
FIN

SCK1

SCK2

ITN

NUCL

ENEA

IBM or compatible

VAX 3400

VAX 4000/90

PDP 11/73

operating system

DOS

Windows

VMS 5.5

equipment

RAM [MByte]

40

16

20

16

HD [MByte]

1000

4000

450

1000

2x154

270

60

405

70

1200

local area
network connection

®

&)

S

sisdou/
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CEA1 CEA2 CEA3 KEMA1l KEMA2

F F F NL NL
Computer System
computer type
IBM or compatible X X % X X
VAX 3400
VAX 4000/90
PDP11/73
operating system
DOS b X X X
Windows X X X
VMS 5.5
equipment
RAM [MByte] 16 16 16 16 16
HD [MByte] 520 510 510 2000 1000
local area

network connection
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RCM1 RCM2 FZ] NNC LOVI TVO SCK1 SCK2 ITN NUCL ENEA
D D D GB FIN FIN B B E I I
Data Recording

software

GimScan 1.3 (GIM) x

Maestro II and Gammavision,
EG&G ORTEC

ewuwey) jo sisdouls

S

Genie, CANBERRA +
ITS-Software

S100 +specific software,
CANBERRA

uiuued

NDS 3.0, CANBERRA X

Spectran-AT 4.3 (4.0),
CANBERRA

AccuSpect+AQ2 1.2, CANBERRA X

SwoasAs b

DB Gamma 6.0, CANBERRA

Maestro II, EG&G ORTEC X

Jessara 1.9,
CIEMAT-ENRESA

S.Q.A., SILENA X

Intergamma-Interwinner 5.42,
EURISYS
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CEA1 CEA2
F F

Data Recording

software

GimScan 1.3 (GIM)

S

CEA3 KEMA1l KEMA2

sisdouA

Maestro II and Gammavision,
EG&G ORTEC

Genie, CANBERRA +
ITS-Software

S BWWeEY) JO

5100 +specific software,
CANBERRA

NDS 3.0, CANBERRA

Spectran-AT 4.3 (4.0),
CANBERRA

AccuSpect+AQ2 1.2, CANBERRA

buiuues

DB Gamma 6.0, CANBERRA

Maestro II, EG&G ORTEC

swioysAs

Jessara 1.9,
CIEMAT-ENRESA

S.Q.A., SILENA

Intergamma-Interwinner 5.42,
EURISYS
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RCM1 RCM2 FZ] NNC LOVI TVO SCK1 ITN NUCL ENEA

D D D GB FIN FIN B E I I
Data Recording (contd.)
information
pull energy spectrum 8 8 8 17 4 x 8 10 18 18
(size in kByte)
preselected ROI's (max. ROI's) 8 12 X inf. X
dose rate data b X X
showing real time spectrum X % X X b4 x X X X
showing real time ROI data X X X X
showing real time
dose rate data X
segment spectra (size in kByte) 8 8 8 17 8 10 18 18
realtime data evaluation X X (x) X

S

sisdou/
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91-g xrpuaddy



CEA1l CEA2 CEA3 KEMA1l KEMA2

F F F NL NL
Data Recording (contd.)
information
full energy spectrum
(size in kByte) 17 17 17 18 17
preselected ROI's (max. ROI's) 10
dose rate data
showing real time spectrum X X X X P
showing real time ROI data
showing real time
dose rate data
segment spectra (size in kByte) 17 17 17
realtime data evaluation X X X X
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Data Analysis

software

RCM1

RCM2 Fz)
D D

NNC
GB

LOVI
FIN

VO
FIN

SCK1
B

SCK2
B

ITN
E

NUCL
I

ENEA
I

GimScan 1.3 (GIM)

Genie, CANBERRA +
ITS-Software

KFA/EG&G ORTEC

Fitzpeaks 2.9, ]. Fitzgerald

NDS 3.0, CANBERRA

Omnigam, EG&G ORTEC

Spectran-AT 4.3 (4.0),
CANBERRA

AQ2LLW Assay SW 1.2,
CANBERRA

S.Q.A. and W.Q.A,, SILENA

Same 7.1

Intergamma-Interwinner,
EURISYS
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Data Analysis

software

CEA1
F

CEA2
F

CEA3
F

KEMA1 KEMA2

NL

NL

GimScan 1.3 (GIM)

Genie, CANBERRA +
ITS-Software

KFA/EG&G ORTEC

Fitzpeaks 2.9, J. Fitzgerald

NDS 3.0, CANBERRA

Omnigam, EG&G ORTEC

Spectran-AT 4.3 (4.0),
CANBERRA

AQ2LLW Assay SW 1.2,
CANBERRA

S.Q.A. and W.Q.A., SILENA

Same 7.1

Intergamma-Interwinner,

EURISYS

S
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RCM1 RCM2 FZ] NNC LOVI VO SCK1  SCK2 ITN NUCL ENEA

D D D GB FIN FIN B B E I I
Data Analysis (contd.)
information
total count rate [cps] X X X X x X
net peak count rate [cps] X X X X X X X
background count rate [cps] X X X X X
live time X X X X X X X X
real time X X X X X X X X
dead time X X X X X X X
net peak areas [cps] X X % X X X X X X X X
background [cps] X X X X X % % X
nuclide detected X X X X X X X X X X X
spec.ific activity for each N ; m =
nuclide detected
activity for each nuclide
Terastad X X X X X X X X X X
overall activity X X X X X
minimum detectable activity X X X X b X X X X
half width of detected peaks X X X x X % X X X
peak efficiency X X X
additional features
E;:}:( t;‘earch on segment = " % x % %
nuclide library X X X X X X X X X

swojsAs bujuueas ewwey) Jo sisdouls
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Data Analysis (contd.)

information

total count rate [cps]

net peak count rate [cps]

background count rate [cps]

live time

real time

dead time

net peak areas [cps]

background [cps]

nuclide detected

RIX XXX X | XXX

HXIR[R|R[XR[X|X]|X|R

RIR|IR IR [R (XX K|R

RIR|R[XIX|XR[X|IX|X

RIR IR | X IR |XR XXX

specific activity for each
nuclide detected

X

b

activity for each nuclide
detected

X

b

overall activity

minimum detectable activity

X

half width of detected peaks

x

peak efficiency

XX | RX[X

XX | XX

additional features

peak search on segment
spectra

nuclide library
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RCM1 RCM2 FZJ NNC LOVI TVO SCK1 SCK2 ITN NUCL ENEA

D D D GB FIN FIN B B E I I
Scan Mode
(max./typ. # of segments)
point measurement 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1
rotational scan 24/24 -/24 12/8 1/1 -/1 X
vertical translational scan 40/40 -/40 40/8 -/4 -/8 -/8 -/8-10
horizontal translational scan -/40 10/10
spiral scan -/216 -/216  120/80 -/2
multiple rotational scan -/336 -/336  120/96
swivel scan 60/30
meander scan -/>400
Absorption Correction
no correction
matrix is known X X 3 X
mean density correction " 5 = B " N =
(weighing)
differerlltial absorption )
correction
additional transmission
measurement x . (x) x N =
external source:
Eu-152 GBq at 01.01.1996 0.3
Co-60 GBqat 01.01.1996 12570
Na-22 GBqat 01.07.1996 0.1 0.9

swojsAs buiuueas ewwey) Jo sisdouls
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CEA1l CEA2 CEA3 KEMAl1l KEMA2
F F F NL NL
Scan Mode
(max./typ. # of segments)
point measurement 1/1 1/1 1/1 1/1 1/1
rotational scan -/9
vertical translational scan 7/7 -/12 12/12
horizontal translational scan -/9
spiral scan
multiple rotational scan -/12
swivel scan
horizontal meander scan
Absorption Correction
no correction -
matrix is known X X X X X
mean density correction
(weighing)
differential absorption
correction
additional transmission
measurement - & o
external source:
Eu-152 GBqat01.01.1996
Co-60 GBq at 01.01.1996 300

Na-22 GBq at 01.07.1996
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D D D GB FIN FIN B B E I I

Calibration

waste dependent X X % X X % %

number of waste packages 1 3 4 4 4 1 3

minimum density [g/cm’] 0.4

maximum density [g/cm’] 2

number of sources

Eu-152 line source X

general calibration X X X X b X

point sources

Co-60 X X X X X

S

sisdou/

Y-88 X

Ru-106

Ba-133

Cs-134

Cs-137

Eu-152

Eu-154

RIX[XR[®|®R|R
RIR R |IX|X|X
X
x

Am-241

line sources

Eu-152 X

disk sources

Eu-152 X X

Eu-154 ’ X x

T1-208 X
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CEA1 CEA2 CEA3 KEMAl1l KEMA2
F F F NL NL
Calibration
waste dependent X X
number of waste packages
minimum density [g/cm’)
maximum density [g/cm?] 23
number of sources
Eu-152 line source
general calibration X X % X X
point sources
Co-60 X X X X
Y-88 X X X X
Ru-106
Ba-133 X X % X
Cs-134
Cs-137 X X X X
Eu-152 X X 4
Eu-154
Am-241 X X X X
line sources
Eu-152 X
disk sources
Eu-152
Eu-154
T1-208
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RCM1 RCM2 FZJ NNC LOVI TVO SCK1 SCK2 ITN NUCL ENEA
D D D GB FIN FIN B B E I I
Calibration
volume sources
Co-60 X X X
Sr-85
Y-88 X
Cd-109 X
Sn-113 X%
Sb-125 X
Ba-133 X
Cs-137 X X X
Eu-152 X X X
Eu-154 X X
Hg-203 B X
Ra-226
Am-241 X X X
Additional Equipment
weighing unit X X X x X X X X

anticompton system

dose rate measurement

dead time correction (Y-88)
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Calibration

volume sources

CEA1l
F

CEA2
F

CEA3

F

KEMA1 KEMA2

NL

NL

Co-60

Sr-85

Y-88

Cd-109

Sn-113

Sb-125

Ba-133

Cs-137

Eu-152

Eu-154

Hg-203

Ra-226

Am-241

Additional Equipment

weighing unit

anticompton system

dose rate measurement

dead time correction (Y-88)
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CEA1 CEA2 CEA3 KEMAl1l KEMA2

F F F NL NL
General
routine inspection [ %] 50 100 20
research purposes [%] 100 100 80
Waste Packages and Matrices
waste packages
100 L raw waste X x X X
220 L packages (raw) X X X X
220 L packages (condit.) X X % X
400 L packages " X
500 L packages X
570 L packages X X
shielded containers X P X
1 m® containers
2 L specimen
range of matrix densities
min. [g/cm’] 0.2 0.2 0.2 0.2
max. [g/ cm’] 6 2.3 1.0 4.0
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Libraries of Nuclides

software

S

sisdou/

InterLara (EURISYS) X X

OMNIGAM nuclide library

CANBERRA Spectran-F
Analysis Package

JEF PC nuclear data X X X

literature

M. Lederer, V. Shirley, "Table
of Isotopes", John Wiley & x X X
Sons, Inc., New York

E. Brown, R. Firestone, "Table
of Radioactive Isotopes", John X X
Wiley & Sons, New York

G. Erdtmann, W. Soyka, "The
Gamma Rays of the Radio- X X X
nuclides", Verlag Chemie

swajsAs buiuueass ewuiey) Jo

D. N. Slater, "Gamma-rays of
Radionuclides in Order of In-
creasing Energy", Butter-
worths, London

Rad decay libraries X X

W. Wahl, "o, B, y - Table of
Commonly Used Radionucli- X X
des"

Catalogue of gamma rays from

radioactive decay -

Atomic Data and Nuclear Data p 4
Tables, Vol. 29, No. 12, Sept.

1983
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CEA1 CEA2 CEA3 KEMA1l KEMA2
F F F NL NL
Libraries of Nuclides

software

S

sisdou/

InterLara (EURISYS) X X X X X

OMNIGAM nuclide library

CANBERRA Spectran-F
Analysis Package

JEE PC nuclear data

literature

M. Lederer, V. Shirley, "Table
of Isotopes", John Wiley & X X
Sons, Inc., New York

E. Brown, R. Firestone, "Table
of Radioactive Isotopes", John X X
Wiley & Sons, New York

G. Erdtmann, W. Soyka, "The
Gamma Rays of the Radio-
nuclides", Verlag Chemie

D. N. Slater, "Gamma-rays of
Radionuclides in Order of In-
creasing Energy", Butter-
worths, London

Rad decay libraries

W. Wahl, "o, B, y - Table of
Commonly Used Radionucli-
des"

Catalogue of gamma rays from
radioactive decay -

Atomic Data and Nuclear Data
Tables, Vol. 29, No. 12, Sept.
1983
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Synopsis of Gamma Scanning Systems Appendix C-1

Description of the Individual Gamma Scanning Systems

In Appendix C general descriptions of the individual gamma scanning systems are given. For each system
the abbreviation as defined in Appendix B, the address of the owner and its main features are listed to-
gether with a photograph of the system. A short general information summarizes the applications and
features followed by the description of the principle of operation. A short summary of the system compo-
nents and a list with the main specifications completes the general overview. For more detailed informa-
tions refer to Appendix B with the technial data tables or to Appendix D with the list of contact persons.
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Synopsis of Gamma Scanning Systems

Appendix C-2

MGS rev)

Mobile Gamma Scanner
Address

Institut fiir Radiochemie
Technische Universitit Miinchen
Walther-Meissner-Strasse 3
D-85748 Garching

Germany

Tel.: ++49-89-289-12202

Fax: ++49-89-3261115

Features

Segmented gamma scanner
Mobile system

Designed for object
dimensions up to 0.8 m
diameter, 1.5 m height and
15000 kg weight

Different gamma scan modes
Software control of data
acquisition and analysis
High purity germanium
detector

Energy range: 30 to 2800 keV
Weighing unit

Optional: additional LOAX-
detector in open geometry

General

The MGS is designed for the mo-
bile non-destructive assay of ra-
dioactive waste packages in order
to identify and quantify the gam-
ma emitting inventory.

Principle of Operation

The MGS measures the emitted
gamma radiation by scanning the
surface of the container using a
collimated high purity germa-
nium detector (31.6 % relative effi-
ciency). Depending on the scan
mode selected (e. g. multiple rota-
tional scan) the data recording is
performed for a preselectable
number of intervals (segments,
sectors and/or steps). For each
interval a complete gamma spec-
trum is measured and stored. By
summing up these segment spec-
tra the sum spectrum is calculated.

li“imb & g ;__*j"x e S

Mobile Gamma Scanner (MGS).

From this, the gamma emitting
nuclides are detected via their cha-
racteristic gamma lines. An addi-
tional peak search on the segment
spectra can be performed to iden-
tify nuclides (hot spots) whose
gamma lines may be covered by
other nuclides and their Compton
background in the sum spectrum.
The corresponding net peak areas
of all identified gamma lines are
used for the determination of the
nuclide specific activities.

Optionally an additional LOAX-
detector can be used in the ‘open
geometry’ mode to improve the
detection limits in the low energy

T T T

region, i. e. below 300 keV.

Information on the matrix neces-
sary for absorption correction in
calculating the gamma activities is
based either on documentation or
on weighing, determining the
mean density of the matrix.

System Description

The gamma scanning system con-
sists of four parts: the mechanics,
the detector system, the mecha-
nical control and the data acqui-
sition and processing unit.

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998



Synopsis of Gamma Scanning Systems

Appendix C-3

Mechanics

The mechanical system consists of
a turntable for rotating the waste
package and a lifting unit with an
integrated swivelling unit for the
detector system. Accuracy and
reproducibility of the movement
of these axis are less than 0.5 mm
and 0.5 degree, respectively. Ad-
ditionally, the distance between
the detector and the turntable can
be adjusted.

Detector System

A high purity germanium detec-
tor of 31.6 % relative efficiency, p-
type, is mounted on the lifting unit
so that the detector can scan the
complete height of the object. The
shielding against background ra-
diation is assured by a lead cylin-
der of 300 mm diameter and 400
mm length. To adjust the measuz-
ing geometry to the activity of the
object to be investigated collima-
tors (lead) with different diame-
ters are available. For cooling of
the detector liquid nitrogen is
used.

Mechanical Control

The mechanics are controlled by
an IBM compatible PC. During
measurements using any scan
mode available, the mechanical
control is combined with the con-
trol of the detector system and da-
ta acquisition, respectively

Data Acquisition and Processing
The data acquisition is performed
by an integrated gamma spectro-
scopy system. During measure-
ment the actual data is transferred
to the control computer where it
is summed up to the sum spec-
trum. This is visualized on-line on
the monitor.

After the measurement, peak se-
arch routines are running on all
segment spectra resulting in the
corresponding specific net peak
areas for all gamma lines detected.
This data is transferred to a second
computer via network or disk
where the evaluation of nuclide

activity is performed.
Specifications

Detector
High purity germanium
detector, p-type, with 31.6 %
relative efficiency and 1.7 keV
energy resolution at 1.33 MeV,
using liquid nitrogen for
cooling
Optional: additional high
purity, low energy detector
(LOAX)

Shielding and Collimation
Shielding:
lead cylinder of 300 mm
diameter and 400 mm length
Collimation:
5 cylindrical lead collimators
with 5, 20, 40, 60 and 99 mm
diameter and 200 mm length

Physical
Max. burden:
1.5kN
Clearence size:
22mx09mx21m
(HxWxD)

Mechanics
Ranges:
360° for rotation,
-30° to +30° for swivelling,
1.1 m for lifting (can be
expanded to 1.6 m)

Electronics
Integrated gamma spectro-
scopy system:
92X, EG&G ORTEC

Container Capacities
Size:
diameter max. 0.8 m
height >1.8 m
Weight:
max. 15000 kg

Hardware
Control of mechanics and
data acquisition:
PC 486/66 and plug-in cards
Data evaluation:
PC 586/133 compatible

Software
Operating systems:
Windows 3.11 and NT 4.0
Data acquisition:
GimScan 1.3 (GIM)
Gamma spectrometry:
InterGamma
EURISYS
Data evaluation:
RCM software

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages

Report WG-A-01, September 1998



Synopsis of Gamma Scanning Systems

Appendix C-4

ITS reme)

Integrated Tomography System
Address

Institut fiir Radiochemie
Technische Universitit Miinchen
Walther-Meissner-Strasse 3
D-85748 Garching

Germany

Tel.: ++49-89-289-12202

Fax: ++49-89-3261115

Features

Segmented gamma scanner
Designed for object
dimensions up to 1.4 m
diameter, 1.8 m height and
15000 kg weight

Different gamma scan modes
Transmission source

%Co, 9.8 - 10" Bq (01.01.1998).
Software control of data
acquisition and analysis
High purity germanium
detector

Additional measuring modes:
Digital Radiography
Transmission and Emission
Computerised Tomography

General

The ITS was originally designed
and constructed by Sauerwein
System-Technik GmbH (Haan/
Germany) for the investigation of
large and heavy objects by trans-
mission techniques: Digital Radi-
ography (DR) and Transmission
Computerised Tomography (TCT).
Anextension for segmented Gamma
Scanning (GS) and Emission Com-
puterised Tomography (ECT) was
added later to assay radioactive
medical, industrial, research or
nuclear power plant waste.

The system enables measure-
ments of objects with dimensions
ranging on a large scale of size. On
the one hand, there are small and
light objects with dimensions of
some centimetres, on the other
hand, there are objects with di-
mensions of up to 1.4 m in diame-

i

ter, 1.8 m in height and 15000 kg
in weight. The basis for this flexi-
bility is a very precise mechanical
construction.

Principle of Operation

In the GS mode, the ITS measures
the emitted gamma radiation by
scanning the surface of the con-
tainer using a collimated high pu-
rity germanium detector (ca. 77 %
relative efficiency). Depending on
the scan mode selected (e. g. mul-
tiple rotational scan) the data re-
cording is performed for a prese-
lectable number of intervals (seg-
ments). For each segment a com-
plete gamma spectrum is measu-
red and stored. By summing up
these segment spectra the sum
spectrum is calculated. From this,

Integrated Tomography System (ITS).

the gamma emitting nuclides are
detected via their characteristic
gamma lines. An additional peak
search on the segment spectra can
be performed to identify nuclides
(hot spots) whose gamma lines
may be covered by other nuclides
and their Compton background in
the sum spectrum. The correspon-
ding net peak areas of all identi-
fied gamma lines are used for the
determination of the nuclide spe-
cific activities.

Additionally, the external *Co
transmission source can be used
to measure the mean density of
the matrix by Digital Radiography
necessary for absorption correc-
tion in calculating the gamma ac-
tivies for inhomogeneous matri-
ces. In difficult cases Transmission

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-01, September 1998



Synopsis of Gamma Scanning Systems

Appendix C-5

Computerised Tomography is us-
ed to get information on the real
density distribution within the
matrix,

System Description

The gamma scanning system con-
sists of four parts: the mechanics,
the detector system, the mecha-
nical control and the data acquisi-
tion and processing unit.

Mechanics

The mechanical system consists of
a combined translation and rota-
tion unit for the waste container
and two lifting units for the detec-
tor system and the transmission
source, respectively.

Accuracy and reproducibility of
the movement of these axes are
less than 0.1 mm and 0.1 degree,
respectively.

Detector System

A high purity germanium detec-
tor of ca. 77 % relative efficiency,
p-type, is mounted on one lifting
unit so that the detector can scan
the complete height of the object.
The shielding against background
radiation is assured by a lead/
tungsten cylinder of 92 mm dia-
meter. To adjust the measuring
geometry to the activity of the ob-
ject to be investigated collimators
(tungsten) with different diam-
eters are available. For cooling of
the detector liquid nitrogen is
used.

Mechanical Control
The mechanics can be controlled
either by hand using a steering
gear or by computer.

The latter is performed by a DEC
PDP 11/73. This computer is con-
nected to a VAX 4000/90 master
on which the control software is
running.

During measurements using any
scan mode available, the mecha-

nical control is combined with the
control of the detector system and
data acquisition, respectively.

Data Acquisition and Processing
The electronic chain of the detec-
tor system consists of a preampli-
fier, an amplifier and an ADC.

After the digitalisation of the de-
tector signal the data is transferred
to a transputer, buffered in a se-
cond transputer and then transfer-
red to the VAX 4000/90 where it
is manipulated by a multichannel
analyser emulation program.

When the measurement is fin-
ished peak search routines are
running on all segment spectra
resulting in the corresponding
gamma line specific net peak ar-
eas. This data is transferred fur-
ther to a personal computer for
calculation of the corresponding
activities.

If necessary the data of Digital Ra-
diography or Transmission Com-
puterised Tomography is taken
into account as well.

Specifications

Detector
High purity germanium
detector with 77 % relative
efficiency and 1.81 keV
energy resolution at
1.33 MeV, using liquid
nitrogen for cooling

Shielding and Collimation
Shielding:
lead/tungsten cylinder
of 92 mm diameter
Collimation:
2 tungsten collimators with
2 mm and 20 mm diameter

Physical
Max. burden:
200 kN
Clearence size:
3.5mx44mx4.0m
(Hx W x D)

Mechanics
Ranges:
2.8 m for translation
1.8 m for lifting
Accuracy:
<