
*** * * * * * * *** 
European Garnmission 

SYNOPSIS OF 
NEUTRON ASSAY SYSTEMS 

Comparison ofNeutron Determining Systemsand 
Measuring Procedures for Radioactive Waste Packages 

Report WG-A-02 
May 2002 

T. Bücherl, Ch. Lierse von Gostomski 

European Network of Testing Facilities 
for the Quality Checking of 

Radioactive Waste Packages 
http:/www.en-trap.org 



Synopsis of Neutron Assay Systems 

Synopsis of Neutron Assay Systems 

Comparison of Neutron Determining Systems and 
Measuring Procedures for Radioactive Waste Packages 

To Bücher!, Cho Lierse von Gostomski 

Version Overview 

1st Draft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 o 0 0 0 o 0 0 0 February 2000 
2nd Draft 0000000000 0 00 ooo oo ooooo ooooooooo• 0000 0000 October 2000 
Final Version 00 .. 00 00 00 00 00 00 00 00 00 .. 00 00 .... September 2001 
First Revision 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0. 0 ••• 0 0 0 0 0 0 0 0 0. May 2002 

EUROPEAN NETWORK OF TESTING FACILITIES 
FOR THE QUALITY CHECKING OF 
RADIOACTIVE WASTE PACKAGES 

Warking Group A 

page 2 

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-02, May 2002 



Synopsis of Neutron Assay Systems page 3 

Table of Contents 

1 INTRODUCTION .................................................................................................... ............... ............................... 5 

2 PRINCIPLE OF NEUTRON MEASUREMENTS ................................................... .. ......................................... 6 

2.1 General ................... ........... ..................... .................. ...... ...................... ........ ... ...................... .................. ....... ....... 6 

2.2 Neutron Counting System ............. ........... .. ... ...... ..................... ....... ........ ........ ........................................... ...... 6 

2.3 Moderator ... ................................... .................. ...... ............ .......................................... ........ ...... ... ... .... ...... ........... 7 

2.4 Background Shielding ..... .... ... ........ .... .. ... ............ .. ........... ..... ..... .................. .............. .......................... ............... 7 

2.5 Manipulator ..... ..... .... ......................... .................................................................................................... ...... ......... ? 

2.6 Control Unit ............... .. ....... ... .. ... ...... .. .......... ............................. ..... ..... ... .. .. ...... ..... ................................... .... ...... .. 8 

2.7 Data Evaluation Unit ...... .. ..... ...... ... ..... .... ..... ............. ... .. ........ ... ........ .. ...... ............. ......... ... .... .... .. ..... ....... ... ........ 8 

2.8 Additional Equipment ... .... .... .. .... .. ................................. ......... .............. ... ............. .......... ... .... ...... ............ ...... ... . 8 

3 MEASUREMENT MODES .................................................................................... ............................................... 8 

3.1 General .. ....... ............... ........... ..... ............ ................ ............... ....... ......... ... ......... ............. ........... ....... .. .. ............... . 8 

3.2 Total Neutron Counting ..... ............. ........ .... ..... .... ......... ..................... ....... ........... .. ...... ... ............................ ..... .. 8 

3.3 Segmented Neutron Counting .... ........... ....... .. ....... ...... ..... .................................... .. ........................................... 8 

3.4 Time Correlation Methods ............................... .............. .. ..... ... ..... ........ ... ................ .. ...... ... .. .. ..... ... ..... ... ....... .... 9 

3.5 Selection of Scan Modes ........ ......... .... .......... ................. ...... .... .... .. ..... ..... ................................................ ............ 9 

4 DATA PROCESSING AND EVALUATION .................................................................................................... 9 

4.1 General ..... .. ............ ....... ... ... .............. ......... ............ ..... ... ............................... ......... ......... ... ................ ........... .. .. .... 9 

4.2 Basic Relations ........ .. ...... ........................... .... .. .. ..... ....... ... ..... ................ .... ........ ... .. .. .. ..... ...... ............................ ... 9 

4.3 Experimentally Determined Correlation Factor ...... .. .... ................... .. .. ............... .. .. ..... .. ........ ................ .. ....... 9 

4.4 Calculated Correlation Factor ........... ................ ..... .... ... .... ...... .... ..... ... .... ....... ...................... ............................ 10 

4.5 Remarks ........ ... ... ....................... ....... .... .. . M . . . ... ....... . .... . .... . .... .. .......... . ............. ... . ...... . ........ . .. .... ....................... . . 10 

5 VALIDATION ............................................................................................................ .......................................... 10 

6 REFERENCES ........................................................................................................................................................ 10 

TECHNICAL TERMS ..... ... .... .. ... .... .... ... ........ . .. .. .............. .. ................... .. ... ....... ...... APPENDIX A 

COMPARISON OF TECHNICAL DATA OF PASSIVE NEUTRON ASSAY SYSTEMS ...... APPENDIX B 

DESCRIPTION OF THE INDIVIDUALPASSIVE NEUTRON ASSAY SYSTEMS ............. APPENDIX C 

LIST OF CONT ACT PERSONS ..... .. .. ............... ....... ... ......... ........... ......... ..... .... .. ... .... APPENDIX D 

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-02, May 2002 



Synopsis of Neutro11 Assay Systems page4 

Preface 

At the second meeting of the Warking Group 4 of the 'European Network of Testing Facilities for the Quality 
Checking of Radioactive Waste Packages' held in Arnhem, The Netherlands, 15. November 1995, it was de­
cided by all members to create a synopsis of existing systems for the neutron measurement of radioactive 
waste packages, comparable to those for garruna scanning systems [BUC98]. A questionnarre on the set-up 
and on the operation modes of neutron assay systems was compiled and distributed to the members of the 
Warking Group. The surrunary of the answers and general information on neutron 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 persans 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. 

Garching, September 2001 

The authors 
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Synopsis of Neutron Assay Systems 

1 lntroduction 

Radioactive waste can originate from different pro­
ducerssuch as nuclear power plants, research insti­
tutes, nuclear medicine and others. It has to meet 
certain specifications and acceptance criteria de­
fined by regulatory and management authorities. 
These criteria differ depending on the form and 
type of radioactive waste and on the individual 
country regulations. 

Appropriate control procedures to ensure the com­
pliance with these restrictions and limitations are 
necessary for quality control. They can take place 
either at the origin of the radioactive waste genera­
tion, during the conditioning or at the final condi­
tioned waste package. Preferably non-destructive 
testing methods are used in order to minimise the 
radiation dose to the personnel, to avoid secondary 
radioactive waste and to minimise costs. Further­
more, with destructive testing there will always be 
the essential question of taking a representative 
sample. 
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In recent years several non-destructive methods for 
quality checking of radioactive waste packages 
have been developed and tested. They can be dis­
tinguished by the measured quantity, mainly 
gamma radiation and/ or neutrons, and due to their 
operation mode, i.e. passive or active measuring 
modes. A summary of conventional assay is given 
in Table 1. 

This synopsis focuses on the passive neutron assay 
used for the characterisation of radioactive waste 
packages, i.e. the detection of neutrons emitted by 
spontaneaus fission (sf) or by (a,n)-reactions in a 
waste package. No external neutron or gamma 
interrogation source is applied. 

The synopsis aims in summarising the basic princi­
ples of operation, the required equipment and the 
Iayout of a system. Information on technical terms, 
existing systems and contact persans or institutions 
for further information is given in the annexes. 

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

passive 

active 

gamma radiation 

dose rate measurements 
gamma counting 
segmented gamma scanning 

radiography 
tomography 
interrogation techniques 

neutrons 

total neutron counting 
segmented neutron counting 
time correlation methods 

interrogation techniques 
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2 Principle of Neutron 
Measurements 

2.1 General 

The main objective of passive neutron assay is to 
prove the presence of neutron emitters within a 
waste package and to quantify them in terms of a 
240Puequiv mass. An isotope specific identification 
and quantification is not possible since the neutron 
emission spectra of different isotopes measured 
outside a waste package do not show characteristic 
differences like e. g. gamma spectra. But using time 
correlation methods (TCM) a general distinction 
and quantification between spontaneaus (sf) and 
(a,n)-reaction neutron sources is possible. 

A suitable neutron assay system consists typically 
of 

• a number of neutron detector systems, 
• a moderator, 
• a background shielding, 
• a manipulator, 
• a control unit, 
• a data evaluation unit and 
• optional additional equipment (e. g. turntable, 

transmission source, time correlation method 
systems, etc.) . 

The design of a passive neuh·on assay system and 
the choice of the most appropriate additional 
equipment must be adapted to type and to size of 
the waste packages to be characterised and to the 
measurement modes to be applied. 

2.2 Neutron Counting System 

Neutrons cannot be detected directly like charged 
particles or gamma radiation. Therefore nuclear 
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reactions are used to convert neutrons in energetic 
charged particles like protons, a-particles, etc. 
These secondary particles then can be detected 
using conventional radiation detectors like propor­
tional counters, scintillation detectors, etc. 
[KN089]. The cross section for the interactions of 
neutrons with the targetmaterial strongly depends 
on neutron energy for most materials, resulting in 
different techniques and designs for neutron detec­
tors. For the neutron assay of waste packages con­
ventionally thermal neutron detectors are used, 
although fast or epi-thermal neutron detectors may 
also be applied. This synopsis only focuses on the 
use of thermal neutron detectors, as these are the 
most frequently used ones. 

Neutron detectors can be simple counting tubes or 
one- or two-dimensional position sensitive detec­
tors, typically using 3He as conversion material. 
The use of the first will give mainly integral infor­
mation on the neutron emitters while position sen­
sitive detectors offer the possibility of segmented 
neutron counting. 

A block diagram of a typical neutron detection 
system is shown in Figure 1. 

The detector may be a 3He-counting tube, a BF3-

counting tube, a Gd- or B-loaded scintillation detec­
tor, a fission chamber, etc. [KN089]. In most cur­
rent operating systems 3He-counting tubes are 
used. 

The high valtage 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 hurst of charge 
that cannot be dealt with in the subsequent elec­
tronic components without an amplification step. 
This is performed by the preamplifier. lt is located 
as close as possible to the detector. 

detector ____. preamplifier ____. amplifier __. discriminator ~ trigger 

t 
detector 

bias supply 

Figure 1: Block diagram of a typical neutron detection system. 
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The linear amplifier that is connected to the pream­
plifier provides two elements in the pulse process­
ing chain: pulse shaping and amplitude gain. The 
amplification factor or gain is conventionally ad­
justable over a wide range and must be adjusted 
carefully since it influences the signal-to-noise ratio. 

The discriminator filters out signals not originated 
by neutrons but by other effects, e.g. by gamma-ray 
background, etc. The discriminator Ievel must be 
set carefully not to cancel out neutron signals but to 
account for gamma background, etc. 

After discrimination the analogaus signal is trigger­
ing a logical pulse that is used for further process­
ing (e. g. counting, registration of arrival time etc.) 
by a computer. 

Several additional components in the detection 
chain (Figure 1) are available and sometimes in use 
(e. g. pulse generators for calibration purposes) . 

A calibration of the discriminator settings has tobe 
performed after each shut down of the system and 
of individual detector chains, respectively. Fur­
thermore, the discriminator settings have to be 
checked periodically for quality control and if any 
doubts on the correctness of the actual calibration 
may occur (e. g. strong fluctuations of the count­
rates of neighbouring detectors). 

To achieve a high detection efficiency the complete 
waste package should be surrounded by neutron 
detectors, i.e. the neutron detectors should be ar­
ranged as close as possible to a 4n:-geometry. 

2.3 Moderator 

The energy range of the neutrons emitted by sf or 
(a,n)-reactions generally is about 1 MeV to 10 MeV. 
For an effective detection using thermal neutron 
detectors thesefast neutrons must be slowed down 
to energies of less than 1 eV, i.e. the emitted neu­
trons must be moderated to thermal energies. This 
is performed by surrounding the neutron detectors 
with moderating (i.e. thermalising) material, e.g. 
polyethylene. The thickness of this material must 
be adapted to the moderation properties of the 
waste packages to be characterised and is typically 
about 1 cm to 3 cm of polyethylene. 

Conventionally several detectors are grouped to­
gether within a moderator block. 

The moderator blocks may be lined with cadmium 
foils to Iimit matrix effects and induced fission mul-
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tiplication effects for time correlation system­
measurements. Additional shielding (e. g. lead) 
might be necessary for protecting the neutron 
counters against gamma radiation that may influ­
ence the measured count-rates but may increase the 
background signal due to spallation processes. 

2.4 Background Shielding 

The detectors record the number of neutrons emit­
ted by the waste package and some background 
signals that can origin for example from 

• natural radioactivity in the surrounding, 
• neutrons created by spallation effects, 
• neutron emitting facilities (e. g. reactors) or 

sources (radioactive sources ), 
• other radioactive waste packages. 

Because the magnitude of the background ulti­
mately determines the minimum detectable signal a 
shielding of the detectors is preferred. Shielding 
materials commonly used are polyethylene, cad­
mium, etc. for neutron shielding and lead, tung­
sten, etc. for gamma radiation shielding. 

For shielding purposes some passive neutron assay 
systems are housed within a polyethylene cube 
with wall thickness of up to 20 cm. 

An appropriate choice of the place of operation of 
the passive neutron assay system may significantly 
influence the minimum detectable signal and may 
reduce the required shielding dimensions. 

2.5 Manipulator 

In general the neutron emitters are not distributed 
homogeneously within the waste package. There­
fore, an integral determination of the neutron 
count-rate, i.e. the sum of the count-rates of all in­
dividual detectors, will not give representative 
information on the content of the waste package. 
Evaluation of the individual detector count-rates 
will improve the information, but depending on the 
detector arrangement, additional manipulation of 
the waste package may be necessary to gather fur­
ther information, e.g. performing segmented neu­
tron counting. This will result in a much more reli­
able and representative characterisation of the 
waste package than by simple integral counting. 

Conventionally the manipulator system is limited 
to a single turntable for rotating the waste package. 

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-02, May 2002 
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2.6 Control Unit 

The control unit, usually a computer, controls both 
the movements of the manipulator system and the 
measuring process. Conventionally these tasks are 
synchronised. The measured data, i.e. the count­
rates of the individual detector chains and/ or the 
neutron arrival times, is stored on appropriate me­
dia (e. g. hard disk of the computer) tagether with 
additional information (e. g. measuring date and 
time, position of the waste package, etc.) necessary 
for data evaluation and for the final documenta­
tion. 

2.7 Data Evaluation Unit 

Using the measured and stored data the quantifica­
tion of the neutron emitting material present in the 
waste package is performed by appropriate soft­
ware programs. This data evaluation can be per­
formed on an additional computer system or is 
included within the control unit. 

2.8 Additional Equipment 

Most recently set-up passive neutron assay systems 
are equipped with time correlation method (TCM) 
systems. These systems distinguish between neu­
trons originating from sf and from (a,n)-reactions. 

A correction of the attenuation properties of the 
matrix is based on the use of an external neutron 
source (e. g. 244Cm, 252Cf, etc.) . This matrix interro­
gation is conventionally performed as a simple 
transmission measurement. 

3 Measurement Modes 

3.1 General 

In passive neutron assay of (!arge volume) waste 
packages the measured data does not contain nu­
clide specific information for identifying the neu­
tron emitter like in gamma scanning [BUC98]. 
Without additional a priori information only gen­
eral information in terms of a reference material (e. 

24üp) b' g. U equiv can e g1ven. 

Nethertheless, different measurement modes are 
known differing in the number of resulting data 
andin the application of additional equipment. 
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Integral and segmented measurements both aim in 
determining the total (i.e. the combined sf- and 
(a,n)-reaction) neutron count-rates on the surface of 
the waste package being investigated. 

A further distinction between neutrons emitted by 
sf- and (a,n)-reactions can be performed when ap­
plying additional equipment like time correlation 
systems. 

3.2 Total Neutron Counting 

Totalneutron counting is an integral measurement. 
It is the simplest measuring mode in passive neu­
tron assay simply summing up the signals of all 
individual detectors. 

During the measurement the waste package may be 
rotated which is recommended when only a small 
fraction of the waste package surface is "seen" by 
the neutron detectors, levelling out small inho­
mogeneities of the neutron emission-rate distribu­
tion on the surface of the waste package. 

The evaluation of that data is only representative 
and reliable for a nearly homogeneaus distribution 
of the neutron emitters within the waste package 
and a nearly homogeneaus matrix. 

3.3 Segmented Neutron Counting 

In segmented neutron scanning (SNS) the distribu­
tion of the neutron emission-rates on the surface of 
the waste package is determined. 

For this purpose the waste package surface is sub­
divided into M (equidistant) segments and each 
segment is subdivided into N sectors. Additionally, 
bottarn and top of the waste package are subdi­
vided into Ns and NT sectors, respectively. Foreach 
sector the neutron emission-rate has to be deter­
mined. This requires either (2-dimensional) posi­
tion sensitive detectors surrounding the waste 
package or, alternatively, a special arrangement of 
vertically and horizontally arranged neutron detec­
tor tubes in combination with an appropriate ma­
nipulation (i.e. rotation) of the waste package. Next 
a deconvolution of the measured data is performed 
resulting in a set of (N·M + Ns+ NT) data giving 
information on the distribution of the neutron 
emission rate on the waste package surface 
[BUC99]. 
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Based on these data a verification of the assump­
tions of homogeneity required for applying the 
total neutron counting evaluation procedure can be 
performed and hot spots can be detected. 

3.4 Time Correlation Methods 

Application of time correlation methods aims in 
separating the neutron emission-rates on the sur­
face of a waste package originating from sf- and 
( a,n)-reactions, respectively. 

The signals of all individual detectors are summed 
up and fed into a special time correlation method 
system. 

During the measurement the waste package may be 
rotated which is recommended when only a small 
fraction of the waste package surface is "seen" by 
the neutron detectors, levelling out small inho­
mogeneities of the neutron emission-rate distribu­
tion on the surface of the waste package. 

3.5 Selection of Scan Modes 

Depending on the available and reliable a-priori 
information given on the waste package and by the 
specific task description the most appropriate 
method must be chosen. 

lf information on the amount of sf- and (a,n)­
reaction neutrons is required an appropriate time 
correlation method must be applied. For this pur­
pose different methods are known like e.g. the shift 
register method, the neutron coincidence counting 
(NCC) and the neutron multiplicity counting 
(NMC). The shift-register method has proven to 
give acceptable results for waste packages contain­
ing low density materials but often fails for dense 
matrices. NCC, which needs information on the 
matrix properties, and NMC have shown their ap­
plicability not only for light matrices but also for 
metallic matrices [BUC99]. NMC is self-calibrating, 
i.e. no information on the matrix properties must be 
known, and is to some extend insensitive to the 
actual source distribution, but its application is 
limited to 240Pueff-masses of at least 100 mg. Fur­
thermore, it is strongly sensitive to background 
effects. 
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4 Data Processing and 
Evaluation 

4.1 General 

The results of passive neutron measurements are 
count-rates. The quantification is conventionally 
based on the total net count-rate, assuming a ho­
mogeneous distribution of the neutron emitters and 
of the matrix. The distribution of neutron emitters, 
measured with the segmented neutron counting 
mode, give info.rmation on the correctness of that 
assumption. Improved evaluation procedures are 
known (e. g. [BUC99]) but usually not applied in 
practice due to the increased requirements for the 
operator' s skills and for the time needed for meas­
urement and data evaluation. 

The conventionally applied evaluation procedures 
calculate the 240Puequ iv-mass usually in a conserva­
tive way, i.e. for an inhomogeneaus distribution of 
neutron emitters the 240Puequiv-mass will be lower 
than calculated. 

4.2 Basic Relations 

The method of calculating the 240Puequiv-mass M 
from the total net count-rate Z is given by the basic 
relation 

M =z 
k 

with M: 240Pueq uiv-mass [g] 
Z: net count-rate [s-1] 
k: transfer or correlation factor [s·g-1] 

(1) 

The transfer or correlation factor k can either be 
determined experimentally or by mathematical 
calculations. 

4.3 Experimentally Determined Correlation 
Factor 

This method is based on a set of calibration meas­
urements. Well defined standards being representa­
tive for the types of waste packages to be investi­
gated are measured and the correlation factors be­
tween the well known neutron emission-rates and 
the measured count-rates as a function of matrix 
and source distribution are determined (using 
equation 1) and stored in a look-up table. 
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Knowing the matrix and source distribution of a 
waste package either from a-priori information or 
from additional matrix interrogation and seg­
mented neutron counting measurements the corre­
sponding correlation factor can be selected from the 
look-up table for data evaluation. 

Very often the properties of the investigated waste 
package do not completely fit to the properties of a 
calibration standard. Then the correlation factor has 
tobe determined by an appropriate combination (e. 
g. averaging) of existing correlation factors being 
representative for similar matrices and distribu­
tions of the neutron emitters. 

The disadvantage of this calibration method is the 
necessity of a large number of calibration drums, 
depending on the number of different types of 
waste packages and matrices to be investigated. 

4.4 Calculated Correlation Factor 

The calculation of the correlation factor is mostly 
based on the use of Monte-Cario methods. This 
modeHing requires at first a detailed and complete 
description of the measuring device (i.e. detector 
system, shielding, moderator, etc.). Using a set of 
modelled standards, a look-up table can be calcu­
lated. 

If the properties of the investigated waste package 
do not completely fit with the properties of a stan­
dard, the corresponding correlation factor can ei­
ther be determined by an appropriate combination 
of correlation factors for similar matrices and dis­
tributions of neutron emitters, or the correlation 
factor is determined by a new Monte-Cario calcula­
tion using the specific properties of that waste 
package. 

Nethertheless, some calibration drums arestill rec­
ommended to validate the correctness of the calcu­
lated correlation factors. 

The disadvantage of this calibration method is the 
large calculation time for determining one calibra­
tion factor and the necessity of an expert to perform 
these calculations. 

4.5 Remarks 

The accuracy of the results obtained from both 
methods strongly depends on the knowledge about 
the composition of the matrix and of the distribu­
tion of the neutron emitters. If no or only a little 
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information is available an improvement can be 
achieved experimentally by using the results of 
additional matrix interrogation measurements and 
of segmented neutron counting, respectively. 

In general, the neutron emitters are not homogene­
ously distributed over the complete volume of the 
waste package. If the waste package is not com­
pletely surrounded by neutron detectors and/ or 
the arrangement of the neutron detectors is not the 
same for each position (e. g. when using horizontal 
and vertical detector tubes) then an averaging is 
achieved by rotating the waste package. This en­
ables a quantification assuming a homogeneaus 
activity distribution. 

5 Validation 

The passive neutron assay system must be verified 
to ensure the accuracy of the results. The verifica­
tion must be performed after each restart of the 
system, when a new calibration is performed andin 
regular intervals during routine operation. There­
fore, dummy waste packages with well defined 
compositions 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 
systematic errors. 

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 character­
ised since the last verification shall be characterised 
once again. Alternatively, if the reason for and the 
date of the first deviation can be determined pre­
cisely corrections of the results may be performed. 
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Technical Terms 

To avoid misunderstandings in discussion of neutron measurement of waste packages, the mostrelevant 
technical terms as used within the Warking Groups of the "Network" are given below. They are in accor­
dance with IS01 [IS099]. 

(a,n)-reaction: reaction which induces neutronemissionvia an alpha-particle 

background shielding: shielding of the measurement chamber against neutrons from the sur­
rounding, i.e. not emitted from the investigated package 

container: package envelope 

control unit: system for controlling the manipulator system and the data acquisition 
process 

data evaluation unit: system for evaluation of the measurement data 

detector: device providing an electrical signal proportional to the neutron flux 
irradiating it; the signal depends of the neutron energy 

passive neutron assay: system for measurement of the neutrons emitted from a package with­
out the use of any external neutron interrogation source 

240Pu.wmass: mass [g] of pure 24DPu that would produce a signal identical to the one 
recorded by the measurement device 

reference package: mock-up representative of a package with precisely known characteris­
tics; the radioactive characteristics are determined with respect to a 
reference material 

matrix: inactive material contained in the package 

neutron counting system: system for measurement of neutrons 

package: object to be characterised, comprising the leak tight envelope 

PSD: position sensitive detector 

segmented neutron counting: performing subsequent neutron measurements at different height posi­
tions 

sf: abbr.: spontaneaus fission 

time correlation method: measurement of the time dependence of the neutron detection within a 
passive neutron assay 

transmission source: external neutron source for determining the matrix properties by trans­
mission measurements 

waste package: package containing waste 

1 ISO-standard "Radioactive characterisation of waste packages - Passive Neutron Counting" is under 
preparation. Actual number: ISO/TC85/SC5/WG5 Nl72, January 1999. 
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Comparison of Technical Data of Neutron Assay Systems 

Appendix B offers a fast abbreviation on all relevant technical data of the individual passive neutron assay 
systems. Which are described in general in the subsequent Appendix C. The association between the col­
umns of the technical terms and the owners of the systems is made by the abbreviations listed below. 

RCM: 

ENEA: 

JRC: 

SCK: 

CEAl: 

CEA2: 

Institut für Radiochemie, Technische Universität München, Walther-Meißner-Str. 3, 
D-85748 Garching, Germany 

ENEA, CR CASACCIA- Via Anguillarese, 301- 00060 S. Maria di Galeria (Rome), 
Italy 

Joint Research Centre, 1-21020 Ispra (VA), ltaly 

SCKCEN, Boeretang 200, B-2400 Mol, Belgium 

French Atomic Energy Commission, Cadarache Centre, DED jSCCD /LDMN, 
13108 Saint Paullez Durance cedex, France 

Commissariat a !'Energie Atomique, Centre d'Etude de Cadarache, SCCD /LDMN 
Bät. 326, 13108 Saint Paul Lez Durance, France 
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RCM ENEA ]RC SCK 

General 

commercial system no no yes no 

company Antech A. N. 

- Technology Ltd. 

model Drum Monitor -
Series 2200 

mobile yes yes yes yes 

Labour 

routine [%] 40 80 50 
research [%] 60 20 50 100 

Mechanical Specifications 

movementof 
waste package rotation no no no 

detector(s) no no no no 
others interrogation semi-automatic interrogation 

source drum loading source 

Waste Package 

max. drum size [!] 400 400 220 200 
max. weight [kg] 2000 1000 1000 1000 

Detector System 
type 3He-counting 3He-counting 3He-counting 3He-counting 

tube tube tube tube 

company Berthold, Xeram, France Xeram, France Eurysis Me-
Germany sures/ Dextray, 

France 

number 30/6 64 64 60 
length [cm] 100/45 100 100 100 
diameter [cm] 2.5 2.54 2.54 2.5 

gas 3He 3He +Ar 3He 3He +Ar 

pressure [bar] 4 4+1 4 4+1 

Detector Arrangement 
hexagonal ar- decagonal ar- 10 vertical mod- 36 in a hexagonal 

rangement of 31 rangement of 40 ules forming a arrangement + 12 
detectors + 5 top detectors + 12 top decagon, 3 mod- top + 12 bottom 

detectors detectors and 12 ules on top, 3 
bottom detectors modules on bot-

tom 

Moderation System 
PE PE HD-PE PE 
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CEA1 CEA2 

General 

commercial system no no 

company 

model prototype 

mobile no no 

Labour 

routine [%] 
research [%] 100 100 

Mechanical Specifications 

movementof 

waste package rotation rotation 

detector( s) no 

others semi-automatic 
drum loading 

Waste Package 

max. drum size [l] 118 220 

max. weight [kg] 50/150 (with/ 500 
without rotation 

Detector System 
type 30NH15, 3He counting tube 

410NH1C/5, 
300NH1C/5, 
205NH50/5 

company Eurisys Mesures Eurisys Mesures/ 
Dextray, France 

number 1/30/28/30 99/1 

length [cm] 15/100/100/50 50/15 

diameter [cm] 1/2/2/2 5/2.5 

gas 3He 3He 

pressure [bar] 6/4/2/4 4/2 

Detector Arrangement 
external/ 3 x 33 horizontal 

lateral face/ arrangement with 
lateral face/ 2layers 

door 

Moderation System 

graphite graphite carbone 
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RCM ENEA JRC SCK 

Background Shielding 
general measuring sys- outer stainless 22 cm of HO-PE, Paraffin castle 

tem is placed in a steelliner (1 mm) 1mmCd with PE roof and 
cube having PE- inner cadmium doors 
walls of 20 cm liner (1 mm) 

thickness 

background count-rate ca. 3 s-1 ca. 3 s-1 2.4 s-1 Singles : 1.85 s-1 
Doubles: 0.052 s-1 

frriples : 0.007 s-1 

Electronics 
preamplifier 142IH home-made AMPTEK111A 

(EG&G Ortec) 

amplifier RCMmodule home-made AMPTEK111A 

ADC RCMmodule home-made 

discrimina tor RCMmodule home-made AMPTEK111A 

multichannel scaler 

multiplicity recorder GeotestTIA 
board + software 

counter / timer card CIO-CTR10 plug- GeotestTIA 
in card board 

(Computer 
Boards Inc.) 

HV power supply 556 home-made Model3125 
(EG&G Ortec) (Canberra) 

Power supply 4002P home-made Nim Bin power 
(EG&G Ortec) supply 

TCA Model1001 Model1001 see TIA 
Neutron Time Neutron Time 

Cerrelation Cerrelation 
Analyser Analyser 

(Antech A. N. (Antech A. N. 
Technology Ltd.) Technology Ltd.) 

NCC JSR-12 see TIA 
(Canberra) 

TIA GT657-TIA GT657-TIA 
(Geotest) (Geotest) 
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CEA1 CEA2 

Background Shielding 
general 10 cm CH2 on ex- external PE walls 

ternal faces (10 cm), 
inner Cd (2 mm) 

and 
Pb walls (5 cm) 

background count-rate total: 1.3 s-1 total: 8 s-1 

coinc.: 0.12 s-1 coinc: 1.3 s-1 

total counting prompt neutrons: 
(activ): 30 s-1 5000 s-1 
coinc. counting delayed neutrons: 
(act.iv): 0.1 s-1 54 s-1 

Electronics 
preamplifier ACHNA98 ACHNA98 

(Eurisys Mesures) (Eurisys Mesures) 

amplifier ACHNA98 ACHNA98 
(Eurisys Mesures) (Eurisys Mesures) 

ADC 

discrimina tor 

multichannel scaler Novelec 

multiplicity recorder Histoc 
(CEA patent) 

counter / timer card Medas plug in card 
(Cesigma) 

HV power supply Model7181 Model7181 
(Eurisys Mesures) (Eurisys Mesures) 

Power supply NIM BIN power NIM BIN power 
supply 7000H supply 7000H 

(Eurisys Mesures) (Eurisys Mesures) 

TCA 

NCC 

jTIA 
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RCM ENEA JRC SCK 

Computer System 
PC-system PC-system, mi- PC-system PC-system 

croprocessor 
system 

Software 
control of 

system X X 

manipulator X X 

data acquisition X X X X 

analysis of 

total counting X X X X 
time correlation analysis X X X 

signal frequency distribu- X X X 
tion of n pulse trains 

coincidence counting X X X 

multiplicity counting X X X 

Measurement Modes 
total neutron counting X X X 

segmented neutron counting X X (angular) 
coincidence counting TCA NMC, NCC, TCA X X 

Calibration 
general no X no 

waste dependent mock-up drums Monte Carlo - mock-up drums 
modelling + Monte Carlo 

modeHing 
sources 

2s2cf SE+6 n/s 
certified stan-

dards 

244Cm 3E+S n/s some 

24IAm 4.3E+2 n/s Am/Li certified 
9.6E+2n/s standards 

Am/Be 
certified stan-

dards 

Pu, Pu02 
1.5E+2 n/s SE+O n/s to certified stan-

(Pu02) 3E+2n/s dards 

U, U02, Th02 
set of well char-
acterised sources 

Passive Detection Limit 
240Pu (total counting) lOmg 1-2mg lmg 

240Pu ( coincidence counting) 10-20 mg lOmg 

Active Detection Limit 
239Pu 

239Pu 
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CEAl CEA2 

Computer System 
PC- system 

Software 
control of 

system 

manipulator X (turntable) X (turntable) 

data acquisition X X 

analysis of 

total counting X X 

time correlation analysis X X 

signal frequency distribu- X X 
tion of n pulse trains 

coincidence counting X X 

multiplicity counting X X 

Measurement Modes 
total neutron counting X (passive and X (passive and 

active modes) active modes) 

segmented neutron counting X (angular) X (angular) 
coincidence counting X (passive and NMC, NCC, TCA 

active modes) (passive and 
active modes) 

Calibration 
general no 

waste dependent mock-up drums mock-up drums 
+ Monte Carlo + Monte Carlo 

modeHing modeHing 
sources 

zszcf 
certified stan- certified stan-

dards dards 

244Cm 

241Am 

Am/Be X 

Pu, PuOz X (active mode) 
set of well char-

acterised sources 

U, UOz, ThOz X (active mode) 
set of well char-
acterised sources 

Passive Detection Limit 
24DPu (total counting) lmg 2mg 

24DPu ( coincidence counting) 2.4mg 10mg 

Active Detection Limit 
239Pu 0.03 mg (total) 0.36 mg (prompt) 

239Pu 0.045 mg (coinc.) 25 mg (delayed) 
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RCM ENEA JRC SCK 

A-bsorption Correction 
no absorption correction in routine opera- in routine opera-

tion tion 

absorption correction by matrix inter- by MCNP model- by analysis by add-a-source 
rogation and ling technique + 

modelling modeHing for 
interpolation 

Additional Eguipment 
matrix interrogation yes yes 

TCA Model1001 Model1001 
Neutron Time Neutron Time 

Correlation Correlation 
Analyser Analyser 

(Antech A. N. (Antech A. N. 
Technology Ltd.) Technology Ltd.) 

NCC JSR-12 JSR-12, JSR-14, 
(Canberra) AMSR 

TIA GT657-TIA GT657-TIA 
(Geotest) (Geotest) 

NMC 
MGA-equipment X Gamma Scanner 

+MGA 

HP-Ge detector Gamma Scanner 

References 
JEF-PC: A pro- JEF-PC: A pro- Compilation of 

gram for display- gram for display- fission yields and 
ing data from ing data from multiplicity data 

Joint Evaluated Joint Evaluated 
File, File, 

O.E.C.D.jNEA O.E.C.D./NEA 
Data Bank (1995) Data Bank (1995) 
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CE Al CEA2 

Ahsorption Correction 
no absorption correction X 

absorption correction 

Additional Equipment 
matrix interrogation in progress 
TCA 

NCC 

TIA 

NMC 
MGA-equipment 

HP-Ge detector Gamma radiog-
raphy + gamma 

spectrometry 

References 
ENDF/BVI ENDF/BVI 

JEF-PC JEF-PC 
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Description of the Individual Passive Neutron Assay Systems 

In Appendix C general descriptions of the passive neutron assay systems are given. For each system the 
abbreviation as defined in Appendix B, the address of the owner and its main features are listed tagether 
with a photograph of the system. A short general information summarizes the applications and features 
followed by the principle of operation. A short summary of the system components and a list with the main 
specifications completes the general overview. For more detailed information refer to Appendix B with the 
technical data table or to Appendix D with the list of contact persons. 
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SANDRA (RCM) 
~pecial Arrangement for Neu­
tron Detection in RAdioactive 
Waste 

Address 

Institut für Radiochemie 
Technische Universität Mün­
chen 
Walther-Meissner-Str. 3 
D-857 48 Garehing 
Germany 
Tel.: ++49-89-289-122 02 
Fax: ++49-89-3 26 11 15 

Features 

• Mobile system 
• Segmented neutron scanner 
• Object dimensions up to 1.0 m 

diameter, 1.0 m height and 
2000 kg weight 

• 36 3He-counting tubes 
• Typical detection efficiencies: 

3% to 15% 
• Detection limit for 240Pueff: 10 

mgminimum 
• Software control of data ac­

quisition and analysis 
• Time Correlation Analyser 
• Matrixinterrogation technique 

General 

The mobile neutron assay 
SANDRA is designed for the 
non-destructive characterisation 
of transuranic material in radio­
active waste packages by their 
neutron emission due to spon­
taneaus fission (sf) or (o:,n)­
reactions. The system is inte­
grated in a 19" container for 
transportation by a lorry with a 
transportation bed. 

System Description 

The passive neutron assay 
SANDRA measures the emitted 
neutrons by scanning the sur­
face of the container using 36 

Mobile nattron assay system SAND RA. 

3He-counting tubes, all embed­
ded in 7 polyethylene benches. 
Six of them set-up a hexagonal 
array surrounding the waste 
package. Each is equipped with 
5 vertical counting tubes of 1.0 
m active length, except one 
bench equipped with 6 horizon­
tal counting tubes of 0.45 m 
active length. The remaining 
detector bench is placed on the 
top of the waste package con­
taining 5 counting tubes of 1.0 m 
active length. 

Principle of Operation 

In a typical inspection meas­
urement a sequence of 6 inde­
pendent measurements is per­
formed with a rotation of 60° in 
between, therefore scanning the 
complete surface of the waste 
package with the horizontal and 
vertical detectors. Then a two­
dimensional surface distribution 
of the count-rates is determined 
by combining the results of the 
measuring sequence. 
Matrix interrogation measure­
ments using a 243/ 244Cm-source 
with a neutron emission rate of 
8E+4 n/s give information on 
the matrix properties by per­
forming a number of subsequent 
transmission measurements at 

different height position cover­
ing the complete height of the 
waste package. During the 
measurement the waste package 
can be rotated by 360° to cancel 
out angular inhomogeneities of 
the matrix. 
The count-rate distribution and 
the information of matrix prop­
erties are then merged to deter­
mine the 240Pueff mass using 
appropriate models. 
The results of the Time Correla­
tion Analyser (TCA) allows to 
distinguish between neutrons 
created by spontaneaus fission 
and by (o:,n)-reactions. 

Specifications 

Container 

• Separate loading area, meas­
uring chamber and control 
roon1 

• Outer dimensions: 
6.0 m x 2.5 m x 2.85 m 
(LX w X H) 

• Total weight: 
15000 kg maximum 

• Loading of waste package: 
Top loading by crane (hatch­
way) or side loading by fork 
Iift at the rear door. Mechani­
cal transfer of waste packages 
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from the loading position to 
the measuring position and 
back by a carriage 

• Transportation: Lorry with 
transportation bed 

• Power requirements: 
3 x 230 V I 50 Hz 

Measuring Chamber 

• Outer dimensions: 
2.0mx 2.0mx 2.4m 
(LxWxH) 

• Inner dimensions: 
1.6 m x 1.6 m x 1.7 m 
(Lx W x H) 

• Walls: 0.2 m polyethylene at 
each side including top, bot­
tom and doors, supported by 
steel frames 

• Turntable: 
2000 kg maximum Ioad 

• Size of waste packages up to 
4001 drums 

Detector system 

• 25 vertical 3He-counting tubes 
(1.0 m length, 2.5 cm diame­
ter, 4 bar pressure) embedded 
in 5 polyethylene (PE) mod­
erator blocks of 1.0 m height, 
0.6 m length and 0.1 m width. 
Thickness of PE-layer towards 
measuring object: 2.5 cm 

• 1 PE bench of identical outer 
dimensions equipped with 6 
horizontal 3He-counting tubes 
(0.45 m length, 2.5 cm diame­
ter, 4 bar pressure) 

• 1 PE bench on the top of the 
waste package equipped with 
5 3He-counting tubes (1.0 m 
length, 2.5 cm diameter, 4 bar 
pressure) 

Data Acquisition and Sig­
nal Processing 

• Amplifierl discriminator: 36 
independent channels with 
preamplifiers (0.5 ~-ts shaping 
time) and fast pulse discrimi­
nators 

• Logical OR and analogue sum 
of the amplifier signals at 
positive or negative polarity 

• Pulse counting: 4 software 
controlled plug-in modules 
for 40 channels (CIO-CTR10, 
Plug-In) 

• Measurement time: 0.1 s to 
100000 s per interval, number 
of cycles arbitrary 

• Controller: Time control, data 
acquisition, on-line indication 
of current measurement, me­
chanical movements and data 
analysis by a PC 486 

• Background: Less than 0.1 
cpslcounter (depending on 
environment) 

• Cross counting efficiency: 3 % 
to 15 % concerning 200 1 
drums ( depends on matrix 
properties) 

• Detection Iimit: 10 mg 
240Puequiv at minimum (1000 s 
time interval) 

Hardware 

• Control of mechanics, data 
acquisition and data evalua­
tion: PC 486 I 66 

• Control of TCA: PC 486166 

Software 

• Operating system: 
Windows 95 

• Control, data acquisition and 
data evaluation: NESDAQ 1.0 
(RCM) 

Additional Equipment 

• Matrix interrogation unit: 
Source 243/244Cm, 8E+4 nl s, 
Iifting range: from 0.0 m up to 
1.0 m height 

• Time Correlation Analyser 
(TCA): Model 1001 Neutron 
Time Correaltion Analyser 
Antech A. N. Technology Ud. 
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SMNP (ENEA) 
Sistema di Misura Neutronica 

Passiva 

Address 

ENEA-RAD-LAB 
C.R. Casaccia 
I-00060 S. Maria di Galeria (Ro­
me) 
Italy 
Tel.: ++39-06 3048 6586 
Fax: ++39-06 3048 6590 

Features 

Appendix C-4 

View of the measuring head and the loading system. 

• Transportable system, fixed 
geometry 

• Can accommodate drums up 
to 400 l, 1000 kg 

• 64 3He-counting tubes 
• Typical detection efficiency: 20 

% 
• Detection limit for 240Puerr: 10 

mgminimum 
• Software controlled data ac­

quisition and analysis 
• Neutron Multiplicity Count­

ing (JRC-Ispra) 
• Neutron Coincidence Count­

ing (LANL) 

General 

The SMNP (Sistema di Misura 
Neutronica Passiva) was de­
signed for the assay of radioac­
tive waste drums containing a­
contaminated material. 
The instrument based on a 
original JRC-Ispra design meas­
ures the neutron emission from 
spontaneaus fission and from 
( a ,n )-reaction. 

System Description 

The detection head is consti­
tuted by one vertical section 
decagon shaped with 4 detectors 
for 10 sectors and two horizontal 
sections (top and bottarn of the 

sample cavity) with 4 detector 
for 3 sectors each. 
An eight input channel digital 
mixer receives the analogue 
signals from the nuclear elec­
tronics, converts them into TTL 
standard signals w hich are then 
fed to the Time Correlation Ana­
lyser (TCA), Shift Register (SR) 
and Time Interval Analyser 
(TIA) modules allowing the 
simultaneaus operation of the 
three systems of analyses. 
The loading of the waste pack­
age is carried out through two 
mobile side walls (doors) of the 
decagon by a crane manually 
operated (hatch-way) . 

Principle of Operation 

The measurement is performed 
with the waste package sus­
pended in the middle of the 
cavity without rotating the 
drum. 
The simultaneaus operation of 
the analyses system allows 
measurement of a waste pack­
age by the three different tech­
niques implemented. 
In a typical inspection meas­
urement the sequence is: 
• Single measurement of ten 

minutes to estimate the neu­
tron count-rate. 

• Series of "lang-time" meas­
urements (typ. 6 measure­
ments). 

• Series of "short-time" meas-
urements (typ. 15). 

For each measurement the re­
sults of TCA, SR and the pulse 
train collected by TIA are stored 
for subsequent analysis by soft­
ware. 

Specifications 

Capacities 

Size: 
• Height: 
• Diameter: 
• Weight: 

1100 mm 
700mm 

1000 kg (max.) 

Measuring Chamber 

Outer dimensions: 
• Length: 1463 mm 
• Width: 1540 mm 
• Height: 1890mm 

Inner dimensions: 
• Diameter: 7 45 mm 
• Height: 1170 mm 

Background shielding 

• Walls: 220 mm polyethylene, 1 
mm outer stainless steel liner 
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and 1 mm inner cadmium 
liner at each side including 
top, bottarn and doors. 

Detector system 

• 40 vericaly mounted 3He-Ar 
counters (5 bar pressure), 1000 
mm active length, 25.4 mm 
diameter, embedded in 10 
polyethylene moderater 
blocks of 1040 mm height, 244 
mm length and 102 mm 
width. 

• 1.0 mm cadmium liner. 
• Thickness of PE-layer towards 

measuring object 100 mm. 
• 2 polyethylene benches of 

identical mechanical dimen­
sions with 24 horizontally 
mounted 3He-Ar counters 
(4+1 bar pressure), 1000 mm 
length, 25.4 mm diameter on 
the top (12) and on the bottarn 
(12) of the measuring cham­
ber. 

Physical 

• Maximum burden: kN. 
• Clearance size: 3200 x 2250 x 

3055mm. 

Data Acquisition and Sig­
nal Processing 

• 16 quadruple preamplifiers 
• 16 linear amplifier/ discrimi­

nators grouping 16 detectors 
• 4 HV power supplies 
• Time Cerrelation Analyser 

(TCA, JRC Ispra design) 
• Neutron Coincidence Counter 

(NCC, JSR-11 Jomar, Can­
berra) 

• Time Intervall Analyser card, 
PC-AT bus compatible (ALL 
DATA mod GT657); 16 input 
channels, 2 MB RAM, time 
resolution and measurement 
rate up to 1E+7 s·l, resolution 
20ns 

• Controller: Time control, data 
acquisition on-line indication 

and data analysis by PC 286 
(TCA), Shift Register JSR-11 
(NCC), Pentium 75 (TIA) 

• Simultaneaus operation of the 
three counting systems as­
sured by eight input channel 
digital mixer 

• Background: 5cps ( depending 
on environment) 

• Detection limit: 
10 mg 240Puequiv 

Hardware 

• Control of TCA: PC 386 
• Control of TIA: Pentium 75 
• NCC operated by Jomar­

Canberra electronics JSR-11 

Software 

• Operating system: DOS, Win­
dows 95 

• TCA software for data acquisi­
ton and analysis (JRC-Ispra) 

• TIA software ATEasy 2.0 
(GEOTEST) for data acquisi­
tion 

• Self-developed C++ software 
implementing NCC, NMC, bi­
and three-dimensional Rassi­
Alpha algorithms 
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JRC Drum 
Monitor (JRC) 
Assay of Pu bearing intermedi­
ate and low level waste in 220 
litre drums 

Address 

European Commission 
Joint Research Centre 
Institute for Systems, Informat­
ics and Safety 
I-21020 Ispra (VA) 
Tel: +39-0332 789802 
Fax: +39-0332 785072 

Features 

• Modular design for easy as­
sembly on site 

• Drum volume up to 220 litres 
and mass up to 1000 kg 

• Detection efficiency of 19% 
with 64 He-3 detector tubes 

• Detection limit for Pu-240eff: 
1-2 mg (Totals counting) 

• Semi-automatic drum load­
ing/ unloading 

• Absolute Pu mass assay em­
ploying the triple neutron cor­
relation analysis 

• Mechanical design in compli­
ance with requirements for CE 
certification 

General 

The JRC Drum Monitor is a 
comprehensive measurement 
system for the determination of 
plutonium mass in intermedi­
atejlow level waste in 220 litre 
drums. The operation of the 
instrument is based on passive 
neutron coincidence/ multiplici­
ty counting. The design is the 
result of 30 years experience in 
the Joint Research Centre in the 
field of passive neutron assay. 
The JRC Drum Monitor has 
characteristics which are opti­
mised for the plutonium mass 

View of the measuring head. 

determination by the so called 
neutron correlation analysis. 

System Description 

The neutron detection system 
employs 64 He-3 tubes grouped 
in 16 reetangular polyethylene 
modules each with 4 tubes con­
nected to a high valtage junction 
box containing the charge sensi­
tive pre-amplifier j amplifier cir­
cuit and connections for high 
voltage, low voltage, and signal 
cables. The detector modules 
are fixed inside an outer shield 
of polyethylene of 220 mm 
thickness and covered in stain­
less steel. The internal and ex­
ternal module surfaces are cov­
ered in cadmium. The design is 
based on a modular concept to 
facilitate easy assembly and 
flexibility in operation mode. 
For example the inner cadmium 
can be removed to increase the 
detection probability to achieve 
very low level detection with 
total neutron counting, the 
moderator thickness can be var­
ied for special applications, a 
lead shielding may be added 
between the modules and the 
drum for highly gamma active 
waste. 

The current drum loading sys­
tem consists of a manually oper­
ated crane and automatically 
operated doors. This system is 
easily modified into a semi­
automatic drum loading/un­
loading operated via the host 
computer. The commercial ver­
sion of the JRC Drum Monitor 
employs a conveyer belt instead 
of the crane for the drum ma­
nipulations. 

Principle of Operation 

Spontaneaus fission neutrons 
emitted from the Pu bearing 
drum are detected in the detec­
tor modules. The signal pulse 
train, representing the time of 
detection of neutrons, is ana­
lysed with a signal frequency 
analyser. The frequency ana­
lyser currently used is the 
ANTECH 1000 Series multiplic­
ity counter. The analysis of the 
frequency histograms is clone 
according to either the pair cor­
relation method or the triple 
correlation method. In the pair 
correlation method the meas­
ured Reals are used with apre­
determined calibration curve to 
determine the Pu-240eff mass 
and hence the total Pu mass. 
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For a wide range of plutonium 
containing materials, however, 
the neutron multiplication may 
be considered unitary and the 
triple correlation method may 
be applied for the absolute de­
termination of the plutonium 
mass. With this procedure the 
plutonium mass is determined 
without the use of a calibration 
function and the matrix charac­
teristics are determined from the 
measured detection efficiency. 

Specifications 

Capacity 

• 220 litre (55 gallon) drums 
(Max. diameter 70 cm, max. 
height 110 cm) 1000 kg weight 

Measuring Chamber 

• Diameter: 
• Height: 

74.9 cm 
111.5 cm 

Background Shielding 

• 22 cm of polyethylene, 
1 mm of cadmium 

Detector System 

• 64 3He detectors (active length 
100 cm) 

• 64 pre-amplifiers/ amplifiers 
• Operating voltage 950 V 
• Detector efficiency 20 % 
• Die-away time 68 !lS 

Physical 

• External dimensions: 320 cm x 
176 cm x 215 cm (H x W x L) 

Hardware 

Sealed air-conditioned cabinet 
containing: 
• Electronics for amplifier diag­

nostics and regulation, 
• ANTECH 1000 Series multi­

plicity counter, 
• Host computer with Windows 

NT and data storage, 
• Un-interruptible Power Sup­

ply, printer. 

Software 

• Windows NT based software 
controls data acquisition and 
analysis algorithms. Option 
for computer controlled auto­
mated measurement cycle. 
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Hexagon Pas­
sive Neutron 
Counter (SCK) 
Hexagon Passive Neutron 
Counter 

Address 

SCKCEN 
Boeretang 200 
B-2400 Mol 
Belgium 
Tel.: ++32-14 33 22 63 
Fax: ++32-14 3215 29 

Features 

• 60 3He detectors 
• 20 detector benches of 3 detec­

tors 
• 16 individual counting chan­

nels 
• Cadmium lined sample cham­

ber 
• Matrix interrogation with ex­

ternal source 
• Software control of data ac­

quisition and analysis 
• Neutron Counting with Time 

Interval analyser 
• Computed Neutron Coinci­

dence Counting (CNCC) 
• Multiplicity Counting 

General 

The passive neutron assay sys­
tem is built with 20 detector 
modules which are fixed to a 
modular frame. The frame is 
currently dimensioned to form a 
detector cavity for 220 l waste 
drums. The detector cavity has 
12 detectors on top and 12 detec­
tors at the bottom, the remaining 
36 detectors are positioned ver­
tically in a hexagonal configura­
tion. The frame contains 2 
hinged doors through which the 
drum is entered in the system. 
The neutron counter is installed 

Front view of the Hexagon Neutron Counter in the paraffin castle. 

in a paraffin castle for back­
ground suppression. The drum 
is manually entered in the sys­
tem via two rails. 

System Description 

The detector assembly contains 
60 3He detector tubes of 1 m 
active length. The detector tubes 
are arranged in 20 equal detec­
tor blocks made of high density 
polyethylene. The detector 
blocks are fixed on a modular 
frame in a 41t detection geome­
try. One side of the detector 
blocks is cadmiurn lined. The 4 
detector blocks of respectively 
top and bottarn of the cavity are 
connected 2 by 2 to an OR-gate 
to constitute 4 channels. In total 
16 individual channels are avail­
able for neutron ernission rate 
monitoring. 
Data acquisition is made by a 
Time Interval Analyser (TIA) 
board plugged in to a PC. Soft­
ware is used to irnplernent coin­
cidence and rnultiplicity count­
ing. The TIA is applicable far 
waste assay with moderate neu­
tron ernission. 

Principle of Operation 

The 3He detectors detect neu­
trons ernitted by the waste 
package. The neutron arrival 
time of each detected neutron is 
rneasured with a Time Interval 
Analyser board with a resolu­
tion of 20 ns. The arrival times 
are continuously processed by 
software rnodules, which com­
pute the neutron coincidence 
information via Rassi-Alpha 
spectra. No pulse pile-up exists 
between pulses in different 
channels. 
Software rnodules for tatals 
counting, coincidence counting 
(Reals and Accidentals) and 
multiplicity counting (Singles, 
Doubles and Triples) are irn­
plemented. In the multiplicity 
rnode the assay does generally 
not require an efficiency calibra­
tion and detection efficiency, 
(a,n) production rate and 24°Pueff 
mass are deterrnined in the rnul­
tiplicity analyses (Pu mass must 
exceed 100 rng). In doubles coin­
cidence rnode an efficiency cali­
bration is necessary to relate 
plutoniurn mass and doubles 
rate. Matrix interrogation is 
used to identify the appropriate 
item specific calibration curve. 
Count rate distributions are 
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used to determine the activity 
distribution in the drum from 
which correction factors for the 
source distribution can be com­
puted. 

Specifications 

Cavity &Detectors 

• 41t detection configuration 
• 60 3He detectors, 4 bar, 1 bar 

Argon, 1.0 m length, 2.5 cm 
diameter 

• 20 identical detector benches: 
1.0 m length, 0.2 m width, 0,1 
m depth, 1 mm cadmium lin­
ing, 2.5 cm thick PE modera­
tor, 5 cm thick PE reflector 

• max. detection efficiency 12% 
(point source in centre of cav­
ity) 

• 20 Amptek preamplifiers/ 
discriminators (1 amplifier per 
3 detectors) 

• system dimensions (outer): 1.0 
m length, 1.0 m width, 1.5 m 
height (220 1 drum configura­
tion) 

• sample loading via two roller 
rails and 2 hinged doors of the 
cavity 

• max. load: 1000kg 

Background shielding 

• Paraffin castle with 40 cm 
thick walls and 2 sliding doors 
in PE houses the neu tron 
counter 

• An active background rejec­
tion filter is used in the multi­
plicity counting mode to re­
duce high multiplicity events 
due to spallation neutrons 
caused by cosmic rays 

• Background Ievels: Singles: 
1.85 c/ s Doubles: 0.052 c/ s 
Triples: 0.007 cj s 

Electronics 

• Amplifiers: Amptek 111A 
• 16 channel TIA board 

Data Acquisition and Sig­
nal Processing 

• 16 channel TIA board (Geo-
test) 

• 20 ns Pulse to Pulse resolution 
• 10 Mpulses/ s data acquisition 
• 20 kpulses/ s on-line data pro­

cessing 
• evaluation and acquisition: 

Pentium 200 MHz 

Hardware 

• Control of mechanics, data 
acquisition and data evalua­
tion: PC Pentium (200 MHz) 

Software 

• Control and acquisition: 
SCKCEN software based on 
LabVIEW interfacing with 
TIA board 

Additional Equipment 

• Matrix interrogation unit 
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PROMETHEE 
(CEA1) 
Alpha low level waste assay in 
118 litre drums (passive and 
active measurements) 

Address 

French Atomic Energy Commis­
sion 
Cadarache Centre 
DED/SCCD/LDMN 
13108 Saint Paullez Durance 
cedex 
France 

Tel. ++33-442252847 
Fax ++33-442252367 

Features 

• R&D prototype 
• 118 litre drums, max weight 

50 kg with rotation, 150 kg 
without a turntable (move­
ment of rotation of the drum 
for angular measurements) 

• 14 MeV pulsed neutron gen­
erator (Gin26"'" 1.6E+6 s-1, Ge­
nie36"'" 2.4E+ s-1) 

• main constituents: graphite for 
moderation, polyethylene 
covering external faces of 
graphite to reduce the back­
ground and to serve as a bio­
logical protection 

• detection units in polyethyl­
ene, covered with cadmium 
and boron carbide and includ­
ing a total of 88 3He propor­
tional counters (2 inch in di­
ameter, active lengths of 100 
cm and 50 cm) 

• an external monitor (bare 3He 
proportional counter, 1 inch in 
diameter, active length of 15 
cm) 

• active and passive neutron 
measurements in both total 
and coincidence counting 
modes, plus multiplicity ana­
lysis 

_ Graphilc 

Schematic view of the PROMETHEE waste assay system 

General 

Interrogating neutrons are pro­
duced during 15 J.!S at a repeti­
tion rate of 125 Hz. These inter­
rogating neutrons are thermal­
ized within the graphite walls 
and induce fissions of the fissile 
contaminant of the waste (DDT 
method). Prompt fast neutrons 
resulting from fissions are dis­
criminated from the interrogat­
ing neutrons through the cad­
mium and the boron carbide. 
They are detected in the 3He 
counters located in the door and 
in the two lateral faces of the 
cell. The fissile mass is deduced 
from an appropriate calibration 
curve with the help of Monte 
Carlo calculations. The meas­
ured objects are low gamma 
irradiating drums. Passive and 
active neutron measurements of 
the non-fissile (23BPu, 24DPu, 
242Pu, 242Cm, 244Cm ... ) and the 
fissile (233U, 23SU, 239Pu, 241 Pu ... ) 
isotopes, respectively, contained 
in 118 litre-«European» drums 
are the two methods set up in 
the PROMETHEB measurement 
cell. 

System Description 

The generator is settled within 
the graphite located in the oppo­
site face of the door. Three de­
tection units are placed in the 
two other lateral faces and in the 
door of the cell, at a distance of 
100 mm from the measurement 
cavity (the floor and the roof 
contain no detector). Each detec­
tion unit is composed of poly­
ethylene covered with cadmium 
on the side towards the cavity, 
and B4C on the five other sides. 
The two lateral blocks each con­
tain two layers of horizontal 
3He-proportional counters, 2 
inch in diameter, 100 active cm 
long and filled with 3He at a 
pressure of 4 bars (first layer, 15 
detectors) and 2 bars (second 
layer, 14 detectors). The door 
block contains two layers of 8 
and 7 vertical, superimposed 
3He-proportional counters, 2 
inch in diameter, 50 active cm 
long and filled with 3He at a 
pressure of 4 bars. The 
PROMETHEB cell contains a 
total of 88 3He-proportional 
counters. An external bare 
counter, 15 active cm long and 
filled with 3He at a pressure of 6 
bars, is also used to monitor the 
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generator neutron emission. 
The detector signals are ampli­
fied and shaped in 24 charge 
amplifiers (ACHNA98, Eurisys 
Mesures). These modules are 
placed close to the detector out­
puts, inside the irradiation hall. 
Each amplifier output is trans­
mitted out of the irradiation hall 
through 50 Q cables and fed to 
multichannel scalers (Novelec). 
The monitor signal is transmit­
ted out of the irradiation hall 
through a shielded 50 Q cable to 
an ADSF current amplifier 
module and then to a multi­
channel scaler. 
The detection of a signal is syn­
chronized with the generator 
pulse and recorded between 
each sweep. 
The twenty-four measurement 
banks are connected to a passive 
and active coincidence or multi­
plicity counting card Histoc 
using twelve inputs (Novelec, 
CEA patent). Data are recorded 
in a dedicated PC. Finally, a 
second PC equipped with spe­
cific software developed at the 
laboratory is dedicated to the 
total neutron counting. 

Principle of Operation 

Both passive and active meas­
urements are performed with 
the waste package hand-placed 
inside the cavity (angular rota­
tions are possible). The total 
passive and the total prompt 
active signals are detected using 
all the 88 3He counters con­
nected to 21 MCS channels. The 
bare monitor is connected to its 
own MCs channel. The coinci­
dence and multiplicity signals 
can be extracted from data de­
livered by the Histoc acquisition 
device. Both experimental and 
calculated calibration curves are 
used to deduce the non fissile 
(passive mode) and the fissile 
(active mode) material from the 
signals. 

Specifications 

General 
• outer dimensions (L x W x H): 

190 cm x 140 cm x 160 cm 
• mainly composed of high 

purity graphite 

Cavity &Detectors 

• 118 litre drums 
• dimensions of the cavity (L x 

W x H): 55 cm x 55 cm x 90 
cm 

• a turntable supporting 50 kg 
in rotation (150 kg without ro­
tation movement) 

• possibility of segmented neu­
tron counting 

Detectors 

• three faces geometry 
• all faces detectors embedded 

in polyethylene wrapped in 
cadmium and boron carbide 

• lateral faces: 2 horizontal lay­
ers of (15 3He proportional 
counters, 4 bars, 100 active cm 
long, 2 inch. in diameter + 14 
3He proportional counters, 2 
bars, 100 active cm long, 2 
inch. in diameter) 

• door: 2 verticallayers of (8+7) 
superimposed 3He propor­
tional counters, 4 bars, 50 ac­
tive cm long, 2 inch. in diame­
ter 

• monitor: an external 3He pro­
portional counter, 6 bars, 15 
active cm long, 1 inch in di­
ameter 

• amplifier: 24 charge amplifiers 
ACHNA98 (Eurisys Mesures) 
for the face detectors, 1 cur­
rent amplifier ADSF (Eurisys 
Mesures) for the monitor 

Background shielding 

• 10 cm CH2 covering the exter­
nal faces of the measurement 
cell 

Appendix C-11 

• background levels: total pas­
sive 1.3 s-1, coincidence pas­
sive 0.12 s-1, total active 30 s-1, 
coincidence active 0.1 s-1 

Data Acquisition and Sig­
nal Processing 

• 22 M CS channels 
• 12 Histoc chatmels 
• evaluation and acquisition: PC 

486 (MCS Novelec), Pentium 
80 MHz (Histoc) 

Hardware 

• Turntable: PC 486 (Novelec) 
• Neutron generator: Portable 

Pentium 120 MHz 

Software 

• Operating system: Windows 
3.1 (Novelec), Windows 95 
(Histoc + neutron generator) 

• Self developed software for 
data analysis implementing 
MCS (Novelec), NCC, NMC, 
Ross Alpha (Histoc) 

• Neutron generator software 
(Sodern) 

Additional Equipment 

• in progress: matrix correction 
method using the prompt 
gamma rays resulting from 
neutron capture 
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SYMETRIC 
(CEA2) 
fucsteme de Mesures - Tri de 
~olis 

Address 

Commissariat a !'Energie At­
omique 
Centre d'Etude de Cadarache 
SCCDILDMN Bat. 326 
13108 Saint Paul Lez Durance 
France 

Tel. : +33-4-42-25-35-67 
Fax. : +33-4-42-25-23-67 

Features 

• Drum volume up to 220 litres 
and mass up to 500 kg 

• Detection efficiency of 23 % 
with 99 3He detector tubes 

• Genie 36, 14 MeV neutron 
generator (up to 2E+9 n·s-1, 
pulsed mode, Sodern) 

• Medas, counter I timer card, 32 
channels, identification of 
each input channel (Cesigma), 

• Typical detection efficiency: 
5 % to 23% 

• Passive detection limit for 
240Puelf: 10 mg (coincidence 
counting, 600 s) 

• Active detection limit for 
239Puerf: 0.36 mg (prompt neu­
tron, 900 s, neutron generator 
emission 1E+9 n-s-1) 

• Semi-automatic drum load­
ingl unloading 

• Software control of data ac­
quisition and analysis 

• Neutron Multiplicity counting 
• Neutron coincidence counting 

(passive and active mode) 

General 

The SYMETRIC (Systeme de 
Mesures- Tri de Colis) device is 
designed for the assay of radio­
active intermediate level waste 

View of the SYMETRIC neutron cell (open door) 

drums containing a and ßy con­
taminated material (up to 3 
Gy-h-1). The device is dedicated 
to both passive (total and coin­
cidence) and active (prompt and 
delayed) neutron measurements 
associated with gamma radiog­
raphy and a gamma spectrome­
try systems. 

System Description 

The neutron cell design is a par­
allelepiped in which three 
among the four vertical walls 
are equipped with horizontal 
detectors. Each instrumented 
wall contains 33 3He tubes (0.5 
m active length) distributed in 
two layers (inner layer: 17 detec­
tors, outer layer: 16 detectors) in 
a polyethylene module wrapped 
with a 2 mm cadmium protec­
tion. The inner face of the wall is 
protected with a 5 cm lead 
shielding against drum potential 
gamma irradiation. The outer 
face is composed of graphite. 
The whole cavity is protected 
with an aluminium skin for de­
contamination purpose. The 
fourth wall, essentially made of 
graphite (opposite to the door), 
is dedicated to the neutron 
pulsed generator which is sur­
rounded by lead. Top and bot-

tom of the device are made of 
graphite. An external polyethyl­
ene shielding of the device en­
sures the radioprotection pur­
pose. 
Each group of 3 or 4 tubes is 
connected to a high valtage 
junction box containing the 
charge sensitive pre-amplifierl 
amplifier circuit (less than 1 m 
long cable) and connections for 
high voltage, low voltage, and 
logical and analogical signals 
cables. The logical signals are 
fed to the counter I timer card 
that allows both passive (NMC, 
NCC, TCA) and active (DDT) 
treatment. The box is fixed out­
side the cell. The drum loading 
consists in manually or auto­
matically operated system de­
pending on the waste gamma 
activity and semi-automatically 
operated door. The cell is 
equipped with a turntable. 

Principle of Operation 

Both active and passive meas­
urements are performed with 
the waste package rotating by 
360° to cancel out angular inho­
mogeneities of the matrix. The 
counterltimer card Medas asso­
ciated with specific software 
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allows to extract the coincidence 
signal for the passive measure­
ment and the prompt and de­
layed signals for the active one. 
Simulationmodels are then used 
to estimate 240Pueff from the co­
incidence signat and to quantify 
separately 239Pu and 23SU from 
prompt and delayed signals. 
Gamma radiography and spec­
trometry are used to add more 
information for the active sig­
nals interpretation. 

Specifications 

Capacity 

• 220 litre drums 

Measuring Chamber 

• Outer dimensions: 
length: 185/355 cm (closed/ 
open) 
width: 196 cm 
height : 255 cm 

• Inner dimensions: 
length: 74.8 cm 
width: 74.8 cm 
height: 121.5 cm 

• turntable: 500 kg (max.) load, 
1 to 10 min-1 

Background shielding 

• walls: 10 cm (vertical walls), 
50 cm (roof of the cell) of poly­
ethylene 

• detection modules: 2 mm of 
cadmium 

Detector system 

• 99 3He detectors (active length 
50 cm, 5 cm diameter, 4 bar), 1 
3He detector outside the cell 
(active length 15 cm, 2.5 cm 
diameter, 2 bar) 

• 31 pre-amplifiers/ amplifiers 

Data Acquisition and Sig­
nal Processing 

• Medas, counter / timer card 
(PCI card) : 32 input channels 
for measurement, 1 input 
channel for neutron generator 
trigger, identification of each 
channel, measurement rate up 
to 2 E+7 s-1 per channel, reso­
lution 25 ns 

• 6 HV power supplies 
• 3 double LV supplies 

Hardware 

• Control of Medas card: Pen­
tium III, 500 MHz 

• Control of neutron generator: 
Pentium Pro 200 MHz 

Software 

• Operating system: Windows 
NT4.0 

• Medas (Cesigma) software for 
data acquisition 

• Self developed software for 
data analysis implementing 
NCC, NMC, DDT and Rassi­
Alpha algorithm 

• Neutron generator software 
(Sodern) 
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List of Contact Persons 

Contact Person 

BRUGGEMAN, Michel 

BÜCHERL, Thomas 

DODARO, Alessandro 

JALLU, Fanny 

L YOUSSI, Abdel 

PEDERSEN, Bent 

Institute 

SCK-CEN 
Boeretang 200 
B-2400 Mol 
BELGIUM 

Institut für Radiochemie 
Technische Universität München 
Walther-Meissner-Str. 3 
D-85748 Garehing 
GERMANY 

ENEA 
CRCASACCIA 

Tel.fFaxfe-mail 

Tel.: ++32-(0) 14 33 22 63 
Fax: ++32-(0) 14 32 15 29 
e-mail: 
mbruggem@sckcen. be 

Tel.: ++49-(0)89-289-143 28 
Fax: ++49-(0)89-289-1 43 47 
e-mail: 
Thomas.buecherl@ch. tum.de 

Tel.: ++39-6 30 48 65 86 
Fax: ++39-6 30 48 65 90 

Via Anguillarese, 301 e-mail: 
I-00060 S. Maria di Galeria (Rome) alessandro.dodaro@casaccia.enea.it 
ITALY 

French Atomic Energy 
Commission 
DEN/DED/SCCD/LDMN 
CE Cadarache 
13108 Saint Paul Lez Durance 
FRANCE 

French Atomic Energy 
Commission 
DEN/DED/SCCD/LDMN 
CE Cadarache 
13108 Saint Paul Lez Durance 
FRANCE 

Tel.: +33-442 253011 
Fax: +39-0332 785072 
e-mail: 
fanny.jallu@cea.fr 

Tel. : +33-442 257588 
Fax: +39-0332 785072 
e-mail: 
lyoussi@cea.fr 

Joint Research Centre 
Institute for Systems, 
and Safety 

Tel. : +39-0332 789802 
Informatics Fax: 

I-21020 Ispra (VA) 
ITALY 

e-mail: 
bent.pedersen@jrc.it 
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RAOUX, Arme Cecile 

VICINI, Carlo 

French Atornic Energy 
Corninission 
DEN/DED/SCCD/LDMN 
CE Cadarache 
13108 Saint Paul Lez Durance 
FRANCE 

ENEA 
CRCASACCIA 

Tel.: +33-442 256693 
Fax: +39-0332 785072 
e-mail: 
anne-cecile.raoux@cea.fr 

Tel.: ++39-6 30 48 32 23 
Fax: ++39-6 30 48 49 65 

Via Anguillarese, 301 e-mail: 
1-00060 S. Maria di Galeria (Rome) bardone@casaccia.enea.it 
ITALY 

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages Report WG-A-02, May 2002 




