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ABSTRACT 

A piece of new safeguards equipment, the Spent Fuel Attribute Tester (SFAT), is being developed 
for the verification of spent nuclear fuel in a standard storage geometry. Lifting of fuel assemblies 
from the storage position is not required for the verification. The SFAT can be handled like a fresh 
fuel assembly in the storage basin by the fuel handling machine. 

The feasibility of the SFAT-equipment for the verification of spent BWR fuel was demonstrated. 
A comparison of various types of gamma detectors, such as the Geiger-Mueller counter, Nal- and 
CdTe detectors was made for SFAT use. Measurements for optimizing the lead shielding, filtering, 
collimation and other geometrical parameters of SFAT were made. The precision of movements 
of the SFAT in the pond by the fuel handling machine and safety margins for these operations were 
estimated. 
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PREFACE 

The exercise was carried out under the Task No 416 called A Spent Fuel Attribute Tester for LWRs of 
the Finnish Support Programme to the International Atomic Energy Agency (IAEA) Safeguards as a joint 
exercise with the US and the USSR Support Programmes. All participants (Annex A) have contributed 
to this report by preparing material. The final version has been edited at STUK. 

The authors wish to express their gratitude to the TVO Power Company, Finland, for the opportunity to 
carry out this exercise and the preceding experiments at the Olkiluoto Nuclear Power Station. The authors 
also wish to thank the staff of the TVO, especially Ms. K. Sarparanta, for the cooperation and assistance 
throughout the project. 
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1 INTRODUCTION 

Description of the SFAT project 

The International Atomic Energy Agency 
(IAEAt needs equipment to verify spent nuclear 
fuel for safeguards purposes. Because of the large 
amount of spent fuel kept in storages all over the 
world, the verification procedure should be fast 
to use and require as lit'Jc preliminary work in the 
storage as possible. Movement or lifting of the 
fuel, for example, should be avoided. 

A project for developing equipment for spent fuel 
attribute testing (SFAT, Spent Fuel Attribute 
Tester) is ongoing under the Finnish, US, USSR 
and German Support Programmes to the IAEA 
Safeguards. This device is meant for cases where 
Cherenkov viewing devices (CVD) cannot be 
used due to long cooling time, low bumup, poor 
transparency of the water or other reasons. 

Within the framework of the project t »o 
prototype units of SFAT have been developed. 
An exercise and demonstration of spent fuel 
verification with SFAT was given at the TVO 
nuclear power station in Finland on 19- 23 March 
1990. Further development of the system is 
ongoing for optimization of the hardware and the 
detector system. 

Proposed techniques 

The SFAT verification procedure is based on the 
detcctionof gammaradiationoriginating from the 
fission products of the spent fuel. The most 
interesting gamma source for old fuel is Cs-137 
because of its high yield and relatively long 
half-life (30.1 a) and Pr-144 for young fuel 
because of its penetrating gamma radiation (2.184 
McV). Verification measurements arc made 

above vertically stored LWR fuel assemblies in a 
wet storage. A detailed description of the 
measurement system is presented in chapter 2. 

There are two possible SFAT measurement 
modes: 

1) Scanning mode 

The measurement system is moved with a consant 
speed alcng a row of spent fuel assemblies in the 
pool. The contribution of each assembly is seen 
in the modulation of the gamma signal. 

2) Local mode 

Each assembly is measured separately and more 
detailed information of an individual assembly 
such an estimate of the cooling time and bumup 
based on the gamma spectrum of the assembly 
can be achieved. 

Goals for the exercise 

The main goal of the exercise was to demonstrate 
the feasibility of the SFAT equipment for 
verification of spent fuel without fuel movement in 
a standard BWR storage geometry. Other purposes 
were to test and evaluate various types of gamma 
detectors, such as the Nal, Geigcr-Mucllcr and 
CdTe detectors for use in the SFAT, to make 
measurements for optimizing the hardware, for 
example the length and diameter of the collimator, 
filtering and lead shielding. Also precision of 
moving and positioning the system with tlie fuel 
handling machine were to be tested and safety 
margins for handling the system in the pond were 
to be estimated. 
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2 EXPERIMENTAL ARRANGEMENTS 

The mechanical hardware for the SFAT was 
mainly provided by STUK and the IAEA. The 
TVO supplied the top plate of the fuel assembly 
used in the system. The SFAT was manipulated 
by facility equipment driven by the operator in a 
way similar to the handling of a fresh fuel 
assembly. 

2.1 Construction of SFAT 

Two SFAT units were used. The lighter one 
allowing a lead shielding with outer diameter of 
90 mm and the heavy one allowing a massive lead 
shielding with an outer diameter of 120 mm and 
a bottom lead block with thickness up to 200 mm. 
Heavy shielding makes it possible to use a large 
volume detector. The construction is shown in 
Figures 1-3. 

The uppermost part of the SFAT is a handle of a 
real BWR fuel assembly. This is why the fuel 
handling machine can be used for manipulating 
the detector in the pond. The handle is connected 
to the water tight cylindrical detector housing 
with four suspension bars. The cap of the 
cylinder, in which the cable connector with an 
electronic lccd-lhrough is located, can be opened 
for changing the detector and the lead shielding. 
The shielding is made of modular blocks, which 
can be chosen depending on the size of the 
detector used (sec e.g. Fig. 23). Lead inserts with 
changeable collimator apertures arc at the bottom 
of the housing. Lead filters with various 
thicknesses can be used. The joints arc made 
watertight by rubber O-rings. The lowermost part 
is an air Tilled collimator tube with an inner 
diameter of 20 or 30 mm and a wall thickness up 

to 10 mm for minimizing scattering effects. The 
maximum total weight of the heavier system is 
about 130 kg. The heavy weight reduces also the 
swinging of the system in water during scanning. 
Those parts of the system in contact with water 
arc made of stainless steel. 

2.2 Handling of SFAT 

Both SFAT units were assembled on site. The one 
used was then lifted and moved carefully by a 
crane onto the operator's dcchanncling 
equipment which is permanently Fixed to the wall 
of the fuel pond. After this the SFAT was picked 
up by the grippcr of the fuel handling machine, 
the dcchanncling equipment was driven down and 
the SFAT was moved vertically and horizontally 
above the fuel (sec Fig. 4). 

Vertical distance frrm the fuel assemblies was 
determined in the following way: The SFAT was 
moved above a dummy assembly, which has the 
same dimensions as a real assembly. The system 
was lowered slowly until the collimator tube 
touched the handle of the dummy. The touch was 
detected by the gauge of the fuel handling 
machine as a loss of weight. The touching point 
was determined with a precision of ±1 cm, and it 
was kept as a vertical reference point. 

Each storage position is defined by x- and 
y-coordinatcs as seen in Figure 5 The horizontal 
position of the mast of the fuel handling machine 
is also known in this system of coordinates, which 
makes it possible to move the mast and the SFAT 
attached to it to the required position. 
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Figure 1. A schematic cross sectional view of the BWR SFAT. 
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Figure 2. The lighter SFAT unit hanging from the crane. 
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Figure 3. The upper part of the heavy SF AT showing the handle (I), four suspension bars (2) and the 
upper part of the ho.tsing with a water tight cable connection (3). 
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Figure 4. SF AT is manipulated under water hy the fuel handling machine. 
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2.3 Safety viewpoints 

For safety reasons it was necessary to adjust the 
measurement height so that the heavy detector 
system could never touch and possibly cause 
damage to fuel assemblies or storage constructions. 
A safety margin of about 10 cm was used in every 
measurement. 

Assemblies stored with fuel channel are located 
about 20 cm higher in the pool than those without 
the channel. In the same storage pond there were 
also some fuel racks with the upper edge about 10 
cm higher than in the others. In some configurations 
this causes unfavorable increase of the 
measurement distance when the safety margin is 
taken into account. 

2.4 Fuel configuration 

The fuel assemblies in the pool are stored in racks 
in one layer. The water layer above the fuel is 
about 8 meters. For the test, three configurations 
of fuel assemblies were arranged (sec pool map 
of Fig. 5): 

• A cool assembly with a long cooling time and 
a low burnup, position (KD.311), was 
surrounded by hot assemblies (short cooling 
time and high bumup). 

• A high density dummy (KD.309) surrounded 
by hot assemblies. 

• A row of assemblies (302) covering the 
whole range of bumups and cooling times. 
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Figure S. Fuel configuration of the test area in the fuel pond ofTVO I. Cooling time and burnup data 
are given in Table I. D indicates position of the high density dummy. 
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Table I. Operator declared out of core year and burnup data of the assemblies measured (see Fig. 5.). 

Position 

KA.302 
KC.302 
KD.302 
KE.302 
KF.302 
KG, 302 
KH.302 
KI, 302 
KK.302 
KL.302 
KM, 302 
KN.302 
KO.302 
KP.302 
KC, 308 
KD.308 
KE, 308 
KC.309 
KE.309 
KC.310 
KD.310 
KE.310 
KC.311 
KD.311 
KE.311 
KC.312 
KD.312 
KE.312 

out or 
core year 

1986 
1984 
1984 
1986 
1987 
1984 
1987 
1986 
1984 
1986 
1985 
1983 
1983 
1989 
1989 
1989 
1989 
1989 
1989 
1989 
1989 
1989 
1989 
1983 
1989 
1989 
1989 
1986 

burnup 
(MWd/kgU) 

29.7 
28.5 
18.8 
18.2 
33.0 
18.4 
32.4 
18.2 
29.7 
30.1 
28.3 
15.9 
16.0 
32.3 
31.0 
32.7 
31.2 
31.2 
31.1 
31.2 
31.3 
30.6 
32.1 
17.5 
31.1 
31.1 
31.2 
31,4 
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3 MEASUREMENTS WITH 
GEIGER-MUELLER COUNTER 

3.1 Equipment 

An IF-104 electronic unit of the G-M counter 
used was connected to a Toshiba laptop 3200 
computer. The data from the IF-104 was read 
oncepersecond by the computer program, stored 
onto the hard disk and displayed on the screen in 
real time mode. 

The detector was placed inside the lead shielding 
of the heavy SFAT unit (see 2.1). A 200 cm long 
air collimator tube with an inner diameter of 30 
mm, a 12 mm thick lead filter, a 200 mm 1 .ad 
shielding below the detector with a collimator 
aperture of 20 mm was used. 

3.2 Measurements 

The row 302 containing fuel assemblies with 
different cooling times and bumups was scanned 
three times. The scanning was started from the 
position (KP.302) (see Fig. 5.). The speed for the 
first two scans was 0.9 cm/s. The next scans were 
performed with the speed of 0.4 cm/s. 

The distance between the collimator pipe and the 
top of the assemblies was approximately 15 cm. 
Estimated distance of collimator from the top of 
the fuel pellets of the assembly was about 55-60 
cm. 

The row 311 with the configuration containing 
the assembly with 7 years cooling time (KD,311) 
and a burnup of 17.5 MWd/kgU was also 
scanned. This assembly was surrounded by 8 hot 
assemblies with 9 months cooling time and a 
burnup of about 30 to 32 KWd/kgU. 

Next scan was done along the row 309 containing 
the lead filled dummy in position (KD.309). 

The assemblies were stored in the dense geometry 
with an approximately 3 cm water gap between 
the assemblies. 

3 J Data analysis 

For the assemblies with a cooling time of 3 years 
or shorter the main part of the measured gross 
gamma signal is originating from fission 
products. For older assemblies, a considerable 
part of the signal is from Co-60. This finding was 
confirmed by spectral measurements. 

The main results of the G-M measurements arc 
presented in Figures 6 - 8 . 

A significant signal was obtained from all 
assemblies. All assemblies with a cooling time of 
two years or more could be easily recognized by 
different of signal magnitude above the gaps and 
the assemblies. 

When an assembly with 7 years' cooling time and 
a low burnup was placed close to one with 9 
months' cooling time and a high bumup, the gap 
could only be seen from one side (see Fig. 7). The 
gap, in that case, could be recognized by: 

• the gap from one side, or 

• the difference in the shape - it is flat above 
the assembly, not concave as in the case of an 
empty storage position. 
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The most difficult case to verify was the cool 
assembly (7 years' cooling time and a low 
burnup) surrounded by 8 assemblies with 9 
months' cooling time and a high bumup. The scan 
in this case was compared to the scan with a lead 
filled dummy in the same geometry (Fig. 8). No 
gaps could be seen in this case. The assembly 
might be recognized by either the shape of the 
curve or by the absolute value of the signal. For a 
dummy, the. shape is expected to be concave, i.e. 
the signal is lower in the center. For an assembly 
it should be convex i.e. the signal is higher in the 
center. To gain higher reliability several scans 
with the same results have to be performed. The 
absolute value of a signal from an old assembly 
should be higher compared to the dummy. To use 
such criteria, the expected value of the signal from 
the dummy (or empty position in the same 

geometry) should be estimated or measured. 
However, differences of the intensities measured 
of an old assembly and of a dummy turned out to 
be relatively low (see Fig. 8). 

Additionally, it should be noted that the repeated 
scans of a certain row form a fingerprint the shape 
of which could be used later for re verification (if 
the storage geometry is not changed). 

There are additional features of the method which 
could be used for consistency check if cooling 
times and bumups are known. The value of the 
signal normalized by the bumup as a function of 
the cooling time could be used for consistency 
check similar to the handling of the gross gamma 
signal of the so-called fork detector. 
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Figure 6. Irradiation rate along the row 302 (scan) containing assemblies with different cooling times 
and burnups (year means the two last digits of the year, when the assembly was taken out of the core). 
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Figure 7. Scattered radiation from a hot assembly makes the gap between assemblies invisible (row 
302). 
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Figure 8. Comparison of two scans in which hot assemblies are surrounding a cool assembly (solid 
curve) and a lead filled dummy assembly (dotted curve), respectively. 
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MEASUREMENTS WITH Nal DETECTOR 

4.1 Equipment 

The heavy SFAT unit, a HARSHAW 2"*2" Nal 
detector and an ORTEC Research Amplifier 
(450) coupled to a computer based multichannel 
analyzer add-on card (Canberra S-100 in Toshiba 
3200 laptop computer) were used in these 
measurements. The dctcctorand the amplifier had 
been studied and optimized at the Los Alamos 
National Laboratory before the test. 

4.2 Measurements and results 

Measurement 1: 

First, a 4 mm thick lead filler and a 10 mm wide 
aperture were chosen. The length of the 

collimator was 200 cm and its inner diameter was 
30 mm. The distance between the lower end of 
the collimator and the handle of the fuel assembly 
was about 15cm. 

Two assemblies were measured: a hot assembly 
with a cooling time of 9 months and a bumup 32 
MWd/kgU and a cool assembly with a cooling 
time of 7 years and a burnup 16 MWd/kgU. Also, 
the gap between two hot assemblies was 
measured. The count rate for a 7 years cooled 
assembly was 3700 cps and for a nine months 
cooled assembly 23000 cps, respectively. The 
measured spectra arc shown in Figures 9-11. 

For the hot assembly, the Pr-144 photo peak is 
clearly visible in the channels around 190 in Fig. 

File 8932n05o 
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Figure 9. Gamma spectrum measured with the SFAT using a Sal-detector. Collimator length is 200 
cm, inner diameter 30 mm, aperture 10 mm and leadfilter 4 mm. Fuel assembly burnup is 32 MWd/kgU 
and cooling time is 9 months. 
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9. but it disappears in the gap (Fig. 11). No in this case. Both with the hot assembly, and the 
Cs-l 37 peak was detected, vlso a weak peak at cool assembly the Co-60 photo peaks in the gap 
about 800 keV (possibly Nb-95) was recognized were negligible. 
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Figure 10. Fuel assembly with burnup of 16 MWdlkgU and cooling time of 7 years. SFAT 
specifications as in Fig. 9. 
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Figure 11. Gamma spectrum of a gap between two hoi assemblies. SFAT specifications as in Fig. 9. 
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Measurement 2: 

Tnc same assemblies and the gap were measured 
again using a 2 mm head filter and a 20 mm Pb 
aperture. Also, a measurement above the lead 
filled dummy assembly was made. The spectra 
are shown in Figures 12-15. 

The count rate was increased up to 120 000 cps 
for the hot assembly. The Cs-137 peak (in about 
channel 60) was visible also for the old assembly 
surrounded by 'he hot fuel. The coun» rate 
decreased considerably when the tube was raised 
100 mm. This makes the use of Cs-137 peak 
marginal if one keeps in mind that an assembly 
without a fuel channel would be located still 200 
mm deeper. Possibly the height adjustment for the 
local measurement is required in such a case. A 
statistical error of 10 % can tx. obtained in a 
measurement time of 3-5 minutes if the water 
layer between the handle and the collimator does 
not exceed 15cm. At longer distances the peal, is 

difficult to recognize but it is still statistically 
significant. In the gap between two adjacent 
assemblies negative peak areas are encountered 
because of the concave curvature of the 
background. 

The Pr-144 peak of the hot fuel was also visible 
(see Fig. 12). Its shape, however, was less 
pronounced, if compared to the first 
measurement, possibly due to pile-up effects. The 
Pr-144 peak was not seen above the gap, if the 
SFAT was positioned carefully. The Cs-137 peak 
disappears in the gap (see Fig. 14) but a peak at 
800 keV becomes visible "he reason for this has 
to be clarified. 

The spectrum above a high density dummy (see 
Fig. 15) showed no peak structure but the total 
count rate was relatively high due to the scattered 
radiation. Therefore we propose to use 
photopcaks (unscattered gamma rays) for 
verification. 
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Figure 12. Gamma spectrum measured with the SFAT using a Nal detector. Collimator length is 200 
cm, inner diameter30 r, m, aperture 20 mm and lead filter 2 mm. Fuel assembly burnup is 32 MWdlkgU 
and cooling time 9 months. 
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Figure 13. Fuel assembly with burnup of 16 WWdlkgU and cooling time of 7 years. SFAT 
specifications as in Fig. 12. 
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Figure 14. Gamma spectrum of a gap between two hot assemblies. SFAT specifications as in Fig. 12. 
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Figure 15. Gamma spectrum above a dummy assembly. SFATspecifications as in Fig. 12. 

4 J Demonstration of the SFAT 

During the last day the SFAT with a Nal detector 
was demonstrated to two IAEA inspectors and 
one inspector from the EURATOM inspectorate, 
Luxembourg (Annex A). 

The hardware used during the measurement 2 
above was used also for demonstration. Spectra 
are presented in Figures 16-21. 

Measurement 3: 

First two adjacent assemblies with a cooling time 
of 7 years were measured (only one spectrum is 
shown in Fig. 16). The Cs-137 peak was visually 
recognizable after a 10-20 seconds measurement. 
The peak area of 17400 counts with statistical 
error of 12 % was measured in 400 seconds. In 
the gap between assemblies neither Cs-137 nor 
Co-60 were seen (see Fig. 17). 

Measurement 4: 

An old assembly, a high density dummy, and an 
empty position, each surrounded by hot 

assemblies were measured (Fig. 18 - 20). In the 
first measurement no significant Cs-137 was 
seen until the collimator was moved a little aside 
from the handle, which was absorbing part of the 
radiation coming directly from the fuel. The peak 
area measured in 600 seconds was about S2000 
counts with an error of about 9 %. The energy 
window was then kept constant and 
measurements were made above a high density 
dummy and an empty position. In cither case no 
significant Cs-137 peak was detected. This 
measurement shows that the presently used 
hardware is close to its performance limits if an 
old assembly surrounded by young ones is 
verified. It is noted, however, that Co-60 can be 
used in any case. 

Measurement 5: 

A hot assembly was measured (Fig. 21). The 
Pr-144 peak was recognized, but it does not 
appear to be well pronounced, the reason is 
probably the pile up pulses caused by the high 
count rate. This measurement and results are 
similarto those explained in Fig. 12 and paragaph 
4.2 above. 
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Figure 16. Nai gamma spectrum cfan assembly with cooling timeqf7yearsandburnupi6 MWdJkgU. 
Demonstration ofSFAT, specifications as in Fig. 12. 
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Figure 17. Nal gamma spectrum above a gap between old assemblies. Demonstration ofSFAT, 
specifications as in Fig. 12. 
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Figure 18. Nal gamma spectrum of an assembly with cooling time of 7years and burmip HMWdlkgU 
surrounded by hot assemblies. Demonstration ofSFAT, specifications as in Fig. 12. 
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Figure 19. Nal gamma spectrum above a high density dummy surrounded by hot assemblies. 
Demonstration ofSFAT, specifications as in Fig. 12. 
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Figure 20. Nal gamma spectnan above an empty position surrounded by hot assc.nbU.es. Demons
tration afSFAT. specifications as in Fig. 12. 
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Figure 21. Nal gamma spectrum of an assembly with cooling time of 9 months and burnup 32 
MWdlkgU. Demonstration qfSFAT, specifications as in Fig. 12. 
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MEASUREMENTS WITH CdTe DETECTOR 

The goal ofthe tests was to define the possibilities 
of using CdTe-detectors in SFAT equipment for 
the verification r r. spent fuel. 

5.1 Detector models 

CdTe detectors designed and manufactured by 
the Riga Scientific Research Institute for 
Radioisotope Apparatus were used during the 
tests. Two types of detectors were used: 

Detector 1 was a spectroscopy CdTe detector 
designed for operation in the range of high energy 
gamma radiation. The energy resolution is better 
or equal to 13 keV at the energy of 662 ke V. The 
detector is cooled by a thermoelectric cooler of 
the Peltier type. The cooling current needed is 
about one ampere. The size of the detector is 
relatively small, the diameter of the detector 
probe used in this exercise was 27 mm (sec 
Fig. 22). 

1 
QB9-.M 

> 

*ii 

V 
0Z3 

or 2? 

02S 

v 

02O 

A 

7 

• 

Figure 22. Dimensions ofthe spectroscopy CdTe detector. 
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Detector 2 was a counting CdTe detector that has 
a low energy resolution but due to the large 
sensitive volume, approx. 1 cm , it has high 
detection efficiency. 

CdTe detectors are interesting because of their 
light weight and small size. Hence they are less 
intrusive to the operator. The use of the 
spectroscopy CdTe detector was tested in the 
local mode measurement while the counting 
detector was studied for use in the scanning mode. 

5.2 Measurements 

Two series of measurements were carried out 
using 100 cm and 40 cm long air filled collimator 

pipes. The distance oetwecn the end of the 
collimator and the handle of the fuel assembly 
was about 10 cm. 

The lighter SFAT unit was used. The detector and 
lead shielding arrangements are shown in Fig. 23. 
The thickness of the bottom lead layer was 100 
mm with an aperture of 6 mm, a lead Filter of 1 
mm and an additional copper filter for absorbing 
X-rays from lead. 

53 Data analysis 

Using the 100 cm long collimator the count rates 
were measured in two places, namely above a 
cool assembly with 7 years' cooling time and a 16 

•iiii £, 
PLASTIC FOAM 

LEAD BLOCK WITH 
CABLE HOLE 

SPACE FOR THE 
CdTe - DETECTOR 

LEAD CYLINDERS 

•COPPER FILTER 

LEAD FILTER 

LEAD BLOCKS 

EXMANGEABLE LEAD 
INSERT UITH COLI T^fUOR 
APERTURE 

Figure 23. Design of the inserts of the lighter SFAT used for CdTe tests showing the lead shielding, 
lead collimators and filters for spectroscopy CdTe detector. 
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M Wd/kgU burnup and above a hot assembly with 
a cooling time of 1 year and a burnup of 33 
MWd/kgU. In both cases the total count rates 
turned out to be low: 1200 cps and 3800 cps. The 
count rate above the discriminator level of 150 
kcV in the second case was 60 cps. The spectral 
line of Cs-137 can hardly be identified. It is 
difficult to detect any other line except those of 
Co-60 (see Fig. 24). The uncertainty of the 1332 
kc V peak area after 30 minutes measurement time 
of the cool assembly was 18%. 

When the 40 cm long collimator was used, the 
count rate above the hot assembly was 810 cps 

and above the cool assembly 170 cps, 
respectively, when the lower level discriminator 
was 150 keV. The spectra are shown in Figures 
25 and 26. Co-60 peaks can clearly be seen but 
the Cs-137 line cannot be identified. A weak high 
energy component in the spectrum of the hot 
assembly is also seen, probably due to Pr-144. 

The reduction of the air collimator from 100 cm to 
40 cm increased the total count rate by a factor of 
13. In this case the background was considerably 
higher because of the vicinity of assemblies. The 
scattered gamma rays coming through the water 
increased the low energy region of u> spectrum. 

iOOOU -i 
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Figure 24. Gamma spectrum measured with a spectroscopy CdTe detector using a 100 cm long air 
collimator above an assembly with burnup of 32 MWdlkgV and cooling time of 9 months. 
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Figure 25. Gamma spectrum measured with a spectroscopy CdTe detector using a 40 cm air collimator 
above an assembly with burnup of 32 MWdlkgU and cooling time of 9 months. 
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Figure 26. Gamma spectrum measured with a CdTe detector using a 40 cm air collimator above an 
assembly with burnup of 16 MWdlkgU and cooling time of 7 years. 
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6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 G-M counter 

The method could be used for fast gross gamma 
verification and should be considered method H 
according to the Agency classification. 

The power of the method could be increased by 
using the measured activity profile of the scans 
for reverification (comparison) purposes in stable 
storage geometries containing fuel with a long 
cooling time. 

A further increase in the power of the method 
could be achieved by using the absolute value of 
the signal together with cooling time and bumup 
for consistency check. 

In the most difficult case (a cool assembly among 
hot assemblies), a few scans of the assembly 
should be performed and the shape of the curve 
as well as the absolute value of the signal should 
be investigated. 

6.2 Nal detector 

The Nal detector seems to be the most promising 
SFAT detector. High sensitivity makes it possible 
to reach good statistics in a moderate 
measurement time. The possibility to spectral 
measurements makes it usable for both the 
scanning and the local measurement mode. 

The detector size was quite large demanding a 
massive lead shielding. A compromise between 
sensitivity (especially at high energies), 
background intensity from the water and 
increasing weight of the system should be found. 
At present, the weight of the heavier unit is close 
to the maximum of practical limits and efforts for 

a more light weighted and compact system should 
be made. 

Because increased data processing capacity is 
available nowadays, it might be possible to make 
real time calculating during scanning using the 
input data flow. For example, Cs-137 peak to 
background ratio curve or comparison of the 
Cs-137, Co-60 and Pr-144 intensities would 
give more information than the pure intensity 
curve. 

In routine use, the goal is to use flow mode 
scanning, because it is quicker than the local 
mode and thus meets better the basic idea of a fast 
verification. After this, if needed, the local 
measurement mode could be used as a 
complementary check for uncertain cases. 

6 J CdTe detector 

The measurement system using the spectroscopy 
CdTc detector allows to measure spectra of the 
fuel assembly, but still only the photopcaks of 
Co-60 can be seen. Cs-137 and other isotopes are 
difficult to identify. This is mainly due to the 
heavy Compton background of the Co-60 in a 
quite small sized detector with a low peak to 
Compton ratio. Also the long distance between 
the top of the assembly and the collimator in 
addition to the shadowing effect of the water and 
the top structure of the assembly weaken the 
Cs-137 below the detection level. 

In order to get good statistics with a moderate 
measurement time, the count rates arc not high 
enough, even with the shortcrcollimator. Because 
of the lack of time it was not possible to make all 
planned measurements with the CdTc detectors. 
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The final conclusion of the possibility to use 
CdTc detectors for spent fuel verification can 
only be made after additional tests with an 
optimized detection system. For optimization of 
the spectral measurements it is advisable to: 

• Increase the count rate by improving the 
collimator system to achieve minimal 
distance between the fuel assembly and the 
detector. This may call for a new collimator 
design to reduce the influence of the Co-60 
radiation, possibly by a tungsten collimator 
with a conical hole and by increasing the 
thickness of the side shielding. 

• Improve the spectroscopy characteristics of 
the CdTe detectors, especially the peak to 
Compton ratio, design anticompton 
spectrometer based on the CdTc detector and 
develop electronics for the pre-selection of 
pulses. 

• Design computer programs for recognizing 
the lines now difficult to identify. 

• Still have a test with the counting CdTe 
detector in the scanning mode. 

6.4. General remarks 

The exercise has shown that the SFAT works well 
if the assemblies to be verified are much alike. 
Complications arise with all detectors when there 
is a large variation of cooling times and bumups. 
The main problem is to find an optimized 
compromise to cover verification of the whole 
range of assemblies. It is also possible to design 
a special device optimized for hot assemblies and 
another optimized for cool assemblies. 

The most di fficult case is a configuration in which 
an empty position or a weakly radiating old 
assembly is located among hot assemblies. In this 
case the sides of hot assemblies were difficult to 
localize and differences between an empty 
position and a weakly radiating assembly were 
small. This is because the background radiation 
above an empty position was unexpectedly high, 

which is due to the radiation from the neighboring 
hot assemblies scattered by the water. In some 
cases the Pr-144 was seen above an empty 
position. This is possibly due to insufficient 
collimation at high energies. However, the 
problem caused by hot assemblies is not a serious 
one in practice. Usually the fuel has been cooled 
for a few years before storing in the intermediate 
storage. 

The Co-60 radiation is coming mainly from the 
activated metal parts of the assembly or from the 
crud adhered on the fuel surface. The handle of 
the assembly radiates at close proximity of the 
collimator and it also absorbs radiation coming 
from the fuel itself. The effect of the handle is 
seen in gross gamma scans as a local minimum or 
local maximum depending mainly on the age of 
the assembly (see e.g. Fig. 6). The minimum 
might sometimes be interpreted as a gap, 
especially if the scanning speed is not constant 
and the width of an assembly varies in the 
intensity versus time plot. In the local mode, it is 
not advisable to measure just above the midpoint 
(i.e. the handle) of the assembly but somewhere 
between the corner and the handle (see e.g. 
measurement 2 in paragraph 4.2). 

In the test configuration some of the assemblies 
were stored with the fuel channel and their top 
was about 20 cm higher than the top of those 
without the channel. There were also two types of 
fuel racks. In one type, the upper edge of the rack 
was about 10 cm higher than in the other. Because 
the scan has to be made on a constant vertical level 
and die safety margin has to be determined 
according to the uppermost obstacle in the 
scanning area,individual assemblies cannot 
always be measured in an optimal way. 

The minimum safety margin between the 
collimator and the top of the assemblies was 10 
cm and it was adjusted using a dummy assembly. 
In the case of routine verification the visibility 
conditions may be poorer and this kind of 
adjustment may not possible. If the safety margin 
were even longer, the verification would became 
inaccurate. One solution might be that the 
lowermost part of the collimator is made of 
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flexible material providing a sensor to detect the 
touch. For operation in conditions with poor 
visibility, an ultrasonic sensor attached to the 
collimator tube might be considered. 

The visual estimate of the horizontal precision of 
the SFAT positioning by the fuel handling 
machine was ± 2 - 3 cm. This should not be much 
worse. The swinging movement of the SFAT 
collimator, caused by the water circulation in the 
pond and the changes of speed, should also be 
reduced. In conditions with poor visibility tlicse 
phenomena may cause problems, if not properly 
taken into account. 

In routine use this kind of an equipment go's 
contaminated. Each i>cility should therefore have 
an equipment of their o ."r| stored.on site. 

6.5 Comments from observers 

The SFAT demonstration with the spent fuel of 
TVO I, and subsequent discussions at the IAEA 
Headquarters, give confidence that the SFAT 
approach is practicable. Approval of the 
technique and equipment for specific or routine 
use is urgent, as the need for implementation is 
immediate. 'Away from Reactor Storage' MBAs 
in SGOB2, for example, already contain more 
than 500 SQs of nuclear material, with a cooling 
time of more than 8 years. Verification of this 
material is problematic. In some cases, 
verification using currently available equipment 
is not possible, which consequently has a negative 
impact on goal attainment results. The problem, 
although not as acute, exists also at several reactor 
ponds where there are assemblies that have cither 
a long cooling time or a low bumup. 

The single biggest impediment in verifying spent 
fuel, using existing approved methods is the need 
to move fuel. It is an unfortunate fact that the very 
fuel that is likely to give the weakest Ccrenkov 

signature is also likely to be old and considered 
somewhat fragile by the operator. Even the lifting 
of the new fuel can involve considerable efforts 
on the part of the facility operator and should be 
avoided. The SFAT approach successfully seems 
to overcome this impediment. 

The ICVD (improved Cerenkov viewing device) 
has set a high standard, in terms of ease of 
application and lack of intrusiveness. However, 
the SFAT approach, as demonstrated, will 
potentially rival the ICVD in terms of ease of 
application. Although more intrusive, the spent 
fuel specific nature of the SFAT methd (local 
mode of operation) is a considerable 
improvement upon the non-spent fuel specific 
nature of the ICVD. It is for this reason that wc 
can envisage the SFAT being used as a 
complimentary method with the ICVD rather 
than merely as a supplementary method for 
verification of only non-glowing assemblies. 

It is our observation that the use of the local mode 
of operation, using the Nal detector, is the most 
promising and it is this option that wc would hope 
would receive the most attention, for immediate 
implementation. We would agree that the 
scanning mode with the G-M type detector docs 
show potential for specific applications. 

Having already engaged in preliminary 
discussions with various operators about the 
implementation of the SFAT system, it is clear 
that a great deal of technical effort will be rcqui red 
to meet the rigid requirements associated with the 
physical introduction of a SFAT system in to the 
pond. The quality control department at each 
facility, to varying degrees, will be concerned 
about materials used in the construction of the 
cable and detector, safety considerations (from 
the operator's and inspector's view point) and 
operating procedures. 
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