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ABSTRACT

The project to specify optimal design of the Spent Fuel Attribute Tester (SFAT) for Ukrainian WER-
1000 facilities was run under Finnish Support Programme for IAEA Safeguards under the task FIN
A1073. This document illustrates the optimum design and takes into account the special conditions at
the Ukrainian facilities. The requirement presented here takes into account the needs of the user
(IAEA), nuclear safety authority (NRA) and facilities. This document contains the views of these
parties.

According to this document, the work to design of the optimal SFAT device can be started. This
document contains also consideration for the operational procedures, maintenance and safety.



STUK-YTO-TR 1 55

CONTENTS

ABSTRACT 3

ACKNOWLEDGEMENTS 6

1 INTRODUCTION 7

2 SFAT PRINCIPLE 8

3 WORK PLAN 9

4 WER-1000 FUEL AND FUEL MANAGEMENT 10
4.1 Storage description and fuel operations 10
4.2 Refuelling machine 12

5 SUPPORTING WORK TO THE SFAT SPECIFICATIONS 13
5.1 Measurement campaign at unit 5 in May 1998 13
5.2 Measurement campaign at unit 5 in July 1998 15

6 CONSTRAINTS AND REQUIREMENTS 18
6.1 Constraints imposed by the Ukrainian Nuclear Safety Authority 19

6.1.1 Certification and approval 19
6.1.2 Procedure for test measurements 20

6.2 End-user (IAEA) requirements and constraints 20
6.3 Constraints from the facility operator 20

7 SPECIFICATIONS FOR WER-1000 SFAT 21
7.1 Optional device concepts 21

7.1.1 Attachment to the refuelling machine 21
7.1.2 Attachment to the video monitor mast 21
7.1.3 Hanging through an opening in the refuelling machine wagon 21
7.1.4 Long collimator tube 21
7.1.5 Hanging from the balustrade 23

7.2 Mechanical specification 23
7.2.1 Introduction of SFAT into pond 23
7.2.2 Measurement geometry 24
7.2.3 Materials 24
7.2.4 Electrical cable, underwater connector 24
7.2.5 Decontamination properties 25

7.3 Issues to be considered in the design and manufacturing process 25



STUK-YTO-TR 1 55

7.4 Operational considerations 25
7.4.1 Scanning mode operation 25
7.4.2 Decontamination 25
7.4.3 Storage 26

7.5 Safety, accidents and malfunctions 26
7.6 Maintenance considerations 26

8 SOFTWARE REQUIREMENTS 27
8.1 Software requirements of an inspection process 27
8.2 More efficient inspection methods 27

8.3 Conclusions on software requirements 28

9 CONCLUSIONS 29

REFERENCES 30

ANNEX 1 Task outline 31

ANNEX 2 User Requirements for Modified Spent Fuel Attribute Tester (SFAT)
for Ukrainian WER-1000 Reactors 34



STUK-YTO-TR 1 55

ACKNOWLEDGEMENTS

The authors wish to thank the staff of the Zaporozhye NPP for their kind collaboration during the test
measurements at the facility. Fruitful discussions with Dr. R. Arlt, who suggested the optimum meas-
urement position, are also greatly acknowledged. Thanks are also due to Ms. E. Kainulainen, coordina-
tor of the Finnish Bilateral Safeguards Support Programme to Ukraine, for help in practical arrange-
ments during this task.



STUK-YTO-TR 1 55

1 INTRODUCTION

The International Atomic Energy Agency (IAEA)
verifies the spent fuel at the WER-1000 type re-
actors for safeguards purposes. Usually the verifi-
cation is performed using an ICVD device. One of
the Agency standard procedures is the so-called
spent fuel attribute tester (SFAT) to make qualita-
tive attribute tests on fission products in spent
fuel assemblies [1]. A great number of WER-1000
reactors is in operation in Eastern Europe, espe-
cially there are several such units in Ukraine. The
verification problem with those units is connected
to the shielded assembly design and sometimes
poor water quality that makes both CVD and
SPAT type measurements difficult.

In Ukraine, most of the spent WER-1000 fuel
is shipped away from the facilities back to Russia
after minimum 1.5, typically 5 years of cooling.
This means that nowadays and in the near future
the spent fuel inventories consist of relatively
newly used fuel. This is a significant feature of the
Ukrainian fuel when a verification method is
being figured out for Ukraine. There are also older
fuel assemblies in the storage ponds and they are
very difficult to verify with the ICVD due to long
cooling time and opaque water.

The goal of this task is to design and construct
a prototype SFAT device suitable for the WER-
1000 NPP facilities of Ukraine. The development
work is done in collaboration with the Ukrainian
authority and facility operators, so that the safety
and operational feature needs would be thorough-
ly fulfilled. After the acceptance of the prototype
device the final target of the IAEA will be to equip
all 11WER-1000 facilities in Ukraine with a type
of device for gross defect verification of the spent
fuel storage's of these facilities.

This task has been conducted under the Finn-
ish Support Programme to the IAEA safeguards
(Task FIN A 1073). The Task Outline has been
attached as Annex 1. The role of the Finnish
Support Programme was to collect information
and compose a specification report that fulfils the
needs of IAEA and takes into account also techni-
cal limitations and Ukrainian national Nuclear
Regulatory Administration. The writers of this
document are representing different organisations
related to SFAT development work. M. Nikkinen
from Finnish Radiation and Nuclear Safety Au-
thority is the task officer of the Finnish Support
Programme to the IAEA safeguards. A. Tiitta from
VTT Chemical Technology, is consulting expert for
Finnish Support Programme. S. M. Iievlev and A.
M. Dvoeglazov, State Scientific and Technical Cen-
tre for Radiation and Nuclear Safety are the
experts of Ukrainian facility conditions and S. D.
Lopatin is representing Ukrainian Nuclear Regu-
latory Administration. Part of this work has been
financed under Finnish Bilateral Safeguards Sup-
port Programme to Ukraine, which has been very
valuable for the co-operation between Finland and
Ukraine in this project.

In this report the results of the first phase,
specification of the device, are reported. The speci-
fication process starts from the end-user require-
ments and the local conditions in the Ukrainian
WER-1000 facilities. Different device concepts
for the SFAT realisation and different operation
modes are considered. In conclusion one concept is
chosen and a conceptual specification is given.
Finally, conclusions are drawn on the expected
operation characteristics of the device and about
how the end-user's requirements can be fulfilled.
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2 SFAT PRINCIPLE

The purpose of the SFAT device is to verify the
existence of spent fuel assemblies in the interme-
diate wet spent fuel storages. It should be able to
distinguish a spent fuel assembly from any other
radiating artefact (e.g. irradiated dummy assem-
bly) stored in the storage pond. In the SFAT meth-
od the fuel assemblies will not be moved or
touched during the measurement. Instead, the in-
strument is moved and positioned above the as-
semblies.

A SFAT device consists of a gamma detector, its
lead shielding and an air-filled collimator pipe
enclosed in a watertight housing. It is submerged
into the pond water right above the fuel assem-
blies and it views through the collimator pipe
characteristic radiation of fission-products emit-
ted from the spent fuel assembly located right
under the SFAT device. For enhancing the detec-
tion of the full energy radiation emanating direct-
ly from the spent fuel, the collimator tube may be
equipped with filter discs. Directly in front of the
detector there may be an additional shield with a
narrow collimator aperture made of heavy materi-
al e.g. lead or tungsten.

The radiation is measured using an energy-
dispersive detecting system. The energy disper-
sion allows the detecting of radiation specific to
fission products, thus guaranteeing that the tar-

get contains fissile material and fission products
produced by irradiation in a nuclear reactor. In
order to detect efficiently radiation directly ema-
nated from the spent nuclear fuel part of the
assembly, the collimation of the device must be
properly devised. Concurrently care must be tak-
en that the device can see the radiation emanat-
ing directly from one assembly only. No interfer-
ence from neighbours to the full energy peak of
the target radiation should be detected.

The main target radiation to indicate the pres-
ence of irradiated nuclear material is the 662 keV
gamma peak of 137Cs. For short-time cooled as-
semblies the 2186 keV peak of i^Pr could be used
as an additional or even primary finger-print of
irradiated nuclear material.

The measurement can be performed as point-
wise or scanning. In the point-wise operation the
instrument is positioned above the target assem-
bly and the measurement takes place when the
device is stationary above the target. In the scan-
ning mode the device is moved at constant speed
above a row of assemblies and the spectrum is
collected simultaneously above each assembly in
the row. The latter method is, of course, more
time-effective, but imposes additional require-
ments to the measurement system, see section 8.
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3 WORK PLAN

For proceeding to the final goal of the task the following work plan has been outlined:

1 Specification of the WER-1000 SFAT device
Responsibility: FINSP (collaboration with IAEA, Operators, MEPNS/NRA and SSTC)
Deliverables: Specification report, preliminary evaluation of the performance, preliminary

verification procedure, acceptance criteria
Decision point: Acceptance of IAEA, FINSP and Operators
(August 1997-March 1998)

2 Prototype design
Responsibility: FINSP (collaboration with IAEA and MEPNS/NRA and SSTC in acceptance

procedures)
Deliverables: Manufacturer selection, design documents, acceptance test of the prototype
(April-May 1998)

3 Prototype manufacturing
Responsibility: FINSP
Deliverables: SFAT prototype, operation manual
(June-August 1998)

4 Acceptance test
Responsibility: FINSP (collaboration with IAEA, MEPNS/NRA and SSTC)
Deliverables: Test report and evaluation of test results, final design documents, final verifica-

tion procedure, final operation manual, test procedure for production devices
(September-October 1998)

5 Production of the SFAT devices for Ukrainian WWER-1000 facilities
Responsibility: SFAT manufacturer
Deliverables: SFAT devices as ordered by the IAEA
(November 1998-January 1999)

6 Commissioning of the devices at the facilities
A separate commissioning plan must be drafted in collaboration with the IAEA, NRA, SSTC and
Plant Operators.
Responsibility: to be agreed upon
Deliverable: SFAT devices commissioned and ready for use at the specified facilities

7 Final report
Responsibility: FINSP
Deliverable: Final report
(February 1999)
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4 VVER-1000 FUEL AND FUEL
MANAGEMENT

4.1 Storage description and fuel
operations

The fuel assemblies have a hexagonal cross sec-
tion and they are stored in a hexagonal lattice in
the fuel pond. The structure of the top part of the
fuel assembly is displayed in Figure 1. The active
length of a fuel rod is 3530 mm and the total
length 4570 mm. Above the fuel pellets there is a
zirconium plug of =50 mm in the fuel rods. There
is 209+14 mm free spacing between the top of the
fuel pellets and the plug. A steel spring for fixing
the pellets fills this spacing. The top of the fuel
assembly is about 700 mm above the top of the
active zone. The top of the fuel assembly is a cylin-
drical tube with the outer diameter about 175 mm.
Inside the cylinder there is a space for the control
rod assembly, which is inserted in the control rod
channels of the fuel assembly through this cylin-
der. The irradiated control rod assemblies are
stored in the fuel assemblies. The top part of the
fuel assembly serves also as the handle for the
attachment of the fuel assembly to the refuelling
machine. The supporting elements of the handle
are two claws on the opposite sides of the outside
top of the cylinder. These claws attach to the refu-
elling machine. The cylindrical top part continues
with a conical shoulder at about 275 mm below the
top of the assembly. The shoulder prevents the
access closer to the assembly. The tip of the SFAT
collimator tube cannot approach closer than about
400 mm above the top of the fuel pellets.

The spent fuel is stored in three interim stor-
age ponds of the reactor hall, see Figure 2. One of
them is smaller (TG21B02 in Figure 2) than the
other two (TG21B01 and TG21B03). Adjacent to
the storage ponds there is a universal socket for
loading the fuel assemblies into the pond and for
discharging them out of the pond. Most of the fuel
is stored in a hexagonal lattice configuration with

a pitch of 400 mm. The arrangement of the assem-
blies in the storage pond is shown in Figure 3a.
There are two types of spent fuel positions in the
interim fuel storage. Non-leaking fuel assemblies
are stored as such, but the leaking assemblies are
closed individually in hermetic bottles, which are
stored in the pond. The hermetic bottle occupies

Figure 1. Top of aWER-1000 fuel assembly. The
insertion shows a detail of the top of a fuel pin.

10
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one position in the normal storage lattice. In
addition, there may be irradiated dummy assem-
blies in the storage ponds. The fuel assemblies
enclosed into bottles cannot be verified by ICVD
and are therefore one important target of the
SFAT verification.

In units 1 and 2 of the Zaporozhye NPP the
small pond (TG21B02) is arranged as a tight
lattice (Fig. 3b) in order to save the storage space.
These ponds contain low enriched fuel (1.6 %)
from initial loading with a relatively low burn-up
of about 10 GWd/t. This fuel type allows tight
storing without a criticality risk. These assem-
blies have typically the longest cooling time.

After cooling the undamaged fuel assemblies
are normally transported to Russia for reprocess-
ing. The storage pond capacity is limited in the
WER-1000 facilities. Leaking assemblies cannot
be returned to Russia, and they are stored in the
interim storage ponds for the time being. Accord-
ingly they may have considerably long cooling
times.

Irradiated fuel assemblies which can still be
reinserted into the reactor may be transported
also to another unit of one NPP in order to
optimise the fuel economy of the power plant. At
present there is no exchange of spent fuel between
different power plants of Ukraine. The interim

. . • • • • " •

TG21B03

L

TG21B01
-

—

TG21B02

3

Figure 2. The arrangement of the reactor and the pools in the WER-1000 reactor hall.

a)

Reactor

b)

52.5 mm

Figure 3. Arrangement of assemblies in the storage pond, a) Normal storage lattice, b) Tight storage
lattice.

11
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storage of low burn-up assemblies which are to be
reinserted into the reactor core creates a special
type of assemblies, which may be non-verifiable
by ICVD and which therefore should be subjected
to verification by the SFAT method.

4.2 Refuelling machine

Fresh fuel assemblies are introduced in the uni-
versal socket in a cask by the polar crane. The
refuelling machine is used to load the fresh fuel
assemblies from the cask through the storage
ponds into the reactor core. The refuelling ma-
chine is also used for the evacuation of spent fuel
from the reactor core to the locations of the stor-
age pond. After due cooling time the fuel assem-
blies are evacuated from the storage pond and
loaded into a transport container located in the
universal socket. The transport container is trans-

ferred into and out of the universal socket using
the polar crane.

The refuelling machine is remote controlled
from its control room and monitored through a
video system (see Figure 5, page 15). The limited
visibility from the control room to the operating
area of the refuelling machine may limit the safe
operation procedures of the SFAT device. The
communication between the operating area of the
refuelling machine and the control room is ar-
ranged with an internal telephone.

The positioning accuracy of the refuelling ma-
chine is horizontally ±3 mm and vertically ±5 mm.
The accuracy of the SFAT device positioning if
attached to the refuelling machine should be with-
in 10 mm, both horizontally and vertically. If
scanning mode is applied, the positioning toler-
ance requires more careful consideration.

12
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5 SUPPORTING WORK TO THE SFAT
SPECIFICATIONS

The objective of the supporting work is to accom-
plish the following assignments, The first one is to
get detailed information on the WER-1000 fuel
and fuel management in order to clarify the task.
Tthe second one is to develop, produce and test
some experimental devices in order to obtain
measurement data using a realistic SFAT meas-
urement geometry in real WER-1000 fuel pond
conditions, and to get an idea about the possibility
of implementing a SFAT device for the Ukrainian
WER-1000 plants.

The specification task of a SFAT device for the
Ukrainian WER-1000 facilities has been ap-
proached by three visits and the discussions con-
ducted therein. The first visit took place in August
1997, when the Ukrainian authors of this report
visited Finland for getting acquainted with the
SFAT device and its use at the Olkiluoto NPP.
Simultaneously there was an opportunity to fol-
low test measurements made with the IAEA
standard SFAT device. In subsequent discussions
where also a representative of the IAEA, Dr. R.
Arlt, was present.

Preliminary information on the WER-1000
fuel and fuel management was presented by the
Ukrainian specialists and requirements and con-
straints drawn thereof were discussed. Also the
results from the test measurements conducted by
the IAEA at the Kozloduy NPP in Bulgaria were
briefly discussed. The information obtained in
these discussions has been used in the prepara-
tion of this report.

The second visit was made by the Finnish
authors of this report to Kiev and the Zaporozhye
NPP in November 1997. The purpose of this visit
was to obtain information on the WER-1000
plant with a special emphasis to the constraints
and requirements imposed by the use of a SFAT
device in such a type of nuclear power unit. The
information obtained during this visit and during

the discussions with the representatives of the
Zaporozhye NPP has been taken into account in
the preparation of this report.

The third technical visit to Zaporozhye NPP
took place in July 1998 preceded by a visit of
Ukrainian experts in May 1998 when the first
measurements with a SFAT-like measurement ge-
ometry and with a Nal detector were taken. Dur-
ing the third visit a comprehensive measurement
programme was conducted with testing of differ-
ent detectors (Nal, BGO, CdZnTe) and with test-
ing of different cases of spent fuel assemblies.

5.1 Measurement campaign at
unit 5 in May 1998

During both experiments the same device was
used. The geometry is depicted in Figure 4. The
test device was quite light, it had an 1.5 m long
collimator pipe with inner diameter 30 mm and
some 2-4 cm of lead shielding for the detector
(Figures 8 and 9, page 16). The apertures in the
collimator pipe, in front of the detector and at 500
mm from the detector, were 1 cm in diameter. Vari-
ous detectors could be used with the test device.

The first experiment was made for testing the
possibility of using the SFAT principle for WTER-
1000 spent fuel. The goals were:
• to check the possibility of method by detecting

specific radiation of spent fuel and
• if possible, to see how the results fit to the

standard SFAT procedure [1].

The experimental device body was loaded with an
Am doped Nal(Tl) detector 05"xO.5" with a long
cable (40 m), produced by the VTT. The analyser
part was a standard InSpector instrument and
software.

In order to test the method three assemblies
were chosen with close to the maximum burn-up

13
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Table I. The im

Assembly ID

ED 5873*

E4377

E4378

a mi red ::i7Cs and

Declared
burn-up
(MWd/t)

41.33(33.82)

47.74

47.78

!11Pr Count rates.

Measurement
time (s)

2000

1018

1038

137

Peak Area
(cps)

21.2

28.5

31.6

Cs

Error (%)

4.8

6.7

6.5

144

Peak Area
(cps)

35.3

38.1

37.9

Pr

Error (%)

8.2

11.9

12.1

*ED type assemblies are profiled. So the corrected burn-up for outer row of the fuel rods is in brackets.

and fifteen months of cooling time. They were
irradiated for three years and discharged from the
reactor in February 1997, see Table III.

In the first measurements the collimator was
positioned above the head of each assembly, posi-
tion A in Figure 1. The measurements showed no
visible gamma-lines of 137Cs or 144Pr.

After this measurement series the device was
positioned above the shoulders of these assem-
blies, position B in Figure 1, approximately in the
equivalent position on each assembly, as permit-
ted by the manual positioning with underwater
TV. The measurements showed clear 137Cs and
144Pr lines. The results are presented in Table I.

In the profiled assembly ED5873, the outer
rods have lower enrichment, 3.6 %, whereas the
inner rods have the enrichment of 4.4 %. This
figure corresponds to the estimated burn-up. This
hypothesis was checked by calculations of experi-
mental results with two sets of input data—with
the declared burn-up and with the data corrected
to the figure proportional to initial enrichment.
The graphics for both hypotheses are shown in
Figure 5. One can easily see that the straight line
for corrected data goes through the origin and the
uncorrected line does not. This shows that the

Table II. Radioactive contamination of the water
for Zaporozhye unit 2 and 5 ponds.

IMuclide
134Cs
wCs
5<Mn
5BCo
60Co

Unit 2 on
29 April 1998

Unit 5 on
16 June 199!

Typical
I Finnish NPP

Water activity (kBq/l)

8.1

10.0

3.3

8.1

3.4

59.2

55.5

3.4

—

6.3

0.14

0.03

0.09

0.02

0.01

device collimator system is focused into a rather
narrow region, on about 4-7 rods. The situation is
geometrically depicted in Figure 6. One should
take it into account during developing measure-
ment procedure.

Other thing is that the experimental data for
the last two assemblies are rather reproducible.
This shows that the general principle works well.

The most unpleasant thing is that the pond
water is contaminated and this needs special
accurate accounting. This effect was specially
strong during the second experiment, which will
be discussed in section 5.2. In Table II are given
the data for unit 2 and 5 cooling pond water
contamination data.

A = 500 mm

B = 1500 mm

Figure 4. The geometry of the SFAT test device.

14
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Table III. 137Cs peak areas from the measured assemblies. The background level obtained from between
the assemblies is also indicated.

Assembly No. Characterisation

1 high BU, high CT

2 medium BU, short CT

3 medium BU, short CT

4 low Bu, high CT

Background between the assemblies

Next to No. 1

Next to No. 2

137Cs (cps)

1957.8

2177.4

2049.0

1685.7

1494.4

1907.1

Error (%}

1.4

2.1

1.6

1.4

2.0

1.7

Detection limit (OK if >1}

35.8

60.6

50.1

26.4

48.3

16.9

5.2 Measurement campaign at
unit 5 in July 1998

There had been a lot of fuel movements in unit 5
and the water was quite opaque due to the parti-
cles in the water (See Figure 5 for the video pic-
ture from the pond). Three different detectors
were used: 2x0.5" Nal, 40x40mm BGO and 0.5cm3

CdZnTe. Nal and BGO were tested in real condi-
tions but the CdZnTe detector had too short a ca-
ble (18m) and no permission was obtained to work
at the reloading machine bridge. The detectors
performed quite well. Especially the efficiency of
BGO crystal was a positive surprise.

The test version of SFAT leaked during the
first day and the measurements with Nal detector
were interrupted. Nevertheless, it was possible to
do a normal test set with the detector. The BGO
measurements next day were more revealing.
There were number of fission products seen above
the assemblies.

During the measurements it was found out

that there is a heavy contamination of the fission
products in the pool water. This will change the
measurement situation, because the detector has
to be better shielded from ambient radiation and
there has to be a procedure to reduce the baseline.
According to informal discussions, the water qual-
ity in this facility is among the best. There were
significant amount of 134Cs, 137Cs, 54Mn and 60Co
isotopes in the reactor water. The Ukrainian Nu-
clear Safety authority was tasked to find out the
real isotopic composition of the reactor water. It
was found out that the water contamination is
1000 to 3000 times higher compared, for example,
to the Finnish NPPs, see Table II.

The later comparison of the results of the first
and the second measurement campaign had
shown that such contamination does not signifi-
cantly influence the results of the first campaign.

Due to the test SFAT construction the water
contamination interfered with the measurements
so much that it was very difficult to verify the
assemblies using 137Cs, the lowest burn-ups gave a

Declared Buni-Ub (MGWt days/i U)

Figure 5. Count rate vs.burn-up showing that the
test SFAT sees predominantly the lower enriched
outer rods of the assembly.

Figure 6. The section of an assembly seen by the
test SFAT.

15



S T U K - Y T O - T R 1 55

signal very close to the background. The construc-
tion has to be heavier and shielded also from
above; the collimation angle has to be quite strict
to prevent the neighbouring assemblies from in-
terfering the measurement. The device has to be
easily decontaminated because some fission prod-
ucts are likely to contaminate the surface.

Facility operator supported the measurements
quite well. The device was moved using a separate
wire. The operator took care of the positioning,
the positioning took some 5-10 minutes between
assemblies. Working conditions were still quite
hard, and all safety procedures did not correspond
to Western standards. E.g. when the reloading
machine was moving, the machine operator could
not see the measurement operator's position. A
safe place for the measurement operator to work
would be in the reloading machine control room,
but it would not be practicable. There were still
some problems with the communication; the re-
loading machine started to move a couple of times
during the measurement. A special working place
should be specified for the SEAT inspection. The
safety, placement of the inspector's instruments,
electrical power supply etc. should be worked out
in the specification.

It proved out to be a good practice to do the
analysis of the data on-site. In case of the heavy
contamination like this, it is not visually possible
to make distinction between background and the
assembly. Also background measurement has to
be done frequently to get a true understanding of
the water quality. The combined data acquisition
and analysis response by SAMPO software proved
to be productive in this kind of situations. The
measurement took some 10-100 seconds and the
additional analysis 10-20 seconds per assembly.
There is also a background subtraction mode
possible inside the SAMPO code, but it was not set
up for this measurement campaign. SAMPO is a
commercial software for various nuclear measure-
ment tasks. STUK has a SAMPO license for spent
fuel measurements. See Figures 10 and 11 for the
typical results.

The marginal between the background and
assembly is quite small but clear. It might be a
good practice to measure the background next to
every assembly, because there seem to be some
variance in the background radiation due to con-
tamination.

Figure 7. TV monitor picture from the pool. The
water was quite non-transparent and contained a
lot of fission products. In this picture test SFAT de-
vice is located behind one assembly above the "shoul-

der".
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Figure 8. The SFAT device used in the test meas-
urements. The cable seen in the picture is new.

Figure 9. The detectors, Nal and BGO, and the col-
limator pipe.
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Figure 10. A typical spectrum seen close to the assemblies at the facility taken with a BGO detector for 90
seconds. Cs, Mn, Co and Pr peaks are seen in the spectrum. Some of the peaks are explained by the
contamination in the water. Therefore, a background subtraction is required during the analysis.

Figure 11. SAMPO Peak de-convolution of the multiplet measured at the facility. Accurate method en-
sures the quality of the final results. Because background (ROI) of the pool is around 2000 CPS in the
empty position and 2—3000 CPS above the assembly, the danger in doing wrong conclusions is increased
if statistically sloppy methods or visual inspection of the spectrum is used.
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6 CONSTRAINTS AND REQUIREMENTS

Due to limited storage capacity the undamaged
fuel assemblies are usually evacuated from the
storage ponds after cooling of not more than 5
years. Damaged assembalies closed in hermetic
casks are stored for longer periods. Due to a short
cooling time of undamaged fuel assemblies, they
are generally very highly radioactive when stored
in the ponds. In addition, the contribution of short-
lived radionuclides specific to irradiated fuel, es-
pecially 134Cs (T^ = 2.06 a) and 144Pr (Ty2 = 285 d
for the parent 144Ce) must be taken into account.
134Cs interferes with the 137Cs photopeak, as it has,
within the resolution of a Nal (or BGO) detector,
the most prominent peaks on both sides of the 662
keV peak of "'Cs at 604 keV and 796 keV. In
addition, the Compton-scattered background of
higher energy gamma radiation impairs the detec-
tion limit of the 137Cs photopeak. On the other
hand the high-energy peak (2186 keV) of i«Pr can
be seen separately without interference from near-
by gamma peaks or Compton-scattered radiation
from higher-energy peaks. The detection of i*4pr

requires a detector with high enough efficiency at
this high energy. For detection of i*4pr CdTe or
CdZnTe detectors are not so far suitable due to
their small physical size and accordingly low effi-
ciency at high gamma energies.

The spent fuel ponds in the reactor hall are
accessible only during the maintenance outages. A
typical scheduled annual maintenance outage
takes 45 days. During the outages many activities
are going on in the reactor hall. Therefore, the
verification must be performed in accordance with
the other simultaneous activities. It is self-evident
that the verification measurements should be
planned in such a way that minimum resources,
both equipment and personnel, are required from
the operator.

Figure 12 displays a typical maintenance
schedule of a Zaporozhye Nuclear Power Unit.
Period 1 in Figure 12 takes about 10 hours.
During this period water level is changed from
"high" to "low". At the high water level the water
layer above the fuel assemblies is 10 metres, at
low water level the protective water layer is only 3
metres. The radiation level above the storage
ponds at low water level during period 1 is 20-40
|xSv/h. At this radiation level the working time on
the refuelling machine is limited.

The second period, about one month from the
shutdown of the reactor, when other activities do
not interfere with possible SFAT measurements,
takes about two days. The water level is low also
during this period, but due to one month's cooling

1
Period 1

12 -*• 15 days

Period 2

16 - 2 0 days < 10 days

Figure 12. The schedule of a typical maintenance outage.
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time the radiation level on the refuelling machine
bridge is only about 5 uSv/h. This period would be
the most suitable time for SFAT verification meas-
urements.

The positioning of the device should be auto-
mated in such a way that the detector is always in
the optimum position. This can be done using
guidance devices which centre the collimator pipe
always to the most optimum position. It looks that
the most optimum place for collimator pipe would
be above the assembly shoulder, see Figure 1.
Therefore, the positioning should be guided care-
fully, because the distance from the assembly
shoulder to another assembly shoulder is not too
large.

Figure 3 shows a line of 52.5 mm wide where
the tip of a collimator could have the closest
access to the active zone of the fuel assemblies. A
scan along the indicated line would enable the
fastest verification of two adjacent rows of the fuel
assemblies.

6.1 Constraints imposed
by the Ukrainian Nuclear
Safety Authority

6.1.1 Certification and approval

Nuclear material measurements for safeguards
are principally new in Ukraine. Therefore a na-
tional system of standards for nuclear material
measurements for safeguards has not been devel-
oped, yet. Neither has Ukraine specified the com-
petent standardisation authority on this field.
This state of standardisation results in problems
in the IAEA safeguards measurement equipment
usage in Ukraine, as, according to the regulations
on imported measurement equipment usage in
Ukraine, any measurement device should be certi-
fied by an authorised organisation. The lack of a
competent standardisation authority has been rec-
ognised and work is being done for solving this
problem. For a SFAT device, as the IAEA equip-
ment, NRA can adopt another procedure. This is
subject to consultation between IAEA, NRA and
the producer.

The general procedure of certification and reg-
ulation approval has 2 stages:
• import (customs requirements),

• procedure of MEPNS approval for use at NPPs.

1 stage—customs requirements

According to the Ukrainian legislation (Act about
import, N1300 17.08.98) a customs declaration for
equipment can be obtained if one of the following
conditions is met:
• the equipment will be added to the state regis-

ter of equipment for legal measurements,
• for a single device—if Ukraine has a valid

standard,
• if equipment does not require a metrological

certificate or
• the device is produced in accordance with the

"Metrological activity act".

2 stage—procedure for producer and NPP to
obtain MEPNS approval

The State authorities involved in the NPP safety
are:
• MEPNS
• Police and fire department
• State committee for standardization
• State committee for work protection.

Expert organizations assisting the authorities in
technical issues:
• SSTC
• SertAtom
• Experts for fire protection

The main steps of the regulatory approval are (the
responsible party is indicated in brackets):
a) specification of Ukrainian standards and other

standards, which are used (producer)
b) drafting the design documents (producer)
c) certification procedures of NRA and SertAtom

(producer and NPP)
d) technical decision (NPP)
e) regulation approval for technical decision—

NRA (NPP)
f) safety report and additional documents (pro-

ducer and NPP)
g) regulatory approval in general (NRA)

The acceptance procedure has been schematically
depicted in Figure 13.
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6.1.2 Procedure for test measurements

A temporary measurement procedure has been
drafted and accepted by the Authority for perform-
ing SEAT measurements through the opening of
the refuelling machine wagon with a submersible
device. This procedure will serve in making possi-
ble the test measurements.

6.2 End-user (IAEA) requirements
and constraints

In discussions with the IAEA representatives, it
has stressed that the principal verification meth-
od for the WER-1000 storage ponds will be ICVD.
The SFAT will be used as a complementary meth-
od in order to attain completeness of the verifica-
tion. The use of the SFAT method will be neces-
sary for the cases where the ICVD method fails.
The following cases have been identified: a low
burn-up fuel assembly, which has been removed
from the core and is intended for further irradia-
tion later in the same or another reactor unit; a
leaking low or high burn-up fuel which has been
enclosed in a hermetic bottle; and a high or low
burn-up fuel assembly which has been stored for
more than a normal five-years' maximum cooling
time.

In any case resorting to SFAT verification
should not make the verification procedure signif-
icantly more cumbersome or time-consuming than
the use of an ICVD.

The final end-user requirements (delivery date
20.12.1998) have been obtained from the IAEA
and presented in Annex 2.

6.3 Constraints from the facility
operator

The SFAT device must adapt to the existing facili-
ties in the reactor hall and to the manpower avail-
able from the operator for the assistance of the
safeguards inspector. At least the polar crane op-
erator and the refuelling machine operator would
be needed from the operator's personnel.

The testing of the third option (see section 7.1)
and the pertinent temporary procedure have been
approved by the Zaporozhye facility operator. Also
the scheduling of the SFAT measurements in
connection of the water level changes has pro-
posed by the operator.

The operator should specify a proper working
place for the SFAT inspections. The requirements
for technical support and for ensuring the safety
during the inspections should be agreed upon.

Producer

component list

and description

Producer

verification analysis

Producer

technical specification

NPP

SertAtom, NRA

review of verification
analysis

SSTC SertAtom. NRA

review of technical
specification and certification

procedure

Producer

safety report

NPP

SertAtom

NRA
approval

Figure 13. The acceptance procedure of a device to be used in nuclear industry in Ukraine.
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7 SPECIFICATIONS FOR VVER-1000 SFAT

7.1 Optional device concepts

The options for attaching to and positioning of the
SFAT device are as follows.

7.1.1 Attachment to the refuelling
machine

The first option to be considered is the simulation
of the fuel operation procedures, because it is the
most reliable and accurate way of operation. The
SFAT would be attached to the refuelling machine
in the same way as a fresh fuel assembly. The
positioning of the SFAT above the target assembly
during the measurement would be accomplished
by the refuelling machine. Unfortunately, the op-
eration principle of the refuelling machine does
not allow the operation of the SFAT hanging from
the refuelling machine. When attached to the re-
fuelling machine the fuel assembly is always in-
side a protective tube. The tube is also used for
guiding the refuelling machine right above the
fuel assembly. This guiding procedure does not
allow any cables coming out of a device attached
to the machine. The attachment of the SFAT to
the refuelling machine may require revisions in
the mechanical construction of the refuelling ma-
chine. Anyway, good experience on the use of SFAT
attached to the refuelling machine in the Olkiluo-
to NPP, Finland, favours a serious consideration
of this option [2].

7.1.2 Attachment to the video monitor
mast

The second option would be the operation of the
SFAT attached to the video monitor and light mast
of the refuelling machine. This would require the
design and manufacture of a grabbing tool in the
video mast, by help of which the SFAT would be

attached. Also the remote visual control of the
SFAT would be more difficult as the video camera
could not be moved independently of the move-
ment of the SFAT. The second option can also be
considered as somewhat impractical.

7.1.3 Hanging through an opening in
the refuelling machine wagon

The third option would be hanging the SFAT
through the circular opening in the floor of the
refuelling machine wagon. There are two such
openings one at each end of the wagon. The exist-
ence of these openings should be verified at all
WER-1000 facilities. This opening is 185 mm in
diameter and most storage locations, but not all,
can be reached through the openings.

7.1.4 Long collimator tube

The hole on the floor of the refuelling machine
wagon gives a possibility for an alternative SFAT
construction, the fourth option. The SFAT may be
a long dry tube installed through the hole. The
installation could be fixed respect to the wagon so
that the horizontal positioning could be imple-
mented by the refuelling machine. The positioning
of the SFAT by the refuelling machine requires
that the video camera of the machine can be used
to follow the movements of the tip of the SFAT
tube. For vertical positioning a simple mechanism
with a rack bar installed in the tube and a gear
wheel rotated with a crank handle. The mecha-
nism should be equipped with a brake which en-
sures the keeping of the selected vertical position.
For reaching down to the fuel assemblies the tube
should be about 12 metres long, which may
present some problems in handling the device.
The detector should have a special position inside
the tube. The tube could be installed in the hole
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first and the detector could be inserted in the tube least it could be equipped with a very light shield-
after it has been installed. Due to a possibility of ing. A sketch of the alternative construction is
very long collimation, the detector may be in- shown in Figure 14.
stalled without a surrounding lead shield or at The opening of an air tube from the fuel level

cable

wagon

pond

detector

tube

bridge

v-:::•:

I':--:
fuel assembly

Figure 14. Dry tube SEAT.
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up to the level of the refuelling machine will
increase somewhat the radiation level on the
refuelling machine, which may require limitations
of the stay on the refuelling machine during the
inspection. This limitation can be avoided by de-
signing a remote control of the vertical positioning
by an electrical motor driving the gear wheel
instead of the crank handle.

7.1.5 Hanging from the balustrade

The fifth option would be hanging the SFAT device
by a wire from the balustrade of the bridge or the
wagon of the refuelling machine. The strength of
the balustrade would certainly allow the safe at-
tachment of a manual winch by which the vertical
positioning could be implemented. However, the
accuracy of the vertical positioning could not be as
high as by using either of the masts of the refuel-
ling machine. Additionally the hanging of the
SFAT by a wire would make it more susceptible to
slowly damping swinging movement, which could
significantly slow down the positioning of the
SFAT.

The hanging of the SFAT through the floor
opening or from the balustrade of the refuelling
machine would subject the SFAT operator to radi-
ation during low water level, which could be
avoided by adopting the first two alternative at-
tachment and positioning options.

The proposed specification of the SFAT device
will be based on the option presented in section
7.1.1.

7.2 Mechanical specification

The SFAT device consists of a body and an adapter
between the body and the refuelling machine. The
body should be water-tight, contain the detector,
effectuate the measurement geometry and the ra-
diation shield of the detector and the measure-
ment geometry. The adapter serves for attaching
the device to the refuelling machine. The adapter
should also serve as adapting the height of the
device to enable the vertical positioning close
enough to the target fuel assembly. It can also be
used to adjust the centre of gravity of the device
with respect to the handle. This affects the fre-
quency of the swinging motion and its damping

speed. The tendency to swinging motion after re-
placement of the SFAT device is a drawback,
which retards especially point-to-point measure-
ment, since one must wait for damping off of the
swinging before starting the measurement. The
tendency to swinging must be taken into account
also in a scanning measurement.

The device must be designed to be watertight
up to 2 bar overpressure. For best tolerance to the
pressure differences inside and outside of the
SFAT the optimal geometric form of the device
body is a cylinder. There must be a hexagonal or
otherwise non-cylindrical structure in the adapt-
er, which prevents the SFAT from turning when
attached to or detached from the refuelling ma-
chine.

The detector must be electrically insulated
from the metal structures of the SFAT body to
prevent ground loops and excessive electrical
noise raising thereof.

7.2.1 Introduction of SFAT into pond

The device will be attached to the refuelling ma-
chine inside the universal socket. The device
should be constructed of a separate body contain-
ing the detector and the lead shield, and a collima-
tor pipe, which can be made of one or two parts.
All parts should be individually hermetic. The wa-
tertight connector should be positioned in the bot-
tom of the detector body, because no cables can be
attached on the top due to the construction of the
refuelling machine. The top part of the adapter
should be identical with the top of a fuel assembly.
The device is lowered to the bottom of the univer-
sal socket in a special frame or in a fuel assembly
rack where the rotation of the device is not possi-
ble. The polar crane could be used for the intro-
duction of the SFAT into the universal socket. A
special adapter to attach a fuel assembly to the
polar crane has been constructed and could be
available from Skoda (Czech Republic), should the
operator not already have such an adapter.

After attachment of the SFAT body to the
refuelling machine it is removed out of the rack
and the collimator pipe and cable can be connected
to the SFAT body. The attachment of the pipe may
be implemented by a bayonet or other construc-
tion which allows a quick and reliable attachment.
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7.2.2 Measurement geometry

The recommended measurement geometry is pre-
sented in Figure 15. The dimensions are subject to
final refinement during the detailed design due to
possible constructional requirements. The main
dimension indicated in letters in Figure 15 should
be approximately:
A ~ 500 mm
B = 1500 mm
C = 190 mm
D ~ 10 mm

The pipe diameter should be ~ 40 mm. The thick-
ness of the lead shielding all around the detector,
also above, should be « 40 mm minimum. The
upper limit is posed by the allowable total diame-
ter (- 200 mm) of the SFAT body and the allowa-
ble total weight (= 100 kg). The extra aperture at
about 500 mm from the detector should have a
thickness of about 40 mm. The filtering of low
energy scattered radiation would be best imple-
mented by a thin, = 3 mm, lead window in the
position of the extra aperture. The hermetic steel
windows of the individual parts would serve as
additional filters in the collimator pipe.

In order to achieve sufficient attenuation of
direct gamma quanta emanating from neighbour-
ing fuel assemblies, a collimator length of 1.5 m is
recommended. This renders a contrast due to
attenuation in water at 1.25 MeV (around 60Co

energies) of 7.6 • 10~5, whereas for 2 MeV the same
factor is 6.1 • 10-4 (around i«Pr energy). The con-
trast can still be improved by equipping the front
of the detector by a lead collimator.

7.2.3 Materials

The materials chosen for the SFAT must be in
compliance with the requirements for the devices
to be inserted into ponds of the reactor hall. All
metal parts to be in contact with the pond water
shall be made of stainless steel according to
Ukrainian standards.

All seals and gaskets should be made of chlo-
rine-free material, e.g. EDPM. Also the cable hose
should be made of equivalent material.

7.2.4 Electrical cable, underwater
connector

There will be only one cable connecting the SFAT
device to the measurement station, which is the
cable between the detector and MCA. The cable
must be a multi-wire one containing the high volt-
age and power feed to the detector and the signal
from the detector to the MCA.

The feed through of the electrical cable shall be
implemented using underwater cable and water-
proof connectors (type to be specified by the
IAEA).

Figure 15. Suggested SFAT measurement geometry. The horizontal scale is 1:10 of the vertical scale.
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7.2.5 Decontamination properties

All outer metal surfaces should be electrolytically
polished for easy decontamination. The device
should be designed so that water pockets are
avoided when the SEAT is hanging vertically.

The tip of the collimator pipe should be
equipped with a disposable cap to protect it from
contamination in case of accidental contacts with
irradiated or contaminated structures in the pond.
The attachment of the cap should be firm enough
in order to prevent accidental dropping of the cap
even in the case of a strong contact with the pond
structures.

7.3 Issues to be considered in the
design and manufacturing
process

Zaporozhe NPP is interested in designing and
manufacturing the first prototype. It is proposed
that basing on the specification report Zaporozhe
NPP will be invited to participate in drafting a
detailed design and about constructing a proto-
type device. Zaporozhe NPP has two advantages:
Experience on fuel reloading machines and on fa-
cility requirements for devices to be used in the
reactor pond.

In the Ukrainian WER-1000 facilities there
may be different types of refuelling machines with
may have special requirements affecting the de-
sign of individual SEAT devices. These require-
ments should be worked out and taken into ac-
count. Also water contamination may be different
in different facilities.

Following issues has to be agreed between the
IAEA and the designer and manufacturer of the
device:
• Manufacturing a prototype device, involvement

of the FINSP in the process.
• Manufacturing the final version, question

about the number of devices.
• Connectors and cables to be delivered for the

devices. Watertight connectors and cables are
needed. The cable has to be at least 40 meters
long.

• Detector selection for the device.
• Operating the device at the facility.
• Maintenance of the device, storage place at the

facility.

BGO detector is very efficient, but there might be
some problems with wider peak width and insta-
bility (shifting peaks). Due to higher efficiency
BGO detector could be physically smaller than a
corresponding Nal detector. This leads to saving
in the size and weight of the detector shielding.
CdZnTe has a nice peak width, but the efficiency
of the current detectors is too poor for effective
verification measurements. Nal would be a feasi-
ble choice, because it is inexpensive and commer-
cially very well available and its efficiency re-
quired for efficient inspection is very good.

It is recommended that for the prototype de-
vice an l"xl" BGO detector and a 1.5"xl.5" Nal
detector should be purchased and their perform-
ance compared during the test of the prototype.

7.4 Operational considerations

7.4.1 Scanning mode operation

To maximise the verification performance, the
SEAT could be used for item counting using so
called scanning mode in case of non-transparent
water. In the scanning mode the device is moved
under water over the lines of assembly and the
inspector is counting the items by looking at the
radiation information display (see example in Fig.
16.). The successful scanning mode requires at-
tachment of the SEAT device to the fuel reloading
machine. The performance of the scanning mode
is very good; depending the fuel reloading ma-
chine speed, some 200 to 2000 assemblies can be
verified in good conditions per working day.

7.4.2 Decontamination

In the reactor hall there is available an outlet of
clean pond-quality water with a hose fixed to it.
When hanging above the pond, before immersing
into pond water the SEAT device should be care-
fully squirted with clean water in order to fill all
pores and capillaries on its surface with clean wa-
ter. This resists the surface contamination when
submerged into contaminated pond water.

After use, when lifted completely above the
water level in the pond, the device should be
carefully squirted with clean water before remov-
ing from the pond.
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The place in the reactor hall where the SFAT is
laid down should be protected by a plastic sheet-
ing.

The device should be monitored carefully for
contamination and if necessary decontaminated
using regular decontamination methods. After de-
contamination the device should be let dry off
before closing it into the storage container.

7.4.3 Storage

The SFAT device should be equipped with a specif-
ic container where the device, the cable and other
accessories are stored between the inspections.
The watertight cable connection or connection of
the watertight hose to the SFAT body should not
be disconnected in order to maintain the water-
tightness of the cabling. A well ventilated room-
temperature storage place should be chosen in the
vicinity of the reactor hall. The MCA and calibra-
tion sources are not stored together with the de-
vice, but are brought into the fuel storage and
carried away after the verification by the inspec-
tor.

7.5 Safety, accidents and
malfunctions

The safety of the fuel handling operations have
been considered in the facility safety documents
and the fuel operations have been licensed by the
Authority. When considering possible collisions of
the SFAT to the stored fuel assemblies or the
structures of the fuel pond, the following differ-
ences can be established:

• The weight of the SFAT is considerably lower
than that of a fuel assembly. Therefore a drop
of a SFAT on the array of fuel assemblies in the
storage pond cannot cause as much damage as
equivalent accident with a fuel assembly. The
same applies to any other kind of collisions
with fuel assemblies or other pond structures.
Furthermore, the tip of the SFAT collimator is
very light, as the centre of gravity of the device

is close to the top of the device. All collisions of
the tip of the collimator pipe would be very
weak, and the only practical consequence of a
collision of the collimator tip to a fuel assembly
would be the contamination of the tip. It would
be advisable to equip the tip of the collimator
with a disposable cap to prevent the impair-
ment of the quality of the measurements due to
contamination of the device.

• The SFAT does not contain fissile or radioac-
tive material, so there is no danger of release of
fissile or radioactive material from the SFAT
into pool.

SFAT can be made strong enough to maintain its
own integrity during an accidental drop. The de-
tector can be damaged inside the device, but can
be replaced. Also the collimator pipe may be de-
formed, and therefore a spare pipe should be pro-
vided.

Reactivity impact needs a separate considera-
tion, since the effect of introduction an air-filled
cavity on top of an array of fuel assemblies has not
been considered before. However, as mentioned in
section 5, the distance between the top of the
assembly and the top of the fuel pellets is about
700 mm. The relaxation length is a few centime-
tres for the thermal neutron flux in water. There-
fore, one can be certain that there is no physical
coupling between a cavity presented by the fallen
SFAT device on top of the array of fuel assemblies
and the small neutron flux existing in the region
of the fuel of the assemblies.

7.6 Maintenance considerations

The SFAT shall be designed to need minimum
maintenance. The only wearing component is the
gasket, which seals the lid, either top or bottom of
the SFAT body. A metal gasket is recommended. It
should be replaced every time when the SFAT
body is opened for maintenance. All other joints
requiring hermetic sealing could be implemented
by welding.
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8 SOFTWARE REQUIREMENTS

8.1 Software requirements of an
inspection process

The inspection process has emphasis on the analy-
sis software. The reliability of the result is based
on the correctness of the analysis and general un-
derstanding of the measurement process itself.
The analysis software has major role in present-
ing the results in the form that also allows correct
conclusions to be drawn by an inspector.

First of all, the spectra have to be acquired
long enough to get a statistically sufficient amount
of data for the analysis. One can provide metrics
for this by checking signal-to-noise ratio. If the
key issue is to confirm that certain nuclides are
present (like in our case the fission products of
interest), and if we want to have a 99 % confidence
on this issue, we would like to see a peak specific
to these fission products three sigmas above the
spectrum baseline level. This can easily be auto-
mated, the analysis software can check the exist-
ence of the peaks of interest and stop the meas-
urement when sufficient amount of counts are
seen in these peaks. One could select even more
strict rules for peak existence, if the measurement
conditions are more ideal.

The analysis of the results follows the data
acquisition. Usually the analysis software is ei-
ther non-informative (i.e. not showing the peak
area de-convolution results etc.) or too difficult to
use. The combination of these two features have
been difficult until recently. During the test meas-
urements, a special commercial software package
(SAMPO) [3, 4] was used. With this package one
can combine the analysis and data acquisition into
one simple scheme. The analysis results are ready
after each measurement, there is no need for post-
processing of the data. This will increase the
reliability of the results and make reporting easi-
er. One of the most important elements in the data

analysis is the peak area de-convolution, as in
most cases the interesting peak is overlapped with
another peak. For example in Figure 8 the yellow
peak is the 137Cs and 134Cs contribute other peaks.
Because 137Cs is the radionuclide of interest, the
effect of 134Cs has to be estimated properly. Visual
checking is important in this sense.

Reporting of the results is important. One has
to have solid metrics to be sure that the peaks
seen at the spectra are at right energy and that
the peaks are statistically significant enough. The
special report produced by SAMPO contains infor-
mation on isotopes of interest, their peaks, peak
areas, area errors and one figure that indicates if
this peak is above or below the statistical detec-
tion limit specific to this detector. This figure is
calculated using Currie formulas for detection
limits [5].

8.2 More efficient inspection
methods

If one has to visually verify the spent fuel assem-
blies in the pond but the water is too opaque for
that purpose, it is very difficult to use ICVD. The
water quality is usually quite poor after the revi-
sion, because the particles that are usually at the
bottom of the pond are mixed with the water above
the assemblies. One solution to this problem is to
use SFAT in the so-called scanning mode. In this
mode the SFAT is moved above an array of assem-
blies at constant speed. The radiation is measured
at one second intervals and showed in a specific
graph (see Figure 16). On the left hand side of this
graph all spectra are visualised so that each pixel
line is one spectrum. The more intense the colour
in this line, the more there is radiation at the
energy range of the spectrum. On the right hand
side of the display there are some regions of inter-
est (Usually total radiation, 137Cs, 134Cs and eoCo).
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One can use these graphs for simple item count-
ing.

8.3 Conclusions on software
requirements

Following issues have to be taken into account
when acquiring and analysing the data at the fa-
cility
• Quality assurance. The measurement equip-

ment has to be checked prior to every measure-
ment campaign on-site. The standard prepara-
tion includes also the measurement of one fuel
assembly in order to check the consistency of
calibration.

• Inspection efficiency. Because the fuel assem-
bly has heavy constructions in the upper end of
the assembly, it will shadow and induce a

continuum of scattered radiation in the gamma
spectrum. To save time, the acquisition process
has to check the presence of the fission prod-
ucts in the measured spectrum and to stop the
acquisition once a statistically significant trace
is seen. Also the software support to the scan-
ning mode should be considered as an advan-
tage.
Reliability and statistical correctness of the
result. The results of the measurements have
to include true error estimations. Minimum
detectable activity has to be calculated using
the formulas by Currie. For verification pur-
poses, 99% confidence level (conclusion on the
presence of spent fuel) has to be reached in the
verification measurement. The analysis soft-
ware has to be able to resolve overlapping peak
components.
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Figure 16. Picture taken from screen of the computer during the "scanning mode". This picture is reveal-
ing 12 spent fuel assemblies in the pond at Loviisa NPP (WER-440). The assemblies can be seen as more
intense colors in vertical graph. Because the geometry in the WER-1000 type assemblies is not so favora-
ble, the specific gamma lines are not so visible as in this example. Scanning mode can still be used for item
counting at WER-1000 facilities.
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9 CONCLUSIONS

The measurements proved that it is possible to
build an effective SFAT type verification device for
WER-1000 type facility. The measurement condi-
tions are still quite difficult due to water contami-
nation and shielded assembly construction. These
issues will result to special construction in the
SFAT device itself; the device has to be well shield-
ed and the collimation angle has to be accurate,
because the correct positioning of the device is of
utmost importance.

The most practical carrier for the device is
within the fuel reloading machine. This makes it
possible to move the device accurately and quickly
to the right position. Because of the heavy shield-
ing required by the water contamination, the
device is also somewhat heavier than previous
SFAT devices, approximately 50 to 70 kg. The
design and construction of the SFAT would be
practical to be done in close cooperation with the
Ukrainian NPP's. This will help the certification
process a lot and reduces the possible problems
with attachment with fuel re-loading machine.
Zaporozhye NPP has tentatively been interested
in doing the design and construction work.

Detector selection for a WER-1000 facility has
different criteria than in other facilities. The de-
tector has to be efficient enough so hat it can
detect 144Pr line at 2185 keV. This is a problem for
CdZnTe detector due the small volume of the
detector. The resolution of the detector has a
significant effect on the detection limit and analy-
sis accuracy. Traditional Nal and BGO detector
are suffering from this problem. The detector

volume has to be large enough, but not too large,
because it may increase the device total weight to
be too much. It is suggested that a Nal detector
with energy resolution of 6-7% at 661.6 keV
should be used. The optimum detector volume
could be l"xl" BGO or 1.5"xl.5" Nal.

Software plays major role in the measure-
ments of WER-1000 type fuel. This is because the
signature being looked for is small and masked
with background radiation. Very precise tools are
needed to de-convolute the peak of interest and to
reduce the background caused by the same nu-
clide in the reactor water. The software should
also do the required acquisition time definition.
This is the best way to reduce the required inspec-
tion time without jeopardising the object of the
measurement. A totally new approach is to use
SFAT for item counting and the software can be
used for visualising the results on the computer
screen. This option is possible also at Ukrainian
facilities and requires more attention in the fu-
ture.

Some of the issues mentioned in the agency
user requirement are not possible to accomplish,
as the radiation physics is causing limitations for
the measurements. For example, it is close to
impossible to measure the assemblies that are
sealed into hermetic bottles except for on the item
counting level. On the other hand the new method
mentioned in this report would help the inspec-
tion to be more productive and easier to perform
than before.
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TASK OUTLINE ANNEX 1

TASK OUTLINE

Date of Printing : 97/07/28

1. Agency Task ID: FIN A 01073 SP-1 ID: 97/OC2-001

Status: Active Acceptance Date: 97/07/03

2. Task Title: Implementation Support for SFAT in Ukrainian Nuclear Power Stations

3. Task Category: A

R&D/IS Need and its Priority:

1IB1.5 Development and Implementation of Improved Safeguards at LWRs Essential

4. Safeguards Problem Identification:

4.1 What is needed, why and when:
Support is needed to implement the Spent Fuel Attribute Tester (SFAT) in Ukrainian WWER-1000 type
nuclear power stations. Because of limitations of the transparency of the water in the spent fuel ponds,
SFAT devices are needed to verifiy the spent fuel in these facilities. It is requested to review the results
obtained at the IAEA in designing and testing of SFAT for WWER-1000 reactors and to propose design
modifications if needed to obtain a standard SFAT design for above mentioned NPSs. Related matters like
SFAT fabrication, handling and storage, licensing, measurement procedure, and data evaluation should be
included and needs to be arranged by FFNSP, in agreement with SGOC2. If necessary, the integration of an
underwater TV camera into the SFAT should be considered. As a resuic of this task it is expected to have
resident SFAT devices ready in all facilities where needed. It should be possible for SGOC to start using the
results of this task in 1998.

4.2 How will the task results be used and by whom ?
The results of this task will primarily be used by SGOC to perform safeguards inspections in Ukrainian
WWER-1000 type nuclear power stations. If suitable, results to be obtained under this task may be used by
SGTS in implementing SFAT devices in other NPSs.

4 3 Consequences if task is not performed:
The work would have to be done by Agency staff. Due to limited human resources, this would lead to a
considerable delay in implementing SFATs in Ukrainian NPSs.

5. Agreed Work Outline :

5.1 Major task stages with timing:
Time count in months after acceptance of task:
PHASE 1
o IAEA User Requirements - Month 1
o Finnish SP to review IAEA results on WWER-1000
SFAT design and implementation;
o Summary and recommendations, proposal of workplan - Month 2
o Finnish SP to organize joint SFAT test and demonstration

in Ukrainian facility using adapted IAEA device - Month 4
o Finnish SP to draft technical requirement specifications for standard SFAT design,

handling, verification procedure, licensing and data evaluation
including integration of underwater TV system if required to be agreed between
IAEA, State Authority and Operators - Month 7

SPRICS - Support Programme Information and Communication System FIN A 01073 Page 1
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DECISION POINT: The system to be agreed between IAEA, Finnish SP, Operators.
PHASE 2
o Selection of commercial supplier
o Design and fabrication of commercial prototype device (device to be

funded by the IAEA); design drawings and draft plant
specific handling and verification procedure - Month 10

o Finnish SP to organize joint acceptance test of commercial prototype
and verification procedure - Month 11

o Evaluation of test results, identification of design modifications if any - Month 12
PHASE 3
o Finnish SP to supervise production, deployment and commissioning

of all SFAT devices needed (11 pieces) in Ukrainian facilities - Month 16

Complete task documentation - Month 19

5.2 Expected task completion date: 1998/11

5.3 Initially estimated duration in months: 19

6. Estimated Costs :

6.1 To the IAEA to conduct the task:

Person-months: 2 Person-trips: 3

Other costs in USS: $110,000.00 Total costs in US$: $126,000.00

6.2 To the Support Programme (SP) to conduct the task :

Person-months: 10 Person-trips: 4

Other costs in USS: Total costs in USS: $130,000.00

Remarks:

7. Divisions Involved:

7.1 Requestor Division / Section / Person:

SGOC / OC2 / Charlier

7.2 End User Divisions) / Section(s): SGOC / OC2

7.3 Support Division(s) / Section(s): SGTS /TED

7.4 Responsible Division / Task Officer: SGOC / Chariier

7.5 Alternate Task Officer: Leicman

7.6 Task Specialist(s): Arlt

8. RelatedTask(s):

9. SP's Task Contact Person(s): STUK
Finnish Centre for Radiation and Nuclear Safety
Contactperson: M. Tarvainen

10. Task Status Information

10.1 Task Result Date:

SPRICS - Support Programme Information and Communication System FIN A 01073 Page 2
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10.2 Task Result:

11. Use of Task Results

11.1 Date of Report on the use of results:

11.2 Description of the use:

Use Code :

11.3 Is a follow-up Report due ? No

SPRICS - Support Programme Information and Communication System FIN A 01073 P a g e 3
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A N N E X 2 USER REQUIREMENTS FOR MODIFIED SPENT FUEL ATTRIBUTE TESTER (SFAT)
FOR UKRAINIAN VVER-1000 REACTORS

I. Introduction

There is a need for a rugged, transportable, spent fuel attribute tester to make qualitative attribute
tests on spent fuel assemblies.

This SFAT should be used in the cases when ICVD is unable to provide an answer for the SF attribute,
mainly for WER-1000 reactors in Ukraine.

II. Intended Application

The SFAT would serve as a verification instrument for spent fuel stored in ponds at WER-1000
facilities for:

A. long cooling time items;
B. low burn-up items;
C. fuel in closed containers/bottles.

The problem of spent fuel items stored in closed containers or bottles should also be considered as a
target. For case (c), the user can accept a different geometry for verification.

Before routine use may start, the SFAT must pass the acceptance tests for a routine use instrument.
This includes meeting the system technical and safety specifications and undergoing a formal usability
test or its equivalent in terms of field exercises.

The SFAT will be the instrument of choice for inspection gamma measurement applications requiring
transportability, ease of use and durability. This includes attribute measurements desirably for fission
products contained in spent fuel assemblies designed for WER-1000 reactors. These are normally
stored underwater in the spent fuel pond, or in a spent fuel basket/container, filled with water. The
system should be able to distinguish between fuel and non-fuel items, including in the presence of
contaminated water.

III. Required Performance

A. By positioning the SFAT above the fuel assemblies, above other similar items or above
containers in WER-1000 spent fuel ponds, the system should be capable of:
1. Identifying, in situ, spent fuel through low or medium resolution gamma spectrometry;
2. Determining the spent fuel presence in individual fuel assemblies in the SF pond;
3. Determining the spent fuel presence in closed containers or bottles, in this case an-

other verification geometry may be accepted;
4. Provide y/n answer in-situ for each measurement, regardless of the condition of con-

tamination of water in the pond.

B. The system shall be designed in such a way that:
1. it has optimum size and weight and is acceptable to the operator;
2. it is rugged, capable of transport with special transport container, which should be

provided;
3. it allows for simple installation into the refuelling machine or other operator accepted

equipment, fast turn on and it is easy to make it available for operation;
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4. has diagnosis capabilities and indication of operational problems;
5. is waterproof and can be stored under water when not in use;
6. is easy to be decontaminated on site.

IV. Facility details and Installation Requirements for any Facility Specific Applications

The technical specifications of WER-1000 SFAT should be in line with State (Ukraine) and facility
safety regulations. The conditions are described in documents issued by Ukraine Authorities and
nuclear facilities in Ukraine in which such an instrument is to be used: RKZ1 to 6, RKTJ1 to 3, RKH1,
RKR3.

The system should be useable in conditions of the environment typical to these facilities including
power supply, radiological, safety hazard matters.

V. Operating Requirements

The measurement electronics will need to operate for up to 8 hours on back-up batteries if AC not
available and provide sufficient data storage for a typical inspection. The temperature and humidity
range should equal the conditions specific to spent fuel pond areas ofWER 1000 facilities and be
environment specific in WER-1000 reactors.

Reliability and Maintenance

The SFAT should be highly reliable with a mean time between failure (MTBF) of better than 3 years
(depending on the frequency of usage). The SFAT should have modular design allowing simple and
quick maintenance on the spot through modular replacement of the detector sensor package. A person
responsible for maintaining the equipment should be established. While the project progresses, in
consultation with SG-TCS, SG-TIM, maintenance requirements and performance monitoring ques-
tions are to be provided.

VI. Data Acquisition and Processing

IAEA standard equipment should be used.

The system shall carry out the following functions:
1. Collect gamma-ray spectra and determine the energy and presence of prominent lines;
2. Determine the presence of spent fuel;
3. Convenient identification and storage of individual measurements;
4. Connectable to a computer for review or print out of measurements.
5. The necessary acquisition time should be minimized in order to reduce inspection

time.

VII. Authentication

SFAT shall be operated in an attended mode. No authentication is necessary. The system should
satisfy Agency requirements with respect to tamper indicating - i.e. provisions to be kept under seal,
etc.

35



STUK-YTO-TR 1 55
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VIII. Calibration

Upon completion of detailed tests of its performance characteristics, the system should be calibrated
for various sensor modules (e.g. CdTe or Nal). The calibration should be done in such a way that the
reproducibility should be achieved simply by turning on the system. The system calibration should be
easily monitored.

IX. Documentation

A paper master and electronic copies in Word 95 (or other acceptable text editor) of the following
documents should be supplied to the Agency:

A. Functional Requirement Specification;
B. Acceptance Test Plan
C. Design Specifications
D. A Quality Assurance Plan (this is optional, but consideration should be given if the devel-

opment warrants this document)
E. Safety Evaluation Documentation
F. An Operating Manual to the Agency format
G. A Maintenance Manual
H. Software Documentation

A short procedure sheet should also be foreseen. In addition, system documentation shall be available
for service and repair and for NPP operators. Training material for use at the Agency shall be avail-
able and training shall be given to inspectors.
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