
STUK-YTO-TR 38 , 

Specification of 
a commercial SFAT 
device prototype 
Interim report on Task A563 of 
the Finnish Support Programme 
to IAEA Safeguards 

A. Tiitta, V. Pitkänen, M. Tarvainen 
FEBRUARY 1992 

sum Nuclear Safety 



STUK-YTO-TR 38 
FEBRUARY 1992 

Specification of 
a commercial SFAT 
device prototype 
Interim report on Task A563 of 
the Finnish Support Programme 
to IAEA Safeguards 

A. Tiitta, V. Pitkänen 
Technical Research Centre of Finland (VTT) 

M. Tarvainen 
Finnish Centre for Radiation 
and Nuclear Safety (STUK) 

FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY 
P.O.BOX 268 SF-00101 HELSINKI 
Finland 
Tel. +358 0 70821 



ISBN 951-47-5959-1 
ISSN 0785-9325 

Government Printing Centre 
Helsinki 1992 



STUK-YTO-TR38 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

TIITTA, Antero, PITKÄNEN, Veijo (VTT) ani TARVAINEN, Mätä (STVK). St ecificaUon of a 
commercial SFAT device prototype. Interim report on Task AS63 of me Finnish Support Programme to 
IAEA Safeguards. Helsinki 1992. 22 pp. * Appendices 3 pp. 

ISBN 951-47-5959-1 
ISSN 0785-9325 

Keywords safeguards, spen. fuel, NDA 

ABSTRACT 

The project for the development of the Spent Fuel Attribute Tester (SFAT) under the Task A-563 of the 
Finnish Support Programme nas proceeded to the prototype design phase. Radiation data of the AFR Storage 
(TVO KPA-Store) of the TVO Power Company, Finland, relevant to the optimal design of the measurement 
geomclry has been measured and will be shortly reported. The requirements and constraints imposed to this 
kind of device by the user (IAEA), nuclear safety authorities (represented by STUK) and the nuclear power 
companies (represented by TVO) have been worked out The feasibility of a design that can be approved by 
all parties has been established. 

The specifications relevant for the design of a commercial SFAT prototype, will be given. Considerations 
as for (he operation procedure, maintenance and safety will be made. Finally, some recommendations for the 
further advancement of the SFAT prototype project will be given. 
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1 INTRODUCTION 

The International Atomic Energy Agency 
(IAEA) needs equipment to verify spent nuclear 
fuel for safeguards purposes. So far Cerenkov 
viewing devices (CVD) have been used for this 
purpose. The verification in a CVD device is 
based on the detection of the Cerenkov light 
radiation emitted by highly radioactive spent 
fuel assemblies. In addition to not being speci
fic to any fission product, CVD cannot detect 
glow indured by radiation emitted by a fuel 
assembly, which has a low bum-up or a rela
tively long cooling time (10 years or longer) 
because of low radioactivity of such a fuel 
assembly. 

At the early ages of nuclear power it was con
sidered that the best way to handle spent fuel 
wo- Id be reprocessing, where the usable fis
sionable material would be recovered for re-use 
and the rest of the fuel would form highly 
radioactive waste, which would be deposited in 
a safe place after solidification and confinement 
in a glassy form in specially designed contain
ers, where the waste could be stored safely over 
thousands of years. 

However, due to economical problems in 
reprocessing and abundance of fresh uranium, 
the reprocessing scheme of spent fuel handling 
has been largely abandoned. Nowadays, as the 
safest and most economic way to handle the 
spent fuel is considered to be closing it, after a 
proper cooling time, without reprocessing, into 
safe containers for permanent deposition in 
geologically stable fuel storage. 

This scheme for final deposition of non-
reprocessed fuel assemblies calls for long stor
age times, up to SO years, in intermediate stor
age ponds, most of them built in connection 
with the nuclear power stations. 

A project for developing compkmentary equi
pment for spent fuel attribute testing (SFAT), 
especially for the verification of spent LWR 
fuel having been stored in intermediate storage 
much longer than 5 years or for fuel assemblies 
with low activity due to low bum-up, has been 
started some years ago. The preliminary testing 
device built in the first stage of the develop
ment gave encouraging results [1]. 

As a consequence of the results obtained in the 
preliminary tests it was decided to start a new 
project aimed at the design and construction of 
a prototype for a commercial SFAT device. 
This project is planned to be carried out under 
two tasks. One Support Programme task, FIN 
A-S63, was planned to be carried out in Fin
land, the Finnish Centre for Radiation and 
Nuclear Safety (STUK) being the responsible 
party on the Finnish side. In the second Support 
Programme task, USA A-524, the responsible 
US party is the Sandia National Laboratories 
(SNL), Albuquerque, New Mexico. The 
coordinator of both is the Division of Develop
ment and Technical Support of the IAEA. For 
the accomplishment of the practical work 
involved in the task FIN A-563 the Reactor 
Laboratory of the Technical Research Centre of 
Finland (VTT) is acting as a contractor for 
STUK. In this work VTT has been in a close 
collaboration with all parties involved (IAEA, 
STUK, SNL and TVO). 

The duties for the two tasks were divided as 
follows: 

FIN A-S63 will be responsible for the technical 
design, construction and testing of the proto
type; 

USA A-S24 will be responsible for the 
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optimization of the radiation detection and the 
measurement geometry at the specified envi-
lonment. 

In Chapter 2 the main results from the prelimi
nary work will be shortly discussed. The work 
plans of the two tasks will be outlined with the 
emphasis to the division of the duties. Also a 
plan for dividing the Finnish task into separ
ately specified sub-tasks in older to proceed in 
a systematic, well controlled way towards the 
final goal, will be presented in this chapter. 
Chapter 3 will discuss the constraints imposed 
by the users (IAEA safeguards inspectors and 
the Section for Development of Instruments and 

Methods), the nuclear power plants (represented 
by the TVO Power Company) and the Safety 
Authorities (represented by STUK). Chapter 4 
will describe the preliminary work done so far 
in order to obtain data both for the support of 
the measurement geometry optimization (in 
SNL) and for finding the proper specifications 
to be used as a basis for the technical design of 
the prototype. The specifications for the Com
mercial SFAT prototype will be presented in 
Chapter 5, and finally discussions and some 
proposals for the continuation of the task will 
be presented in Chapter 6. 
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2 WORK PLANS 

2.1 General SFAT requirements 

The purpose of the project is to design and con
struct a Class IV (a commercial prototype) 
SFAT device primarily for the verification of 
BWR-type nuclear fuel in an intermediate 
storage. The spent fuel storage (TVO KPA-
Store) of the TVO Power Company at Olki
luoto, Finland was used as a reference. It is 
believed that a SFAT device optimized for one 
fuel storage type will operate satisfactorily, after 
a minor adaptation to local conditions, for the 
verification of the spent fuel assemblies at other 
types of storages, too. With a reasonable re
design, the same concept should work well also 
for a PWR-type fuel. 

Due to safety requirements the SFAT device 
will monitor the radiation emanating from the 
irradiated fuel assemblies stored in racks, which 
form a regular array. The fuel assemblies shall 
not be moved during the inspection, but the 
monitoring shall be executed from above the 
array. The principle of the SFAT measurement 
geometry is shown in Figure 1. 

The device must be positioned in such a way, 
and must be equipped with an air-filled 
collimator tube and possibly with additional 
collimation, so that die radiation from only one 
fuel assembly at a time will be observed. 

The results obtained from the tests with die pre
liminary prototype lead to the conclusion diat 
die most promising procedure is a point-wise 
measurement of individual fuel assemblies 
using a properly collimated and properly 
shielded Nal(Tl) scintillation detector. A spec
tral analysis of the Nal detector signal will 
permit the identification of the ,37Cs signal. A 

scanning method using a Geiger-Multer (G-M) 
counter with a constant speed horizontal move
ment of die device above the array of fuel 
assemblies proved to be quick and could separ
ately delect each assembly. However, a G-M 
counter has no energy resolution and tons suf
fers from the same deficiency as the CVD being 
not at all specific to any fission products. In 
point-wise measurements using a CdTe detector 
no "Cs signal was detected. 

11 SNL work plan 

In their work SNL will employ the computer 
model, developed at SNL, which should be able 
to optimize the measurement geometry for die 
detection of die ,wCs signal in die presence of 
an interfering radiation of "to from the fuel 
assembly structure. Another nuclide which 
could have importance in die spent fuel verifi
cation is I44Pr, a daughter of die fission product 
144Ce, which has a half-life of 285 days. The 
144Pr signal will have importance for die verifi
cation of low burn-up fuel assemblies having 
been stored for a short time. 

In die task of SNL die detection optimization 
concentrates only to die l37Cs signal. One of die 
items to be taken into consideration is die 
modelling of die source, where die desired 
signal is coming from die fuel pellets about 450 
mm below die top of die fuel handle, whereas 
die interfering ^Co signal comes from die 
activated stainless steel structural parts of die 
fuel assembly. The "Co signal comes mainly 
from die fuel handle and die upper tie plate, 
which are situated much closer to die entrance 
of die collimator tube of die measurement 
device. In addition to this distance difference of 
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Figure 1. The principle of the SFAT measure
ment geometry. 

step, the measurement geometry will be 
optimized under the constraints agreed upon. 
Part of the constraints have been presented 
above in Section 2.1. the rest will be discussed 
in Chapter 3. 

The foUowing important dimensions for a 
SFAT device, optimized for the TVO KPA-
Store, are expected as the result of the measure
ment geometry optimization: 

1 optimal collimator entrance height from 
the top of die handle; 

2 collimator tube length (collimator 
entrance-to-detector distance); 

3 diameter and wall thickness of the 
collimator tube On case it has a signifi
cance for the measurement); 

4 Nal crystal dimensions and other import
ant detector specifications; 

5 shield thickness around the detector 
(lead or tungsten); 

6 la> er thickness and type of lighter metal 
(e.g. copper) between the heavy shield 
and the detector, if needed for stopping 
the high-energy secondary x-rays and 
Compton gamma-rays emanating from 
the heavy-element shield; 

dimensions, place and material of addi
tional collimator, if needed; 

the two main signal sources, the structures 
between the fuel pellets and the collimator 
entrance effectively screen the 1J7Cs signal 
looked for and favour the interfering *°Co sig
nal. 

In the first step the fuel model, the measure
ment geometry and detector model will be 
verified against the results obtained from the 
preliminary prototype testing at TVO. After this 

8 filter materia] and layer thickness in 
front of the detector, if needed to 
enhance the peak-to-background ratio of 
the I57Cs signal. 

From the above-mentioned dimensions and 
optimization results all but the first are essential 
prerequisites for the start of the technical design 
of the prototype. The optimal measurement 
height can be verified experimentally during the 
testing of the prototype. 
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23 STUK work plan 

The Finnish task has been divided into sub-
tasks, in oider to ensure a systemik progress 
of the project towards the goal, as follows: 

1 specification of the requirements for a 
Class IV BWR SFAT device with a 
special reference to its use at the TVO 
KPA-Store; 

2 technical design of the commercial pro
totype of the BWR SFAT based on the 
specifications produced as a result of 
sub-task 1; 

3 construction of a commercial BWR 
SFAT prototype according to the docu
ments produced in sub-task 2; 

4 testing, documenting and, if so agreed, 
demonstrating the SFAT device to the 
representatives of IAEA, writing the 
final report. 

Pie tests will be performed at the TVO KPA-
Store in Olkiluoto, Finland. 

Goal for the Finnish task 

The main goal of the Finnish task is to produce 
the design documents and a prototype which 

1 can verify the presence of the desired 
IJ7Cs signal from the spent fuel assembly 
under measurement in all circumstances 
where the signal reasonably should be 
able to be found; 

2 complies with the safety rules imposed 
by the nuclear safety authorities and the 
TVO Power Company; 

3 can be operated at the TVO KPA-Store 
using the bridge crane and the fuel han
dling machine; 

4 can be stored in a hermetically closed 
box specially designed for storage and 
transport; 

5 complies wim the requirements of ease 
in use as well as rapid measurement and 
positioning imposed by the IAEA; 

6 can be repositioned accurately enough in 
order to obtain reproducible results; 

7 can be checked before use for proper 
operation. 

Work pha for sob-task 1 

In order to accomplish the above-mentioned 
requirements for the SFAT device the following 
steps have been taken during the specification, 
sub-task 1: 

1 The collection of information to be 
>jseful for SNL in their optimization of 
the measurement geometry. For this 
purpose, the information about the KPA-
Store pond geometry, about the fuel 
assembly construction and materials as 
well as about the gamma-radiation level 
and its spectral distribution right above 
the array of the fuel assemblies have 
been obtained and made available to 
SNL. 

2 The collection of information about the 
operational characteristics and safety 
logic of the fuel handling machine of the 
TVO KPA-Store have been performed. 

3 Basing on the information obtained from 
IAEA, STUK, TVO, SNL and from the 
radiation mapping of the storage pond 
the technical solutions leading to an 
adequate specification of the SFAT 
device have been found and docu
mented. 

9 



FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-YTO-TR38 

3 CONSTRAINTS AND REQUIREMENTS 

3.1 Constraints imposed by the 
Nuclear Safety Authorities 

The main principle in the point of view of the 
nuclear safety authorities is that the fuel verifi
cation procedure most not impair the safety 
either of the stored fuel assemblies, of the 
personnel or of the inspectors. From this 
requirement the operation mot; of the SFAT 
which does nut require any movements of the 
stored fuel assemblies is benrtxial. 

Most of the constraints imposed by the nuclear 
safety authorities coincide with those originated 
from either the SFAT users or the nuclezr 
power companies, aiming at easy, reliable and 
safe use of the device, and they will be listed in 
the following two sections. 

32 IAEA-originated constraints 

There are both compulsory constraints and 
prospects aimed at an easy and reliable use of 
the SFAT device. In the next paragraphs these 
requirements are dealt with as grouped into 
these two classes. 

The mode of operation shall be a point-wise 
measurement of individual fuel assemblies (i.e. 
not scanning) without having to move or touch 
any of the assemblies during the verification. 
From this starting point the general design of 
the device will be similar to the first prototype 
used in the preliminary testi lg. The detector 
shall be Nal scintillation detector. The device 
must be able to verify different types of BWR 
fuel assemblies. Special attention will be paid to 
all such fuel assemblies, which cannot be 
reliably verified by the CVD method. 

The cotlimation must guarantee good screening 
against the neighbouring fuel assemblies In 
order to achieve this, it is required that the rod 
/one of die neighbouring assemblies may be 
visible to the detector only below 500 mm from 
(he top of the fuel pellets, when in die measure
ment position. 

In order to be able to obtain reproducible 
results it is essential that die positioning of the 
device is accurate enough. The accuracy in the 
horizontal positioning relies on the accuracy of 
die fuel handling machine and on the stability 
of the verticality of the device (against swing
ing after movement). For this purpose it has 
been estimated that the centre of mass of the 
SFAT must be at least 1.5 m below the handle. 

The precision of the vertical repositioning is 
required to be better than 15 mm. 

The whole procedure of the inspection must be 
planned starting from die testing of die proper 
operation of die radiation measurement signal 
channel and water-tightness of the device. This 
will be followed by taking it out of die storage 
box, moving it into die pond and attaching it 
into die fuel handling machine. With die fuel 
handling machine it will then be transferred to 
die pond to be inspected and the selected fuel 
assemblies will be verified. After die verifica
tion die device will be decontaminated and 
finally, it will be returned to its storage box. 

The following prospects, which will case die 
reliable routine use will be taken into account 
as far as possible: 

The "7Cs contamination of the storage pond 
water needs not be taken into account. 

The measurement time preferred for the verifi-
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cation of one fuel assembly is about 1 minute 
inchding die transfer and repositioning oper
ation from one assembly to an adjacent assem
bly. The measurement period must not exceed 5 
minutes. 

The design of die device should be as robust as 
possible to ensure reliable operation widi mim-
muui need of maintenance. 

33 Constraints originated from 
the power company 

The SFAT must adapt to die existing facilities 
of the fuel storage. The handling of die device 
must take place using tidier die bridge crane of 
the storage hall (transfer from die storage box 
to die reach of die fuel handling miehine and 
return to die storage box) or widi thr, rod hand
ling machine. 

No changes to die hid handing machine oper
ating specifications, instructions or safety logic 
shall be made. 

The use of die SFAT device for die hid verifi
cation must cot impair die safety of die stored 
fuel assemblies or die nersoond safety. In die 
case of accident or malfunctioning of die device 
it must be possible to return dn device to its 
storage box by using only dr fud handbag 
machine and die bridge crane of die ball. 

The calibration of the vertical position of die 
device must not be performed by driving die 
device into a contact to any suueture of die 
storage pond or to any rod assembly. 

All packings, gaskets and any organic polymers 
used in die device should be five from chlorine 
or fluorine because their contamination kvd in 
die storage pond water is strictly limited. Teflon 
can be allowed provided die irv.il of free chlor
ides and fluorides in a 100 °C water remains 
below 150 ppm. 

11 
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4 WORK SUPPORTING THE SFAT SPECIFICATIONS 

4.1 Mapping of the gamma field 
of the TVO Storage pond 

The most important work performed during 
sub-task 1 supporting the determination of 
specifications was to find out the radiation 
conditions prevailing in a typical spent fuel 
storage. The storage has a virtually infinite 
array of fuel assemblies with a great variety of 
burn-ups and cooling times. The gamma radi
ation level and its spectral distribution at the 
level 0...10 cm above the fuel assemblies was 
of primary interest A scan up to 3 meters 
above the fuel assemblies was performed above 
one fuel assembly. The measurements were 
performed at the TVO KPA-Store in Finland. 

For this purpose, a portable HPGe detector was 
calibrated foi intrinsic efficiency using 
Amersham calibrated gamma sources. Using 
this calibrated HPGe detector, a scan was per
formed using a highly-collimated vertical 
geometry above 4 fuel assemblies, "the mea
surement geometry is shown in Figure 2. The 
collimator tube length was 10280 mm and the 
tube inner diameter 50 mm. The detector active 
diameter was 46.7 mm. 

HPGedatoctor C a t * 

WMerhjvaf 

AIMBed ' 
ooflintatof 

MCA 

Storagtpond 

Fuel 

Figure 2. The measurement geometry of the 
TVO KPA-Store gamma mapping. 

The assemblies chosen for measurement formed 
a representative collection of fuel assembly 
histories, but the verification of the reproduc
ibility of the measurements would have called 
for the measurement of more assemblies. 

The horizontal coordinate system used in the 
measurements was based on the position num
bers in the fuel racks. This coordinate system 
has been explained in Appendix 1. The vertical 
coordinate used was the distance in centimetres 
from the top of the fuel handles. 

Results 

The results of the measurements with the abso
lute gamma intensities calculated from them are 
shown in a spreadsheet form in Appendix 2. 

The most interesting observation in the measur
ements was, tha' at the most of the (x,y) posi
tions, the maximum 137Cs signal was observed 
at z=5 cm. The ^Co signal behaved more reg
ularly showing the maximum at z=0 cm. 
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Table I. The "7Cs and wCo signal intensity versus height at (x,y)=(19.25,27.25). 

Height (cm) 

0 

5 

10 

^0(1.173) 

Intensity (quan-
ta/s/sr/cm2) 

15634S00 

12111000 

10141900 

137Cs 

Intensity (quan-
ta/s/sr/cm2) 

1391200 

1959900 

862100 

I37Cs 

Peak-to-
background 

ratio 

3.283 

5.635 

3.155 

Table II. Vertical scan at (x,y)=(19.25,28.25). 

Height(cm) 

0 

5 

10 

20 

30 

50 

100 

150 

300 

^0(1.173) 

Intensity(quan-
ta/s/sr/cm2) 

12627800 

11567844 

7403800 

4238700 

2486700 

812450 

124120 

73050 

0 

,37Cs 

Intensity(qu-
anta/s/sr/cm2) 

1535860 

1428320 

1085370 

538820 

231430 

48800 

1570 

0 

0 

137Cs 

Peak-to-
background 

ratio 

4.122 

4.655 

4.402 

3.326 

2.211 

1.156 

0.172 

0 

0 

Table I shows the absolute Cs and Co source 
intensity versus height at (x,y)=(19.25,27.25). 
The most extensive vertical scan was performed 
at (x,y)=19.25,28.25). Table II shows the results 
of this scan. 

The peculiar behaviour of the 137Cs signal can 
be attributed to a screening effect of the upper 
tie plate, fuel handle and the fuel rod structures 
between the top of the rods and the top of the 
pellets. 

13 
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In looking at the behaviour of the Cs signal 
versus water thickness it is found that at 500 
mm above the fuel handle the signal level is 
3 % of its maximum value, at 1000 mm it was 
decreased down to 0.1 % and at 1500 mm it 
was not detected at all. 

When comparing the results with the initial 
requirement by the IAEA of screening the 
adjacent fuel assemblies fully out of the visibil
ity at a distance less than 500 mm below the 
top of vie pellets, the requirement seems quite 
reasonable. If possible, the screening down to 
1000 mm below the top of the pellets would 
still enhance the separation of the signal coming 
from adjacent fuel assemblies. 

4.2 Discussions with the parties 
involved in the SFAT project 

Extensive discussions were conducted with all 
parties involved in the project In addition, 
regular contacts to the parties were held during 
the course of sub-task 1, when needed. Each 
discussion will not be reported here, but in the 
specifications of Chapter 5, a reasonable com
promise of the requirements of all parties has 
been strived for. 

Results obtained from the test runs of the fuel 
handling machine and from discussions with the 
fuel operators of the TVO plant are as follows. 

The first is, that the horizontal movement of the 
fuel handling machine is free only at certain 
narrow vertical levels. When loaded with a fuel 
assembly or a SFAT the horizontal movement 
is free only at the 'upper transport level'. With
out load, free movement also at the 'lower 
transport level', near the stored fuel assemblies 
is allowed. At other levels the horizontal move
ment of the machine is possible only with very 
small steps, originally aimed at the fine-adjust
ment of the fuel assembly position before plac
ing it into the storage rack. 

The second is, that the accuracy of the vertical 
positioning of the fuel handling machine is not 
satisfactory for the SFAT positioning. The 
height indicator itself is considered to be accu
rate and it has a scale with an accuracy of 
1 mm for the actual position. However, the 
machine cannot be repeatedly stopped at a 
certain height with an accuracy better than a 
few centimetres. Accordingly, the width of the 
transport levels is about 50 mm. When the 
vertical control of the fuel handling machine is 
not touched, it keeps the level accurately. In 
addition, one must take into account, that in 
other fuel stores the safety logic and the clear
ances of the fuel handling machines can differ 
from those of the TVO. 

To overcome the restrictions imposed by the 
fuel handling machines it is considered advis
able to equip the SFAT with an independent 
vertical positioning mechanism. 

14 
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5 SPECIFICATIONS FOR THE COMMERCIAL SFAT 
PROTOTYPE 

The majority of the specifications for the SFAT 
is a direct consequence of the compulsory req
uirements of one or several of the parties. The 
rest of the prospects have been taken into 
account as far as they do not contradict with the 
compulsory requirements. 

5.1 Mechanical specifications 

General description 

The SFAT device will be divided into two 
parts, one is common to all SFAT versions, 
here called the body, the other is a plant-depen
dent adapter to the fuel handling machine. The 
height of the adapter shall be 500...1000 mm 
depending on the height required by the body 
and the total height of the fuel assembly. 

The handle of the prototype to be designed 
must fit to the grip of the fuel handling 
machine of the TVO KPA-Store. 

The adapter will be open in construction enabl
ing the cables to come out through the upper 
end of the body and to be led beside the handle. 
The adapter shall also contain a shoulder to 
hold the device in the sled while inserting the 
device into the pond as will be described later 
in Sec. 5.3. 

The body contains the measurement unit with 
an air-filled collimator, and a shielded Nal 
detector. 

The total height of Die device must be about, 
but not exceeding, 4400 mm. The maximum 
outer cross-section is a square with 140 mm 
one side. If the mechanisms require deviation 

from the above-mentioned cross-section, the 
diameter must nowhere exceed 200 mm. 

The centre of gravity must be at least 1.5 m 
below the upper end of the handle of the SFAT. 

The total mass of the SFAT device without the 
control unit and the cables will be about ISO 
kg. The final mass depends on the amount of 
lead to be used for the detector shielding. 

The over-all appearance of the SFAT in the 
o. rating point-of-view must be like a fuel 
assembly. 

The device must be rigid enough to carry its 
own weight when erected from its storage box 
with the bridge crane of the storage hall. 

All metal components with contact to the pond 
water shall be made of stainless steel. 

A draft of the device displaying its general 
appearance and the main components is shown 
in Appendix 3. 

Description of the body 

The frame of the body consists of two stainless 
steel tubes joined together with a flange and an 
end plate, which contains the penetrators for the 
cables. The frame shall be sealed to be fully 
water-tight. Underwater cables will be used. All 
cable penetrators shall be water-tight. 

The connections of the cables to the instruments 
inside the housing will be implemented by 
normal connectors designed for dry environ
ment. 
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For the purpose of accurate vertical positioning 
the SFAT will be equipped with a telescopic 
mechanism with a stroke of 800 mm. When the 
idcscope is drawn in, the height of the SFAT 
should be close to but not exceed the height of 
a fuel assembly (4400 mm at TVO). In this 
state the telescope must be totally inside the 
rigid protective frame of the device. 

The feed-through of the telescope will be 
equipped with a double gasket sealing system 
with a humidity sensor in the space between the 
two sealings in order to give an early warning 
about a possible leak into the device. 

The end of the collimator tube must be 
equipped with a protective ring whose diameter 
is large enough to prevent the telescope from 
penetrating into a fuel assembly if the SFAT 
accidentally drops from the fuel handling 
machine. The fastening of the ring to the 
collimator tube must be rigid enough to pre
serve its form if the SFAT is accidentally 
dropped. However, it shall not prevent the vis
ibility of the collimator end, which may be 
necessary to facilitate the accurate horizontal 
positioning of the SFAT. 

The tip of the telescope will be equipped with a 
disposable cap to protect it from contamination 
in accidental contacts with activated structures 
in the storage pond. The attachment of the cap 
to the tip will be implemented by a fine thread. 

The detector will be housed in a lead housing 
and equipped with a collimator in front of the 
entrance, if needed. The dimensions of the 
collimator-detector system will be obtained by 
SNL, according to the work plans agreed. 

Close to the detector a special position for a 
calibration gamma source must be designed. 

Telescope mechanism 

The moving telescope unit consists of the 
detector, its housing with the necessary lead 
shield and the air-filled collimator tube. So the 
whole radiation measurement unit moves as one 

piece retaining the measurement geometry inde
pendently of the position of the telescope. The 
collimator tube must be of hardened stainless 
steel with fine surface roughness. 

The telescope will be placed inside a glide tube 
so that it rests against the bottom shoulder of 
the glide tube with its own weight. 

The glide tube lifting mechanism will be moved 
by a DC motor equipped with a planet gear and 
a threaded spindle to ensure proper force and 
speed of movement. The lifting mechanism will 
be self-retaining. The vertical speed of the 
mechanism shall be approximately 20 mm/s. 
For accurate positioning, the mechanism must 
turn automatically into slow mode (approxi
mately 5 mm/s) at distances under 100 mm 
above the fuel handles. 

The telescope must be equipped with a mechan
ical stopper to prevent it from coming out of 
the frame in case of malfunction. The stopper 
shall be equipped with a microswitch to indi
cate the 'DOWN' position of the telescope just 
before touching the mechanical stopper. This 
signal is also used to stop the telescope lifter 
motor when driven down leaving enabled only 
the 'UP' push-button of the control unit. 

For the positioning of the telescope there wi"! 
be two separate instruments. A linear potentio-
metric absolute transducer indicates the exten
sion of the telescope. This indication can be 
relied on, when the collimator height is repositi
oned between consequent measurements. 

For an initial position calibration, it is essential 
to have an independent height measurement 
system to determine the distance of the frame 
of the SFAT from the top of the fuel assem
blies. For this purpose, the SFAT shall be 
equipped with a laser or ultrasonic distance 
meter. When moved horizontally over the fuel 
assemblies the shortest distance measured is 
considered as the distance of the frame from the 
top of the fuel handles. When the telescope is 
'UP' (drawn into the body), this distance must 
equal the distance of the telescope from the fuel 
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assemblies. 

The vertical positioning accuracy of the tele
scope system shall be better than ±5 mm. 

The telescope mechanism shall be equipped 
with a microswitch to indicate the 'UP' position 
of the telescope. 

Security cable 

For the case of malfunction, the telescope shall 
be equipped with an independent steel cable 
mechanism, operated by a manual winch, by 
help of which it always can be drawn 'UP' to 
enable the transportation out of the pond. This 
cable must be attached directly to the detector-
collimator system, which can be lifted up inside 
the glide tube independent from the position of 
the electric lifting mechanism. This cable shall 
be contained in a water-tight flexible hose 
which extends to the winch. 

Electrical cables 

The electrical cabling shall be grouped into two 
cables. The telescope control and measurement 
signals and electric power feed for the telescope 
motor shall be grouped as one cable equipped 
with a plug connector to match the control 
panel jack. 

The detector power and signal shall be grouped 
into another cable. The detector cable must be 
composed of shielded sub-cables for the signal 
(coaxial), for the photomultiplier bias voltage 
and for the preamplifier power. The cable will 
be terminated by standard connectors to inter
face it with a portable multi-channel analyzer 
(PMCA) (BNC for signal, D9 male for the 
preamplifier power, SHV for high voltage). 

The length of bcth cables outside the SFAT 
frame must be about 15 metres. 

5.2 Control unit 

The control unit will be used to control and 
read-out the positioning mechanism of the 
SFAT. It shall contain the mains power switch 
equipped with an 'ON' lamp indicator, and 
push-buttons for moving die telescope up and 
down. These push-buttons shall be automati
cally deactivated when not pressed leaving the 
telescope at a constant level. In addition to 
these controls the control unit shall contain 
readings of both the potentiometric extension 
meter and the laser or ultrasonic distance meter. 
Also indicator lam™ for the 'UP' and 'DOWN' 
positions of the telescope must be provided. 

A lamp giving an alert from a leak to the space 
between the two sealings must also be included. 

The manual safety winch will be attached to the 
control unit. 

The control unit must be equipped with a multi-
pole jack to interface it to the control cable, and 
an electric power cable (220 V AC), equipped 
with the protective ground. The fuses necessary 
for safety operation must be provided. 

The safety logic of the control system must stop 
the motor and disable the 'UP' push-button 
from the closing of the microswitch watching 
the 'UP' position of the telescope. 

The safety logic must switch automatically into 
slow speed when the telescope is moved below 
100 mm from the top of the handle. 

The safety logic stops automatically the move
ment downwards and disables the 'DOWN' 
push-button, when the 'DOWN'-microswitch is 
closed or an obstacle at less than 25 mm below 
the end of the collimator is detected. This dete
ction is based on the initial calibration of the 
distance at 'UP' position and the reading of the 
extension measuring potentiometer. 

Programmable logic is planned to be used for 
the control unit logic implementation. 

17 



FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY STUK-YTO-TR38 

S3 Operation procedure 

The verification procedure of a spent fuel stor
age shall be as follows: 

1 In between the inspections SFAT will be 
stored in a closed box at the power plant 
site. It can be sealed by the IAEA to 
prevent tampering. The box must be 
made hermetic to prevent the harmful 
influence by gaseous oxidizing agents 
rising from the open fuel ponds. These 
agents are formed as secondary products 
from the radiolysis of the pond water as 
a result of high radiation level prevailing 
at the bottom of the storage ponds. 
These agents are specially hazardous to 
the sealing of the telescope. Also possi
bilities of the storage of the device in a 
room with an air conditioning separated 
from that of the fuel storage hall should 
be considered. 

2 When commencing the operation, the 
device shall be plugged into the control 
unit and the radiation signal to a PMCA. 
The laser distance meter shall be tested 
by a known distance from a properly 
reflecting surface inside the box. The 
radiation signal channel shall be checked 
using u7Cs and "Co calibration sources 
placed into the special calibration source 
place and measuring the pulse-height 
spectrum by the PMCA. Also it should 
be checked that the humidity sensor will 
not activate an alarm. 

3 When erected by the hall bridge crane, 
the extension meter mechanism must be 
checked for proper operation. The tele
scope must be 'in' before proceeding. It 
must be checked that the end of the 
collimator is equipped with a disposable 
end cap before inserting into the pond. 

4 In the TVO KPA-Store there is a special 
sled, called gamma wagon, moving 
along the rails fixed on the pond wall. 
These rails extend down to the bott" .: 

of the pond. The sled must be equipped 
with a non-cylindrical (square) hole 
through which the SFAT shall be 
lowered into the pond. The SFAT must 
be equipped with a shoulder on which it 
can rest in the sled without falling 
through the hole. When inserting into 
the pond the humidity sensor must be 
monitored for a possible leak. 

When resting on its shoulder and the 
sledge being above the water surface, 
the SFAT can be released from the 
bridge crane. 

5 At TVO the sled shall be next lowered 
to the level (upper transport level), 
where the fuel handling machine can 
take hold of the SFAT by a turning 
movement until the fuel machine signals 
that the device is fastened into the fuel 
handling machine. 

6 The next step is to lower the sled into a 
level under the lower end of the SFAT 
to free it from the sled. 

7 Now the SFAT can be transferred and it 
is ready for the measurements. 

8 During the measurements the fuel handl
ing machine must be permanently at its 
upper transport level. The vertical posi
tioning will be performed by both the 
absolute telescope position meter 
(potentiometer) and the distance meter 
(laser or ultrasonic). 

9 When moving from one assembly to an 
adjacent one on the same level, the 
collimator tube level needs not be 
changed. When moving to an assembly 
lying higher than the previous one 
measured, the collimator tube needs to 
be lifted about 250 mm before trans
porting it above the next assembly. 
Above the next assembly to be verified 
the collimator tube must be vertically 
repositioned to the measurement level. 
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10 After the measurements the procedures 
to bring the SFAT back to its storage 
box shall be just the above-mentioned 
ones in the reverse order. 

5.4 Maintenance considerations 

Due to its closed construction the SFAT will 
dry very fast after having lifted up from the 
pond after use. The device must be designed so 
that it will contain no pockets, where water can 
remain when lifted out of the pond. The decon
tamination after use, will be easy due to the 
closed construction and stainless steel surface. 
In most of the measurements in clean ponds no 
extensive decontamination will be needed after 
the SFAT has dried. The end of the collimator, 
which is die most probable part to become 
contaminated during use, will be provided by an 
inexpensive disposable end cap. 

The SFAT shall be planned to operate with 
minimum need of maintenance. The wearing 
parts will be the double gasket sealing, the 
electric motor and the gear. The sealing must be 
easily replaceable from the bottom of the frame. 

The access to the mechanisms inside the frame 
will be enabled by opening the sealed flange or 
the upper plate. All components belonging to 
the lifting mechanism must be accessible for die 
exchange. The measurement unit can be drawn 
out using the winch when the frame is opened 
and die detector can be changed in case a 
detector malfunction is detected. 

Always, when the frame is re-assembled after 
opening, new packings must be used. 

5.5 Safety considerations 

Normal operation 

The operational safety in normal operation will 
be partly implemented by safety logic partly 
must it be re-enforced by the safe operation 
rules. 

When positioned vertically above die fuel asse
mbly, the safety logic prevents the collisions to 
die structures below die SFAT. 

No logic has been designed to prevent die oper
ator from moving die SFAT horizontally at any 
moment, because tiiere is no logical connection 
from die SFAT to die fuel handling machine. 
Operating rules must be relied on, when the 
device is repositioned after a verification meas
urement of one assembly to ensure tiiat die 
telescope will be lifted to a level, where it can
not collide witii die adjacent possibly higher-
lying fuel assemblies before a horizontal move
ment. 

Malfunctions and accidents 

If the SFAT accidentally drops from die fuel 
handling machine when above die fuel assem
blies, die safety ring should prevent die 
collimator end from penetrating into a fuel 
assembly as described in Section 5.1. In this 
kind of accident die SFAT is less harmful titan 
a dropping fuel assembly, because its total 
weight will be less and in addition die SFAT 
itself does not contain radioactive material like 
die spent fuel assembly. 

If die control unit loses its electricity supply, 
die motor stops and die telescope stops at its 
level and retains it due to the self-retaining gear 
mechanism. Manual winch can be used to draw 
die telescope in for returning the SFAT to its 
storage box. 

If the safety logic fails, and die operator does 
not observe the vertical position indicator, die 
telescope can collide to an obstacle below it, 
which normally is eitiier the fuel handle or the 
fuel channel. The collision is rather smootii due 
to relatively slow motion of me device. The 
maximum load exerted to the obstacle is the 
weight of die telescope unit, which, depending 
on die lead shield Uiickness around die detector 
can be 3C...S0 kg. The emi cap and die 
collimator must be designed to tolerate this kind 
of a collision witiiout any permanent deforma
tion. 
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If by the operator's mistake the collimator 
collides when the SFAT is in a horizontal mov
ement, it always collides to the 2.5 mm thick 
zircalloy wall of the fuel channel. This kind of 
collision cannot harm the fuel channel. The 
collimator must be designed rigid enough to 
tolerate this kind of a collision. 

Always after any touch or collision of the 
collimator end to the fuel structures, the dispos
able end cap must be carefully monitored and, 
if contaminated, it must be replaced and decon
taminated or treated as a radioactive waste. 
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6 CONCLUSIONS AND RECOMMENDATIONS 

During the specification sub-task «t has been 
established that a feasible design for the SFAT 
can be achieved. A fool-proof safety logic can
not be obtained, but with a reasonable cae and 
by following the rules a safe operation of the 
device can be attained. Hazardous consequences 
even at the malfunctions or in the cases of a 
violation of the operation rules are highly impr
obable. 

The optimal measurement geometry will be 
obtained from SNL. After having received the 
results of the measurement geometry 
optimization, the task can proceed to the next 
step, the technical design of the prototype. 

In the course of the sub-task at hand, it was 
found out that, in the point-of-view of the mec
hanical construction, the most important issue 
will be the underwater operation of the device. 
During this sub-task a Finnish industrial com
pany, specialized to designing very demanding 
underwater devices, was found. During the dis
cussions with the representatives of this com
pany, the authors of this sub-task report became 
convinced that it would be advisable to transfer 
the technical design of the SFAT to such a 
company. In addition to the acquaintance with 
the underwater technique and its requirements, 
a company which is specialized to designing for 
production and which can take responsibility for 
both the construction of the prototype and for 
the production of the SFAT devices themselves, 
can best take into account the requirements 
imposed by the production. By following this 
procedure a prototype directly optimized for 
production can be attained during the design 
(sub-task 2). An extra phase of the conversion 

of the prototype for production will thus be 
avoided. 

During the design, sub-task 2, the participation 
of the Reactor Laboratory of VTT is recom
mended as a supporting expert specialized to 
radiation measurement technique and accus
tomed to the cooperation with the nuclear 
power companies. 
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APPENDIX 1: COORDINATE SYSTEM OF TVO KPA-STORE 
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APPENDDC 3: DRAFT OF SFAT PROTOTYPE 
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