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FOREWORD

A new era started in the European fusion reseaoch 2007. Following the ratification
of the ITER Agreement by all the Parties the Inddional Organization came officially
into being on 2% October. The first meeting of the ITER Council kquace on 2
November. The preparation of the site in Cadardde started with particular care
being taken to minimise the environmental impatte 7" Framework Programme was
launched from the beginning of 2007. EURATOM FuskRmegramme in FP7 provides
a fair funding for fusion research in parallel WifER construction. This is extremely
important to keep Europe as the leader in the wade fusion research. On 2March
2007, the Council of Ministers adopted the Statatethe European Joint Undertaking
for ITER and the Development of Fusion Energy, kn@s “Fusion for Energy (F4E)”,
with its seat in Barcelona.

The Association EURATOM-University of Latvia (AEULhas been active in the
Physics and Technology areas.

In the Physicsarea, a significant programme has been continmexbliaboration with
the Association EURATOM-IST. A liquid metal jet fdhe tokamak ISTTOK was
provided to study its possible application as aitignetal limiter in a tokamak. This
study was supported by relevant spectroscopy imgagins. On the theory side the
code for computations of mode competition in colagiaotrons was further developed
and two new of activities were launched: (i) théioed studies of stochastization of
magnetic fields and magnetic reconnection in tokengi) investigations of irradiation
stability of reactor materials.

In the Technologyarea the main activities were: (i) investigatioheffects of the
magnetic field, radiation and temperature on thiitn release from beryllium pebbles
and on technologies for detritiation of berylliunatarials, (ii) identification of chemical
forms of tritium accumulated in the irradiated Bebples, (ii) development of a
prototype of the radiation-hard capacitive bolomeatsembly based on PZ ferroelectric
material.

The Association programme is implemented mainly coilaborations with other
Associations of the EURATOM fusion programme. Thaional financial support for
the Association work is provided by the MinistryEeducation and Science.

I would like to express my sincere thanks to adiséhwho have assisted the progress of
the Association EURATOM-University of Latvia, in paular: EURATOM officers;
the staff of the EFDA close support units, the Miry of Education and Science of
Latvia, University of Latvia, members of the assbed committees, the administrative
staff of the Association, and last, but not le#s¢, scientists and technicians who have
been actively involved in the R&D programme of fesociation.

Andris Sternberg
Head of the Research Unit
Association EURATOM-University of Latvia
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1. INTRODUCTION

This Annual Report summarises the fusion reseactitges of the Latvian Research
Unit of the Association EURATOM-University of Latvin 2007.

The activities of the Research Unit are dividedha Fusion Physics Programme and
Technology under the Contract of Association anadhhelogy Programme under
EFDA.

The Physics Programme is carried out at IP UL itlie of Physics, University of
Latvia, and at ISSP UL — Institute of Solid Stateystcs, University of Latvia. The
research areas of the Physics Programme are:

e Preparation of a Gallium multi-jet limiter for imdlation on tokamak ISTTOK
¢ Investigation of metal ions in fusion plasmas usngssion spectroscopy
e Theory and Code Development.

The Technology Programme is carried at ISSP UL andCP UL - Institute of
Chemical Physics, University of Latvia. The teclugy research and development
under EFDA is focused on:

e studies of the magnetic field effect on technoledm detritiation of beryllium
materials

e assessment of the effects of magnetic field, remiaand temperature on the
tritium release from beryllium pebbles

e identification of chemical forms of tritium accunatgd in the irradiated
beryllium pebbles

e development of a prototype of the radiation — haspacitive bolometer
assembly based on ferroelectric material.

Several Staff Mobility actions took place in 20Q@:IPP Garching, FZK Karlsruhe ,
UKAEA Culham, and ISTOK Lisbon.

2. FUSION PROGRAMME ORGANIZATION

2.1 Programme Objectives

The Latvian Fusion Programme, under the AssociattWRATOM-University of
Latvia, is fully integrated into the European Pargme, which has set the long-term
aim of the joint creation of prototype reactors pmwer stations to meet the needs of
society: operational safety, environmental comgléitband economic viability. The
objectives of the Latvian programme are: (i) torgaout high-level scientific and
technological research in the field of nuclear dusi(ii) to make a valuable and visible
contribution to the European Fusion Programme anitheé international ITER Project
in our focus areas. This can be achieved by cloBaboration with other Associations.

2.2 Association EURATOM-University of Latvia

The Latvian contribution to the European fusiongsaonme began in 2000 in the form
of cost-sharing actions (fixed contribution contsawith EURATOM). The Association



was established on 19 December 2001 incorporakiagekisting cost-sharing actions
into its work plan.
2.3 Fusion Research Units

The Latvian Research Unit of the Association EURM-Oniversity of Latvia consists
of three Institutes of University of Latvia.

1. IP UL — Institute of Physics, University of Latvia
32 Miera St., Salaspils LV-2169, Latvia.
Phone +371 6 7944700, Fax. +371 6 7901214

2. ISSP UL - Institute of Solid State Physics, Unitgref Latvia
8 Kengaraga St., Riga LV-1063, Latvia.
Phone +371 6 7187810, Fax. +371 6 7132778

3. ICP UL - Institute of Chemical Physics, UniversitiyLatvia
4 Kronvalda Blvd., Riga LV-1010, Latvia.
Phone +371 6 7033884, Fax. +371 6 7033884

2.4 Association Steering Committee

The research activities of the Latvian AssociatddRATOM-University of Latvia are
directed by the Steering Committee, which comprikedollowing members in 2007:

Mr. Douglas Bartlett, EU Commission, Research DG
Mr. Steven Booth, EU Commission, Research DG
Mr. Marc Pipeleers, EU Commission, Research DG

The Steering Committee had one meeting in 200@natersity of Latvia, on 28 April.
2.5 National Steering Committee

The national Steering Committee advises on thdegfyaand planning of the national
research effort. It sets also priorities for thetvian activities in the EU Fusion
Programme. The national Steering Committee hadblteving members in 2007:

Mrs. Maija Bundule, Ministry of Education and Saien
Mr. Ivars Lacis, University of Latvia
Mr. Andrejs Silins, Latvian Academy of Sciences

2.6 The Latvian Members in the EU Fusion Committees

Consultative Committee for the EURATOM SpecificReh and Training Programme
in the Field of Nuclear Energy-Fusion (CCE-FU)

Mr. Janis Berzins, ISSP UL

Mr. Andris Sternberg, ISSP UL

EFDA Steering Committee
Mr. Andris Sternberg, ISSP UL

Science and Technology Advisory Committee (STAC)
Mr. Olgerts Dumbrajs, ISSP UL



Mr. Andris Sternberg, ISSP UL
Governing Board for the Joint European Undertakingl TER and the Development of
Fusion Energy, “Fusion for Energy” (FAE GB)

Mrs. Maija BunduleMinistry of Education and Science

Mr. Andris Sternberg, ISSP UL

EFDA Public Information Group
Mr. Maris Kundzins, ISSP UL

2.7 Public Information
Conferences
Results of fusion research were presented at:
¢ the annual scientific conference of University aft\ia,
e International Baltic Sea Regional Conference “Fiometl materials and
nanotechnologies” (FM&NT 2007).
Exhibitions
Exposition and presentations during Career dai&ga Technical University.

Educational activities

Excursions at ISSP UL from schools two to threeena month, PhD students from
Latvian universities. Booklets about ISSP UL andBFRwvere distributed.

Television, press

Presentations in TV — popular science for students.

Booklet and a DVD video “ITER, the way to fusionere distributed at universities
and schools.

EFDA Steering Committee meeting

EFDA Steering Committee meeting took place at I86P25™ -26" October

Workshop

CONNECT Latvia network breakfast on™6lovember at ISSP UL with presentations
and excursions.

Scientific cafeteria

In the main building of University of Latvia withrgsentations and discussions about
the problems of the future power industry.



2.8 Funding and Research Volume 2007

In 2007, the expenditure of the Association EURATQMiversity of Latvia was about
526 459.0(EUR, including Staff Mobility actions

ltem Expenditure (EUR)

General Support(20% EU contribution) 431 594.00

Physics 431 594.00

Underlying Technology 0.00

Technology Tasks EFDA Art. 5.1.820% EU contribution) 84 761.00

Missions and Secondments under the Agreement on $ta

Mobility (100% EU contribution) 10 104.00
TOTAL 526 459.00

Priority Actions (Additional 20% EU contribution) 0.00
Collaborative Actions (Additional 20% EU contribution) 501 076.00

3. PHYSICS PROGRAMME — FUSION PHYSICS

The fusion physics work has been performed at hgttutes in very close co-operation
with other EURATOM Associations, in particular EURAM-IST, Portugal,

EURATOM-ENEA, Italy, EURATOM IPP, Germany, and EURAM- FZK,

Germany.

Institute: IP UL — Institute of Physics, University of Latvia

Research scientists: Dr. Imants Bucenieks
Dr. Janis Freibergs
Dr. Agris Gailitis
Dr. Olgerts Lielausis
Dr. Arturs Mikelsons
Dr. Eriks Platacis
Dr. Alberts Romancuks
Dr. Anatolijs Ziks

Institute: ISSP UL - Institute of Solid State Physics, Univeity of
Latvia
Research scientists: Dr. Olgerts Dumbrajs

Dr. Aleksejs Gopejenko
Dr. Jevgenijs Kotomins

Dr. Vladimirs Kuzovkovs
PhD. Anatolijs Sarakovskis
Dr. Andris Sternberg

Dr. lvars Tale

Dr. Vismants Zauls

Dr. Jurijs Zhukovskis

Dr. Guntars Zvejnieks



3.1 Preparation of a gallium multi-jet limiter for installation on tokamak ISTTOK

Principal investigator E. Platacis

3.1.1 Initial conditions for the development of a nalti-jet limiter for ISTTOK

The idea of the transfer to a multi-jet limiterdear — to organize an approximately 1
cm wide opaque obstacle able to “scrape off” a cegér layer of the plasma. Under
such conditions, in contrast to the single jet caseoticeable influence of the limiter on
the parameters of discharge can be expected. Te thakransfer as easy as possible it
was decided to keep the main parameters of thesi@oth on ISTTOK and at IP UL)
unchanged and to concentrate on changes of thetingepart, starting with the outlet
flange of the upper reservoir and following dowritte nozzles (Fig. 3.1.1.1).
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Figure 3.1.1.1 Scheme of Ga limiter installed ohTOK



On the left hand side of the figure the newly deped unit is shown with the nozzles
shifted closer to the wall of the inlet openingeTproposal of a shifted injector must be
considered as typical especially for multi-jet syss. In the single jet version the nozzle
was placed directly above the centre of de88 mm outlet port of the chamber. If the
single jet ¢ of order 2.5mm) would be directly replaced by dtiret screen ¢ of order
10mm) we would risk that for regular discharges tness section is too strongly
limited. Therefore it was proposed to shift the zlezsection of the injector as close as
possible to outer edge of tde38mm inlet port and then step by step to pusledper
into the volume, using a similar positioning medsanas in the case of the single jet.
However in such a situation it may happen thagjetecan be targeted against the outer
edge of the outlet port.
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Figure 3.1.1.2. Bellow sealed valves

Other difficulties are related to the fact thatleg same acting pressutb= 1.3 m the
flow-rate must be increased three, four or evea fines (depending on the number of
jets in the multi-jet system) compared with theiahisingle-jet version. To reach the
same breakup length for the multi-jet system tHeaoity in each of the jets must remain
unchanged, equal to the velocity of the singleyetsion. The first and simplest
pressure consumer, are hydraulic losses in theebimg tubes. Their minimization was
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not even considered, the diameter of the tubessivaply increased frond=5mm to
d=10 mm. As next, local losses in the “on/off” simdt valve were analyzed. Here
unexpected problems occurred. It turned out thatctioice of available bellows sealed
valves is very limited, at least at tBevagelok Companyn addition, in the transfer to
lower hydraulic resistances the size of the vaisesitically increasing (Fig. 3.1.1.2).

The ratio between the flow-rate and pressure dnofné valve is characterized by the
flow coefficient g: q = ¢, Ap2 The numerical values of, presented in Fig. 3.1.1.2
correspond tag measured in “gal/min” andp measured in “psi”. In the single jet
version it was possible to use a small valve withOi36. Approximately the same
dimensions (height abrder 100 mm) are characteristic also for the valth ¢,=0.7
(Fig. 3.1.1.2). It was decided to build the mudti-jnjector on the basis of this BN8 size
valve. However, in such a case only a three jetior can be proposed, as discussed
below. Four jets are requiring already an 8UW senmlve with ¢= 1.2. The
dimensions of this valve remain acceptable, thegghter 290 mm. It should be
remembered, that the valve must be mountedaxild mm tube. Just a four jet version
with such a valve was taken as the basis for furtleselopment. However initially it
was proposed to install on ISTTOK a limiter withhegher number of jets. In direct
measurements it was found that in such a caseva wath a higher flow coefficient is
required. Next after series 8UW, follows series W2land these “machines” are huge
indeed, reaching in height 465 mm. Also such aevakas acquired (see Fig. 3.1.1.2),
but turned out to be unacceptable for installaborad=12 mm tube, at least during the
first phase of investigations. At the same timghibuld be remembered that this valve is
designed with 16 mm in/out joints, i.e., not so. big

Finally, the jets are pulled out with a definitenapero velocity and the corresponding
accelerating energy, again generated by the saessyre, is lost for the system. Such
outlet pressure losses are present in all “opedidwylic systems, but their relative role
can be very different. In Fig. 3.1.1.3 a specifise s illustrated.

Ah (cm) /
~100

Ap=(0.04 L/d+39,,. ) pV*/2
- 50

Q (cm3/s)

V 40,6 (Cm/5)

Figure 3.1.1.3 Hydraulic scheme for determinatidthe jet velocity
It can be seen that our configuration is ratheretgpthe pressure losses in all the three

mentioned elements (connections-valve-outlet) aaetjzally equal. Curve 1 represents
losses in an “empty” connection, without flow mesed valve. For the operating value
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of the hydraulic heighah = 130 cm (see Fig. 3.1.1.3) the corresponding-fiate Q
was directly measured and the curve was drawn gffirthis point. Curve 2 corresponds
to the situation when the mentioned valve with1c2 was included in the hydraulic
chain. Losses calculated from the relation Q, £Ap)"? were simply added to curve 1.
To determine the outlet losses, it is necessakntovn the outlet velocity. A case with
four d=2.5 mm jets was considered, the value of veloicitgach of such jets is also
shown along the x-coordinate. The outlet lossesewttermined by means of the
relationAh= V?/2g. To construct the curve 3, these outlet losge® added to curve 2.
For the system “connections-valve” at the actingspure the flow- rate was also
directly measured, Q= 60 éfm was reached. Probably by accident for such plied
scheme, but this value corresponds to the indep#igd=onstructed curve 3. A similar
approach can be applied also in cases with difftaramber of jets, their diameters, as
well as, with different characteristics of the vahLet us take an example. Considering
the potential application to FTU, because of sganations, only a small valve with
¢,=0.7 can be proposed. AAH=130cm for a singled=3mm jet calculations were
predicting velocity v=3.8 m/s, while in the expeent v=4.4 m/s was reached. In this
most complicated case, the outlet losses werelglpagvailing, reaching 75% of the
total pressure losses.

3.1.2. Behaviour of individual jets in multi-jet injectors

The previous section leads to the conclusion thagystems under consideration the
main working parameter - the velocity of the jetsan be estimated or predicted with a
sufficient accuracy. Moreover, this accuracy catnisesased, first of all, by using more

accurate expressions for the mentioned losseddrcase of a single jet it would be
acceptable to determine the second main parantegehreakup length. However, it

turns out that in a real design of a multi-jet atge the individual jets do not behave as
nicely as initially expected. Initial experimen&srfprmed in 2006 confirmed that all jets

in a three jet system break up according to thesraistablished for an individual jet

(Fig. 3.1.2.1).

V. m/s

Figure 3.1.2.1. Break-up length in the system mdegld=2.5 mm InGaSn jets
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However, in this case the nozzles were placed wifficient spacing, determined in
special measurements. By means of a precise maohdwio jets were brought closer
and closer and it was found that 13 cm long jetsabe as individuals down to a
distance of approximately 2.5 mm. However, in d dessign it is difficult to take all
these requirements fully into account. For examgbacing becomes strongly limited,
because of the necessity to bring the nozzlesoase @s possible to the outer wall of the
inlet opening (see Fig. 3.1.1.1). All nozzles mustsqueezed in outer~d cm housing.

In reality the breakup length in a multi-jet systeam differ significantly from the ideal
“single jet” case. An example is presented in Bid.2.2 where the breakup length in a
system of four jets can be seen (d=2.6mm; v=2.8.m/s

Joi

Figure 3.1.2.2 a) Version proposed for installation ISTTOK: four d=2.6 mm jets;
BUL ~11 cm; v -2.80 m/s; b) version with five d=2an jets; BUL -9 cm; v-2.3 m/s.
Photo has been taken under the angle when altpaise clearly seen. Scales are given
both for the break-up length and the side deviation

a) b)

According to the “single jet” predictions BUL= 2incshould be expected, in reality
BUL of order 11 cm was reached, i.e. almost twaesrmshorter.

3.1.3 Water as a modelling liquid for investigatiorof the Rayleigh instability in
liquid metals

In the proposal under consideration the MHD inteoac (generation of induced
currents) should be avoided due to the Rayleigtalnigy — breakup of liquid jets in
shorter/smaller fractions. This process is goverbgdhe Weber numbewb . The
breakup lengthL for a jet of the diameted can be determined by means of a rather
simple expression

L/d = coef. (WbY? = coef. pvid/s)*?

wherep is densityg is surface tension, ands velocity.
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For a rather wide range of quasi-similar conditionef. remains practically constant,
weakly dependent on the Reynolds numBer In the reference period a physically
interesting and practically important result washieeced Namely, it has been
experimentally confirmed that the initial formalsamption that the ordinary water can
be used for modelling the breakup process in liguetals of interest for us is correct.
This is so because for water and such materiale@aSn and Ga for given velocity
and diameted the values of the Weber number (and also of thgn&ds number)
differ very little:

Wb(InGaSn) / Wb(HO)=1.28; Re(InGaSn) / Ref(B) =2.5

Wb(Ga) / Wb(HO) = 0.66; Re(Ga) / Re@@®) = 3.3
for parameters

InGaSn = 6400 kg/m; o = 0.353 N/my = 4.10" m?/s)

Ga 0 = 6093 kg/m; 6 = 0.723 N/my = 3.10" m%s)

H,O (b= 1000 kg/ni; 6 = 0.072 N/my = 10.10" m?s)

In Fig. 3.1.3.1 the results are compared when ¢laive breakup length/d has been
measured both for the liquid metal and the water.

120 -

d=3 mm

' v=4,4 m/s

L=36 cm )

=42 We'/2 ¢

<
%t d=2.6mm (1x)
<« d=2.4mm (1x)
0 d=3.0mm (1x)
v d=3.0mm (3x)
A d=2.6mm (5%)

100

80 -

H,O

=2 B
Jeod

Hg-Riga
InGaSn-Riga
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Ga-Lisbon
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40+ -
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'Q'l.'l'l'l"(I'l'l'l"l:i"l'}"
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 %
waa
Figure 3.1.3.1 Break-up length of the liquid metat the water jets are practically the
same, both for kO and InGaSn

The ,old” points marked black were used to deaveery convenient formula for liquid
metals

L/d = 4.2 (Wb}
The empty points correspond to measurements witerwBoth sets of measurements
agree with each othesurprisingly well. This means that in general thederlying
physical mechanism practically depends on only dimeensionless parameter, the
Weber number.
The results of the significantly more convenientaswements with water can be used
also for the discussion about the reasons forgharige” behaviour of individual jets in
liquid metal multi-jet systems. Measurements withtev confirm that breakup length
for individual jets in a multi-jet system can remaractically unchanged compared
with the single jet case. Both for individual jéis<), and for ensembles of three (3x)
and five (5x) jets the breakup length depends enMeber number in the same manner.
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It should be emphasized that the geometry of tlzzleaunits in the two cases was kept
practically the same, both for,& and InGaSn.

3.2 Investigation of metal ions in fusion plasmassing emission spectroscopy
Principal investigator I. Tale
3.2.1 Investigation of single and multiple ionizeda atoms in the tokamak plasma

The following experimental setup (Fig. 3.2.1.1) qmet at ISTTOK was used for
obtaining spectral and spatial information of thesma.

Iaatal s pout

Bpecirogeaph

FaEbgsr wa Pasisl

J CCD camers
.

P - Basiesd
coarlingl

dals acguisition

Figure 3.2.1.1 Experimental set-up

Owing to its privileged viewing area with respeetthe observation of the light emitted
during plasma-liquid metal interaction, the tokanmkt has been used to place the
collection optics for a multi-channel (7 viewingipts in a radial direction) optical fiber
relaying radiation to a %2 m imaging monochroma@w|(laser DK480). This apparatus
is equipped with a triple-grating turret systenaZeld at 300, 500 and 750 nm and 1200
gr/mm each. A spectroscopic CCD (Spectral ProdBBtd5) camera at the output focal
plane of the spectrometer allows the acquisitiorireé intensities emitted from the
plasma in the 200 to 900 nm spectral region. Dudagh discharge it was possible to
obtain 4 spectra corresponding to 4 viewing linesight radially distributed (due to the
magnification ratio of the spectrometer to fibeupling optics, three end channels of
the fiber were lost), and focused on the liquid ah@t poloidal plane where it covers
1.2 cm span. The main advantage of this diagneslis a clear identification of the
presence of gallium (both neutral and ion spedref)e plasma.

Fig. 3.2.1.2 a) illustrates a spectrum that shoke ¢haracteristic lines of neutral
gallium at 417.2 and 403.3 nm. In the same figtiie also possible to identify a few
spectral lines produced by gallium ions (both* Gamd G&"). The analysis of the
mentioned spectra, acquired during a shot by gbatiad scan of the plasma, provided
additional information about the neutral and the relative distribution in the radial
direction. The results are presented in Fig. 32H). As expected, the maximum
emission for the neutral gallium is seen in thanvig of the jet position while species
of higher degrees of ionization penetrate deeper tine plasma owing to the radial
diffusion. In practice, since viewing is done alathg toroidal direction and ions are

14



transported along the magnetic field lines, it ddee pointed out that the observed
distribution is broadened with respect to the ma&. The maximum intensities in the
emission profiles are close to each other due ¢oldlwv ionization potential for the
gallium ions (6, 20.5 and 30.7 eV for Gal, Il atid lespectively).

The procedure used in the blue region of the spéwts been repeated in the red region,
since several other lines are available for thislgti(1 ca= 639.7 NnM, A c4=633.4 nm
and 1 can=599.4 nm). It is important to emphasize that ie tase of absence of the
liquid metal jet in the chamber, no traces of gaflilines (within the sensitivity of the
CCD camera) were observed. In spite of having ttta df line intensities, it was not
possible to obtain density values for the liquidaheenetrating the plasma, because no
absolute calibration has been performed.

100 417.2Gal a) .
5 7000 4
= 1 ; SaT
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5 2 1 . Gall
e = 0007 O Gali|
= o 1
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£ 10004
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a) b)

Figure 3.2.1.2 a) characteristic spectrum of gatiub) distribution of spectral lines in
ISTTOK plasma. The arrows indicate the maximumsamgosition

3.2.2. Modification of the spectroscopic system

A new design of the light accepting optics conaagrninodification of the optical fiber

is proposed (Fig. 3.2.2.1). It was mentioned betbia only four fibers of possible

seven ones were used to perform the scan of thredablplane of the tokamak. This
was due to geometric amplification of the exit silgat the fiber end. This problem will

be solved by a new fiber, which will allow us torjoem both the stationary and the
time—resolved spectroscopic measurements of thE@&Tplasma. The entrance end of
the fiber consists of two rows of totally 2x15 fieeThe row at the exit end is devoted
to the stationary spatially resolved measuremdifts.other row of 15 fibers is divided

into three bundles with five fibers each, suitatde coupling to photomultiplier tubes

(PMT). Subsequently PMTs will be connected to atillescope enabling registration

of time resolved signals from three different regian the poloidal plane.

®
888888888888888 < Entranceend

> Exit end

L4

Figure 3.2.2.1. Optical fiber system
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3.3 Laser ablation spectroscopy for impurity depthprofiling and concentration
imaging in plasma facing materials

Principal investigator I. Tale

Laser-induced plasma spectroscopy of the samplefsorn the ASDEX Upgrade inner
wall tiles after being in contact with tokamak ptes was carried out. As the laser-
induced plasma source, a 1064 nm Q-switched Nd:Y&g8r operating with 250 mJ
pulse energy, 135 ps pulse width and 10 Hz pulpetiteon rate was used. The
spectrum of graphite R6710 target containing nouirties was recorded as a reference.
As the main impurities of the AUG samples are ttergsnd boron (might appear after
the boronization of plasma-facing components) gitsgphite R6710 substrates sputtered
with tungsten and boron carbide layers were alsd as a reference.

To find the most convenient regime of ablationg 1L.® laser pulses at the pulse energies
of 2, 5, 10 and 15 mJ were applied on each sarfpleeach pulse energy, 10 pulses
gave the maximal information on the compositionth&f sample (fig.3.3.1). Comparing
spectra obtained after the series of 10 laser patdifferent pulse energies (fig.3.3.2),
the pulse of 15 mJ found to be the most informatinereased pulse energy resulted in
the formation of excessively deep craters and renof the most informative layer
with the first pulses.
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Figure 3.3.1. Laser-induced plasma emissionFigure 3.3.2. Spectra of the W
spectra of W sputtered R6710 graphite sputtered R6710 graphite sample. 10
sample. Numbers correspond to the number ofaser pulses at pulse energies from 2
pulses applied to the same spot at pulseto 15 mJ were applied. C lines are
energy of 10 mJ. C lines are not specified not specified

Figures 3.3.1 and 3.3.2 show the results for thmgdten sputtered R6710 graphite
sample, but the experiments exhibit a common tendéor the all tested samples. In
this regime, the ablation rate was about 70 nm\Woand BC sputtered targets, while

for the AUG sample it was around Oun. This is probably due to the different
reflectance of the materials.

Figure 3.3.3 shows the comparison of the specttheofeference samples and the AUG
sample to identify the basic impurities (tungster doron). Apart from them, Fe |
390.294 nm and P656.285 nm lines were identified. The source oflike might be
the stainless steel components which are not gudldm the plasma.
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specified in the figure

To follow the evolution of the appearance of deuterline in the spectrum, signals in
the spectral window of 580-680 nm were recordedy. B.3.4 represents spectra
corresponding to the®Lthe 29 the 3, the %" and the 18 consecutive laser pulses
applied at the same spot of the sample.
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Figure 3.3.4. Evolution of P656.285 nm line. The numbers correspond to the pumb
of the pulse in the sequence

In the beginning of the ablation process, the isitees of the spectral lines of deuterium
and boron are higher than those of the carbon.ré&lative intensities of spectral lines
corresponding to the impurities and carbon chamgstidally when the number of laser
pulses applied to the same spot increases. Thalsigrithe substrate of the ASDEX
Upgrade target does not change or increases. Tétepiulses show only the most
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intense CII 588.977 nm line, while the other C lilles start to appear after the end of
the 8" pulse.

3.4 Theory and Code Development
Principal investigator O. Dumbrajs
3.4.1 Mode competition in the 170 GHz coaxial cayitgyrotron for ITER

In gyrotrons with coaxial cavities mode competitignless severe than in ordinary
gyrotrons. Nevertheless it remains a challenge bdétin theoreticians and
experimentalists because there are significantrefsncies between the experimental
results and the theoretical predictions. While expental data obtained in high power
high frequency coaxial gyrotrons for fusion areyscarce, there exist in the gyrotron
community at least four codes with different leeélsophistication which can be used
for studies of mode competition in coaxial gyroson

The code developed at the Helsinki University ofArelogy (HUT) and at ISSP LU is
a self-consistent time-dependent code in whichvtiiage is increased stepwise after a
stationary state is reached for a given voltagés Tade allows one to take into account
the following effects: i) electron velocity spreai,finite width of the electron beam,
iii) reflections, iv) competition of two oppositetations of one and the same mode, v)
variable longitudinal depth of insert corrugationg, nonuniform magnetic field, vii)
hysteresis of oscillations.

The code developed at the Forschungszentrum KhdgitiZK) also is a self-consistent
time-dependent code but with a continuous voltagerease. From the above-
mentioned effects the code allows only for i) el@ctvelocity spread.

The code developed at the National Technical Usitienf Athens (NTUA) is a time-
dependent, cold-cavity approximation code in whibk voltage is increased either
stepwise after a stationary state is reached fgivan voltage, or continuously. The
code allows for electron energy spread as welllab@above-mentioned effects, apart
from iii) and v).
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Figure 3.4.1.1. Mode competition scenarios predidby the codes: HUT (ISSP UL),
FZK, NTUA, and MAGY.

The gyrotron design code developed at the Uniwersit Maryland (UMD), Naval
Research Laboratory (NRL) and Science Applicatidngernational Corporation
(SAIC), USA is called MAGY. MAGY has been extendeecently to be able to
simulate mode competition in coaxial gyrotrons wattrrugated inner insert. MAGY
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provides self-consistent time-dependent solutiorMakwell Equations together with
fully relativistic 3D equations of electron motidor an arbitrary voltage rise. The
results of the calculations are presented in FgL3L.

Unfortunately the predictions of all four codesadjsee with experimental observations
according to which the gyrotron does not oscilkiteer in the Ths 2 or in the Thks 19
mode. It oscillates in the operating sk mode until 72 kV with the output power of
only about 1 MW. At higher voltages the sgkgmode appears.

The reasons for these discrepancies are not kndawvever it should be emphasized
that all the calculations presented here have lwkmre without allowance for the
various effects mentioned above. Further studiesiaeded.

3.4.2 Stochastization of magnetic fields and magneteconnection

The task is devoted to a systematic study of a aaWtcrash at ASDEX Upgrade
tokamak. Sawtooth oscillations are periodic relaxat process of the plasma
temperature, density and other plasma parametettseicentral region of a tokamak.
We employ the stochasticity hypothesis to explam sawtooth phenomenon without a
full reconnection assuming the interaction of thdY mode with other periodicities and
utilizing the Hamiltonian formalism with mappingctenique. Main results can be
summarized as follows.

e We demonstrate that stochastization appears dtietexcitation of low-order
resonances which are present in the correspondiiegysfactor profiles inside the gq=1
surface which reflects the key role of the w@lue. We show that the central safety
factor is always less than unity in the case ob@complete sawtooth reconnection.

e We determine heat diffusion coefficients in a stastlt magnetic field and
reconstruct the amplitude drop during the crashsphd@ahe assumed dynamics of the
crash event is shown in Figure 3.4.2.1.
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Figure 3.4.2.1 Artist’s view of the temporal evauatof a sawtooth crash

In the first phase, the (1,1) mode grows alone.hkligharmonics appear close to the
crash phase and destroy the symmetrinal1 structure of the mode without causing
stochastization for which reconnection is neededldastroy theq=1 surface. This
occurs at the top of the mode amplitude leadingtdchastization of the internal region
and to decrease of the central temperature. Astdréing time of the crash event we
assume the time moment at which heat begins to ithd@nsively through the X-point
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of the (1,1) island outside thg=1 resonant surface which corresponds to the drop of

the plasma temperature and can be deduced from 18&&surements. The crash is
regarded to be fait accompli at the time momentrwihe temperature becomes almost
flat in the centre. Here the size of the (1,1) caduto a stationary post-crash value and
the heat channel at the X-point closes again wisicdhown as the final phase in figure
8. The 2D ECE measurements show deformation ointieenal region inside thg= 1
surface just before the crash which can be integdras an influence of the higher
harmonics on the (1,1) mode. Subsequently the aefdrmode several times tries to
break theq= &%urface until a fast crash occurs.

e We demonstrate that during the pre-crash phasepgueslic transition to chaos
occurs. Consistent with the most energetically tmable transition from quasi-
periodicity to chaos, their frequency ratio is eot the conjugate golden ratio

_f/f_ /2 0.61¢ (Figure 3.4.2.2).

central SXR line J053 (#20974, t=1.87s)
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Figure 3.4.2.2. Power spectrum in the slightly quesgalic stage before the sawtooth
crash

The low frequency part of the spectrum consisty ohitwo frequencies {, = 6.5%Hz
andf, =3.9%Hz, f,/ f,=0.596+ 0.02)) and their linear combinations. The ratio

between the primary frequencies is equal to thelegoimean. (The lowest resolvable
frequency in this case is 488Hz.) The Soft X-ragnal is shown in a small figure.

We think that a sawtooth crash has a universahssi character and is closely related
to enhanced transport by magnetic stochasticity.

We report on the accuracy of the Hamiltonian cardirs time models by considering
the mapping technique derived from Hamilton-Jacequation. The optimum time
stepping in some models for the study of magnégid fin tokamaks is determined by
using local criteria. A special attention is givem the analysis of the stochasticity
produced by the time discretization.
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3.4.3 Radiation stability of reactor materials
Principal investigator E. Kotomins
3.4.3.1. Objectives

In recent years, oxide-dispersion strengthenedss{@DS) are commonly considered
as promising structural materials for fusion reext&xcellent mechanical properties
of ODS materials were achieved by introduction oh@nogeneously distributed
nano-scale ¥Os-particles in the steel matrix (Figure 3.4.3.1.0DS steels are

produced by mechanical alloying for several tenbairs followed by hot isostatic
pressing at temperature around 1000-1200°C andsypres-100 MPa (when iron

matrix possesses a face-centred cubiEe lattice). Further improvement of
mechanical properties and radiation resistance &fSOsteels requires detailed
understanding of oxide particle formation at atotaiel.

The aim of our theoretical study was to perform firs& principles modelling of ODS
steels in order to predict and control in the fataheir radiation and mechanical
properties.

3.4.2.2 Introduction

The recent experimental findings indicate thatploture of oxide particle formation is
still not clear. Oxide particles found after hipgiare the remnants of the initial yttrium
oxide powder crushed by mechanical alloying (MAjarporated into steel matrix. This
view is supported by the fact that the hipping temagure is much lower than the
melting temperature of yttrialfy ~2410°C) and therefore any thermal processes of

oxide particle transformation should be excluded.

There are also evidences that after the millingadt a part of Y and O atoms resides in
the solid solution. In such a case, the formatibroxide particles can occur at the
hipping stage as a result of Y-O co-precipitatiolmeve precipitation kinetics is
governing the process of oxide particles formatxperimentally, ODS particles were
found to be partly coherent with the surroundingite matrix:

Figure 3.4.3.1.1 HRTEM micrograph o nanoparticle embedded into ferrite
matrix (a) and its further transformation to Fouriémage (b) [2]. Comprehensive
experimental studies on ODS steels with atomicluésa performed recently at IMF-
1, FZK, Karlsruhe show stability of purgQ5-ODS and yttria nanoparticles.

Atomistic simulation of the precipitation kinetissnecessary for understanding of basic
mechanisms and for improvement and optimizationtexthnology of ODS steel
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production. A simplified model of ODS formation wdunclude impurity atoms (Y and
O) dissolved in the steel matrix, represented . We propose theoretical approach
for atomistic simulations of this process in tweps. As the first step, extensiad
initio calculations of simple yttrium and oxygen complekeEe lattice containing also
point iron vacancies are performed. The resulth@de calculations are used then in the
kinetic Monte Carlo (MC) simulations of,®3 particle growth. The simplest MC model
includes diffusion of Y and Fe atoms through a wagamechanism. We studied an
interstitial oxygen atom in both. A barrier of Ogration between the octahedral and
tetrahedral interstitials of Fe-lattice (where o@ggatom can be located) is expected to
be lower than that of self-diffusion and vacancgistant yttrium diffusion. Therefore,
slow diffusion of large Y atoms is &ate-determining processn oxide particle
formation. In this model, we assume that oxygenaunkly accommodate to the slow
component motion.

3.4.2.3 Results

The first step of multi-scale modelling of ODS pae formation in steel performed in
collaboration withIMF |, Karlsruhe, has included large-scale VASP calculationdamn
lattice of y-Fe with further inclusion of O and Y impurities carformation of Fe
vacancies (Figure 3.4.2.3.1). Together with caledlgair-wise interactions (Fe-O, Fe-
vacancy, Fe-Y, O-O vacancy-O, O-Y vacancy-vacadagancy-Y and Y-Y) as well as
energy barriers for diffusion of impurities and &acies supply us with the necessary
parameters for further kinetic simulations. VASRcakations have been performed for
large Fe supercells (at least for 4x4x4 extenssngufull geometry optimization). We
have developed the methodology for these calcustichoosing proper sets of
computational parameters as well as electronic raagnetic states of systems. The
Perdew-Wang-91 GGA (Generalized Gradient Approxiomt non-local exchange-
correlation functional and the scalar relativisBAW (Projected Augmented Wave)
pseudopotentials have been used. The pseudopttatdsribe the core electrons of Fe
(4313d7 external shell), O éZpA) and Y (4324p65sl4d2) atoms with 8, 6 and 11 external
electrons, respectively. The Monkhorst-Pack scheamé&2x12x12 k-point mesh in the
Brillouin zone was used. At hipping temperature-2100°Cy-Fe has been assumed to
be non-magnetic.
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Figure 3.4.2.3.1 4x4x4 supercell of face-centeredbic (Fm3m) structure of-Fe
containing a single iron vacancy (a), oxygen atacated at the centre of octahedron
interstitial (b) and yttrium atom incorporated inogition of Fe vacancy (c). These
structures exhibit the equilibrium geometry obtaime our calculations.

We have calculated key parameters of the atomic eladtronic structure for all
configurations described above: lattice parametertaulk modulus, densities of states
(DOS) and band structure, equilibrium geometry @fedtive structures around
vacancies and impurities re-distributions of eleait and spin densities foc-Fe under
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influence of vacancies and impurities. Presenca sihgle iron vacancy noticeably re-
distributes the electronic density in iron matrixgure 3.4.2.3.2. a). We also estimate
migration barriers of Fe vacancy, O and Y impugatgms inside the-Fe lattice. The
vacancy formation energy for 4x4x4 supercell hanfeund to be 2.95 eV with 0.75%
inward relaxation.
The energy gain due to insertion of O atom at #m@re of octahedron formed by the
nearest six Fe atoms has been found to be 3.21 ex\V4y4x4 supercell whereas
relaxation energy is 2.67 eV which is necessaryefgransion of the first coordination
sphere around impurity atom by ~9 percent. It wasél that O impurities possess
excessive electronic charge -1.3-&.4Figure 3.4.2.3.2. b). Y impurity atom can only
substitute Fe atom in its vacancy (in the centreulifoctahedron formed by the nearest
twelve Fe atoms) serving as a donor of electrominsdy (~1€). As a result, the
electronic density in iron matrix is markedly restibuted (Figure 3.4.2.3.2. a). The
energy gain due to insertion of Y atom intée lattice can be considered as 0.71 eV
(substantially smaller than after insertion of ogggmpurity) with relaxation energy
1.40 eV and 7% expansion of the first coordinaiphere (Fig3.4.2.3.2. c).
For optimization of O atom diffusion path, we hasansidered the centre of triangle
between the nearest tetrahedron and octahedrei-eflattice as a saddle point of the
corresponding trajectory. A barrier of O migratioetween them has been found to be
1.62 eV, very close to experimental result publishe [8]. To determine the optimal
distance between the two Y impurity atoms, we hagecased the Y-Y distance inside
the 4x4x6 supercell. According to our estimatia construction of the potential curve
depending on Y-Y distance the minimum has been dtlynfound to be between the
second and third Y next-neighbour site which is stable for location of O impurity
atom while repelling occurs at 1 NN distance. Pmelary kinetic Monte-Carlo
simulations performed synchronously with DFT cahtigins confirm a possibility of
yttrium clustering even without presence of oxygéurther steps of theoretical
simulations should include small clusters contgnfie vacancies as well as O and Y
impurity atoms.
a)

Fel —
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b)

Figure 3.4.2.3.2. The calculated (110) cross sedtiof the difference electron density
maps4p(r) for -Fe 4x4x4 supercell containing a single iron vacgn@), oxygen atom
located at the centre of octahedron interstitia) @¢nd yttrium atom incorporated in
position of Fe vacancy (c) — see Fig.3.4.4.4 fortdrse understanding of the
corresponding modelglp(r) is defined as the total density in the optirdisgructures of
defective-Fe bulk (a),-Fe+O (b) and)~Fe+Y (c) minus the sum of electron densities
of Fe, O and Y atoms positioned in the centresebéalive fcc lattices and relaxed
lattices without them. Dash-dot (black) isolinesrespond to the zero level. Dashed
(blue) isolines stand for a decrease Ap(r) and solid (red) lines for an increase.
Chemical symbols of sectioned atoms are showndrhgl plots

3.4.2.4 Conclusions

1. The first step of multiscale modelling of ODS peldi formation in steel has
included large scale VASP calculationsfoalattice ofy-Fe with further inclusion of Y
and O impurities and formation of Fe vacancies. ellogr with calculated pair-wise
interactions (Fe-vacancy, Fe-Y, Fe-O, vacancy-vegamacancy-Y, vacancy-O, Y-Y,
Y-O and O-O) energy barriers for diffusion of impies and vacancies supply us with
the necessary parameters for further kinetic sitiauria.

2. Our preliminary results show that dissolved yttriatoms tend to precipitate in
a form of particles coherent with the iron matiikis suggests that the final orientation
of oxide particles and surrounding matrix might eegp on the matrix phase
transformation.
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3. Further calculations should be oriented on morepmated configurations of
Fe vacancies, Y substitutes and O impurities, whictude not only their pairs but
triples and quartets as well.

4. EFDA FUSION TECHNOLOGY PROGRAMME

The fusion technology work has been performed atltistitute of Chemical Physics,
University of Latvia in very close co-operation wWiEURATOM- UKAEA Culham and

EURATOM- FZK, Germany as well as at the Instituté ®olid State Physics,
University of Latvia in co-operation with EURATONPP, Garching.

Institute: ICP UL - Institute of Chemical Physics, University of
Latvia
Research scientists: Dr. Gunta Kizane

Bsc. ElinaKolodinska
Bsc. Ingars Reinholds
Dr. Juris Tiliks

Dr. Vija Tilika

Dr. Aigars Vitins

4.1. Magnetic field effect on technologies for detration of beryllium materials
Principal investigator G. Kizane
4.1.1. Introduction

Tritium retention in the volume and subsurface tayd Be materials in both JET and
ITER is an undesirable phenomenon. Present indgtritiation technologies are based
on increase of temperature in Be surface layerchvkiimulates tritium diffusion in Be
crystal lattice. Though tritium in metal Be formasgdynamic solution, where tritium is
in an atomic form, nevertheless; Tay form at a high tritum concentration. The
release of molecular tritiumyTis impeded under the action of the energy cartsesl

in the present detritiation technologies. In ortertake out the molecular tritium, T
localised in Be on grain boundaries, dislocatiangropores, etc., dissociation op T
into T° is necessary. The minimum energy that is necedsarpe dissociation is 4-5
eV per molecule, which is difficult to be achievadnner layers of Be only by action of
light quanta. Even after dissociation of ifito a pair of radicals ° there is a high
probability of their further recombination, as tlpair of radicals will form with
correlated spins, i.e. in a singlet state. That déicrease the amount of &nd will
delay the tritium release from Be. In the year 20@%estigating the tritium release
from the irradiated Be pebbles, a novel synergsfect was observed in our laboratory.
The synergetic effect is a considerable increasahe tritium release under the
simultaneous action of high temperature, ionisiadjation and intense magnetic field.
For instance, annealing the Be pebbles at a cansaperature 1123 K for 2 h under
the simultaneous action of the magnetic field af T.and the fast electron radiation
(P=14 MGy-H), tritium was released by 80% more than that vedsased under the
only action of temperature 1123 K for 2 h. The effmight be explained by the spin
transformation in a pair of radicals® Tcaused by the magnetic field. The spin
transformation reduces the probability of the fafilng recombination. It is anticipated
that the same process will take place in subsuttaees of Be materials, particularly in
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the case of high tritium concentrations, whenniolecules have formed in the metal.
Effects of magnetic field might also be observedthe application of detritiation
technologies (laser radiation, plasma treatmeat). et

The main objective of the project for the year 2@0isisted of the following items:

e to investigate effects of separate and simultaneslestron radiation and
magnetic field (MF) on tritium release from thelr@&T irradiated Be tiles in a gas flow
mode;

e to evaluate appropriateness of the combined tredatm@imultaneous
temperature, MF and radiation) for technology dfitiation of Be tiles

4.1.2. Organizational arrangements

A new project proposal “Determination of tritiumdaanalysis of carbon-based plasma-
facing components before and after their detrdiativith different methods” has been
prepared by the Laboratory of Radiation Chemisfrgaids of the University of Latvia
for the EFDA JET Technology Workprogramme 2008 andepted as Task JW8-FT-
1.12.

4.1.3. Methodical undertakings

Setups and methods for determination of chemiaah$oof localized tritium and their
distribution were optimized. A radiation thermal gnatic rig for investigation of
tritium release under simultaneous action of temoee, radiation and magnetic field
was improved by introducing the following changes:

e anew heater has been made;

e a new quartz tube for samples cut from the Be tii@gliated in JET has been
made for continuous measuring of tritium releasanaealing in a gas flow mode;

e a new thermocouple of type S is used. A thermo@opltype S is compatible
with the temperature control unit of the rig.
The radiation thermal magnetic rig was tested afjdssed for investigations of tritium
release from samples cut from irradiated Be tileden separate and simultaneous action
of temperature, radiation and magnetic field.

4.1.4. Experimental techniques and methods
4.1.4.1. Preparation of Be samples

Irradiated beryllium tiles (size 25x8x3 cm, mas$ 9J manufactured by hot isostatic
pressing were investigated in this study. The iat@dl Be tiles had been used in the
upper belt limiter in the vacuum vessel of then&uropean Torus (JET, Culham, UK)
in the D+D and D+T experimental campaigns in 198921 Average tritium activity in
these Be tiles was 1130 Bg-grhe two irradiated Be tiles investigated werealed as
tiles “A” and “B”. Samples (discs, plates) for dibstion and thermo-annealing
experiments from the operating surface of the Bxs tivere prepared by drilling with
core drills or cutting with hard-facing or diamomndllling cutters. Samples having a
defined surface area about 0.5%camd thickness of 2 mm were cut from separate
“teeth” of the operating surface of a Be tile. TBe samples were used for analysis of
chemical forms of localized tritium and their distition along a depth, and for
investigations of tritium release at annealing. Natcal treatment of Be tiles was
performed both in ambient air atmosphere and uweser layer. Location of Be
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samples under water even for a long time (up tdhRdoes not change amount and
chemical forms of localized tritium.

4.1.4.2. Lyomethod of tritium analysis for Be samps

In order to determine tritium distribution in a Bk along a depth from the operating
surface and chemical forms of tritium,(T°, T), two adjacent samples were cut from
the surface of a Be tile and dissolved in pure 2/IlmH,SO, and in a solution of 2
mol/L H,SO, + 0.5-1 mol/L NaCr,O7 in a special setup. The following chemical
reactions take place at dissolution of a Be samoplgaining the different chemical
forms of tritium (T, T°, T') in pure 2 mol/L HSOy:

Be® + H — H°; H° + H°— H, 1 (gas); H° + T HT 1 (gas);
T, (solid Be sample}> T, 1 (gas); T (solid Be sample}> T (solution).

Be dissolving in acid forms hydrogen — 1 molecuiddg corresponding to 1 Be atom.
The rate of hydrogen evolution, which characteribhesrate of dissolution of a Be layer,
was determined with a catarometer. Theafid P localized in a Be layer transfers as
T,+HT into a gas phase, its rate of release was medswntinuously with a gas flow-
through proportional detector DDH 32 of the opemgtvolume 300 crhbuilt in a meter
TEM-2100A. The tritium activity released into a gaisase at dissolution in the pure
acid, Ar gas acid is @ sum of the activities of,Tand P: At gas acia= Az + Ar. T
localized in a Be layer remains in the solutionteAfthe dissolution of a Be layer of
defined thickness (400-500m), the tritium activity in the solution, Asel_acia Was
measured with a liquid scintillation method; & acia= Ar+, Where A, — the activity of
T" in the beryllium dissolved.

In order to determine the chemical forms of tritifimand T separately, it is necessary
to perform 2 dissolution experiments with identiBsd samples — only in acid and in
acid with a scavenger of°HT®) (0.5-1 mol/L NaCr,O;), which decreases®{T®) by
90%:

H° + CrLO;* — H" (solution) + Cf*; T° + CrO;* — T* (solution) + CF".

Then the activity of the tritium released into & gdnase and retained in the solution are
the respective sums:tAas crviy= Atz + X Arg and A sol_crvy = At + (1-X) - A,
where X = Rz / nge (x was found to be 0.1);4p — the molar amount of the hydrogen
evolved at the dissolution;sg— the molar amount of the beryllium dissolved ra t
dissolution. The contents ob,TT°, T" (Bg- cmi® or Bg-g') in a sample were determined
separately from the corresponding differences enatttivities.

4.1.4.3 Technique of annealing of Be samples

Annealing of Be samples was performed in a contisutow of the purge gas He + 0.1
% H, of the rate 14.3 + 0.5 L/h without and in MF of II. and/or 5 MeV fast-electron
radiation at the dose rate P=14 MGY-im a special rig. The tritum released was
measured continuously with a meter TEM 2100A witthetector DDH 32. The sample
temperature was increased linearly with time at the 5 K/min from a room
temperature to an end temperature 773 £ 5 K, whi kept constant within £ 5 K for
30 min. Then the heater was switched off, and #mepde was left to cool in a flow of
the purge gas. The annealing temperature of 77®rKinfvestigations of additional
effects of radiation and MF on tritium desorptioasaselected on the basis of curves of
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tritium release in a continuous gas flow, annealinBe sample at a constant rate of 5
K/min from a room temperature to 1126 K so thatyomlpart of the total tritium is
released at 773 K for 30 min. The radioactivitytaium released was calculated as
Bg-cm? to 1 cnf of the plasma-exposed surface area.

4.1.5. Results
4.1.5.1. Chemical forms of tritium localized in suface layers of Be tiles

Using the lyomethod, abundance ratios of chemicain§ of sorbet tritium were
determined in the irradiated Be tile “A” and comgxin Table 4.1.5.1.1. with those of
the irradiated Be tile “B”. It should be noted thhe amount of the retained tritium is
different in various places of the plasma-facingate of the Be tiles. The total tritium
activity (Bg-cn) calculated for 1 cfof the plasma-exposed surface area of different
samples of the plasma-facing surface of tile “A”swaund in the range 10-60 kBg-tm
2 but that of tile “B” was 2.4-4.8 kBqg-cm The non-homogeneous distribution of
tritium on the plasma-facing surface limited thewacy of the determination of the
abundance ratios of chemical forms of tritium as itlentity of the two samples is
essential for this determination. By a factopdflower tritium concentration was found
for the lateral surface of Be tile “B” and for tkarface facing a gap between teeth. A
litle T* (0.45 kBq-crif) was found in surface layers beneath the plasnitethe
surfaces.

Table 4.1.5.1.1. The total tritium activityy,Aand abundance percentages of chemical
forms of tritium localized in the irradiated Begd

Tile | Surface A,kBg-enf [T, [T° |T

“A” |Plasma-facing 31.7 44% 42% 14%
“B” |Plasma-facing 4.8 73% 16% 11%
“B” |Lateral 0.6 60% | 25%| 15%
“B” | Gap between teeth| 0.3 47% 20% 33%
“B” |Plasma-melted 0.45 - - 100%

4.1.5.2. Tritium release at annealing

Curves of the fractional tritium release at anmepbf samples of Be tile “A” are shown
in Fig. 4.1.5.2.1. The fractional tritium releasasicalculated as the ratio of the activity
of tritium released into the gas phase at the dmgeto the initial total activity of
tritium localized in the sample. For the experingelM and TRM, the magnetic field
was switched on before the start of the temperagitogram and switched off after the
end of the temperature program, after cooling tammes below 470 K. For the
experiments TR and TRM, the electron radiation sva$ched on in a few minutes after
the start of the temperature program and switchedfter the end of the temperature
program, after cooling the samples below 470 K. Btet of electron radiation is
evident as a steep increase in the temperatureeahevprogrammed rate of 5 K/min in
the time range of 35-50 min in the temperature esim Fig. 4.1.5.2.1. The efficiency
of detritiation of samples of a Be tile under theeg conditions can be arranged in the
following sequence: T<TM<<TR<TRM. The initial totattivity of tritium (kBq-:crif)

for these samples was determined after their dissol T — 24.6, TM — 24.9, TR —
16.5, TRM — 23.5. The degrees of detritiation aigdi in these experiments are
compared in Fig. 4.1.5.2.2. with those obtainegriavious ampoule experiments at
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constant temperatures with samples of anotherairDiT plasma-exposed Be tile “B”
from JET and the Be pebbles irradiated in the BERWJM experiment in 1994.
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Figure 4.1.5.2.1 Tritium fractional release at aating of samples of Be tile “A” in a
continuous flow of He + 0.1 % A Curve labels denote: T — action of the given
temperature; M — magnetic field of 1.7 T; R — 5 Mast-electron radiation of 14
MGy-h'.

100%

0% | P ama) =
§ 80% 1 g Beptile "B" (JET, D-
8 70% 11 T plasma) T
'% 60% -0 Be pebbles n
S 5006 [_(BERYLLIUM) | o
o o/
o
A 20% -

10% -

0% -

T ™ TR TRM

Figure 4.1.5.2.2 Comparison of degrees of detitiaif JET Be tiles and BERYLLIUM
pebbles under the following conditions of annealig tile “A” — ramp of 5 K/min to
773 K and at 773 K for 0.5 h in a continuous flolwHea + 0.1 % H; Be tile “B” — a
constant temperature 773 K for 0.5 h in an ampo#lle;pebbles (BERYLLIUM) — a
constant temperature 1123 K for 2 h in an ampoGlategory axis labels denote: T —
action of the given temperature; M — magnetic figld..7 T; R — fast-electron radiation
of 14 MGy-H
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4.1.6 Discussion

The results obtained show that Be tile “A” has ghler tritium activity by a factor of
about 5 of the plasma-exposed surface and a gratatedance of atomic tritium’ Tby

a factor of about 2.5 than Be tile “B”. That me#mat different Be tiles of the upper belt
limiter of JET have considerably different tritiuaativities of the plasma-facing surface
and abundance ratios of chemical forms of tritium.

Higher values of the degree of detritiation of ti#e than that of tile “B” may be due to
the different experimental conditions and a greataindance ratio of faster diffusing
atomic tritium P in tile “A” than in tile “B”.

The facilitating effect of fast-electron radiation the tritium release can be related to
radiolysis of tritium localized in the moleculap Torm into faster diffusing atomic®T
particles. Fast-electron radiation has a considgraiore facilitating effect on the
detritiation of the Be tiles than that of the ini@ted Be pebbles (Fig. 4.1.5.2.2.). Though
the Be pebbles have a greater abundance ratio leicaiar tritium T 85%, the higher
effect of radiation in the case of tiles may be lax@d by the fact that unlike the
pebbles, most of the tritium in the tiles is lozall in a subsurface layer of @Gdn.
Similarly to the tritium release of the irradiat&® pebbles, the synergetic effect of
simultaneous radiation and MF on the tritium redeatthe Be tiles was observed (Fig.
4.1.5.2.2.). The synergetic effect might be ex@diby the fact that MF causes the spin
transformation in pairs of radicals®T-T and thus reduces the probability of the
following recombination and increases the concéiotmaf T in a Be matrix.

4.1.7 Conclusions

Abundances of chemical forms of tritium in a plasi@eng surface layer of Be tile “A”
was evaluated: ;T— 44 %, T — 42 %, T — 14 %. That differs from the abundances
determined previously for tile “B”: #— 69-72 %, ¥ — 18-20 %, T — 9-11 %. Fast-
electron radiation considerably increases theifvaat tritium release at annealing by a
factor of approx. 5. Magnetic field increases tractional tritium release at annealing
both without and under electron radiation by app&%.

4.2 Assessment of the effects of magnetic field,diation and temperature on the
tritium release from beryllium pebbles. Identification of chemical forms of tritium
accumulated in the irradiated beryllium pebbles.

4.2.1 Introduction

The project objective for the year 2007 was to tbs stimulating effect of the
simultaneous action of magnetic field (MF), tempam@ and ionizing radiation on the
tritium release from the Be pebbles irradiatedhie@ EXOTIC 8-3/13 experiment. The
stimulating effect was found previously investigagttritium release at annealing the Be
pebbles irradiated in the BERYLLIUM experiment. Ttrgium accumulation in Be
pebbles is an important issue of the blanket telcigyo That may be related to both the
mechanical damages of HCPB as a result of sweland an increase in the
environmental hazard in the case of accidentalitnirelease. Recovery of tritium from
the Be pebbles could replenish the tritium used agl in the deuterium-tritium fusion
reaction. Present methods of investigation of Bebjes under the ITER and DEMO
relevant conditions (irradiation with a flux of faseutrons in the fission High Flux
Reactor (HFR)) do not enable investigations ofefiect of MF of the real intensity on
the tritium accumulation. Similarly, no MF effe modelled in the present code for
prediction of the tritium release (the ANFIBE coda&gcording to the version ANFIBE
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0, in a range of operating temperatures 715-974ld¢6ut 80% of the tritium will be
retained in Be pebbles. The new version ANFIBE édjts a less amount of the
retained tritium, however also this version takes atcount of possible MF and
radiation effect. In order to investigate this effeannealing of the EXOTIC 8-3/13
irradiated Be pebbles at different constant tentpega without and in MF and under
ionizing radiation was envisaged for the year 200% reason for such investigations
of the EXOTIC 8-3/13 Be pebbles is determined by fiact that these pebbles differ
from the BERYLLIUM pebbles in respect of their méacturing method, their size,
their impurity content, their irradiation condit®r(time, neutron fluence, irradiation
temperature), thefiHe and®H content.

4.2.2. Organizational arrangements

1. Samples of the Be pebbles irradiated in the EXO&18/13 experiment were
received from FZK in January 2007.

2. A new tritium measuring system TEM-2102A has beertipased and set up for
measuring of radioactivity of gases in a gas floads on a radiation thermal magnetic
rig at Salaspils, Latvia.

3. Organizational arrangements for transportationhef Be pebbles irradiated in
the pebble bed assembly (PBA) experiment from Rgetfee Netherlands, to Riga,
Latvia, have been made.

4. A “Cole-Parmer” set of a 150-mm flowmeter KH-03298-with a high-
resolution valve, a “Precisa” semi-micro balance XESM of the 320XR series and
an antivibration table for the balance have beeushased to improve the work place at
the radiation thermal magnetic rig at Salaspilgyiaa
4.2.3. Methodical undertakings

Setups and methods for determination of chemiaahg$oof localized tritium and their
distribution were optimized.

The radiation thermal magnetic rig was tested afjdséed for investigations of tritium
release from irradiated Be pebbles under separatt saamultaneous action of
temperature, radiation and magnetic field.

4.2.4. Experimental methods and techniques
4.2.4.1 Samples investigated

The beryllium pebbles irradiated in the EXOTIC-8-3/experiment were investigated
in this study. These pebbles of a diameter 0.1 have been manufactured by
spraying molten beryllium in an inert atmosphere(i gas atomization process, IGA)
at Brush Wellman Inc. Their grain size is 40 to 200. The main impurities are 3400
ppm BeO, 100 ppm Mg. The pebbles were irradiatedif®.8 days in the High Flux
Reactor (HFR) at Petten, the Netherlands, at temyes 800-900 K with a neutron
fluence of 2.7-18 m? (E > 0.1 MeV) of a fast fission spectrum. Tie content of 285
appm and théH content of 1.16 appm (i.e. 138 MBq/g) at the ehthe irradiation in
the year 2000 were calculated on the basis ofrthdiation history.

4.2.4.2 Lyomethod of tritium analysis
In order to determine the total tritium activitydaabundance ratios of chemical forms

of tritium (T», T°, TY) in irradiated beryllium pebbles, two weighed amisuof the
pebbles were dissolved in pure 2 mol/kS&, and in the solution 2 mol/L 430, + 0.5-
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1 mol/L N&Cr,O; in a special setup. Be dissolving in pure acianrhydrogen — 1
molecule of H corresponds to 1 Be atom. The rate of hydrogetugoao was measured
with a catarometer. The,nd P localized in a Be layer transfer as+HT into a gas
phase, the rate of release of that was measurdthgously with a gas flow-through
proportional meter TEM 2100A with a detector DDH @2the operating volume 300
cm’. The tritium activity released into a gas phaséhatdissolution in the pure acid,
AT gas acid IS @ sum of the activities of, ind P AT gas_acic= Atz + ATo. T localized in

a Be layer remains in the solution. After the Bélges had completely dissolved, the
tritium activity in the solution, A so_acia Was measured with liquid scintillation method:
AT sol_acid= A+, Where A — the activity of T in the sample dissolved. In the second
dissolution experiment the scavenger 8f(f°) — 0.5-1 mol/L NaCr,O; decreases H
(T by 90%: H + CrO;* — H* (solution) + Cf*. Then the activity of the tritium
released into a gas phase and retained in theimolatre the respective sums:
AT_gas_crvy= Atz + X Ao and Ar_sol_crviy = A+ + (1-X) Aro, Where X = Rz / nge (X was
found to be 0.1); i — the molar amount of the hydrogen evolved atliksolution; B

— the molar amount of the beryllium dissolved. Eoatents of ¥, T,, T (Bq-g%) in a
sample were determined separately from thermal stagmig for investigation of
tritium release under simultaneous action of temjpee, radiation and magnetic field
was improved by the introduction of the followinganges:

e anew heater has been made;

e a new quartz tube for the fine Be pebbles irradiate the EXOTIC 8-3/13
experiment has been made for continuous measufitrgiom release at annealing in a
gas flow mode;

e a new thermocouple of type S is used. A thermo@opltype S is compatible
with the temperature control unit of the rig. Cepending differences in the activities:
At = (AT_gas_acid' AT_gas_Cr(VI) [ (1-X); Az = At gas_acic— Ato; AT+ = AT sol_acid

4.2.4.3 Tritium release at annealing

Annealing of Be samples was performed in a contisutow of the purge gas He + 0.1
% H, of the rate 14.3 + 0.5 L/h without and in MF of It and/or 5 MeV fast-electron
radiation of the dose rate P=14 MGy-im a special rig or in a continuous flow of the
purge gas argon of the rate 15 + 1 L/h in anoteanpswhere MF up to 2.35 T can be
applied without the fast-electron radiation. Thetium released was measured
continuously with a meter TEM 2100A with a detedd@®H 32. In the experiments, the
sample temperature was increased linearly with @tthe rate 5 K/min from a room
temperature to the end temperature selected fremmathge 773 - 1123 K, which was
kept constant within £ 5 K for 47 to 240 min. Thie heater was switched off, and the
sample was left to cool in a flow of the purge gese annealing temperature of 940 K
for investigations of additional effects of radaatiand MF on tritium desorption was
selected on the basis of curves of tritium releasa continuous gas flow annealing a
Be sample at a constant rate of 5 K/min from a reemperature to 1123 K so that only
a part of the total tritium is released at 940 K 4@ min. The radioactivity of tritium
released was calculated as BYtg 1 g of the sample of Be pebbles.

4.2.5 Results and discussion

4.2.5.1 Chemical forms of tritium

Using the lyomethod, abundance ratios of chemiocah$ of tritium localized in the
EXOTIC-8-3/13 irradiated Be pebbles were determinétese values are compared in

Table 4.2.5.1.1. with other values determined foe BERYLLIUM irradiated Be
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pebbles and subsurface layers of the plasma fasimnice of the JET D-T plasma
exposed upper belt limiter Be tiles.

Table 4.2.5.1.1. The total tritium activityy,Aand abundance percentages of chemical
forms of tritium localized in irradiated berylliusamples

Beryllium sample A T, T° T
EXOTIC-8-3/13 pebbles 4-18 MBg/g| 65% 23%42%
BERYLLIUM pebbles | 0.6-1.5 GBg/§ 85% 10% 5%
JET tile “A” 31.7 kBq/CIﬁ 44% | 42% | 14%
JET tile “B” 4.8 kBq/crﬁ 73% | 16% | 11%

It should be noted that the EXOTIC-8-3/13 Be pebblere found to be
inhomogeneous with respect to the total tritiumvatgt A+, which was found in the
range 4-18 MBg/g. This inhomogeneity of the samipi@ted the accuracy of the
determination of the abundance ratios of chemmah$ of tritium as the identity of the
two samples is essential for this determination.dAte see that the most part of tritium
in the EXOTIC-8-3/13 Be pebbles, similarly to thEBYLLIUM pebbles and the JET
tile “B”, is localized as molecular tritiumJ but the abundance ratios ot and T in
the EXOTIC-8-3/13 Be pebbles are about by a faofawo greater than those in the
BERYLLIUM pebbles.

4.2.5.2 Tritium release at annealing

In order to investigate possible effect of MF oitium release from the Be pebbles
irradiated in the EXOTIC-8/13 experiment, they warnealed at a constant rate of
temperature increase to 991 and 1123 K and tharcahstant temperature for 4 h in a
flow of argon of 15 L/h, the curves of tritium rake are given in Fig. 4.2.5.2.1. At
heating, at about 900-940 K, the slope of the aipfehe tritium release rate increases,
which can be explained that additional channelgHertritium release open. Subsequent
dissolution experiments indicated that no trititemained in the pebbles after annealing
at 1123 K for 4 h. Therefore a complete detritiataf the EXOTIC-8/13 Be pebbles
was achieved in this treatment. The curves in £ig.5.2.1.b testify no appreciable MF
effect on the tritium release. On the other hantbating to results of the dissolution
experiments, a larger fraction of the residualiumit of 13.3% had remained after
annealing at 991 K for 4 h in MF of 2.35 T in compan with 3.4% in the case of
annealing without MF (Fig. 4.2.5.2.1.a), which ifiess that under the given conditions
MF of 2.35 T decreased the fractional tritium rekey about 10%.
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Figure 4.2.5.2.1. Tritium fractional release rat8, (4) and tritium fractional sum
release (5, 6) at annealing of the EXOTIC-8-3/13pBbbles at a given temperature (1,
2) — a constant rate of temperature increase ana ebnstant temperature of 991 K £4
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K (a) and 1123 K +2 K (b) for 4 h without (1, 3, &d in MF of 2.35 T (2, 4, 6). The
purge gas — argon 15 =1 L/h. The tritium fractidrsum release has been calculated
for the following values of the initial total tritm activity for 1 g of the sample, MBq/g:
7.98 (a, 5); 9.34 (a, 6); 10.69 (b, 5); 11.52 (b, 6

Experiments in the radiation thermal magnetic higve that the electron radiation (TR)
and the simultaneous electron radiation and magfietd (TRM) stimulates the tritium
release at annealing in comparison with the aatioonly temperature of 940 K for 47
minutes (Fig. 4.2.5.2.2.). Degrees of detritiatiobtained in these experiments are
compared in Fig. 4.2.5.2.3. with those obtainegravious experiments with samples of
different beryllium articles under different condits of their annealing. We can see
from the experimental results obtained that underla conditions the detritiation of
the EXOTIC Be pebbles proceeded easier than théeof
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Figure 4.2.5.2.2. Tritium fractional release at aating of samples of the EXOTIC-8-
3/13 Be pebbles in a continuous flow of 14.3 £1015 of He + 0.1 % H. Curve labels
denote: T — action of the given temperature; M -gnadic field of 1.7 T; R — 5 MeV
fast-electron radiation of 14 MGy/h. The tritumadtional sum release has been
calculated for the following values of the inittatal tritium activity, MBg/g: 6.20 (T);

5.76 (TR); 6.15 (TRM)
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Figure 4.2.5.2.3. Comparison of degrees of detigrma of EXOTIC-8-3/13 and
BERYLLIUM pebbles and JET Be tiles under the faoliguconditions of annealing:
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EXOTIC Be pebbles — ramp of 5 K/min to 940 K and®4® K for 47 min in a
continuous flow of He + 0.1 %HBERYLLIUM pebbles — a constant temperature 1123
K for 2 h in an ampoule [3]; Be tile “A” — ramp d K/min to 773 K and at 773 K for
0.5 h in a continuous flow of He + 0.1 % [%]; Be tile “B” — a constant temperature
773 K for 0.5 h in an ampoule [4];. Category axabeéls denote: T — action of the given
temperature; M — magnetic field of 1.7 T; R — falgletron radiation of 14 MGy/h

BERYLLIUM pebbles. That can be explained that thCHIC pebbles have smaller
diameter @ 0.1-0.2 mm) than the BERYLLIUM pebbleg’(2 mm) and therefore a
larger ratio of free surface to grain boundary atef A larger abundance ratio of the
atomic form P could also contribute to a higher tritium releaséhe EXOTIC pebbles.
A large degree of detriation of 60% at 940 K forrdin of the EXOTIC Be pebbles and
a less abundance of the molecular form pbssibly could explain that facilitating
radiation and MF effects on the degree of detidrabf the EXOTIC Be pebbles are
relatively less than those on the detritiationhef BERYLLIUM pebbles.

4.2.6 Conclusions

Abundance ratios of chemical forms of tritium ire theryllium pebbles irradiated in the
EXOTIC-8-3/13 experiment were determineds F 65%, T — 23%, T — 12%. A
complete detritiation of these pebbles was achietetil23 K for 4 h in a continuous
flow of argon of 15 + 1 L/h, MF of 2.35 T had nopagpciable effect on the tritium
release. At 991K for 4 h, the degree of detritiateas 96.6% without MF, MF of 2.35
T decreased that by about 10% to 86.7%. At 940rkiTomin, the degree of detritiation
was 60%, 5 MeV fast-electron radiation of 14 MGyidbreased that to 76%, but the
simultaneous action of the fast-electron radiagow MF of 1.7 T increased that to
88%. Under similar conditions, the detritiation thfe EXOTIC-8-3/13 Be pebbles
proceeded easier than that of the BERYLLIUM pehbles

4.3 Development of a prototype of the radiation-hat capacitative bolometer
assembly based on ferroelectric material

Principal investigator V. Zauls
4.3.1 Objectives

The work programme is related to the developmentadfation resistant diagnostic
components and design of pilot model of dielecbidometer. After initial material
studies focussed on processing — microstructure repepty relationships of
antiferroelectric (AFE) and ferroelectric (FE) segsfilm heterostructures for model
bolometers optimum choice of materials has beenem@lde complex characterisation
of the fabricated thin film structures included timyestigation of various interfaces
fabricated during the deposition of heterostrudwas well as studies of potential use of
antiferroelectric and ferroelectric layers and ®tmbes in a specific radiation
environment. Recent stage of ferroelectric bolomgt®totype development brings
together former material studies and more detapestotype engineering aspects
including preparation of additional necessary potidu technologies and optimisation
of multilayered structure of selected sensing laged substrate, buffer layers,
bottom / top electrodes and carrier substrate l@syoompatible with existing bolometer
head assemblies.
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4.3.2 Activities to achieve task objectives are ted as follows

e Further work on improvement of required additional house production
technologies and characterization techniques toeaehpossibility for complete
production of ferroelectric bolometer prototype I&SP LU, such as metal film
deposition and possible wiring of contacts to depehore durable electrodes, reliable
conductive layers and contact areas compliant agtiepted test site requirements.

e Preliminary thermal modelling of proposed new lagoof electrode pattern has
been made to ascertain geometry of absorber amtfagle contacts of capacitative
bolometer prototype structures on non-optimizettkdhsubstrate for irradiation testing
compatible with existing bolometer heads and dlesdticoncepts of detection systems
equivalent to Wheatstone bridge arrangements dlailat test sites. Numerical
modelling is used for estimate of the prototypeapagters and optimization of absorber
shape of the new electrode layout - jointly witfIBarching and CEA Cadarache.

Figure 4.3.2.1 Layers of proposed capacitive bolmimesensor structurea — bottom
electrode as two stripes oriented yndirection; b — active ferroelectric layergc —
massive upper electrode (absorber) orientea girection; d — irradiation distribution
in input window.

Figure 4.3.2.2 Thermal modelling of temperaturetrthsition demonstrate the main
heat deposition area around upper absorber elearadd the heat sink contribution of
bottom electrodes to reach thermal balance.

As reported earlier proposed capacitive bolometeasor structure (Figure 4.3.2.1)
consists of substrate (e.g.3%i membrane or other) supporting thin (~1 pm thick)
parallel bottom Pt electrode gap (a) covered bwaderroelectric material layer (b)
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crossed on top by sufficiently thick (~2-4 um) uppkectrode (c) simultaneously acting
as absorber. Thus active sensing area is formetivbythin film capacitive spots
connected in series, while bottom electrode stripgsvide robust wiring outside
bolometer window (d) and avoid contact pins to toactive spots.

Numerical simulations of two dimensional heat floare made according to method
proposed for thin membrane and later adapted fdd-gKapton type Au-Kap
bolometer foils. For our example calculation présdnhere time dependent heat
diffusion partial differential equation is solvedh @ regular grid 27 x 52 grid using
forward-time cantered-space finite difference sobeand exactly matching witAu-
Kap numerical model geometry. Our calculation is egtzhto application in four layer
structure to account for thermal parameters andngéic shape of constituents in each
layer. Preliminary results of simulated thermalfieoare shown in Figure 4.3.2.2 for
illustrative purposes. As expected the main hepbsiéon area around upper absorber
electrode is clearly pronounced in temperatureridigion and the critical role of
bottom electrodes in thermal balance is demonstrate

4.3.3 Summary

The work programme is related to the developmentrasfiation resistant
diagnostic components and design of pilot modetliefectric capacitive bolometer.
Recent stage of R&D brings together former matestldies and more detailed
prototype engineering aspects. Required additiomdlouseproduction technologies
and techniques for complete production of ferraeledolometer prototype at ISSP
(EULA), (for example; such as thick absorber filmoguction, patterned electrode
deposition and contact wiring) are still insufficieand should be improved to achieve
final task objectives. Additional consulting witlxternal laboratories for engineering
knowledge (layer production, packaging) is requii@dsolving production tasks.
Deposition of thick Pt absorber layers has principaportance for production of
electrode pattern and reliable contacts of capact®olometer prototype structures for
irradiation testing compatible with existing bolameheads and electrical concepts of
detection systems equivalent to Wheatstone bridgamgements available at test sites.
Additional numerical modelling has to be continutmt estimating the prototype
parameters and optimization of active spot sizepdier shape, thickness and electrode
layout according to various irradiation scenariod site requirements.

5. STAFF MOBILITY ACTIONS

5.1 Staff Mobility Visits

Jelena Butikova worked at IPP Garching from %2 October until 28
November
Elina Kolodinska worked at Culham Science Centre, Abingdon froni" 27

September until 27October

Aigars Vitins took part in the Task Force PWI 2007 General Megtin
CIEMAT, Madrid from 28' October until ¥ November

Jurijs Zukovskis worked at Forschungszentrum Karlsruhe frorffi March until
18" March and from 28 September until $30ctober
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6. OTHER ACTIVITIES

6.1 Conferences, Workshops and Meetings

Olgerts Dumbrajs

Gunta Kizane

Elina Kolodinska

Aigars Vitins

Jurijs Zukovskis

6.2 Visits

Olgerts Dumbrajs

6.3 Visitors

Regina Knitter

participated in the Biennial Workshop Stochastiaityrusion
PlasmagJilich, Germany, March 5-7, 2007) and in the 32nd
International Conference on Infrared, Millimeter,nda
Teraherz Waves, Cardiff, UK, September 2 -7, 2007.

participated in the 23 Scientific Conference of the Institute
of Solid State Physics of the University of Latvikedicated
to commemoration of 75 years of ProfessoralsnVitols
(Riga, Latvia, February 13-15, 2007), in the In&ional
Baltic Sea Region Conference “Functional materiafsl
nanotechnologies 2007 (FM&NT-2007)” (Riga, Latvigril
2-4, 2007), the B IEA International Workshop on Beryllium
Technology (BeWS-8, Lisbon, Portugal, December 5-7,
2007) and in the 13 International Conference on Fusion
Reactor Materials (ICFRM-13, Nice, France, Decemb@r
14, 2007).

participated in the Summer University for Plasmaydids
(Greifswald, Germany, September 24-28, 2007) chraet
by Max-Planck-Institut fur Plasmaphysik at Garchibgi
Minchen, Germany.

participated in the 8 International Symposium on Fusion
Nuclear Technology (ISFNT-8, Heidelberg, Germany,
September 30 — October 5, 2007).

participated in the I3 International Conference on Fusion
Reactor Materials ICFRM-13, Nice, France, Decemb@o,/.

worked as guest professor at Fukui University, ddpam
October until 31 December

from FZK, Institute for Material Research Il visited PAJL
from 28" August until 38' August

7. PUBLICATIONS 2007

7.1 Fusion Physics and Plasma Engineering

7.1.1 Publications in scientific journals

1. R.B. Gomes, H. Fernandes, C. Silva, A. Sarakov3ki$ereira, J. Figueiredo,
B. Carvalho, A. Soares, C. Varandas, O. LielausisKlykin, E. Platacis, I. Tale.
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"Interaction of a liquid gallium jet with the tokakndSTTOK edge plasniaFusion
Engineering and Design (submitted) (Available oml@# October 2007).

2. O. Dumbrajs and T. Idehara. "Hysteresis in modepzgdition in high power 170 GHz
gyrotron for ITER" Int. J. Infrared Milimeter Wavésubmitted).

3. Z.C. loannidis, O. Dumbrajs, and |.G. Tigelii.inear and non-linear inserts for
genuinely wideband continuous frequency tunablexiebagyrotron cavities" Int. J. Infrared
Millimeter Waves (submitted).

4. Z. C. loannidis, G. P. Latsas, I. G. Tigelis, andBDimbrajs. "TM Modes in Coaxial
Cavities with Inner Surface CorrugationEEE Trans. Plasma Sci. (submitted).

5. V. Igochine, O. Dumbrajs, H. Zohm, A. Flaws and ASDUpgrade Team.
“Stochastic sawtooth reconnection in ASDEX Upgradguclear Fusiom7, 23 (2007).

6. O. Dumbrajs, V. Igochine, and H. Zohm, "Diffusiom & stochastic magnetic
field in ASDEX Upgrade”, Nucl. Fusion (submitted).

7. V. Igochine, O. Dumbrajs, and H. Zohm, "Transitibom quasiperiodicity to
chaos just before sawtooth crash in the ASDEX Ugbgtakamak™ Nucl. Fusion Letters
(submitted).

8. V. Igochine, O. Dumbrajs, and H. Zohm, "Transitibom quasiperiodicity to
chaos just before sawtooth crash in the ASDEX Uggréokamak” Nucl. Fusion
(submitted).

9. V.N. Kuzovkov and O. Dumbrajs;Bounded tokomak Ann. Phys. Craiova
Univ. (Romania)17, 86 (2007).

10. L. Butikova and I. TaleLaser-induced breakdown spectroscopy application fo
determining impurity content and depth profile e tplasma facing materialdournal
of Nuclear Materials (submitted).

7.1.2 Conference articles

1. V. Igochine, O. Dumbrajs, H. Zohm, A. Flaws (ASDBXpgrade Team)
"Stochastic sawtooth reconnection in ASDEX UpgtadBiennial Workshop
Stochasticity in Fusion Plasmas (Julich, Germangrdid 5-7, 2007)

2. O. Dumbrajs, V. Igochine, and H. Zohm, (ASDEX Updgdl eam) Diffusion in
a stochastic magnetic field in ASDEX UpgrddBiennial Workshop Stochasticity in
Fusion Plasmas (Julich, Germany, March 5-7, 2007)

3. D. Constantinescu, O. Dumbrajs, V. Igochine, antM8ysow"'On the accuracy
of some mapping techniques used for the study eofrthgnetic field in tokamaks.
Biennial Workshop Stochasticity in Fusion Plasmasli¢ch, Germany, March 5-7,
2007).

4. O. Dumbrajs, K.A. Avramides, and B. Piosczyklode competition in the 170

GHz coaxial gyrotron cavity for ITER32'" International Conference on Infrared,
Millimeter, and Teraherz Waves, Cardiff, UK, Sepbamn2 -7, 2007.
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5. O. Dumbrajs, K.A. Avramides, and B. Piosczyklode competition in the 170
GHz coaxial gyrotron cavity for ITER32" International Conference on Infrared,
Millimeter, and Teraherz Waves, Cardiff, UK, Sepbamn2 -7, 2007.

6. O. Dumbrajs, Z.C. loannidis, and 1.G. Tigeli§Videband continuous frequency
tunable coaxial gyrotron oscillatérs32™ International Conference on Infrared,
Millimeter, and Teraherz Waves, Cardiff, UK, Sepbam2 -7, 2007.

7. P.V. Vladimirov, V.A. Borodin, A. Mdslang, A.l. Ryanov, E.A. Kotomin,
Yu.F. Zhukovskii, "Modelling of yttrium oxide padle precipitation in iron". 13
International Conference on Fusion Reactor MaterillFRM-13 (Nice, France,
December 2007), Abstracts: p. 3711.

7.2 Fusion Technology
7.2.1 Publications in scientific journals

1. J. Tiliks, G. Kizane, A. Vitins, E. Kolodinska, Rabaglino,"Magnetic field
effects on tritium release from neutron-irradiatestyllium pebbles Nucl. Technol.
159, 245-249 (2007).

2. A.Vitins, G. Kizane, J. Tiliks, J. Tiliks Jr., Kolodinska,"Tritium release from
breeding blanket materials in high magnetic fielHusion Eng. Des32, 2341-2346
(2007).

3. J. Tiliks, G. Kizane, A. Vitas, E. Kolodinska, V. Tilika, B. Leschinskis,
"Tritium sorption and desorption from JET beryllidiies under temperature, electron
radiation and magnetic field poster PS4-2010 presented at ISFNT-8, submitsed a
ISFNT-8 paper #94 for Fusion Eng. Des.

7.2.2 Conference articles

1. J. Tiliks, G. Kizane, A. Vitis, E. Kolodinska, B. LeschinskisTritium sorption
and desorption from fusion reactor plasma facingemels'. — In the book: Institute of
Solid State Physics. University of Latvia. Abstsaof the 23rd Scientific Conference,
dedicated to commemoration of 75 years of Profedsoars Vitols. / Ed. by A.
Krumins. — Riga, February 13-15, 2007. — P. 49.

2. J. Tiliks, V. Tilika, G. Kizane, B. Leschinskis, Alitins, A. Actins."Tritium
breeding ceramic pebbles synthesized from nanopsivde In the book: International
Baltic Sea Region Conferencd-unctional materials and nanotechnologies 2007
(FM&NT-2007)'. Book of Abstracts. Riga, April 2-4, 2007. — Ihgte of Solid State
Physics, University of Latvia, Riga, 2007. — P. 21

3. E. Kolodinska, I. Reinholds, M. Pjusélnvestigation methods of tritium
chemical forms in metallic beryllium materials— In the book: The International
Research Conference for Students. Chemistry andhicheTechnology 2007. Vilnius,
Lithuania. 27th April, 2007. Abstracts. ISBN 97888933-003-5. — Vilniaus
Universitetas, Vilnius, 2007. — Pp. 20-22.

4. J. Tiliks, G. Kizane, A. Vitins, E. Kolodinska, VTilika, B. Leschinskis.
"Tritium release from beryllium materials under tleal operation conditioris—- In the
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book: The 8th International Symposium on Fusion IB@ac Technology (ISFNT-8),
Heidelberg, Germany, Sept. 30 — Oct. 5, 2007. Bufokbstracts. — P. 212.The book of
abstracts is available online at http://iwrwww1 _fi/isfnt/boa-isfnt-8.pdf.

5. G. Kizane, J. Tiliks, A. Vitins, E. Kolodinska, ASupe, B. Leschinskis.
"Detritiation of Be materials under action of tengiare, radiation and magnetic field
— In the book: The 8th IEA International Workshap Beryllium Technology (BeWS-
8), Lisbon, Portugal, December 5-7, 2007. Book bkthacts. — P. 17. The book of
abstracts is available online at http://iwrwww1 .ti/bews-8/BoA-BeWS8.pdf.

7.3 General Articles

7.4 Doctoral and Graduate Theses

Elina Kolodinska “Tritium release from beryllium materials of thernuctear
reactors (Master's Thesis at University of Latvia, in
Latvian).
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