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ABSTRACT 

The current status of the European Fusion File Project (EFF) is 
reviewed. Some new tools for the nuclear-data evaluation and the 
processing are discussed. 

A method description and users manual for the toroidal-geometry 
neutronic program system FURNACE has been published. Calculations with 
FURNACE have been started to obtain the effective tritium breeding 
ratio and the distribution of the nuclear heat for the 17 Li 83 Pb 
blanket in the NET II torus geometry. 

Results of tensile tests in the temperature range 500-700 °C on the 
unirradiated vanadium alloy V5%Ti doped with 100 approximately boron 
show a small decrease in yield strength and UTS and a similar increase 
in ductility of the alloy due to the boron. The European heat of 
stainless steel type 316 is susceptible to creep embrlttlement caused 
by helium formation from the tramp element boron. Low strain range 
cyclic fatigue at 700K showed a long crack initiation phase. 

An experimental composite niobium-tin superconductor has been tested to 
currents up to ЮкА at 7.5 Tesla. Degradation in critical current due 
to fabrication processes was found to be less chan 15Z. Progress on the 
design of a 12 Tesla insert coil for SULTAN is reported. 

A first in-plle tritium extraction experiment on lithium silicate and 
lithium aluminate is in preparation. 
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1. INTRODUCTION 

The research and development work of ECN for fusion reactor technology 

is part of the Thermonuclear Fusion Programme 1982-1986 of the European 

Community [l.l]. The liaison is formulised in a FOM-ECN subcontract to 

the Euratom-FOM association contract. 

Research and technical staff allocated by ECN to fusion technology 

during 1984 amounts to 22 manyear. The work is organised in ten 

detailed R and D project contracts in the technology subprogrammes: 

- radiation damage of construction materials (MAT) 

- blanket technology (B) 

- safety analysis (SE) 

- superconducting magnet technology (M) 

Their project codes in the EUROPEAN programme system are given in the 

list of contents. 

REFERENCE 

[l.l] European Programme on Controlled Thermonuclear Fusion (1982-

1986), COM (81) 357, July 1981. 
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2. SYSTEM AND SAFETY STUDIES FOR FUSION REACTORS 
(H. Th. Kllppel) 

In the framework of the safety studies for fusion reactors, which now 
is also partially supported by the NET team [2.1], the transient 
analysis of the llquti ^..Л», Pilled blanket module has been 
continued. Especially the dynamic response of the long elongated NET-II 
blanket module design concept to a sudden internal coolant pipe break 
has been computed. Preliminary results are presented in 2.1. Other 
sn'ojr!;-.i s i»f the transient analysis of NET-II dealing with thermohydrau-
lic and thermomechanic effects of loss of flow (LOFA) and external pipe 
breaks (LOCA) will be got through next period. 

2.1 Dynamic response of the water cooled NET-II blanket module 

In the conceptual design of NET-II, see [2.2] and also fig. 2.1., the 
liquid breeder blanket consists essentially of ca 6 m long vertically 
placed tubular n»<lules In 3 rows filled with liquid Li17PBö3 as breeder 
material. The diameter of the elongated cylinders is ca 20 cm, and the 
wall thickness is ca 5 mm. The primary cool-mi. Is pressurized water at 
80 bar flowing through spirally shapes coolant pipes with diameter of 
ca 25 mm. The inlet temperature of the coolant is 240 °C and the outl-si: 
temperature is 280 °C ensuring the liquid state of the LiPb eutectic. 
TMH maximum temperature of the structure is ca 350 °C. 
Л separate first wall is envisaged to protect the modules from plasma 
radiation and erosion, therefore the walls of the modules might be as 
thin as mechanically acceptable. 
Also a modified concept is being developed, see [2.3], taking as 
coolant pressure 50 bar, as cylinder diameter 13.3 cm and ня will 
iHlzknees ca 3 mm. Both concepts are dealt with in this study. 

Because structural resistance of the blanket module to transient 
overpressurization in case of internal coolant pipe break Is a major 
design objective this event has been analysed by preference. 
Computations have been performed with У V rr.ilte difference computer 
programma PISCES [2.4] to study the dynamic behaviour of the blanket 
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module in case of sudden internal coolant pipe break taking into 

account the fluid-structure interaction and the elastic-plastic 

behaviour of the structural material. 

It has been shown by comparing 1-dimensional and 2-dimensional 

computation results on a prototypical cylinder configuration, see 

[2.5], that for a general evaluation 1-dimensional calculations in 

which the pipe break is simulated by a "line" pressure source give 

already rather good and only slightly conservative predictions of the 

pressure shock loading on the wall and of arising stresses and strains. 

Fig. 2.2 shows a typical example of the response of the cylindrical 

module with diameter D - 13.3 cm and wall thickness d - 3 mm to a 

sudden pipe break in the centre of the module assuming no reactions of 

LiPb with water. 

In fig. 2.3 the maximum peak values of the pressure load on the wall, 

tangential stress, and tangential strain as function of the wall 

thickness are given for both design options. These results show that 

for inert coolant condition (i.e. no extra energy release by chemical 

interaction of coolant and LiPb) a wall thickness of 5mm for the 

cylinder with D • 20 cm ( and p * 80 bar) and a wall thickness of 3 mm 

for the cylinder with D - 13.3 cm (and p » 50 bar) are acceptable 

choices from the mechanical point of view, giving maximum pressure 

peaks of ca. 1.25 times the nominal coolant pressure, maximum 

tangential stress peaks of ca 200 MPa, and maximum strain values < 0.5 

%. These values are far below the allowed design limits for faulted 

conditions according to the ASME-III criteria [2.6], where the maximum 

allowed stress intensity in Inelastic analysis of faulted condition is 

S - 0.7 S - 310 MPa. 
u 

It has been shown further tiiat for the fatigue evaluation of an excited 

damped free vibrating system an equivalent repetition number N with 

constant stress amplitude 0 equal to the initial stress amplitude of 

the excited system can be introduced. For not too small damping factors 

N ranges from 5 to 30 and then, by taking the design fatigue curve of 
eq 
ASME [2.7], a stress strain range of ca 3% may be allowed. 

Recent experiments [2.8] have shown that due to chemical reaction of 

water with LiPB pressure spiking lasting for a few me has to be taken 

into account. Extrapolation from these experimental results to the 

present design conditions of NET-II resulted in a conservative estimate 

of the pressure spike of ca 200-250 bar [2.9]. 
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1-Dimensional and 2-dimensional PISCES calculations have been performed 

on a LIPb filled cylinder with D » 13.3 cm and d » 5 mm assuming a 

triangular pressure source as given in fig. 2.4. with a pulse length of 

10 ms and a pressure peak of 250 bar. 

Fig. 2.5a. shows the 2-dimensional mesh-layout with a "point" source in 

the centre of the cylinder (here the length of cylinder has substan

tially been reduced to save computer costs). Both the fluid and the 

structure are represented in Lagrangian frame. 

The response of the cylindrical module is given in figs. 2.6. and 2.7. 

In fig. 2.5b. the deformed mesh at t • 4 ms is given. 

Both responses are quite similar and resemble that of quasi-static 

linear pressurization but with some overshoot. 

The maximum arising stress of 410 MPa at time t * 5.7 ms is ca 30Z 

beyond the value as predicted by the classical pressure formula 

a • pR/d • 308 MPa, due to the pressure overshoot of 10Z and the exces

sive plastic strain of 10Z (i.e. AR/R - 0.10 and Ad/d - -0.10). 

Relying on these dynamic calculations a first estimate of the minimum 

required wall thickness of a shock resistant wall as function of 

prospective pressure spikes can be made. This is shown in fig. 2.8. 

taking S • 300 MPa as allowed stress limit. 

For a pressure spike of 250 bar the minimum wall thickness should 

accordingly be 6 mm for the cylinder with D * 13.3 cm and 10 mm for the 

cylinder with D - 20 cm, i.e. the ration d/D » 0.05 is twice of that 

required in case of inert coolant condition. 

This conclusion is confirmed by fig. 2.9. where the maximum arising 

values of pressure load, tangential stress, and strain are depicted as 

function of pulse length for a 250 bar triangular pressure source in 

the cylinder with D * 20 cm and d - 10 mm. For a pulse length of 10 ms 

the results are given in fig. 2.8. Shorter pulse lengths result in 

lesser effect. This has to be compared with pure elastic systems where 

dynamic stress/strain amplification N > 1 (upto 1.6) can be expected 

[2.10] for triangular pulses with pulse length in the range 0.5T < 5t < 

2T, where T - system period (for the present case T * 0.75 ms). In fig. 

2.9. also the time t at which the maximum response values appear, is 

given. 

The prelimary conclusions for the NET-II blanket with water cooling is, 

compared to a blanket using inert coolant, that up to doubling of the 

wall thickness has to be envisaged to cope with the chemical reaction 
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of water with LiPb. Therefore more relevant experimental data on water-
Li. ?Pb83 interaction are needed to show whether or not the presented 
results are too conservative. 

REFERENCES 
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Fig. 2 . 1 . NET-II blanket module design. 
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3. NUCLEAR DATA FOR FUSION REACTORS 

(H. Gruppelaar) 

This work Is directed to the completion of the European Fusion File 

(EFF) of which the file-management is performed at ECN, Petten. A 

"starter" file EFF-0 has already been assembled and distributed, also 

the format of EFF-1 has been fixed [3.1 ]. Now all attention is focussed 

to complete the EFF-1 data library and to make it available and 

attractive to the users. This is achieved by providing the relevant 

documentation as well as a set of processing codes and by performing 

checks and simple "benchmark" calculations. 

In Sect. 3.1 the current status of the work for EFF [3.2] is shortly 

reviewed. The processing of the file is discussed in Sect. 3.2. Most of 

the tools for this purpose have recently been developed and are ready 

for distribution. Other tools, i.e. those for the nuclear-data 

evaluation, are continuously updated and improved; some examples are 

given in Sect. 3.3. Part of these Improvements were inspired by the 

results of the "International Intercomparison of Precompound Nuclear 

Models and Codes" of which the author is one of the editors. It is 

concluded that the tools developed at ECN during the past few years are 

quite useful to perform the required revisions in double-differential 

reactor cross sections. 

3.1. Current status of EFF (H. Gruppelaar) 

In Ref. [3.2] that Is part of the new documentation series EFF-DOC of 

the European Fusion File a review of the current status and future 

plans has been given. The following subjects are discussed: 

This file has already been distributed and serves as a starting point 

for revisions and updatings. The format and contents are based upon the 

Joint Evaluated File JEF-1. 

Format of EFF-1 

The format of EFF-1 Is essentially that if EFF-0, with one new data 

type MT • 10 (continuum particle emission) of which the energy-angle 

distribution is represented in the new MF-6 format of ENDF-V1 [3.3]. 
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Contents_of_EFF;l 

Important revisions are made by various laboratories inside the 
European Community on 7Li, Al, Si, Nb and Pb. In particular the neutron 
emission cross sections and their energy-angle distributions are being 
revised. A detailed survey of all modifications including updatings for 
most materials is given in Ref. [3.2]. 

For file-handing and group-constant calculations the existing ENDF-V 
codes could be used. Special routines have been developed at ECN to 
treat the MF-6 formatted energy-angle distributions, see also Sect. 
3.2. A proposal has been made to create a group constant library GEFF-1 
from EFF-1 in the VTTAMIN-C structure [3.2]. 

The format of EFF-2 will be most likely identical to ENDF-VI [3.3]. 
Updates with forthcoming new experimental data are required for 7Li and 
Be. For the main structural materials Fe, Cr and Ni revisions are 
planned at high energies, in particular with respect to double-
differential neutron-emission cross sections. A preliminary survey of 
all modifications is given in [3.2]. 

3.2. File handling and processing of EFF-1 (H. Gruppelaar, D. Nierop) 

For the file handling and processing of the double-differential 
continuum-emission cross sections stored in the new MF-6 format of 
ENDF-VI [3.3] a special code has been written and tested at ECN. This 
code named GROUPXS has the following options to treat the energy-
angular data which are supposed to be represented by г '.egendre-
polynomlal expansion in the center-of-mass system: 
(1) Conversion of MF-6 data from center-of-mass system to laboratory 

system, with the possibility to continue the calculation with 
options (2), (3) or (A). 

(2) Conversion of Legendre-polynomial representation Into point-wise 
angular data, again in MF-6 format. 

(3) Conversion of data from MF-6 into MF-4 and MF-5 (ENDF-V). 
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(4) Calculation of group constants, scattering matrices and transfer 

matrices for arbitrary group structures with a fusion micro-flux 

weighting spectrum. 

The code only treats continuum reaction types that are stored in the 

MF-6 format with the restrictions as specified for EFF-1 (see [3.2]). 

These restrictions are not inconvenient for the purpose of fusion 

neutronics calculations and they facilitate relatively simple 

processing. Option (2) is made for users with Monte Carlo codes or for 

users with processing codes based upon an angular representation, 

rather than following the Legendre-polymonial expansion method 

(option 4). Finally option (3) is meant for users who prefer to utilize 

existing ENDF/B-V processing codes, even if the correlation between 

energy and angle is evidently lost by such procedure. In this case the 

angular distribution (in MF-4) represents the energy average, whereas 

the energy distribution (In MF-5) represents the angular average. It is 

also possible to assume isotropy in MF-4. The last-mentioned option 

corresponds to the current practice in BNDF/B-V for many evaluations. 

The above-mentioned code GROUPXS has to be used together with the 

existing ENDF-V processing and file-handing codes. The combination of 

the output of these codes has to be performed by the user. At present 

the output format of GROUPXS is that of the 4-ACES code [3.4]. This 

format is quite simple and is easy to convert to other formats. At ECN 

sample calculations have been made for lead using the NJOY system, see 

the scheme in Ref. [3.2]. The GROUPXS code is realy for preliminary 

distribution, together with a sample problem and a description of the 

input. The full documentation is in progress. 

An auxilliary code MELIS has been made to sum isotopic MF-6 files with 

weighting factors containing the natural abundances to obtain data for 

the natural element. Likewise, the code may sum different data types 

of one material to obtain lumped data types. This code is a tool for 

file editing and will not be distributed to the users. 

3.3. Nuclear Models and Codes 

(H. Gruppelaar, J.M. Akkermans, D. Nierop) 

Nuclear models for evaluation purposes of double-differential cross 

sections in the continuum range have been intercompared in the frame-
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work of the "International Intercomparison of Pre-Equilibrium Models 

and Codes", organised by the NEA Data Bank at Gif-sur-Yvette. One of 

the authors (H. Gruppelaar) was involved in the editing of the results. 

A draft report is ready for distribution among the participants [3.5] 

and final publication is expected early this year (NEA Data Bank 

report). The results will also be presented at a forthcoming conference 

[3.6]. Our contribution based upon the PRANG code system is in very 

good competition with those from other codes. Still, some Improvements, 

partly based upon the experience gained from the exercise are possible. 

These improvements have been applied in a strongly updated version, 

called the GRAPE code system. Some new characteristics of this code 

are: 

(1) Introduction of pre-equilibrium gamma-ray emission as reported in 

the previous progress report [3.1 ]. 

(2) An option to calculate the internal-transition rates according to 

the mean-free path in nuclear matter. 

(3) Account of discrete-level excitations. 

(4) Account of (multi-step) compound effects to the angular 

distributions. 

(5) Variable potential depth for the calculation of refraction effects 

in angular <iistributlons. 

(6) Sophisticated spectrum sorting possibilities with output in the new 

MF-6 format for all ENDF-VI reaction types [3.3]. 

(7) Re-edited text and translation into CDC FORTRAN-V. 

An overall publication of the GRAPE code system has been prepared 

[3.7]. The main characteristics will be reviewed at a forthcoming 

conference [3.8] with an additional paper on the relation between 

exciton models and hybrid models [3.9]. Some other aspects, on gamma-

emission and on the relation between state densities and transition 

rates will be published elsewhere [3.10, 3.11 ]. 

Some examples of results of calculations with the new system are given 

in Figs. 3.1-3.5, where the effects of refraction on the calculated 

angular-distribution coefficients (reduced Legendre coefficients) of 

inelastic neutron scattering on niobium are shown at incident energies 

of 7, 9, 12.3, 14.6 and 25.7 MeV. The experimental data were obtained 

from a Legendre-polynomial fit to the data given in Refs. [3.12-3.15]. 

The full curves shown in the figures represent the calculations with 
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the mod-vl described In Ref. [3.16j, assuming no refraction at all. The 

dashed-dotted and dashed curves represent results with refraction of 

both the incoming and the outcoming beam at the nuclear surface with 

different refraction indices, calculated by assuming a nuclear 

potential with dept of V • 30 and 56.3 MeV, respectively. The last 

mentioned value corresponds to the value of the real potential depth 

used by Becchetti and Greenlees [3.17], adopted in Ref. [3.16]. The 

figures show that in general the results with refraction are better 

than those without, at least for the first-order coefficient. For the 

second-order coefficient there are quite large uncertainties and 

fluctuations in the experimental data; at some energies results without 

refraction are better, at other energies results with refraction are to 

be preferred. The best overall results are perhaps obtained with V • 

30 MeV. A survey of results at high emission energies is given in 

Fig. 3.6, showing that the uncertainties in the (extrapolated) 

experimental -lata are quite large, preventing firm conclusions at 

present. The results from the systematica [3.18] agree best with the 

calculations using high refraction. The results of this study will be 

used to improve the existing Nb evaluation for EFF-1. In addition the 

effects of (multi-step) compound emission to the second-order 

coefficient at low emission energies will be included [3.19]. A similar 

analysis is under way for nuclei in the lead region. 
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FIGURE CAPTIONS 

Fig. 3.1 Refraction effects in the calculated angular distribution of 

inelastic neutron scattering on Niobium at incident energy of 

7 MeV. The experimental data have been derived from Ref. 

[3.12]. The reduced Legendre coefficients are shown as a 

function of emission energies. The full curve represents 

calculations with the model of Ref. [3.16] without refraction 

effects. The dashed-dotted and dashed curves are results with 

refraction of incoming and outgoing beams, using a potential 

depth of V - 30 MeV and V - 56.3 MeV [3.17], respectively. 

Fig. 3.2 Refraction effects on the calculated angular distribution of 

inelastic neutron scattering on Niobium at incident energy of 

9 MeV; cf. caption of Fig. 3.1. 

Fig. 3.3 Refraction effects on the calculated angular distribution of 

inelastic neutron scattering on Niobium at incident energy of 

12.3 MeV; cf. caption of Fig. 3.1. 

Fig. 3.4 Refraction effects on the calculated angular distribution of 

inelastic neutron scattering on Niobium at incident energy of 

14.6 MeV. The experimental data are from Ref. [3.13 ] (circles) 

and Ref. [3.14] (triangles); cf. caption of Fig. 3.1. 

Fig. 3.5 Refraction effects on the calculated angular distribution of 

inelastic neutron scattering on Niobium at incident energy of 

25.7 MeV. The experimental data are from Ref. [3.14]; cf. 

caption of Fig. 3.1. 

Fig. 3.6 Survey of refraction effects as a function of incident energy 

E at high outgoing energies (e • E - 1 MeV). The meaning of 

the symbols Is the same as given in previous figures. In 

addition the dotted curve reresents the systematica [3.18]. 

The data points have been obtained by extrapolating the 

experimental data given In Figs. 3.1-3.5 to e - E - 1 MeV. 
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4. NEUTRONIC CALCULATIONS FOR FUSION REACTORS (K.A. Verschuur) 

A method description and users manual for the three dimensional 

neutronic program system FURNACE has been published [4.1 ] and the 

neutronic calculations for the Lil7Pb83-blanket concept in the NET II.1 

torus geometry, to obtain the effective tritium-breeding ratio and the 

spatial distribution of the nuclear heating, have been started. During 

the performance of these calculations a number of numerical problems 

was encountered which did not occur when calculating the threshold 

detector responses for the neutron diagnostics at JET [4.2]. Solving 

these problems caused a delay in the planned calculations for NET as 

well as for JET. Also as some of the programs had to be adopted, the 

planned distribution of the program system was postponed. 

For the NET calculations we use the lOOn 21y group transport cross-

section library ANILIB and the reaction rate cross-section library XSEC 

(based on VITAMIN-C and on MACKLIB-IV respectively) obtained from the 

NET team. They have been combined into one library ANINET. In the 

infinite vertical cylinder geometry approximation of the NET-II torus 

(used by the NET team for parametric studies), weighted group cross 

sections (42n, 12Y~groups) for the material zones were generated using 

the ANISN-PT program. With this condensed library the geometry 

mentioned was recalculated, giving results for the response functions 

of interest that were in good agreement with the original results 

(~2%). Therefore the group structure chosen was accepted as being 

satisfactory. The choise of this energy group structure for the 

condensed library was made with reference to the LASL coarse group 

structure (30n, 12y) [4.3] and the group structure (39n) used for the 

LOTUS test facility in Würenllngen [4.4]. 

When performing ANISN calculations for the L117Pb83 blankets with the 

condensed group cross sections, convergence problems occured for the 

energy groups below 2,5 MeV, that could not be cured by using a finer 

spatial mesh. It came out that the spatial dependent normalisation 

factors used in ANISN to improve convergence in case of deep 

penetration problems, lossed their effectiveness in the intermediate 

energy range where, due to the bad moderating properties of lead, there 

is an important build-up of scattered neutrons. In the Fontenay 
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version of ANISN the space independent factors and space dependent 
factors are used alternately, that is, each third inner iteration the 
space dependent factors are used, and in between the space independent 
factors. The cycle length IICC (which in the Fontenay version has the 
fixed value 3) is now specified by input. It was found that by varying 
this cycle length IICC, good convergence conditions can be obtained for 
all energy groups. 

It was planned to calculate the double differential albedos and flux 
kernels on the CRAY computer. Therefore the retrieval, mixing and 
group condensation of the cross sections was also performed on the 
CRAY. To avoid the transfer of the large blanket libraries from the 
CRAY to the CYBER it was decided to perform the FURNACE calculations on 
the CRAY as well. Therefore the whole FURNACE program system has been 
made operable on the CRAY, leaving only the plotting of the results for 
the CYBER. 

The next problem was encountered when calculating the flux kernels for 
the Lil7Pb83 blankets for the gamma energy groups: for slant incidence 
negative fluxes occured due to negative source terms; a problem that 
cannot be cured by using a finer space mesh. How this problem was 
solved, will be handled in the next semi-annual report. 
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5. RADIATION DAMAGE OF VANADIUM ALLOYS 

(W. van Witzenburg) 

5.1. Tensile tests on unirradiated V-5T1 specimens 

We have previously reported tensile-test results for unirradiated V-5T1 

following annealing in liquid sodium. We also showed some results for 

unirradiated V-5T1 which had not been annealed in sodium. The second 

series of tests has been completed now. A third series on unirradiated 

V-5T1 doped with 100 appm boron-10 is nearing completion. Figures 5.1-

5.6 show a . , UTS and total elongation for the three conditions as a 
U. z 

function of temperature for high strain rate (e - 10-3 sec-1) and low 

strain rate (e * 10-6 sec-1). Apparently, the exposure to sodium did 

not embrittle the material, despite formation of plate-shaped titanium 

oxide precipitates, which were also observed in the irradiated 

material [5.1 ]. The ductility of specimens annealed in sodium at 664 °C 

is actually larger. The effect of the boron, as determined in the third 

tensile-test series, is a small decrease of a-. . and UTS and a similar 

increase in total elongation. The effect of boron does not seem to 

depend much on the test temperature and strain rate, as the figures 

show. 

We now have sufficient reference data to be able to analyse the results 

of the irradiated material, which are expected to become available 

during the second half of 1985. 

5.2. Material for fatigue crack growth specimens 

The second phase of the vanadium project will be concerned with the 

effect of helium and displacement damage on the fatigue crack growth of 

two vanadium alloys: V-3T1-1S1 and V-15Cr-5Ti. The first alloy has been 

ordered (Metallgesellschaft, Frankfurt) and will be delivered in Petten 

in February 1985. The second alloy, V-15Cr-5Ti, may be obtained from 
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the US-fusion programme by exchange with some of our V-3Ti-lSi. This 
exchange of material, by the way, could be a first step towards inter
national cooperation in vanadium alloys for fusion, possibly also 
involving Japan. 

5.3. Irradiation capsule for fatigue crack growth specimens 

The design work for the irradiation capsule VABONA-II has been 
completed. Construction is about to begin. Irradiation is scheduled to 
start in January 1986. A suitable irradiation position in HFR, which is 
back in operation following the reactor-vessel replacement, will become 
available at that time. 

REFERENCE 
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6. RADIATION DAMAGE OF STAINLESS STEEL 316 (MAT-1) 

(B. van der Schaaf) 

6.1. Mechanical testing 

6Л^1 Effect of Helium_content on creep rupture properties of the 

European 316 L Reference Heat 

Six specimens of the European Reference heat have been irradiated to 
thermal fluences in the range from 1020 n.m"*2 to 2 * 102ц n.m~2. The 
irradiation times lasted from 60 s to 1.3 Ms (IS days). The irradiation 
temperature has been 325 K. High temperature irradiations to such low 
fluences are expensive and it has been shown [6.1 ] that for the present 
type of investigation the irradiation temperature has no significant 
effect. All specimens have been provided with detector sets for the 
following nuclear reactions: 
59Co (n,Y) 60Co - thermal fluence rate and fluence 
58Fe (n,y) 59Fe - thermal spectrum index. 
The analysis of the detectors [6.2] results in the thermal fluences 
given in table 6.1. Included in table 6.1 are the calculated helium 
contents, generated by nuclear reactions of thermal neutrons with 10B 
and 58Ni. The latter reaction only contributes substantial amounts of 
helium of the highest thermal fluence. 
After irradiation the specimens have been subjected to creep tests 
according to ASTM standard E 139.83. The test temperature was 850 К and 
all specimens were stressed to 280 MPa. In table 6.1 the resulting time 
to rupture and creep extensions are given. From the table it is evident 
that with increasing helium content both the ductility and time to 
rupture decrease. 
This phenomenon has been observed for other heats of Type 316 and 
DIN 1.4948 [6.3, 6.4]. The normalized rupture time (the rupture times 
divided by the rupture time in unirradiated condition) are plotted 
versus the helium content in figure 6.1, in order to allow comparison 
of the different heats. Figure 6.1 shows that there are two classes of 
austenltic alloys with respect to helium embrittlement. First there is 
coarse grained Type 316 and DIN 1.4948 with boron segregated on the 
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grain boundaries. Secondly there are finer grained type 316 heats with 
a homogeneous boron distribution, which show embrittlement at helium 
levels three to four orders of magnitude higher than the first class. 
At helium levels in excess of 10 appm the distinction has disappeared 
both classes are susceptible to embrittlement. 
The observations can be explained by the helium reducing the surface 
energy of grain boundaries [6.3]. Heats with boron on the grain 
boundaries have sufficient helium from 10B transmutation to promote 
intergranular cracking at low dosis. Heats with uniformely distributed 
boron and small grains, thus a large grain surface, become susceptible 
at much higher thermal fluences [6.4]. 
In first walls and blankets of NET about 500 appm helium from Ni-trans-
mutation is expected, thus helium embrittlement is to be expected. The 
steel, irradiated at 700 К and 800 К up to A dpa and about 40 appm 
helium content, will be tested in 1985 at lower test temperatures and 
stresses. It is expected that the displacement damage and increased 
helium level will aggravate the embrittlement. 
In the meantime it can be assumed that for design purposes reduction 
factors for rupture times will amount to less than 0.1. In creep stress 
terms this might corresponds to a reduction factor of 0.70 or less. 

6.1.2. The effееt_of_amolitude_and_temgerature^on_the_number_of 

In figure 6.2 number of cycles to failure measured at the test 
temperatures of 600 К and 700 К are plotted. From the figure it seems 
that for plastic strain ranges over 0.2% (total strain range 0.5%) the 
analytical expression of Tomkins [6.5] 

E * „ WC2W . с (1) 
p f ' 

where E - plastic strain range 
N * number of cycles to failure 
$ * dynamic strain hardening constant 
С • constant 

is fairly valid. The numbers of cycles to failure observed at 700 К are 
about 30% lower than those measured at 600 К with a total strain 
strange of 1% and a frequency of 0.05 Hz. At a plastic strain range of 
0.2% and lower 
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the number of cycles to failure are similar and there is a tendency for 
longer lives than predicted by [6.l]. Tomkins assumes that stage II 
crack propagation controls the cyclic life calculated in [6.1 ]. For low 
total strain ranges the initiation phase takes a higher fraction of the 
cycles to failure. Under low amplitude conditions the stage II phase 
comprises only a limited portion of the cyclic life. A detailed study 
of the fracture surface of the specimen with 0.4% strain range revealed 
striatlon widths in the range from 0.8 um minimum to a maximum of about 
2.0 v>m. The minimum widths were observed very nea" to the initiation 
area within a distance of 0.5 mm from the specimen outer diameter. The 
maximum striation widths were found at the opposite side of the 
fracture. Assuming that the first 500 \im have striation widths of 
0.1 pm means that crack propagation takes only about 15000 cycles 
(specimen diameter is 8.8 mm). This estimate leads to the conclusion 
that about 15% of the fatigue life is stage II crack propagation. 
For fusion applications the sub 0.5% strain range level is of great 
importance. Since frequency also has an important effect on cyclic 
life, much testing machine time is required for simulating the service 
conditions of NET. The test at a total strain range of 0.4% at 0.13 Hz 
took more than one week. Frequencies of about 0.01 Hz are more in 
agreement with the NET service condition. In order to produce 
significant results many dynamic machine years will be required. 
In figure 6.4 the cyclic hardening curves of fatigue tests with total 
strain ranges in the interval of 0.4% to 1.2% are shown. The higher 
strain ranges show a maximum cyclic stress level after about 200 
cycles. Only the test performed with 0.4% total strain range shows 
continuously cyclic hardening with the maximum cyclic stress after 
about 60.000 cycles. Also with respect to cyclic stress behaviour the 
small strain ranges are different from the high strain range fatigue. 
This conclusion can also Ъг •' >wn it m results on low cycle fatigue of 
type 304 unirradiated austenitlc -Г ïl • sorted by De Vries [6.6], so 
in this respect type 304 and type 31 OL appear to behave in a similar 

way. 

In figure 6.5 the number of cycles to failure is plotted versus the 

test temperature. The figure does not differ from that given [6.7], 

because most of the additional data points coincide with the previous 

ones, the exception being at the test temperature of 600 K. Still it 

can be concluded that for test temperatures over 500 К the number of 
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cycles to failure decreases with increasing test temperature. 

In table 6.2 the results are given. In the temperature range from 300 
to 800 К the 0.2% yield strength is decreasing to half its original 
value. The ultimate tensile strength is reduced with about 30Z over 
that range. The elongation decreases from 40% to about 30%. 

6«2. Irradiations 

6.2.1. Continuation of_TH>3_irradiatlon 

The T-63 rig, containing specimens for crack growth measurements, has 
accumulated about 1.7 dpa and 31 appm helium. The dose rate of this rig 
has to be rather low, because of the limited allowable temperature 
gradient In the rather bulky specimens. Next year the irradiation will 
be continued to obtain about 5 dpa in 1986. At the end of that year the 
specimens will be tested in the hot cell facilities. The next genera
tion of fatigue crack growth specimens has been designed to provide for 
high flux irradiations, retaining the ability for valid crack growth 
measurement. These disc like shaped compact tension specimens nick
named "рас-man" have also been evaluated by James [6.8] and appear to 
be a satisfactory alternative to standard rectangular blocks. The 
reduction in size of blocks and disc like shapes for certain conditions 
also seems to be acceptable. 

5^?iiz_EE££2rabi22S_É2£_ïne T~64 irradiation 

The T-64 rig, under design for the 10 dpa irradiation, will be 

irradiated from September 1985. The design has not been settled. There 

are two designs under consideration: 

- a standard TRIO ri<? with specimens submerged in sodium, 

- an advanced concept where the specimen surrounded by aluminium filler 

pieces will be gas cooled. The technical feasibility study of this 

design has been succesfully concluded. 

The latter design has as the main advantages a helium to dpa ratio of 

about 15, even in high flux positions. The standard concept will 

produce a ratio of about 8 with careful shuffling of the rig during the 
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irradiation. After a cost and risk analysis the final design will be 

chosen in February 1985 and the production of the rig will start. 

6.2.3. Specimen production 

200 Sub standard fatigue, tensile and creep specimens have been 

ordered. For the production of about 150 electron beam welded specimens 

preparation is underway. The electron beam welds will be made from the 

European 316L Reference Heat in material about 10 mm in thickness. The 

weldments will be produced with industrial equipment and expertise. 

About 100 sub standard round compact specimens will be produced next 

spring. Half of these will be included in the T-64 rig. The other will 

be used for control testing. 
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Table 6.1. Rupture times and creep extension of the European Reference 
Heat type 316 L stressed at 850 К to 280 MPa. 

Code 

1411 
1404 
1393 
1413 
1432 
1448 
1449 

Exnr. 

739 
733 
739 
735 
734 
732 
729 

Helium 
content 
appm 

0 
0.001 
0.001 
0.02 
0.2 
2.0 
13.0 

Rupture 
time 
[h] 

1116 
1210 
1085 
1203 
866 
167 
104 

Creep 
extension 

[X] 

32 
10 
15 
6 
5 
6 
5 
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Table 6.2. Tensile properties of LBW weldments at the indicated 
temperatures. 

Material 

LBW 
LBW 
LBW 
LBW 

Test 
Temperature 

[к] 

300 
300 
700 
800 

0.2Z Yield 
Stress 

[MPa] 

245 
184 
159 
128 

Ultimate 
Tensile 
Strength 

[MPa] 

601 
442 
471 
422 

Elongation 

[* I 
40 
34 
37 
29 
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Fig. 6.2. The number of cycles to failure versus the plastic strain 
range for the European 316 L Reference Heat in unirradiated 
condition fatigue tested at 600 К and 700 K. 
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6.3. Detail of the fracture surface, near the initiation area, of 
a specimen subjected to 0.4% total strain range at 0.13 Hz 
producing over 90.000 cycles to failure. 

10E2 10E3 10E4 

NUMBER OF FATIGUE CYCLES 

10E5 

6.4. Cyclic harding diagrammes of the European Reference Heat 
with total strain range in the interval from 0.4% to 1.5%. 
The test frequency is 0.05 Hz. 
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7. FACILITY FOR IN-PILE CRACK GROWTH MEASUREMENTS 

(D. de Zaaijer) 

7.1 Test sample 

The alternative method for manufacturing small holes in the test sample 

makes use of special gimlets and a particular boring machine. 

The method Is cheaper then the already mentioned spark erosion one, 

however, the holes are not as precisely positioned. The positions can 

be recorded by neutron radiography with a satisfactory result. 

Manufacturing of the holes by means of laser technique has also been 

investigated, the quality was poor. 

Each bridge on the test sample will be provided with 8 holes with a 

diameter and pitch of respectively 0.6 and 1.2 mm in the crack front 

section. 

Soldering of the minitubes to the test sample by high frequency has 

been succesful. 

7.2. Crack growth measuring 

The testing of two fully instrumented samples under dynamic conditions 

in a sodium environment at a defined temperature of 723K has been 

postponed to March 1985. 

Th • workshop has already started with manufacturing the special 

designed double containment. 

The above mentioned teste will be preceded by testing of two fully 

instrumented samples in air at ambient temperature to gain experience 

with data treatment and for investigation of the influence of the small 

holes to the crack growth behaviour. 

7.3. Irradiation facility 

The design of the irradiation facility has been finished. 

The facility will contain one fully Instrumented sample and a reference 

one, both submerged in sodium. 

The temperature of the samples will be kept at a level of 723K by using 

an appropriate gasmixture. 

Fatigue testing will be carried out by a waterdriven pull rod connected 
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to the sample. The water will be pressurized by the hydraulic system 

with the help of an cil-water converter. 

The hydraulic system will be bought. 

7.4. Final report 

The design study of a facility for in-pile crack growth measurement 

[7.l] has been completed and sent to Brussels before the end of this 

year. 

Reference 

[7.1] de Zaaijer, D. 

Facility for in-pile crack growth measurements. 

Design study, ECN-84-196, December 1984. 
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8. NOBIUM TIN MAGNET FOR SULTAM 

(J.A. Roeterdink) 

Within the framework of the SULTAN cooperation (SIN, ENEA and ECN) an 

extension of the SULTAN facility at Villigen (CH) from 8 Tesla up to 12 

Tesla is planned. 

As described in ref. [8.l] the ECN 12 T insert will be part of a system 

that will comprise ultimately 5 superconducting coils. In Phase I of 

the SULTAN project, which was concluded at the end of 1983 a system of 

2 coils, delivered by ENEA and ECN, came into operation. The design of 

this magnet system has been described in [8.2;8.3]. The infrastructure 

including refrigerator, vacuum tank, power supplies and data 

acquisition system has been delivered by SIN and has been described in 

[8.4]. The actual winding geometry of the magnet system has the 

following characteristics: 

ENEA 6 T coil : inner diameter 1.30 m 

outer diameter 1.97 m 

coil length 1.39 m 

number of turns 1720 

ECN 8 T coil : inner diameter 1.08 m 

outer diameter 1.26 m 

coil length 1.13 m 

number of turns 1236 

free bore 1.05 m 

Based on transport currents of respectively 5280 A for the ENEA coil 

and 1860 A for the ECN coil a magnetic induction of 8.1 T was expected 

in the mid-plane test area at a radius of 0.5 m. 

Based on the design values of the 8 T system there was an agreement in 

January 1983 on the necessary coil characteristics for the three 12 T 

coils as given in Fig. 8.1 and Table 8.1. 

The winding region of each coil has an inner diameter of 0.612 m, 

whereas the outer diameter is 1.0 m; the length of the winding region 

is 0.30 m. Intercoil spacing (stainless steel flanges) is 0.05 m. The 

total number of turns for the coil system Is 834. The operating current 

is 5280 Amps; total number of ampère-turns is 4.4 MA. The coils have to 

be designed such, that Interchangeability with regard to their relative 
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position is possible. 

After elaborate testing of the 8 T system it appeared that it was 

necessary to revise the design values for stable operation of the 8 T 

magnet system. The ECN 8 T magnet will be operated at 2000 A, whereas 

the ENEA 6 T magnet will be operated at 4500 A. The resulting field, in 

the mid-plane test area at a radius of 0.5 m will be 7.5 T. 

As a consequence of these test results it was necessary to revise the 

original design values for the 12 T system in order to achieve 

nevertheless the original design goal of 12 T. Upgrading is attained by 

an Increase of transport current from 5280 Amps to 6000 Amps. 

The preliminary coil design mentioned in [8.5] has been discussed with 

ENEA and SIN and will be finalized at short notice. One piece of 

composite conductor having a length of 720 m will be used for the ECN 

12 T coll. 

The coil is wound on a stainless steel cylinder having a diameter of 

612 mm. Two stainless steel flanges are foreseen having a thickness of 

respectively 15 mm and 30 mm. The winding starts with a single layer 

pancake which is radially wound from the outer side of the coil to the 

inner side. The rest of the coil is layer-wise wound in 25 layers 

having 10 turns per layer; since the pancake consists of 25 turns the 

total number of turns will be 275. The flanges are covered with G-10 

insulation material having a thickness of 1.5 mm; furthermore G-10 

insulation material is placed between the pancake and the rest of the 

windings. Radial grooves are machined in these insulation plates In 

order to have acces for epoxy resin for coil impregnation. The epoxy 

resin to be used will be of the bisphenol A type. The conductor itself 

will be insulated by glass tape (E-glass) wrapped around the conductor. 

Three layers of 0.08 mm thickness are foreseen; between the winding 

layers two layers of glass cloth are placed. 

On the outside the coil is covered with stainless steel strip wound 

around the winding area. In dialogue with the SULTAN-partners a design 

has been worked out for correction blocks enabling current transfer 

from one coil to the others. The connection blocks are constructed out 

of copper and are mounted on the stainless steel flanges. The 

connection blocks of two adjacent coils will be fixed to each other 
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wlth 16 Мб bolts. The interface of both blocks will be cladded with a 
thin layer of indium foil. 

The main experimental task in this phase of the project is to develop a 
composite conductor following a number of advanced design 
principles: 

- application of the 'react and wind' technique 
- internal forced flow cooling with supercritical helium 
- high operating current (6000 A) 

The ECN conductor design is based on Nb,Sn material produced by the ECN 
powder process. The main difference with the bronze technique is that 
A-15 material is formed in the reaction of niobium with NbSn2 powder 
giving an almost stoichiometric composition after heat treatment. The 
measured values of the critical temperature are near the optimal value 
(18.3 K). Due to a large amount of tin directly available for the 
diffusion process a relatively thick Nb^Sn layer is obtained after a 
moderate heat treatment (700 °C for 100 hours). Jc, Tc and Bc2 are 
higher than for bronze-based methods; the Jc value as specified for the 
noncopper area amounts to 1230 A/mm2 at 12.2 T and 4.2 K. 
Addition of copper up to 64% of the total strand area results in an 
overall current density for the strand material of 445 A/mm2 at 12.2 T 
and 4.2 К at a resistivity criterion of 10~13 frn. 

The strand material is now on order at Dutch industry and has the 
following specification: 

- outer diameter 1.00 ± 0.01 mm 
- number of filaments 36 
- filament outer diameter 100 pm ± 5% 
- filament inner diameter 42 ym ± 5% 
- twist pitch 30 mm 
- lenght 32 x 780 о 
- percentage of pure copper 64% 
- current density 445 A/mm2 at 12.2 T and 

4.2 К (Ю - 1 3 Яш) 

Thirty-two strands will be cabled Co a flat Rutherford cable, having a 
thickness of 1.8 mm and a width of 16.1 mm; pitch angle of the cable 
will be 12°. The expected critical current at 12.2 T and 4.2 К is 11.2 
kAops, assuming no degradation. 
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The expected critical currents at 4.5 and 5 К are given in the 
following table. 
Expected properties of ECN SULTAN 12 T conductor 
Temperature Degradation Crit. current i»I/Ic Temperature 

Ic margin 
[K] [X] [kA] [-] [K] 

4.2 
4.2 
4.2 

4.5 
4.5 
4.5 

5.0 
5.0 
5.0 

0 
20 
40 

0 
20 
40 

0 
20 
40 

11.200 
8.960 
6.720 

10.261 
8.209 
6.157 

8.697 
6.958 
5.218 

0.54 
0.67 
0.89 

0.58 
0.73 
0.97 

0.69 
0.86 
1.15 

1.66 
1.18 
1.38 

1.36 
0.88 
0.08 

0.86 
0.38 
-

I • transport current (6 kA) 
Scaling is based upon the empirical relation: 

Jc(B.T) 
Jc (B.4.2) 1 - 4.2 

10.9 - 0.6*B 

As the ECN composite conductor will be manufactured in the ECN 
workshops, an assembly line has been designed and will be put in 
operation next year. 
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Table 1. Coil data 12 T system (January 1983) 

N. of turns per layer 
N. of layers 
Total number of turns 
Total length of conductor [m] 
Operating Current [A] 
overall current density [A/mm2] 
Max Field on the conductor [T] 

ENEA 

13 
21 
273 
690 
5280 
25.2 
12.2 

ECN 
12 
23 
276 
702 
5280 
25.2 
12.2 

SIN 

15 
19 
285 
723 
5280 
25.2 
12.2 
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ric. 8.1. Dimensions of 12 T insert magnets in mm. 
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9. DEVELOPMENT NET-CONDUCTORS 
(U. Franken/J. Plaum) 

As an intermediate step in the development of NET-TF conductors a 
subsized conductor model has been tested in June, 1984, in the SULTAN 
facility. This conductor concept was based on the application of Nb^Sn 
multifilament strands, produced according to the ECN powder process and 
cabled to a 17 strands Rutherford cable. A test length of composite 
conductor has been made with copper stabilizers, stainless steel 
casing and internal cooling channels for supercritical helium. The 
conductor layout and the test equipment has been described extensively 
in the previous semi-annual report. 

9.1. Testresults 

The testres ilts are summarized in table 9.1. The tests were made by 
ramping up the sample current stepwise until quench was detected. The 
inlet and outlet temperatures of the helium gas cooling through the 
sample were measured as soon as thermal equilibrium was achieved after 
each current ramp. The available electronics did not allow for 
sufficiently accurate voltage reading in the sample current trajectory 
before the quench, so that eventual current shaving effects could not 
be recorded at these tests. 

The tests have been performed at 4.6 К temperature level for various 
helium flow rates and at some increased temperature levels. At low 
temperature the quench currents turned out to be close to or even 
excluding the 10 kAmp limit of the current supply. 
The results were evaluated to determine eventual cable degradation by 
the production processes in comparison to strand critical current. 

9.2. Influence of helium mass flow 

Contrary to the usual critical current testing in a liquid He bath 
(isothermal) testing with forced flow supercritical helium gave a more 
complex thermal behaviour. Dissipation along the conductor heated up 
the flow resulting in higher conductor temperatures downstream. So, a 
conductor quench was to be expected in an earlier stage of current 
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sharing in comparison to bath cooling. For the same reason lower quench 

currents were noticed at reduced cooling rates (run 1, 2 and 3). 

9.3. Quench currrents at increased temperature level 

By preheating the flow the sample could be tested at higher 

temperatures. Only helium inlet- and outlet temperatures were recorded 

(run 4 and 5). Fully isothermal operation turned out to be impossible 

at these elevated temperature levels problably due to heat losses to 

the cold stainless steel sample holder. Nevertheless a clear tendency 

of quench current in relation to temperature could be noticed. 

9.4. Field generated by the cable current 

The sample generated at a transport current of 10 kAmps a maximum self 

field of 0.6 Tesla, on one flat side of the cable in the same direction 

as the 6.9 Tesla external SULTAN field, on the other side in the 

opposite direction. Due to the cable twist each individual strand was 

periodically exposed to fields of respectively 7.5 and 6.3 Tesla. 

9.5. Comparison of cable to strand critical current 

The test results are shown in figure 9.1 in comparison to the non-

degraded critical current, derived from individual strand tests. It can 

be concluded that current degradation due to conductor fabrication 

processes, if present at all, is limited to about 15% at the highest. 
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ТаЫе 9.1.: Summary of test results: Bext - 6.9 Tesla 

testrun 

1 
2 
3 

4 
5 

mass flow 
(gr/sec) 

4.7 
6.3 
8.7 

4.3 
4.3 

cooling temperature (K) 

Inlet 

4.62 
4.67 
4.56 

5.90 
7.30 

outlet 
(at start) 

4.66 
4.67 
4.56 

5.49 
6.52 

outlet 
(at quench) 

5.16 
5.09 
4.69 

5.83 
6.73 

— 

Quench 
current 
(кАшрз) 

9.5 
±10 
>10 

8.7 
7.0 

15 

10 

t I (kAmps) 

<* 

»•* N 

strand data : 
1 - 705 Amps 
at : В - 7.5 T 

T - 4.2 К 
P - 10"12 ftm 

extrapolation from 
strand data 

| 1 present results 
1 l _ 

T(K) 

Fig. 9.1. Critical currents as function of the conductor 
temperature. 
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10. DEVELOPMENT OF CERAMIC TRITIUM BREEDING MATERIALS (EXOTIC) 
(H. Kwast) 

10.1. Irradiations 

The first EXOTIC experiment scheduled for December 1984 had to be 
postponed for several reasons until the end of April 1985. In the 
reported period the drawings of the Irradiation rig, rlghead and sample 
holders (SH) were completed. Thereupon the fabrication of the various 
parts started. In addition the assembly of the rig and righead 
commenced and will be completed in February 1985. Machining of most 
parts of the four sample holders is completed. The assembly starts at 
the end of January 1985. Unfortunately it appeared that the specimen 
received from Springfields contained 0.06% 6Li rather than 0.6% 6Li as 
specified. It turned out that the isotopic abundance of the lithium 
carbonate, supplied by LCA, was incorrect. It was agreed to change the 
objectives of the first irradiation such that specimens of three 
compartments had to be remade. Consequently, two compartments will 
contain specimens with 0.06% 6Li, three with 0.6% 4.1 and three with 
7.5% 6Li. The loading scheme has been adapted accordingly and is given 
in Table 10.1. 
As indicated in [lO.l] the upper four compartments will be purged with 
helium in order to extract the released amount of tritium. To this end 
the normally used gasstation had to be replaced by an special tritium 
measuring and collection system. Such a gasstation is under 
construction and will be completed in February 1985. 
The tritium concentration in the purge gas is measured using an 
ionization chamber (1С). 
The manufacturing of the ionization chambers with a volume of 20 cm3 

and the corresponding electronics is completed. The fabrication of 
ionization chambers with a volume of 1 1 is delayed due to late 
delivery of the highly isolated electrode connection. 
In the meantime the tritium monitoring system of the reactor hall is 
installed. 
The second irradiation will be carried out with three compartme.its 
filled with L12S103 specimens, four with Li20 and one with LiA102. All 
specimens contain 0.6% 6Li. 
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10.2. Post-irradiation testing 

Prior to transport tritium containing material to the hot cells a 
tritium monitoring system has to be installed. The equipment has 
arrived and is being tested. The installation starts in January 1985. 
Before unloading the specimen the closed compartments will be punctured 
in order to determine the amount of tritium released during 
irradiation. Based on the existing puncturing and gas collection system 
for fission gas analyses a special device for tritium containing gas 
has been designed and built. This device has still to be tested. After 
unloading the specimen from the compartments a series of tritium 
release and thermo-chemical stability tests will be carried out with 
single specimens or parts of a specimen. A brief description of these 
tests is given in [10.2]. The experimental arrangement of the thermo-
chemical stability tests is shown in Fig. 10.I. The samples are heated 
in a Knudsen cell, made of TaC, by means of electron bombardment. The 
molecular beam will be analysed using a Quadrupole mass-spectrometer. 
Assembly of the arrangement starts as soon as a connection flange for 
the shutter mechanism has been attached to the recipient. 
The principle scheme of the tritium release experiments is given in 
Fig. 10.2. The samples are heated in a furnace (F) at various 
temperatures. The released tritium will be transported to the 
ionization chamber using helium as a carrier gas. Four different flow 
paths are envisaged in order to obtain not only information on the 
total amount of tritium released but also to determine the chemical 
form of the tritium, HT or НТО. The direct route from the furnace to 
the ionization chamber is not indicated. In de reduction bed (RB) the 
amount of НТО is reduced to HT, while the oxidation bed (OB) transfers 
HT to НТО. This НТО is collected in a bubbler (B). In the latter case 
the tritium concentration is analysed from a sample out of the bubbler 
using a liquid scintillation counter (LSC). 
In route II released amount of НТО is trapped in a bubbler (B) and 
analysed using a LSC. The HT-concentration is measured with an 
ionization chamber. Any unreacted or not trapped НТО is trapped by a 
molecular sieve (MS). After measurement of the amount of tritium two 
different routes are used to trap all the tritium prior to release the 
purge gas to the stack. During the experiments the gas flow, the 
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pressure, the temperature and the moisture content will be measured. 
The design of the furnace, oxidation bed, reduction bed and molecular 
sieve is completed. Meanwhile, the construction of the furnace and the 
oxidation bed has started* 
The post-irradiation tests are carried out in glove boxes. These boxes 
will be delivered in January 1985 and consequently installed in a 
specially equipped laboratory. 
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NUMBER 

COMPARTMENT 

MATERIAL 

DENSITY., % TD 

% 6Li 

TEMPERATURE, °C 

1.1 
VENTED 

SCK 

L12S1O3 

80 

7.5 

400 

2.1 
VENTED 

SCK 

Li2Si03 

80 

7.5 

600 

3.1 
VENTED 

SNL 

LIAL02 

80 

0.6 

600 

4.1 
VENTED 

SNL 

LIAL0 2 

80 

7.5 

600 

NUMBER 

COMPARTMENT 

MATERIAL 

DENSITY, % TD 

% 6Li 

TEMPERATURE, °C 

1.2 
CLOSED 

SNL 

L12S1O3 

80 

0.6 

600 

2.2 
CLOSED 

SNL 

L12S1O3 

80 

0.06 

600 

3.2 
CLOSED 

SNL 

LIAL02 

80 

0.06 

600 

4.2 
CLOSED 

SNL 

LIAL0 2 

80 

0.6 

600 

Table 10.1. Loading scheme of the first irradiation. 
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1) High voltage and thermocouple penetrations. 
2) Door of recipient. 
3)4) Flanges. 
5) Electron beam furnace. 
6) TaC crucible. 
7) Sample. 
8) Guide tube. 
9) Connection for gauge gases. 
10) Quadrupole Mass-Spectrometer (QMS). 
11) Connection for high vacuum measuring device. 
12) Connection for a viewing window. 
13) Connection for high vacuum pump. 

Fig. 10.1. Experimental arrangement for thermo-chemical stability measure
ments of Li-compounds. 
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Fig. 10.2. Schematic diagram of the post-irradiation tritium release experiments 

and tritium collection. 
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11. SYSTEM STUDIES FOR NET TF-COILS 

(J.A. Roeterdink) 

In order to assess the design implications of the use of A-15 conductor 

materials in NET TF coils, the NET team drafted contracts for scoping 

studies to European laboratories. The SULTAN group (SIN, ENEA, ECN) 

performed these scoping studies in close collaboration and reported the 

work in [ll.l]. Input to these studies has been given by the NET team 

[11.2] and [11.3]. 

The studies were based on the NET II reactor concept. Figure 11.1 gives 

the characteristic dimensions of the centre line of a TF coil of NET 

II. The total necessary current for 1 TF coil (out of 16) is 7.9 MA-

turns. 

The available winding cross-section is 0.63x0.73 m2, so that the design 

is based on a windig current density of 17.2 MA/m2. The minimum bending 

radius is 1.42 m, whereas the maximum field amounts to 10.7 Tesla. 

Although for this field level the use of subcooled NbTi composites can 

be considered, the studies aimed explicitly at the use of A-15 material 

since the potentialities of A-15 materials at higher fields are 

superior to NbTi material. 

The nominal transport current had to be in the range of 20-25 kA. 

In this stage of the studies there was no need for a detailed coil 

design. The total current per coil of 7.9 MA turns is attained by 313 

windings operating at a transport current of 25.2 kA. Each coil is 

subdivided into 13 single pancakes, of which 9 have 25 turns and 4 (at 

the edge of the coil) have 22 turns. Insulation (glass-filled) between 

the different pancakes has a thickness of 1.7 mm. The conductor itself 

is insulated with glass-tape material (thickness 0.8 mm). 

In the final stage of the construction the coil will be potted with 

epoxy resin. Helium inlet connections are at the high field side of the 

coil; helium outlet connections are at the low field side of the coil. 

Grading of the conductor is not foreseen, since grading introduces weak 

spots at the location of the joints; so in the whole coil area use of 

A-15 material is foreseen. 

A coil design as described can be considered as a conservative design, 

which provides a rugged coil construction; LCT has given a lot of 

experience on such pancake coils. Main advantage of pancake colls 
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compared with layerwise wound coils is that a modular winding technique 

can be used which allows separately winding of the pancakes. A further 

advantage (in combination with forced flow cooling) is, that the 

conductor coolant channels are located such that the helium flow 

through the coil is in the same direction as the field gradient; at 

those locations (helium outlets) where the coil is in contact with the 

warmer helium, the magnetic field is considerably lower than at the 

inlet locations. 

The preliminary layout of the ECN conductor concept has been given in 

Fig. 11.2. As mentioned above a flat cable design has been made with 

the cable located in the neutral zone of the conductor in order to keep 

the bending strain as low as practically possible. The A-15 material to 

be used is Nb3Sn according to the ECN powder technique. Due to the fact 

that very high current densities are allowable in NbjSn material 

produced by the ECN powder process, the flat cable will have a low 

thickness (4.7 mm). As the minimum bending radius for NET 11 is as 

small as 1.42 mm the resulting bending strain will be 1.65xlO~3; no 

appreciable strain degradation will result from such a low value. 

The flat cable is composed of 36 first stage cables wrapped around an 

inconel strip (thickness 1 mm). The inconel strip is a folded strip 

with mineral insulation inside. The dimensions of the flat cable are 

38.5x4.7 mm2. The first stage cables are fabricated from 6 Nb3Sn 

strands (diameter 0.75 mm) cabled around a copper core (diameter 0.75 

ram); after some compaction the outer diameter of the first stage cables 

will be 2.05 mm. It is envisaged to have the flat cable heat-treated as 

a separate unit before the proper conductor assembly; stabilizing 

copper and stainless steel will not be affected by the heat treatment. 

By spacerlng the stabilizing copper internal coolant channels are 

formed. The arrangement is such that 10 coolant channels are present. 

The total mass flow of helium In the conductor is 20 g/sec. The 

conductor Is reinforced with stainless steel (316 LN) having a 

thickness of 4.9 mm. Table 11.1 gives the characteristic data of the 

ECN conductor. 
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Table 11.1 : Characteristic data of ECN TF conductor 

Critical current (10.7 T, 4.5K) [kA] 55.0 
Transport current (10.7 T, 4.5K) [kA] 25.2 
Current density [МА/m2] - [A/mm2] 

Conductor (with insulation) 19.0 
Conductor (without insulation) 20.9 
Copper 80.8 
Strand 264.5 

Conductor dimensions (with insulation) [mm2] 54.5x24.5 
Conductor dimensions (without insulation) [mm2] 52.9x22.9 
Flat cable dimensions [mm2] 38.5x 4.7 
Material cross sections [ mm 

overall 1335 
stainless steel 642 
niobium-tin + powder 36 
helium 147 
inconel 35 
solder material 34 
copper 312 
insulation 126 

Conductor length per pancake [m] 652 & 574 
Total conductor length per TF coil [m] 8160 

Cooling is based on the assumption that the averaged heat load on 1 TF 
coil is 700 watts; 200 watts due to nuclear heating, 200 watts due to 
AC losses. The remaining part is used for other sources and for the 
necessary engineering margin. Allowing a temperature increase of 0.5 К 
over 1 pancake length, the mass flow rate of supercritical helium 
necessary will amount to 260 g/sec for the 13 pancakes; helium enters 
the coil at 4.5 K. Helium inlet connections are at the high field side 
of the coil; outlet connections are in the low field region. All 13 
pancakes are cooled in parallel mode. 
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Cooling characteristics are: 

Maximum length of 1 coolant channel [m] 670 
Pressure drop [м?4] о л 9 

Total mass flow rate (1 TF coil) [s/s] 260 
Reynolds number [xlOOO] 108 
Coolant velocity [m/s] 0.9 
Equivalent diameter [mm] 3.8 
Steady-state heat transfer coefficient [w/m2/KJ 846 

As the pressure drop over I conductor length is relatively small (0.19 
MPa), margin is available to increase the mass flow considerably, if 
necessary. An increase of the mass flow with a factor of 2, would 
result in a still acceptable value for the pressure drop (0.76 
MPa). 

Mechanical integrity of TF coils for NET II is investigated by 
performing finite element calculations. Main goal is to study the 
feasibility of a coil design in which main part of supporting material 
(stainless steel) is incorporated in the conductor. Therefore, 3-D 
stress analyses are performed at ECN using the ANSYS code [ll.4] and at 
SIN using SAP-V. For comparison of results both Institutes used the 
same element layout. Here, the ANSYS results are described for in-plane 
as well as for a combination of in-plane and out-of-plane electro
magnetic loads. 

The element layout, shown in Fig. 11.3, consists of 136 sections along 
the perimeter; each section divided into 8 8-node brick elements. 

Figure 11.3 also shows boundary conditions. In X-directlon the coil is 
suppressed against a rigid central bucking cylinder. For in-plane loads 
constraints in X-direction are applied only to the straight leg (part 
AA) whereas for in-plane + out-of-plane loads this area is extended to 
BB. To sustain an overturning moment due to out-of-plane loads, 
constraints in Z-direction are applied to nodal points situated in the 
front or backside plane of the coil as depicted in Fig, 11.3. 

Equivalent homogeneous winding material is taken from the INT0R-CH 
study [11.5]. In this study equivalent material properties are 
determined for the concuctor as well as for the winding pack. 
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Structural reinforcement Is Included around the conductor by a 
stainless steel jacket. Equivalent winding material baser* on conductor 
material with epoxy resin in between is assumed to behave elastic and 
orthotropic. Properties are summarized in Table 2. 

Figure 11.4 shows coil deformations for the in-plane + out-of-plane 
load situation with extreme displacements of 6.9 and 5.2 mm in X- and 
Y-direction respectively. For in-plane loads only these values are 6.2 
and 5*6 mm. 

In Fig. 11.5 a and b normal and shear stresses expressed in the local 
coordinate system are plotted versus section numbers at two output 
locations (for locations see Fig. 11.3). Extreme values in a (-65 MPa) 
occur in the constraint part of the coil near the bucking cylinder. 
Hoop stresses a vary between 190 and 150 MPa at output location 1 and 
between 150 and 120 MPa at location 7. This character is due to the 
approximation of an ideal coil shape by a discrete number of curved 
parts each having its own constant radius. Peak values are found near 
the ends of support in X-direction. Out-of-plane loads cause a 
asymmetrical stress distribution with respect to the equatorial plane. 
Stress peaks in a occur in those sections where support in Z-direcion 
at the front and backside of the coil changes. Peak values varied from 
10 to 30 MPa. 

The stresses a and о resulting from in-plane loads only, can be x у 
compared qualitatively as well as quantitatively to those stresses 
described above. The mean hoop stress amounts to 145 MPa. Deviations 
due to in-plane bending are maximal (60MPa) near the end of the bucking 
cylinder. Shear stresses are small (< 10 MPa). 
Global stress calculations described above show that displacements and 
stresses In the coil are limited to 7 mm and 200 MPa. These results 
confirm the feasibility of a coil design with a stainless steel jacket 
incorporated in the conductor. The global stresses will result in a 
loading on the superconducting wires. This loading has to be analysed 
carefully for an final judgement of the design. 

Displacements and stresses resulting from ANSYS and SAP-V demonstrate a 
good agreement between these computer codes. 
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Table 11.2: Material properties of equivalent homogeneous winding 
material. 

E [GPa] 
E " У 
E " 
z 

106 
140 
160 

Gx [GPa] 
G У 
G 
z 

25 
25 
25 

V 
xy V 
xz 
V 
yz 

.3 

.3 

.3 
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Fig. 11 .1 . Dimensions of centre l i n e NET-II TF c o i l . 

Fig . 11 .2 . ECN conductor for NET-II. 
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Fig . 11 .3 . Element layout and boundary c o n d i t i o n s . 
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Fig. l ' . 5 . b . Distribution of normal stress a and shear stress о . 


