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ABSTRACT

Integral tritium production and heat deposition measurements in a prototype
fusion blanket would enable verification of the computational codes and the data
base employed for the calculations. A large number of tritium production rate (TPR)
measurements have been reported for different types of blankets, whereas the direct
heat deposition due to the mixed radiation field in the fusion environement, is still
in its infancy. In order to ascertain the kerma factors and the photon production
libraries, suitable techniques must be developed to directly measure the nuclear heat
deposition rates in the materials required for the fusion systems.

In this context, at the LOTUS facility, we have developed an extremly efficient
double ionization chamber, for the on-line tritium production measurements and
employed a pure graphite calorimeter to measure the nuclear heat deposition due to
the mixed radiation field of the 14 MeV, Haefely neutron generator. This paper
presents both the systems and some of the recent measurements.

I) Tritium Production Measurements

The most widely used method [1] for TPR measurement, is based on
measuring the B activity of the tritium by the liquid scintillation method (LSM).
Apart from being an off-line technique and cumbersome processing, long half life
(12.3 y) of tritium, requires sufficient probe activity to ascertain the TPR to a
desirable accuracy. This requirement, demands long irradiations, specially for deeper
locations in the blanket assemblies. An efficient on-line technique is therefore
highly desirable for the fusion blanket studies. This paper highlights the principle of
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detection, fabrication and testing of an efficient on-line double ionization chamber
(DIC) employed for the direct TPR measurements. The results obtained with this
technique in the scavenging region of a composite blanket having stainless steel-
first wall, Pb-multiplier, U^CC^-breeding zone and a graphite-moderator cum
reflector are compared with the results obtained by LSM.

Working Principle and Fabrication of a DIC

In low inventory blankets, tritium breeding mainly results from the 6Li(n,<x)t
reaction. Therefore, any technique which can successfully identify this reaction, can
be effectively employed for TPR measurements. In the present studies 6LiF is
employed as the radiating material. The charged particles, alpha and triton produced
in the 6Li(n,a)t reaction are detected in coincidence by two tiny ionization chambers,
placed on either side of the radiating material. The DIC has been designed, fabricated
and tested at the LOTUS facility using standard electronic units i.e. pre-amplifiers,
amplifiers, scalars, coincidence, gate unit and a multi-channel analyzer.

The detector fabrication consists of three major steps, a) target preparation, b)
installation of electrodes in the teflon housing and c) inert gas filling. A standard
laboratory vacuum deposition plant with a double boat arrangement was used to
coat, enriched 6LiF on a commercially available 25x25 mm2 ' 7.5 ^ inch thick nickel
foil with a copper backing. Suitable masks were employed to control the area of
deposition on the nickel side of the foil. A quartz monitor and weighing technique
were adopted to measure the thickness of the coating materials. After coating 6LiF
and a thin layer of gold, the foil was carefully cut and mounted in a teflon housing.
The backing material copper was etched by a weak solution of tricholoro acetic acid
(5 gm), ammonia (32%, 50 ml) and distilled water (50 ml). Soft tissue papers, soaked
in the solution were used for etching and residuals of the reaction were removed
the same way by using distilled water.The solution etches the substrate very slowly,
so that the gas released in the process does not destroy the thin nickel foil. After the
etching, the system was dried and both the anodes were installed. The teflon
housing holds the electrodes at a fixed position and special channels and holes were
provided to accommodate and lead the wires to the micro-dot connectors and for
filling gas into the sensitive region. The separation between anodes and the cathode
was maintained at 4 mm. The diameter of LiF, gold and the gaseous regions were 14,
16 and 19 mm respectively. For the present experiment, we have selected a 6LiF and
gold thickness of 200 and about 20 Hg/cm2 respectively. A special gas filling line
with a set of micro-valves was setup to fill high purity xenon gas (^ 99.9%) to any
desired pressure up to 6 atm. Fig.l presents the sectional views as well as the fully
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assembled DIC whereas, the complete electronic system and the process of pulse
formation is depicted in Fig.2.

Operating conditions of DIC were determined by varying the high voltage, gas
pressure, discriminator bias and coincidence resolving time.The detector response
was determined with a 5 Ci, Pu-a-Be neutron source, centrally placed in a paraffin
cylinder of 45 cm diameter. Fig.3 presents the operating characteristics for xenon gas
pressure varying from 2 to 4 atm.lt was found that the DIC system works
satisfactorily for 300 to 700 volts for xenon gas filling pressure varying from 2 to 4
atm. Detailed calculations were performed by indegenously developed Monte-Carlo
code DICRES [2], taking into account all the parameters such as LiF thickness, type of
inert gas, pressure of the gas and the incident neutron energy. The results obtained
are shown in Figs. 4-7. The calculated coincidence detection efficiencies under
different operating conditions are shown in Fig.8. In general the response obtained
for different xenon pressures, compared very well [ 3] with the calculated values as
shown in Fig.9. It was also observed that the gamma sensitivity of the DIC for a
contact dose rate of 1.3 rem/h ( 22Na and 137Cs), was negligible with the
discriminator bias setting equivalent to 200 keV for each chamber and for a
coincidence resolving time of 400 ns with a gas pressure of 4 atm.

The present measurements were carried out in the scavenging region of a
composite blanket consisting of SS-first wall (1 cm); Pb-neutron multiplier (10 cm);
IJ2CO3 breeding material (15 cm) and graphite (25 cm) as moderator cum reflector.
Fig.10 shows the arrangement; the first wall was held at a distance of 10 cm from the
Haefely neutron generator [4]. A special mechanical arrangement was used to move
the DIC along the diagonal from 4 to 64 cm from the centre of the region, in steps of
4 cm. On the other hand, IJ2CO3 probes were placed all along the other diagonal
from 0 to 56 cm, with the same separation. In order to avoid the contribution due to
the back scattered neutrons, LSM probes as well as the DIC were covered, except the
front part, by a 6 mm thick, flexible boron loaded sheets.The neutron generator was
operated for 117 min at 200 mA ion current and 165 KV. Each DIC measurement
lasted for about 2 min to get a statistical accuracy of about 0.2%. The U2CO3 probes
after necessary reprocessing were counted for a period of 90 min by a computer
contolled Tri-Carb-1900 TR system to get a statistical accuracy in the range of 2%. The
results obtained by DIC and normalized w.r.t LSM value at 4 cm are presented in
Fig. 11. In general there is a good agreement upto 28 cm from the centre, whereas a
maximum deviation of 14 % was observed at larger radial distances.
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II. Heat Depsoition Measurements

In a (d,t) driven tokamak, highly penetrating 14 MeV neutrons would travel
large distances and interact with the host of the surrounding materials. The energy
deposition unlike fission reactors therefore, would be considerably spread out in the
blanket volume. It has been reported [5] that the photon production and kerma
factor libraries have not been adequately tested to confidently proceed with the
designing of futuristic blankets. In this context, we have initiated direct heat
deposition calculations and measurements in the fusion blanket materials of
interest. The heat deposition rates for Graphite, Aluminum, Copper, Iron and
Tungsten were calculated [6] by the MCNP code. It was found that for the maximum
operating power of the generator, the rise in temperature due to the interaction of
the neutron and gamma radiations was between 1.71 to 5.99 m°C/min. This paper
presents the construction, working principle and the results obtained with a quasi-
adiabatic graphite calorimeter.

A calorimeter subjected to the mixed radiation field, provides directly the net
heating rate. We have employed a quasi-adiabatic concept of the calorimeter i.e the
difference in temperature of the core and the jacket is always kept constant through
out the period of the measurement. The calorimeter consists of four different
material zones, all fabricated [7] from high purity graphite. Each zone is separated
from the neighboring one by a small vacuum region to reduce the radiative losses.
In order to insulate the inner regions from any environmental temperature
fluctuations, a double shield arrangement is employed. Also, provisions are made
for heating each zone separately, manganin wires for example are employed for the
two external shields whereas, thermistors are used for heating the core and the
jacket.The central core region of the calorimeter measures 16 mm in dia and 3 mm
in height and the overall dimensions are 34 mm dia and 18.1 mm height. Fig.12
presents the sectional view of the calorimeter along with the complete electronic
system employed. For measuring the temperature of various regions, calorimeter
employs NTC micro thermistors wired with platinum (Veco-41A14), which have
about 10 K£l resistance at 25 °C, having a thermal sensitivity of - 4%. Thus a dose of
lO"2 Gy would increase the graphite temperature by 10"5 m°C, which corresponds to a
change in resistance of thermister by 4 mQ. Such low changes have been accurately
measured with an A.C Wheatstone bridge and a lockin amplifier using a reference
signal of lkHZ.

In the present measurements, the calormeter was held in line v/ith the external
surface of the generator such that its axis was about 5 mm below that of the
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generator. The core centre in the experimental situation was 0.7 cm from the
generator. The actual measurement consisted of observing the drift in the core
temperature for a period of 5 min, during which its temperature was monitored
every 5 sec. The calorimeter was then subjected to the mixed radiation field of the
generator and the change in the core temperature was measured for the same
period, followed by another drift period with the source switched off. Several such
cycles were taken to establish the consistency of the results. The rate of change of
temperature over the drift periods, is a measure of the heat deposition rate in the
core. A typical trace for 300 mA current is shown in Fig.13. The system was calibrated
with a standard gamma source and the calibration verified by heating the core with
a known amount of electrical energy. The calorimeter output was found to vary
linearily [8] with the neutron output. The measurements were reproducible with in
1% for the energy deposition rate more than 10 jxw/g and better than 3.8% in the
range 1 to 10 uw/g. The core heating rate for 300 mA current and 165 KV (which
corresponds to 2.55xlO12 n/s) was found to be 30.48 uw/g± 3.4%. The errors due to
source calibration, neutron flux variation and positioning (1 mm spatially) were
found to be 2.5, 2.0 and 1% respectively. The corresponding value obtained by the
Monte-Carlo calculation using bmccs2 and mcpl2 library for the same power level of
the generator was found to be 31.99 Hw/g± 0.9 %. The C/E for the bare calorimeter
thus works out to be 1.05 ± 3.5 %.

Results and Discussions

The coincidence detection efficiency of the DIC is about 90% for isotropic
incident, slow/thermal neutrons. The salient features of the response i.e. sharp rise
at the beginning and a double peak structure are retained for different gas pressures.
This sharp rise offers an excellent condition for cutting off the electronic as well as
the gamma noise. The system is found to be insensitive to a gamma contact dose
rate of 1.3 rem/h, at 4 atm of xenon pressure. The TPR radial profile obtained by the
two methods are in good agreement up to 28 cm. Due to the difference in the
angular distribution of the leakage neutrons, the distant radial positions need to be
corrected down ward by about 2.5 %. Also, the net error by the LSM due to statistics,
source calibration, probe processing etc. is 7%. This suggests, that there is a good
agreement between the two methods for most of the scavenging region considered.

The response of the graphite calorimeter when subjected to the mixed radiation
field of the Haefely neutron generator is large enough to permit accurate
measurements.The measured net nuclear heat deposition is found to agree well
with the MCNP calculations, which simulates the neutron-gamma coupled
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problem. The calculations predict heating due to neutrons and gamma to be about
74 and 26% respectively. Since dominant contribution results from the highest
neutron energy group (78%), one may conclude that for the highest energy group,
the kerma factors could be satisfactory. However, special geometry experiments
using thermoluminiscent dosimeters are under way to find out the heating
contribution due to gamma, to understand the complete process of energy
deposition.

Conclusions

DIC is a highly efficient, on-line, non-destructive technique. The fabrication
procedure is delicate but once the detector system is ready, it is quite rugged. Among
the available on-line measuring techniques, DIC offers, a great potential due to its
overall small size, high efficiency, insensitivity to gamma radiations and the
flexibility of constructing a detector to suit experimental requirements. The device
would be quite useful for the laboratories that can not afford powerful expensive
neutron sources for fusion research. The adiabatic calorimeter is found to be
sensitive and an extremly stable device for accurately measuring the net heat
deposition rates in the mixed radiation field of the LOTUS facility. The large output
with the bare calorimeter suggests that the measurement can be performed inside
large blocks of materials. In order to make radial and axial profile in larger blocks for
understanding the spectral effects on the process of energy deposition, a simple
pencil type calorimeter is presently under development.

Acknowledgements:

We are thankful to Dr.J.-F.Valley, director of the institute of applied
radiophysics for his approval of the collaborative program. Our sincere thanks are
also due to Dr.M Grecescu of the same institute for fruitful discussions and for
providing the complete calorimeteric set up.

References:

1. R.Dierckx, Nud.Instru. and Methods 107,397-398 (1973).
2.0.P. Joneja, PScherrer and J.-P. Schneeberger, Fusion Technology, Vol. 22 ,Sept (1992).
3.0.P. Juneja, P.Scherrer and J.-P. Schneeberger," Fusion Technology, Vol.24, Sept (1993).
4.O.P.Joneja, M.Schaer, K.Subbarao and GSahraoui, IGA, EPFL, LPR-176, June 1990.
5. Y.Ikeda, GKonno, K.Kosako, Y.Oyama, F. Maekawa, H.Maekawa, A.Kumar, M.Z.Youssef,

and M. A. Abdou, Fusion Technology, 21, 2190 (1992).
6.0-PJoneja, R.P.Anand and J.-P5chneeben»er, IGA, EPFL Report, LPR-189, May 1992.
7. P.Gardel, Thesis No.947, EPFL, Lausanne (1991).
8. O.P.Joneja, R.P.Anand, T.Buchillier and J.-P.Schneeberger, IGA, EPFL, LPR-195, March 1993.

728



Swage

Scale: 3:1

Section A-A
27

Section B-B

(a) (b)

Fig.l. a) Sectional views of a double ionization chamber and, b) after the complete assembly
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Fig.2. Details of the material coatings at the central cathod along
with the complete electronic setup
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Fig.6. Calculated (hennal neutron response of the Fig.7. Calculated thermal neutron response of the
DIC system for different thicknesses of IiF DIC system for various neutron energies

730



1 4 f I 10 II 14 e 1 , ( I I C , j

Neutron Entity (MeV) N e u o o n E n e r ( y ( M e V )

(a) (b)

FIg.8. a) DIC coincidence detection efficiency for different thicknesses of UF and,
W for different angles of Incidence w.r.t the common axis passing through
all the electrodes

Energy (M«V)

0.S 1.0 1.S
Energy (M|V|

2 :° 0.0 0.5 1.0 1.5 2.0 2.5
400 r

200 400 «00 800 1000

Channel number

(a)

200 400 600 800 1000

Channel number

(a)
Bg.9. Comparison of the calculated and measured thermal neutron response of a DIC

for, a) 2 atm and, b) 4 aim of xenon pressure

Generator
\

i

Scavenging Region

112 cm

Hg.10 Experimental arrangement depicting blocks of materials
and sites of DIC and LSM measurements

731



0.0 8.0 16.0 24.0 32.0 40.0 48.0 56.0 64.0

Distance (cm)

Fig.ll. Comparison of the TPR profile measured by LSM and DIC
along the diagonal of the scavenging region of a blanket
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Fig.13. Measured response of a double shield graphite calorimeter with
and without the neutron pulse, for a beam current of 300mA
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