
ISSN 0469-4732

INSTITUTE OF PLASMA PHYSICS

NAGOYA UNIVERSITY

Proceedings
on

US-Japan Workshop A-56
"Irradiation Effects on Plasma Diagnostic Equipment"

January 2 8 - 3 0 , 1986

Institute of Plasma Physics
Nagoya University

IPPJ- 779

(Received - May 26, 1986)

June 1986

RESEARCH REPORT

NAGOYA, JAPAN



Proceedings

on

US-Japan Workshop A-56

"Irradiation Effects on

Plasma Diagnostic Equipment"

January 28 - 30, 1986

Institute of Plasma Physics

Nagoya University



Foreword

This is a collection of abstracts and papers for the US-Japan Workshop
A-56 on "Irradiation Effects on Plasma Diagnostic Equipments" held at
the Institute of Plasma Physics, Nagoya University, on January 28 through
30, 1986.

The topics presented at the workshop are classified as follows:
1) Definition of the problems and general views.
2) Radiation levels estimated from recent experiments and analysis

on large tokamaks.
3) Radiation sensitivities of diagnostic components.
4) Neutron sources for irradiation testing.
5) Discussion on suggested experiments on radiation hardening and

conclusions.
The conclusions summarized by Dr. K. M. Young are also included.

Junji Fujita
Key person for the workshop

- l -



CONTENTS

1. Overview of Japanese Activities on the Study of Irradiation Effects
J. Fujita 1

2. Measurement of Nuclear Reaction Produced Charged Particles by Track
Detector in Inertial Confinement Experiments - Gekko XII

T. Yamanaka, R. 0. Staph, H. Azechi, M. Yamanaka
and C. Yamanaka 2

3. Identification of the Principal Radiation Problems and Observations to
Data on Tokamaks

K. M. Young 4
4. Expected Radiation Levels for Present and Future Tokamaks

K. M. Young 5
5. Radiation Analysis on R-Tokamak

Y. Ogawa, T. Hyodo and K. Shin 6
6. 27Al(n, 2n) 26A1 Cross Sections around 14MeV

M. Sasao, K. Taniguchi and A. Takahashi 8
7. Contamination of Secondary Electron Multiplier - Ceratron - by

Tritium and its Decontamination

K. Watanabe, K. Ichimura and M. Matsuyama 11
8. Radiation Sensitivities of Diagonstic Components

J. Baur j4
9. Fusion Neutron Irradiation Effects on Some Diagnostic Devices

T. Iida, M. Kosuga, S. Ie and K. Sumita 20
10. Fusion Neutron Irradiation Effects on GaAs Submillimeter Wave Detector

S. Goto, K. Mizuno and T. Iida 25
11. Response of Silicon Surface Barrier Detectors to 14 MeV Neutrons

M. Sasao, R. Taniguchi and T. Iida 29
12. Characterization of Neutron Noise in Si-SSD and One Method of Noise

Reduction
R. Taniguchi 31

13. Irradiation Effects on Periphery Protection Coating Materials of
Si-Detectors

Y. Takami and F. Shiraishi 33

- ii -



14. Radiation-Hardened Optical Fibers
T. Yamamoto 36

15. Irradiation Test on Ceramics with Fusion Neutrons from RTNS-II
H. Kaneko 40

16. OKTAVIAN-I, II. As D-T Neutron Sources for Studies of Radiation
Effects on Plasma Diagnostics

K. Sumita, A. Takahashi, T. Iida and J. Yamamoto 42
17. Assessment of Present Radiation Test Facilities

D. W. Heikkinen 44
18. Dosimetry Characterization of 14 MeV Intense Neutron Sources

M. Nakazawa, H. Eguchi and T. Iguchi 45
19. Environmentally Hardened Instrumentation - Temperature and Radiation

C. P. Cannon 49
20. Fundamental Study of Neutron Streak Camera

T. Yamanaka, K. Itoga, M. Yamanaka, H. Niki
and C. Yamanaka 55

21. Suggested Experiments in Radiation Hardening
J. Baur 57

22. Summary of Workshop Conclusions
K. M. Young 61

23. Programme 63
24. Participants List 65

- iii -



Overview of Japanese Activities

on the Study of Irradiation Effects

Junji Fujita

Institute of Plasma Physics, Wagoya University

The recent progress of nuclear fusion research has brought

the central temperature and density of tokamak plasmas high

enough for yielding substantial amount of fusion neutrons

even in deuterium plasmas. The neutrons as well as gamma

rays thus produced may perturb plasma diagnostic equipments

as reported some years ago on PLT; spurious signals appeared

on Multi-Wired Proportional Counter for X-ray spectrometer

and InSb detector for Electron Cyclotron Emission measurement.

It is, therefore, urgently necessary not only to prepare

neutron and gamma ray diagnostics for reliable reaction

measurements but also to establish diagnostic techniques

which are free from such perturbations as noise generation,

malfunctioning and damages due to neutron irradiations.

There were, however, few data base for the reduction of

irradiation effects on ordinary plasma diagnostic equipments.

Based on these considerations, a study group was organized

in FY1983 in the framework of "Special Research Project on

Nuclear Fusion," supported by the Grant-in-Aid of the Ministry

of Education, Science and Culture, to survey available data

set for the radiation hardening and to discuss production

of necessary data through in-situ experiments. The study

group composed of plasma scientists and nuclear scientists

continued their activities in FY1984. The results of their

studies are summarized in the reports (in Japanese").

The reports contain general survey on the irradiation

problems in both magnetic and inertial fusion research, the

measurements of neutron and alpha particles, neutron field

and its measurements including neutron sources, and some

preliminary experimental results obtained by using Oktavian

neutron source. Most of these experimental results will

be discussed in the following papers together with the

development of neutron streak camera and the use of fission

reactor for the irradiation experiments.
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Japan-US Workshop A-56
Jan. 28-30, 1986, IPP Nagoya
Irradiation Effects on Plasma
Diagnostics Equipment

Measurement of Nuclear Reaction-Produced Charged Particles
by Track Detector in Inertial Confinement Fusion Experiments

by Gekko XII Glass Laser

T. Yamanaka, R.O. Staph, H. Azechi, M. Yamanaka and C. Yamanaka

Institute of Laser Engineering, Osaka University
Suita, Osaka 565

In inertial confinement fusion (ICF), it is very important to
measure the: compressed fuel core parameters such as density-radius
product pR and fuel temperature. Charged particles produced by
thermonuclear reaction give us those informations. For example we can
decide pR of compressed DT fuel from the ratio of 14.7MeV protons and
14MeV neutrons which are produced by the secondary and the major
reaction in DT fuel, respectively. For the measurements of high energy
charged particles from a burst sources, track detectors such as
cellulose-nitrate and CR-39 are useful. But if we use them in the ICF
experiments where various kinds of charged particles take place, a lot
of technical problem as well as response function of the track detector
itself have to be studied.

In this paper we report the calibration experiments of CR-39 and
the preliminary results of the pR measurements in implosion experiments
by Gekko XII laser at ILE-Osaka University.

1) The relation between the tack diameter and etching time was
measured for Pershoe Moulding's (P.M) and Solar Optical Japan's (SOJ)
CR-39. The diameter wasdifferent for the different thickness samples
even if they are prepared by the same company. The P.M. CR-39 showed
lower back-ground noise and better clearity after 20hr etching.

2) The relation between the track diameter and proton energy, and
the registration efficiency were measured in the energy range of 5 ^
lOkeV where we could not get the experimental data published. Note data
of track diameter in 1 ̂  5MeV and 12 ̂  18MeV are published by F.H.
Ruddy et al . The obtained data was well connected to the F.H. Ruddy
data if we approve the small difference caused by the different samples

The registration efficiency of 500ym P.M CR-39 decreased suddenly
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from 100% at 6MeV to ̂ 25% at lOMeV for 16hr etching. But for 20hr
etching registration efficiency showed minimum at 7MeV as shown in Fig.
1.

3) By using the calibrated CR-39 we observed 14MeV and 3MeV protons
from laser fusion experiments and could decide the pR of compressed fuel
core and also fuel temperature. Moreover we could calibrate the neutron
detector such as Ag, Au and Al activation counter in situ.

7 2When the 14MeV neutron flux is 4.4 x 10 / mm we observed many
tracks by neutron-recoil protons and carbons. In this case we could not
identify the proton signal even if the coincidence method.

1) F.H. Ruddy et al: HEDL-SA 2149 (April 1980).
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Identification of the Principal Radiation Problems and
Observations to Date on Tokamaks*

K.M. Young and members of the TFTR Diagnostic Division
Princeton Plasuia Physics Laboratory

The principal types of radiation problems for fusion devices have been
identified and it is clear that in the reactor regime, the capability of
measurement of plasma parameters will be constrained by the radiation
environment. The first observations of these effects for fusion devices will
be discussed, primarily for TFTR.

The TFTR neutral-beam heated tokamak has been planned to produce a high
neutron, and scattered gamma flux from operation in D-T plasmas at Q of 1.
This phase of operation will not occur until 1989 but already some data on the
sensitivity of detectors to radiation from deuterium plasmas at relatively low
power beams (- 5 MW) under relatively unshielded conditions has been gathered
and compared to predictions. These transient noise predictions for specific
detectors were based on measurements with neutron sources or were from
computer calculations. The following experimental studies were made for

i) experimental measurement of the effect of tritium on diagnostic
components which operate within the vacuum enclosure

ii) theoretical studies of neutrons and soft X-rays on windows and
some qualification testing of windows

ill) the transient effects of neutrons, and gammas on specific
diagnostic detectors.

No detectors were radiated sufficiently to provide permanent damage
information. These studies led to modifications of components, relocation of
diagnostic components, and the provision of sufficient shielding. In some
cases, e.g. the magnetic coils close to the vacuum vessel wall and the optical
periscopes for plamsa TV monitoring, the selection of relatively radiation
hard materials was straightforward but this feature may not extrapolate to
future devices.

Diagnostic components for which specific studies were made included
windows, cooled Si(Li) detectors, microehannel plates and platinum bolometers;
the impact of these studies will be discussed.

*Work Supported by U.S. DoE Contract No. DE-ACO2-76-CHO-3O73.
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Expected Radiation Levels for Present and Future Tokamaks*

K.M. Young, L.P. Ku and S-L. Liew

Princeton Plasma Physics Laboratory

Because of their necessary tight coupling to the plasma by line-of-sight,
vacuum and signal intensity requirements, plasma diagnostics are very strongly
affected by the radiation environment of a tokamak producing neutrons. This
paper summarizes information available from nuclear code calculatons for a
number of tokamaks in operation at the moment and being considered in future
phase.

The two presently operating devices are the Tokamak Fusion Test Reactor
(TFTR) and the Joint European Torus (JET). The operational philosophy for the
diagnostics of these two devices is quite different and this is reflected in
the different ways of handling the shielding. Extensive calculations have
been carried out for these devices and they will be discussed. In TFTR there
is a reduced level of shielding for deuterium operations than for tritium and
both cases will be described. For TFTR, where local shielding surrounding
individual diagnostics is often required, some examples of the local shielding
studies will be given.

Two examples of the devices in the planning stage will be given. The
first is the INTOR project which is an example of a reactor-like device for
which a relatively modest plasma diagnostic set might be expected to operate
during its burning phase. The second is a Compact Ignition Tokamak (CIT)
under conceptual design in the US for the purpose of studying a small high-
density alpha-particle heated plasmas. This device will therefore require
significant diagnosis during the ignition-phase and adequate shielding for the
diagnostic areas is therefore a critical requirement.

These four devices provide a sufficient information base for
consideration of the radiation problems for plasma diagnostics.

*Work Supported by U.S. DoE Contract No. DE-AC02-76-CH0-3073.
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Nuclear Radiation Analysis on R-Tokamak

R-Project Design Team in IPPJ

and

T. Hyodo and K. Shin in Kyoto Univ.

presented by Y. Ogawa

Nuclear radiation analysis for R-tokamak, which is a D-T reacting

plasma facility, at Institite of Plasma Physics, Nagoya University15 , is

described. In R-Tokamak the total neutron amount per one D-T discharge is

about 1.6xlO18 neutrons. Analysis of radiation field was carried out with

the 1-D ANISN and 2-D PALLAS codes, and environmental dose rate due to the

skyshine vas examined with four different methods; a) Thomas equation, b)

Nakamura et al. equation, c) the SKYSHINE-II code and d) the PALLAS code.

These four results are roughly in agreement.

A 14-MeV neutron streaming through a narrow vertical hole duct in the

diagnostics room was analyzed using the Monte Carlo coupling technique2' .

Monte Carlo calculations show an effect of neutron streaming at locations

beyond the vertical hole duct axis in the horizontal direction.

The induced activation analysis of the device was carried out3' . The

time evolution of the dose rate is shown in Fig. 1. If the stainless

steel is used as a vacuum vessel, the dose rate around the torus becomes

very high( several mrem/h/shot during one year). Al-alloy was considered

instead of the stainless steel as a low activation material. In the

Al-alloy case, the dose rate after 2 weeks is reduced to the level of 1-2S

of the stainless steel case. In order to reduce the dose rate further, TF

coil covered by lead(Pb) was taken into account. Al-alloy has also an

advantage for D-D discharge, because Al-alloy and copper(Cu) conductor

does not activate by D-D(2.45 MeV) neutron. The activation levels of

impurity.elements in Al-alloys were evaluated. To keep the dose rate

bellow the allowable level ( 10"3 mrem/h/shot ), it is found that the

purification level for each element is as follows; ~ 1000 ppm for Fe, Cu

and Cr, ~~ 100 ppm for Ti and Zn, and ~ 10 ppm for Mn, Ni and Co.

Irradiation experiments of test pieces was carried out for Al-alloy

and stainless steel with RTNS-II facility*' . It is ascertained that the
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data of gamma-ray measurement is consistent with the calculated values of

the induced activation code.

references

Design Team of Reacting Plasma Project, in Interim report on the

second phase design of R-tokamak, (1983) (unpublished)

2) K. Ueki et al., Fusion Technology, 1, (1985) 90

Y. Ogawa et al., 6th Int. Conf. on Radiation Shielding, (ICRS),

(1983, Tokyo), vol. II, p.721

Y. Ogawa et al., Journal of Nuclear Science and Technology, 21,

(1984) 561
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MI \n, cw) HI g.s. cross section arouna it nev

M. Sasao, T. Hayashi, K. Taniguchi* and A. Takahashi**

Institute of Plasma Physics, Nagoya University

* Physics Department, Nagoya University

** Department of Nuclear Engineering, Osaka University

Aluminium has been thought to be not suitable as a fusion reactor

material because of the long-life activity from the (n, 2n) reaction,

inspite of its rapid decay of the activation level and other attractive

fe
26

27features as a structural material. The threshold energy of Al (n, 2n)

Al reaction is 13.56 MeV (£tn)» slightly below the DT neutron energy,

and the cross section is supposed to be a steep function of the neutron
o/r of.

energy. The ground state of Al decays into Mg with a half life of

7.2 x 105 years, emitting a 1.809 MeV y-ray. On the other hand, this

reaction can be used as a measure of the energy spectrum of neutrons

from a DT reacting plasma, if the total neutron number is obtained from
27 27 1)other dosimetry reactions such as Al (n, p) Mg. '

Recently R. K. Smither and L. R. Greenwood have obtained the cross

section around 14 MeV through the measurement of the production rate

of Al by accelerator mass spectrometry. Their cross sections are

smalller than the theoretical prediction of theBlatt and Weisskopfformula,

especially at the neutron energy less than 14.5 MeV.

We measure the cross section by using the Intense 14 MeV Neutron

Source Facility at Osaka University (OKTAV/AN). Pure aluminium targets

(99.99%), fabricated into a disk shape (t = 5 - 10 urn, • = 15 - 30 mm),

were fixed at the average angles of 13° - 106° to the beam line, and

were irradiated with (0.5 - 3) x 10 neutrons/cm . The average neutron

energies at each angles are kinematically calculated to be 14.8 - 13.9 MeV.

The characteristic y-rays of 1.809 MeV have been detected with a

well-shielded germanium detector after more than a month cooling. Only

Y-rays from Al and Co were observed besides the room background.

The detecting efficiency at this energy has been calculated from the

efficiency curve obtained by a calibration experiment. A U-NaCl sample
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has been fabricated into a same shape as a traget, fixed at the same
214 214position on the detector, and y-lines from Bi and Pb were measured.

In Figure 1 are shown the present results (open circles) together with
those by R. K. Smither et al. Here a half life of 7.16 x 10 year

4}is assumed. ' Present results agree with the measurement by Smither
and others ' within the statistical errors, and the cross section at
the DT neutron energy is expected to be several times smaller than that
used in the THIDA code.5)

We calculate the (n, 2n) cross section in the partial statistical
model , as the following,

2J+i
o(n,2n)(En) =u Jjl 2(21+1)

E, 0 ,c „ TJ"

E Q = E1+e' =

where EQ, E, are incident and outgoing neutron energies, I and I'(I")
are target and intermediate state nuclear spins, and p(I', E ) is a spin
dependent level density. The summation z, z' were performed under
restriction of the angular momentum conservation. The solid line in
Fig. 1 indicates the calculation in theBlatt and Weisskopfformula ' with
a level density parameter a = 3.6 MeV" , and is more than three times
larger than experimental results. The dashed line and dot-dashed line
inuicate the results when only s-wave contributes the reaction, and s-wave
and p-wave contribute, respectively. The agreement to the experimental
data is improved. If emission channels of charged particles are considered,
the cross section will be reduced.

References
1) R. K. Smither and L. R. Greenwood, J. of Nucl. Mat., 122&123 (1984), 1071
2) T. Kato, priveta communication.
3) J. H. Coon, R. W. Davis, H. E. Felhauser and D. B. Nicodemus, Phys,

Rev. Ill (1958), 250
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4) C. M. Lederer et al., Table of Isotopes, Seventh Edition (1978, A
Wiley Interscience Publication)

5) H. Iida et al., JAERI - M 8019, (1978)
6) H. Goldstein, Statistical Model Thory of Neutron Reaction and Scattering

Fast Neutron Physics, Vol. II (1963, John Wiley & Sons, New York-London),
1525

7) J. M. Blatt and V. F. Weisskopf, Theoretical Nuclear Khysics (1952,

Wiley, New York)
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Contamination of Secondary Electron Multiplier (Ceratron)

by Tritium and its Decontamination

K. Watanabe, K.Ichimura and M.Matsuyama

Tritium Research Center, Toyama University,

Gofuku 3190, Toyama 930, Japan

A number of secondary electron multipliers (SEMs) will be used in the

thermonuclear fusion devices as detectors for particles and photons. Such

devices currently make use of hydrogen and deuterium as working gas. For the

future, however, it is expected that tritium will be used to increasingly wide

extent, which will call for the development of techniques to decontaminate

the SEMs and their containers, or to avoid contamination of those to obviate

impairment by (3-deca.y of tritium. In addition, since the SEMs can detect tri-

tium in gas phase as well as adsorbed state, they will be used as a conveni-

ent implement to study adsorption and desorption of tritium on materials, in-

cluding its surface distribution, if the above mentioned techniques will be

established. From this viewpoint, we have studied the adsorption-desorption

of tritium on Ceratron, the impairment of ceratron performance due to tri-
1-41

tium exposure and decontamination techniques .

As shown in Fig.l, when the ceratron was exposed to tritium gas, the noise

level began to increase at the exposure of about 10 Torr.sec. It, however,

appears to come steady at about 100 cps above the exposure of 10 Torr.sec.

On the other hand, according to Malinowski , the noise level of channeltron

begins to increase appreciably above the exposure of 10 Torr.sec. It in-
4

creases gradually with increasing exposure, reaching to 10 cps at 100 Torr.

sec. The different behavior of these multipliers is apparently due to the

difference in the chemical constituents of them. When the ceratron was exposed
-9 -5

to tritiated water vapor at 1 x 10 Torr for 12 hr (s 4 x 10 Torr.sec),

the noise level increased to 500 cps. The additional exposure to tritium gas

caused no change in the noise level. It indicates that the contamination by

tritiated water vapor is more serious than that by tritium gas.

We examined, first, the decontamination of ceratron by heating. Fig.2 shows

the decrease in the amount of tritium irreversibly adsorbed on ceratron disc,

which was contaminated with tritium gas. It was heated in He flow at a given

temperature for 6 hr. The tritium remained on the surface was measured by

2TT counter. The initial count rate was 6.5 x 10 cpm.lt decreased with

elevation of temperature, eventually decreasing to 10 cpm after the heating

- 11 -



at 500°C. It means that the heating at high temperature in He flow is effec-

tive for decontamination. Heating of the ceratron in vacuum was also effective

for decontamination. It requires, however, the baking-out of the whole vacuum

system at rather high temperature and long decontamination time. It is also

true for other multipliers i .

Secondly, we examined another method, photon irradiation. The ceratron

was contaminated with tritiated water vapor and illuminated with halogen lamp.

As shown in Fig.3, the initial count rate was 1.5 x 10 cps. The noise level

decreased to SO cps after 15 minute illumination and 5 cps after 30 minute.

In addition, although the pulse height distribution could not be measured, the

noise level further decreased to 0.1 cps by the illumination for 50 minute.

The decrease in the noise level is plotted against the illumination time in

Fig.4. At the initial stage, it decreased rapidly with time. After this stage,

the noise level decreased exponentially with time. It is seen that the ceratron

is more effectively decontaminated by the photon irradiation in comparison with

heating method.

These results are not due to the change in the counting properties of the

ceratron, because the pulse height distribution did not change during the

measurements. In addition, it is not caused by thermal effect, since the tem-

perature of the specimen was only about 90°C during the illumination. This

conclusion is also supported with the fact that the photocatalytic decomposi-

tion of water over Pt/TiO_ takes place with the illumination by halogen lamp

as well as UV illumination J . Therefore, it is concluded that the decontami-

nation by halogen lamp illumination is caused by photodesorption and/or photo-

catalytic reaction of irreversibly adsorbed tritium. To discuss the details

of the mechanisms, however, it is required to investigate the adsorbed state

of tritium, desorption kinetics, chemical form identification of desorbed tri-

tium, wave number dependence, and so on.

The conclusions of the present study are as follows: (1) Secondary electron

multipliers are contamined with tritium irreversibly adsorbed on their sur-

faces. The noise level increased due to the contamination. (2) The extent of

the contamination differs from each other, depending on the SEM materials.

Tritiated water vapor is more injurious to SEMs than tritium gas. (3) Heat-

ing of SEMs is, in principle, effective for decontamination. It is, however,

not in-situ method and requires long decontamination time. (4) The contami-

nation of ceratron can be removed effectively, and in-situ, by photon irra-

diation.
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Radiation sensitivities of diagnostic components

James F. Baur
GA Technologies INC.

San Diego, California U.S.A.

Problem

Present day diagnostics systems will be modified or replaced for use on
a fusion reactor because of the effects of penetrating radiations from
the ignited plasma and the activated structures.

The steps needed to conceive, design, and build reliable instruments
and diagnostic systems for a reactor include:

• Determine the radiation environment
• Specify the set of necessary instruments
• Consider the damage data on components
• Design and refine the system
• Employ hardening techniques

• Test critical components and the system

Radiation hardening techniques

To reduce the effects of radiation on sensitive components and systems:

Move sensitive components: Farther away; to region of less exposure
Shield: Direct, indirect, backscattered radiation
Use small aperture penetrations and periscope bends
Select hardened components
Incorporate blind second channels
Decrease time of exposure: Shutters; shield blocks
Replace sensitive components periodically
Use alternate technology for the whole system
Conduct incipient failure tests

- 14 -



COMPARISON OF FLUXES AND ANNUAL DOSES FOR VARIOUS MACHINES

TFTR JET FED STARFIRE
Neutron Flux (neutrons cm" s" )
Region 1 3 x 1013 -- 2 x 1014 2 x 1015

2 -- - 4 x 1O12

3 1 x 1011 1.4 x 1O12 -- 106

5 -- - - 1O"1

-2 -1

Gamma Flux (gammas cm" s" )
Region 1 2 x 1013 -- 2 x 10 1 4 4 x 10 1 4

2 -- -- - 6 x 1012

3 7 x 1O10 0.9 x 10 1 2 — 105

5 -- -- - 101

Annual Fluence (neutrons cm )
Region 1 1.5 x 1016 -- 1 x 1021 3.8 x 1022

2 — — -- 9.5 x 1014

3 6 x 1013 1.4 x 1017 -- 2.4 x 1013

5 ~ — — 2.4 x 106

Annual Dose (rad) (total neutron and gamma)
I x 1O12 6 x 1 1

-.10
region 1 2 x 1O7 — 2 x 1O12 6 x 10 1 2

2 - - - - 9 x 10J

3 8 x 1O4 2.4 x 108 2 x 105 2 x 103

5 2 1.2 x 1O"1 <1 2 x 10"1
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Penetration study

Objectives

• Gauge magnitude of problem of calculating neutron streaming effects
through diagnostic penetrations

• Assess difficulty of set-up and precision of available computer code
for tortuous penetration paths

• Compare simple analytic calculation to computer calculations

Conditions:
• Classical theory (Simon and Clifford) equation used
• MCNP Monte Carlo computer calculation used
• FED outboard bulk shield parameters used
• Eight penetration designs studied, including:

Straight-thru, single-bend, double-bend, radius of 2,3,5cm, flux trap

Penetration study observations:
• Analytic and computer results agree only for straight-thru case
• Differences of 10^ occur for multileg penetrations
• Moderate-angle elbows have small benefit
• Flux traps appear to have no benefit
• MCNP method is feasible, advanced biasing needed

Data on Component Sensitivities

A survey report* was done recently in the US.

• Baur, et al., "Radiation Hardening of Diagnostics for Fusion Reactors,"
GA Technologies Report GA-A16613, Dec 81

- 16 -



TOLERANCE OF SELECTED COMPONENTS AND MATERIALS TO MIXED NEUTRON-GAMMA RADIATION

ITEM

Nuclear diode (PIN, Si, Ge)
CMOS K

Optical fiber
Optics
Phototubes (PMT, TV)
Hardened MOS- IC

Ferroelectrics
Plastic insulators
Resistors
Piezoelectric crystals
Inorganic insulators
Magnetic materials

Radiation resistant alloys

Ionization dose (RADSi) for damage

1 0 1 -
1 0 3 -
1 0 3 -
1 0 4 -
1 0 5 -
1 0 5 -
1 O 6 -
1 O 6 -
1 0 7 -

1 0 1 0 -
1 0 1 2 -
1 0 1 2 -
1 0 1 3 -

1O3

105

10
10
10
10
10
10
10
10
10
10
10
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Data base on radiation effects on components

Radiation hardening of complex diagnostic instrumentation requires
knowledge of radiation effects on many components.

Data on radiation effects exist from fission, fusion, space and military
sources.

Use can be made of most existing data for fusion application when only
order-of-magnitude of radiation effects are required for preliminary
assessment of component survivability.

Use of some data requires extrapolation to higher energy ranges and
fluences and detailed knowledge of particular application.

More data are needed for components that are marginal in operation
and for components operating at the highest fluences, such as those
operating near the first wall and components operating in direct view
of the plasma. Additional data needed includes data for:

- Rogowski and flux coils
- Optical components (mirrors, windows) operating near the first wall

in direct view of the plasma
- Radiation-induced noise in sensitive detectors
- Effects of ionizing radiation on insulators and components sustaining

or operating on high voltage
- Effects on sensitive electronic parts operating in sheltered areas
- Effects on certain subsystems and assemblies

Simple experiments can be designed and carried out in existing or soon-
available facilities. These experiments should evaluate radiation effects
on essential components for selection of most radiation resistant parts
and adoption of effective radiation hardening techniques. Important
components to evaluate include:

- Mirrors
- Rogowski and flux coils
- Windows
- Vacuum seals
- Transducers and sensors

- 18 -



New data are available

'Activation of Doublet III ,
— Summer 1984: D° •> D , multi-MW
— 8 hrs after activation: ^ 10 mR/hr
— Analysis

usual fast decay metal nuclides;
Cu 64 (82%)
Br 82 (16%) from G10 five retardant epoxy / fiberglass

around coils
Sb 122 (0.2%) as hardening agent in lead bricks for diagnostics

shields
Na 24 (0.1%) from fiberglass

•Formal Data Base Compilation
— Kaman / Tempo for US Dept of Defense
— JPL for US NASA

electronics, elastomers, point, etc.
-- Neither is automated: access is uncertain
— JPL for SP-100 Program

"Journal and Conference Publications
-- IEEE Nuclear and Radiation Effects Conf.,

Dec. issue of IEEE Trans. Nuc. Sci.
— SPIE Conferences
— Others

Conclusions

Most diagnostics have components which require attention and use of
hardening techniques.

As machines evolve toward reactors, problems with electronics are reduced
owing to greater shielding, problems due to streaming through penetrations
are greater.

Most severe problems are associated with optical components and detectors
with a direct view of the plasma.

An iterative process is necessary from conceptual design through calculations
of streaming and exposure to estimates of the single-to-noise ratio to
a more hardened redesign.

Data on hardening does exist from space, military, and fission programs,
but extrapolation to fusion use requires general and specific tests.

A comprehensive list of critical parameters or necessary instruments
for a power reactor does not exist.

- 19 -



Fusion Neutron Irradiation Effects on Some Diagnostic Devices

Toshiyuki Iida, Masato Kosuga, Shinichiro le and Kenji Sumita

Department of Nuclear Engineering, Faculty of Engineering,

Osaka University, Yamada-oka, Suita-shi, Osaka, Japan

Commercially available diagnostic detectors, semiconductor electronic

devices, optical fibers and related optical devices were irradiated at room
1) 2}

temperature with 14-MeV neutrons from the RTNS-I1 far the OKTAVIAN . The

irradiation experiments for the diagnostic detectors, i.e. a photomultiplier,

a microchannel plate, a ceratron, an electron multiplier and a camera tube,

were performed to determine their fusion neutron sensitivities,in other

words to measure fusion neutron induced noises. Data on the fusion neutron

induced noises of the diagnostic detectors are essential to design of fusion

diagnostic systems. A special vacuum chamber with an electron emitter

was made for the irradiation testr of the mtcrochannel plate, the ceratron

and the electron multiplier. Spectral response of the detectors to 14-MeV

neutrons was measured and compared with their response to electrons from

the electron emitter. Energy of the electrons was appropriately fixed

for each detector. Fusion neutrons also induce pulse noises in video

signals from a camera tube. The neutron induced noises were analized

with a measuring system including special electronics circuits located far

from the camera tube in the target room. The results of these irradiation

experiments are summarized in Table 1.

The purpose of the irradiation experiments for semiconductor electronic

devices is to determine how long they can be effecively used in the fusion

neutron environment. We define hardness level to mean the 14-MeV neutron

fluences at which important performance parameters of the devices begin to

degrade (on the whole degrade 10%). Many specimen devices, more than 10

for each device model, were set around the target. The irradiated devices

were examined for permanent performance degradation. Table 2 summarizes

the results , which are directly useful for design of the electronic

instruments for fusion diagnostics.

Optical efficiency of some kinds of optical fibers and related

optoelectronic devices was relatively measured in-situ during irradiation .
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It was found that the pure silica core fiber with a high (OH) content

had highest resistance to high fusion neutron fluence irradiation. The

quantum efficiency of the optoelectronic devices all decreased with

increasing neutron fluences. The LED and the photodiode, made from

semiconductor materials, were especially sensitive to 14-MeV neutrons.

As regards the decline of the gain of the photomultiplier, it is not clear

from this irradiation experiment which part of the photomultiplier— the

photocathode, electrodes such as dinodes and an anode, a quartz window or

others— suffered from the damage. The multichannel spectrometry

system was utilized for examination of the scintillators. Spectral
241response of the scintillators to a standard Am U source was measured

before and after irradiation. The positions of the peaks were compared.

The results of these experiments are summarized in Fig. 1.

The authors wish to express their gratitude to the staffs of the

RTNS-II and the OKTAVIAN facilities for their useful suggestions in

carrying out the irradiation experiments.
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T a b l e 1. R e s p o n s e of s o m e d i a g n o s t i c d e t e c t o r s to 14-MeV n e u t r o n s

Detector Pulse hi?ht distribution Average pulse hight Detection efficiency
(n/cm=)-i

Photomultip!ier

CRB47-C4)

5. 0* 2X10"2

MicroChannel plate

(F1S51)

5
£ 1000

i
1

: liMeV Neutron

: Single Electron

(00 100 IOCS

NUHICR

0. 85 1 X 1 0 " 3

Ceratron

CEMS-608IB)

1 . 0 * 2 X 1 0

Electron multiplier

(R515)

:KMtV Neulrcn

; Single Electron 1. 8

CH*MM£l. NUHBtfl

3 X 1 0 " 4

Silicon vidicon

(N1672) u l O O

0 2U0 '.00 600
CtlANNCL NUMOER

0. 4 7 (V) 2 X 1 0

* Pulse higlt corresponding to the detection of fixed energy electrons is normalized to unity.
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Table 2 . Fusion neutron irradiation effects and hardness levels o{ semiconductor electronic devices.

Device type

Medium-frequency
bipolar transistor

High-frequency
bipolar transistor

JFET (Si)

HOSFET

SCR

UJT

Switching diode

Tunnel diode

Zener diode

LEU

Si PIN photodiode

Si avalanche photodiode

Operational ampli fier

Voltage enparator

TTL gate

ECL gate

CMOS gate

Dynamic RAH

Typical irradiation effects

Decrease in current gaindiFe) and increase in leakage current(| C D 0).

Decrease in transconductance and drain saturation current, increase in gate
current and shift of pinch-off voltage.

Increase in forward blocking voltage.

Increase in valley point voltage and decrease in peak point voltage.

Degradation of reverse recovery time.

Increase in valley point current. ,

Shift of Zener voltage.

Decrease in light emission efficiency.

Decrease in quantum efficiency and increase in leakage current.

Degradation of gain-band width product and slew rate and increase in input
offset voltage.

Increase in input offset voltage.

Fall in high-level output voltage and rise in low-level output voltage.

Shift of threshold voltage and degradation of output rise and fall time.

Single event upset.

Hardness levels (n/cmJ)

2 X 10" — 5 X 10"

1 X10IJ—5X1012

1 X10"— 7X10"

1 X1011— 3X1012

1 XIO1-—3X1012

1 X10"— 2X10"

5X101"—1 X10"

1 X10"— 2X10"

1 XIO11—5 X 1011

1 XIO"—3X1012

1 X10'1 —4X10"

5xio10— 2X10"

1 X10"~5X10"

7X10"—2 X101"

5 XlO'4—1 X10"

1 X10"—3X10"
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Irradiated materials

Pure silica core fiber (10m.0H:2ppm)
Pure silica core fiber (10m,OH:200ppm)
Ge-doped silica core fiber (10m)
PMKA plastic core fiber (lm)
Photomultiplier with a quartz window
GaAlAs LED
Si PIN photodiode
ZnS(Ag) scintillator
CsI(Il) scintillator (0.1mm)
Plastic scintillator ( 1 mm)

1 1 llllll I l l l M i l l i i i i m i

1 1 1 1 1 UN 1 1 1 1 1 1 II

Measured parameters

Transmission ( A =0. 85 p. m)
Transmission (A =0. 85 Um)
Transmission (A =0.85 Um)
Transmission (A =0. 66 Um)
Quantum efficiency (A =0.
Light emission efficiency
Quantum efficiency '( A =0.
Pulse hight response to 2

Pulse hi/̂ it response to 2

Pulse hiftht response to 2

I 1 1 M i l l i I I 1 I l l l

1 I

85 um)
(A=0.

85//in)

I I I i l l j

—
85//m)

"Am a-rays
"Am a.
"Am a

1 |

-rays
-rays

1 I I I I I

10 10 10 11 10 12 10 13 1014 10 15 10 16

14 MeV Neutron Fluence (n/cm2)

Figure 1. Relative efficiency vs 14-MeV neutron fluence for various

optical fibers and devices.



Fusion Neutron Irradiation Effects on GaAs Submillimeter

Wave Detector

S.Goto, K.Mizuno** and T.Iida

Faculty of Engineering, Osaka University

Yamada-Oka, Suita, Osaka 565

*>Research Institute of Electrical Communication, Tohoku University

Katahira 2, Sendai 980

§1. Introduction

For plasma diagnostic techniques in the submillimeter

wavelength region, the Schottkey Barrier Diode (SBD) detector

begins to take an important position because it can work at the

room temperature. One of the authors (K.M.) had already estab-

lished the fabrication method and the equipment to deliver many

excellent detectors of the n-type GaAs compounds.

Since we scarecely have the data of the fusion neutron

irradiation effects on the IE-V compounds, it may be difficult to

predict the influencial range of the irradiation fluence on the

SBD. Then, in order to get informations about the neutron induced

effect on the SBD, we have tried to make "in situ" experiments

using the intense 14 MeV neutron source OKTAVIAN installed at

Osaka University. Here we present the preliminary result.

§2. Schottkey Barrier Diode

The sketch of the Schottkey diode chip is shown in Fig. 1,

where the tungsten wire acts as the antenna for the submillimeter

wave, too. A two dimensional diode array contains 'v 101* diode

elements on one chip with ^ 200 pm squre. Any one element within

a hole of 1 'v 2 pm diameter can be used for the detection of the

wave. The current-voltage (I-V) characteristics of the diode may

be given by I = Is-exp(qV/nkT), where the value n is the ideality

factor. Experimental plots of I vs. V give the serial resistance

Rs which governs the high frequency behavior of the diode. Both

of n and Rs, and also the allowable inverse voltage V"t, rule the

detector performance.
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§3, Preparatory Experiment

(1) Neutron Induced Noise

In general, the electron-hole pair creation by neutrons and

Y-rays yields the output noise of the detector. We tried to

observe this kind of noise on an oscilloscope to which the SBD

output was introduced through a charge sensitive amplifier (c =

1 pF) . Only in this case, the SBD was operated with the inverse

voltage mode. During neutron irradiation of the total fluence

1 xio 9 cm"2, no significant noise signal appeared although the

electric noise within ± 15 mV was induced correlating with an

electric motor device of OKTAVIAN because of very high impedance

of the SBD with the inverse mode. Then the neutron induced noise

may be below 105 q/neutron, even if possible. This implies that

the SBD may not suffer the serious noise effect in regular opera-

tion mode where the positive current of ^ 10 yA always flows

through the detector with low impedance of 10 ^ 20 fi.

(2) In Situ Sensitivity Test

Inside the irradiation room of OKTAVIAN, the microwave with

50 GHz from a Gunn diode oscillator was introduced to the SBD

detector as shown in Fig. 2. Here, the wave amplitude was modu-

lated into the pulse train with repeating frequency 5 kHz and

pulse width % 80 us, in order to avoid the output drift problem

due to the DC video observation. The total fluence of neutrons

exposed was 1.1 xio1* cm"2 for 1,100 minutes, during which the

output suddenly decreased by about 20 I arround the fluence of

(2 <\J 3) xl0 1 3cm~ 2 for 300 ^ 500 minutes. However, any remarkable

change could not be observed after that. We consider for this

that the sudden change of the output at the low fluence may not

be due to the direct effect of the irradiation but some indirect

cause may be responsible as stated in the following.

(3) I-V Characteristics

As for the informations about the changes of V^, n, Rs we

measured "in situ" values of those during the neutron irradiation

by a standard curve tracer for another new SBD. The total fluence

was 2.1 x 10"1 cm"2 for 780 minutes. The initial values of V^, n

and Rs were 8.6 V, 1.88 and 13 Q. During 100 ^ 140 minutes these

values drastically changed to V}, = 0.7 V, n = 2.7 and Rs = 140 n.

The fluence was (2.5^4) x 1013 cm"2 at the time, and thereafter no

remarkable change was obtained. After finishing this irradiation

we measured the values of other diode elements located in a dif-
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ferent hole on the same chip. The values of VD and n of other

elements were the same as the initial one, but Rs was slightly

hanged to be 21 Q. This means that the slight increase of Rs

may be due to the direct irradiation effect but the drastic

changes of Vfc and n during the exposure time may be caused by

other indirect phenomina. For the latter case, some kind of

electric shock through the antenna wire is considered to be

responsible.

One of possible causes of electric shocks is the charge-up

phenomena of Compton electrons induced by y-rays and/or recoil

protons by the neutrons in the polyethylene insulator of the cable

used (3D2W). (External electric shock to be fedded from the

OKTAVIAN apparatus may be exclud ed ince our experimental setup

was isolated from the machine power supplier.) This kind of

charge-up would easily make the electric field beyond kV/cm

range.

§4. Improved Experiment

In the next machine time of OKTAVIAN, we newly prepared two

SBD detectors and irradiated those as shown in Fig. 3. The SBD

ships with each small detector mount were ^ 3 cm away from the

neutron source. Taking into considerations of the former dis-

cussion on the electric shock, we improved the setup as follows.

We changed the cables to semi-rigid ones with 2 mm diameter and

thin tefron insulator. During whole irradiation period we always

terminated the coaxial cables with 50 £2 resister only except the

curve tracer operation time. By this improvement we never met

the accidental change of the SBD properties beyond the fluence

of 1 x i o ^ cm"2.

The measured values of V"b vs. fluences are presented in Fig.

4, where we find that Vj, does not change up to 2 x 101J* cm'2 for

both chips. For Rs #1 sample gats increase above 7 x10
13 cm"2 but

#2 does not increase at the end yet, as shown in Fig. 5. Here,

#1' and #2' denote the following second irradiation data, when

the former #1 and #2 chips were again used but each diode element

on the chip surface was different because the antenna wire was

remounted after the first experiment. The slight increase

appeared in #1 data may not, however, give us an influencial

effect on the submillimeter wave detection. All the data on the
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n yalue (not presented here) indicated some small fluctuations

around the value 1,20 0 during the exposure, but the fluctuating

values were within the observation error.

Finally, we measured the serial resistance change of the

GaAs substrate only, newly adopting the substrate chip with Rs =

1.7 n very near to the neutron source. The total fluence obtained

was 9xl0 1 5cm" 2 this time. However we could not observe any

change, as shown in Fig. 6 where the I-V characteristics just

before the full irradiation 9xl0 1 5cm' 2 is presented.

§5. Summary

Our experiment revaled the problem associated with the in

situ observation : the charge-up effect of the insulator of the

signal cable. In result, a thin semi-rigid cable is found to be

against this effect. The ideality factor n and the negative

voltage Vjj never changed and one sample among five shows the

slight increase of Rs. Thus, the SBD detector is considered to

be applicable up to the fluence 2X101* cm"2, and hopefully to

lxlO 1 5 cm"2.
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Response of Silicon Solid State Detectors to 14 MeV Neutrons

M. Sasao, R. Taniguchi* and T. Iida*

Institute of Plasma Physics, Nagoya University
* Radiation Center of Osaka Prefecture
** Department of Nuclear Engineering, Osaka University

A silicon solid state detector (Si - SSD) can be used for beam probing
1-2)alpha-particle diagnostics. ' In this scheme, alpha-particles confined

in a DT fusion plasma are neutralized by a high energy neutral beam,
escape from the magnetic field, and are energy analyzed by an Si - SSD.

9 10 214 MeV neutron and y-ray fluxes are, however, predicted to be 10 - 10 /cm /sec
at the detector position, behind the 50 cm shield concrete, ' These neutrons
and Y-rays produce noises in Si - SSD.

We have measured the response to 14 MeV neutrons of three types
of ORTEC Si - SSD (R-50-100, TB-50-150, 1-100-100) by using the Intese
14 MeV Neutron Source Facility at Osaka University (OKTAVIAN). The
sensitivity above 0.5 MeV, that is a number of counts above 0.5 MeV per
unit neutron flux (n/cm ), is in the range of 2 x 10" - 1 0 . Then
the noise level during a DT shot will be 2 x 10 - 10 /sec, in the critical
region of pile-up problem. The sensitivity in the energy region of our
interest (1 MeV - 3.5 MeV) is 1 x 10" - 4 x 1 0 , and the noise level

due to 14 MeV neutrons will be above the expected signal level from a-
3 5particles [10 - 10 counts/sec]. In figure 1 is shown the response

function of an ORTEC R-type detector (50 m m , t = lOOum). The vertical
p

axis indicates counts / MeV per unit 14 MeV neutron flux (n/cm ).
In order to investigate the orign of the noise, we perform a calculation

of response function using (n, p) and (n, a) cross sections, emitted
proton and a-particle energy spectra and their ranges and energy loss
function. A result for an R-type detector is shown in figure 1. The
contributions of a silicon wafer, a back electrode and a material in
front of a detector (SUS in this case) are shown separately.
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According to the present measurement and the calculation, adequate
measures should be taken in order to make the beam probing a - particle
diagnostics possible, such as,
1) to make a thinner detector, with an electrode of materials of small

(n, p), (n, a) cross section (Ta, Au, etc.)
2) to increase the concrete shield thickness,
3) to use a modulated probing beam, or a higher intensity beam,

and so on.
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Figure 1. The response function of anORTEC R-type detector (50 mm ,
t = lOOji). The vertical axis indicates counts / MeV per unit
14 MeV neutron flux (n/cm ). The contributions of the silicon
wafer, the electrode and a front cover (SUS) are calculated
and are shown by solid lines separately.
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Characterization of Neutron Noise in the Si-SSD and
One Method of Noise Reduction

Ryoichi Taniguchi
Radiation Center of Osaka Prefecture

Sakai-shi Osaka, 593 Japan

The neutron-induced noise of the Si-SSD, under neutron
irradiation, have been analysed using a pulse shape
discrimination technique.

1. INTRODUCTION
In plasma diagnosis, silicon semiconductor detecters have

been widely used for detecting high-energy particles,
neutron and soft X-ray and other photons. The most
important problem in these usages is the radiation damage,
especially the degradation of these devices by the fast
neutron irradiation. At present stage of the fusion
research, however, the real-time neutron effects ( in other
words, the neutron-induced noise ) are rather harmful for
the plasma experiments.
The neutron noise are generated by the high-energy

particles emitted from the reaction of Si(n,p)Al, Si(n,(X)Mg
and Si(n,n')Si. Because of high energy of these particles,
it is difficult to discriminate the signals from these
noise in the fusion neutron field. For the purpose of the
reduction of these noise, a pulse shape discrimination
technique has been developed by the use of the induced
current pulse shape of the silicon surface barrier detector
( Si-SSD ).

2. PULSE SHAPE ANALYSIS
The pulse shape of the Si-SSD with the incidence of

particle is different from that of the neutron-induced
noise. The reason is that the reaction of the electron-hole
pair creation by the
incident particle
occurs in the region
of near surface of
the Si-SSD, compared
with the uniform
location of the
reaction of the
neutron noise. The
pulse height of the
induced current pulse
of the Si-SSD which
can be observed with
the measurement system
as shown in Fig.1 . is
proportional to the

r

Fig.i measurement system of the induced current

p u l s e s h a p e o f the SI-SSD
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depth of the track of the detected particle and the
integrated value of the pulse, i.e. value of the generated
charge, is proportional to the energy of the particle.
Fig.2 shows the relation between pulse height and integrated
value. The responses of the incident particles are
distributed along a particular curve depending on the
respective range of the particle ( Fig.2 (b) ) in contrast
to the case of the neutron noise shown in Fig.2(a). This
property would be available to noise reduction, to select
the signals from a particular region of each particle on the
pulse height-charge plane. Fig 3. shows an exsample, which
was measured for the energy spectra of alpha particles
emitted from the week a*'Am source and with the neurons from
Cf source. It can be seen that the signal to noise ratio
was succesfully increased.

•|}iii|h:

(.0)

"cr . n

(a) neutron-induced noise
lb) incidence of alpha particles of various

energy perpendicularly

Fig.2 Relation between pulse-height and integrated value.

10]

(a) original
(b) after noise reduction

Fig.3 Effects of noise-reduction on the energy

spectra of alpha particles emitted from

with the neutrons from J Cf source
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Irradiation Effects

on Periphery Protection Coating Materials of Si Detectors.

Y.Takami and F.Shiraishi

Institute for Atomic Energy, Rikkyo University

Nagasaka, Yokosuka, 2/+0-01, Japan.

Si semiconductor radiation detectors, while being used to detect

low energy alpha particles in a neutron radiation field, show

several undesirable phenomena, such as (a) generation of spurious

signals and (b) extraordinary increase of surface leakage current

and noises in addition to the cumulative effect of Si bulk

radiation damage. A brief report of our experiments on the

transient effects - especially on periphery protection coating

materials of detector electrodes, is to be presented.

Spurious signals

False pulses, which disturb detector performances, come mainly

from (a-1) recoil protons and atoms, (a-2) protons and alpha

particles through nuclear reactions in Si by neutron bombardment

and (a-3) beta- and gamma-ray back ground.

The amount of recoil protons and atoms can be decreased by proper

designing of detector configuration and by careful selection of

insulator materials, while contribution of charged particles

through nuclear reactions and beta-, gamma-ray background are

proportional to the depleted volume of detectors. A conventional

way to reduce them is to make thin depletion layer detectors.

Integrated dE-E Si detector

As a new method of reducing (a-2) and (a-3), an integrated dE-E

Si detector, consisted of three layers, was fabricated by

Epitaxial Technique. A very thin, low resistive layer(2 umt,

0.01 ohm-cm) was prepared on an N-Si substrate by thermal

diffusion of Sb and a few um N + layer was epitaxially grown on

it. And Au electrodes were evaporated on the front and rear

faces. If the Sb diffusion layer is grounded and appropriate

biases are applied to the respective electrodes, this single

wafer works as electronically isolated, two totally depleted

detectors. By counting only coincidence events and composing

energy signals by the coincident signal sum, the backgrounds were

greatly reduced.

- 33 -



Measurement of recoil proton contributions from detector

insulators

Ring shaped thin insulators were placed close to but not in touch

with a sensitive electrode periphery. And irradiated by a Cf-252

neutron source (3x10 neutrons/sec, d=1.5 cm) for 30 minutes and

energy pulses were measured.

In Epoxy and Silicon resin insulators recoil proton contributions

were significant compared with Teflon, Mica, etc., in which

protons and alpha particles by nuclear reaction were observed.

These results can be understood by the amount of Hydrogen atoms

in the respective insulating materials. It is important for

charged particle detectors to select insulators with little

Hydrogen content in the measurement at a neutron field.

Increase of surface leakage current and noises

This effect is mainly caused by immobile charges generated in

insulators at the periphery of detector electrodes by

irradiation. It resembles to the phenomena as often seen in SiO2-

Si interface in common electronic devices.

As far as we know no report has been published on the polarity

and effects of generated charges in periphery materials to Si

detectors.

Measurement of generated charges by a Surface Conductance Method

In case of Epoxy resin, which is the most common edge protection

material, n- , neutral- and p-type Epoxy exist. Amin type Epoxy

is n-type and makes the Si surface in contact strongly n-type

(,which makes electron rich Accumulation layer in N-Si). Amin

free Epoxy is rather neutral in the electrical characteristics,

and by doping I, etc. the resin makes the Si surface p-type

(,which makes hole rich Inversion layer in N-Si).

After making adequate Surface Chemical Treatment and by selecting

proper resin for electrode edge protection, effective electrode

area can be limited and electric field at the electrode edge can

be moderated, thus resulting less Leakage Current and

sufficiently high Breakdown Voltage.
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On a Si wafer, several small electrode pairs were prepared by

vacuum evaporation (Au for N-Si, Al for P-Si), and several

insulating materials were applied between each pairs. And

irradiated at a Rikkyo Reactor beam port ( n£.: lO'/cm -sec, gamma

dose rate: 1 R/hr ). The specimens had been irradiated for 1 hr

and the conductivity between each pair was measured, while

additional irradiation was going on. The insulators tested were :

several epoxy resins (two of them were doped by S1O2 and A ^ O j

respectively), Si resin etc.

As an example, in case of KONISHI EPOXY-1, under 5 V bias, the

current which flowed between the electrode pair showed factor of

7 increase in N-Si after applying the resin, while no change was

observed in P-Si. So, this was very likely to be p-type Epoxy.

After 1 hour irradiation the tendency was reversed. In P-Si,

current increased factor of 5 compared with pre-irradiation

value, while in N-Si the current decreased drastically and showed

1/2 value before the resin application. This shows the p-type

epoxy has a characteristics of turning into n-type by reactor

beam irradiation.

Au which is used for N-Si as the sensitive electrode, is p-type

metal. If this KONISHI EPOXY-1 is used for the electrode edge

protection, long time use in a radiation field will cause the

deterioration of the Breakdown Voltage characteristics - may

cause local breakdown, initiating plasma noises; and if used for

p-type Si detectors it will cause leakage current increase.

In fabrication of Si detectors for strong radiation field use,

understanding of irradiation effects on electrode protection

coating materials, should not be neglected.
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Radiation-hardened Optical Fibers

Takao YAMAMOTO

Radiation Center of Osaka Prefecture
Sakai-city Osaka, 593 Japan

Abstract

Activities of the Radiation Center of Osaka
Prefecture with regards to the radiation responses of
optical fibers are briefly described. Part of results
obtained in a recent gamma irradiation test of the
radiation hardened single mode fiber is given. The
irradiation tests required are discussed from the point
of view of its application to the nuclear fusion
devices.

1.Introduction
Radiation Center of Osaka Prefecture has been providing

irradiation services of optical fibers for the almost all
domestic fiber-manufacturing companies. Joint researches with a
few of them are being carried out for choosing and developing
radiation-hardened fibers as well as for investigating the damage
mechanism. The tests so far were made with gamma radiation.
Some practical and interesting results have been obtained for
many kinds of fibers.

In this article, brief descriptions are given of (1) research
activities of the Center on the radiation response of optical
fibers, (2) a recent experimental result concerning the single
mode fiber with lower radiation sensitivity than ever reported
and (3) a discussion on the irradiation test to be done from the
point of view of its application to nuclear fusion devices making
reference to them and knowledges on the responses to 14-MeV
neutrons so far reported.

2.Activities on radiation responses of optical fibers
The Co-60 gamma field with dose rate in the region between

10 rad/hr and —13 Mrad/hr is available in a swimming pool type
irradiation facility or one of four hot caves according to the
experimental requirement; these facilities are equipped with
manipulators and cable ducts for in situ measurements.

Almost all types of silica based fibers (single-mode, step-
index, graded-index, image-guide etc.) without and with various
dopants (Ge, P, B, F) have been tested in terms of dependences of
growing and decay behaviors of induced loss on temperature and
dose rate, attenuation spectrum and photobleaching effect by the
lights with various wavelengths. Refs.[1-7] are the bibliography
concerning them excluding 11 preprints for oral presentations at
various domestic meeting.

3.The radiation-hardened single mode fiber[5,7]
Optical fiber (A) tested has pure silica core and F-doped

silica cladding, which was designed and manufactured by Sumitomo
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Electric Industries, Ltd. for radiation environment uses.
A fiber (B) with Ge-doped silica core and pure silica cladding
was tested at the same time to make comparison. The induced loss
was measured at the wavelength of 1.3 jam. They were irradiated
in air at room temperature with dose rates of 10, 20, 50, 100,
200, 4k, 10k, 100k and 1Mrad/hr.

For tests with dose rates above 4krad/hr, intensities of the
light exiting from them were measured in situ, and the following
recovery behaviors were monitored for half an hour, keeping the
total exposure to 0.4 Mrad. The dose-rate dependence thus
measured of the induced losses just after the irradiations is
shown in fig.1(a). It has been found that fiber (A) is far
radiation insensitive than (B). The loss increases with
increasing dose rate for both fibers. It can be qualitatively
explained by decay of color centers in competition with their
creation. In fig.1 (b) the dependence of the losses 30 minutes
after the irradiations is shown. The losses still remained
decreased with dose rate for both fibers and the decay of (A) was
faster than (B). These growth and recovery characteristics were
remarkably influenced by temperature: the ratio of induced loss
at 0°C to that at 70°C were about 2 for (A) while 4 for (B)[5,7].

As for tests with the lower dose rate, no light was incident
onto fibers during the irradiations. And they were interrupted
a few times for loss measurements before which fibers were aged
at room temperature for several days. Thus measured losses are
plotted in fig.2 as a function of the dose accumulated till
each measurement. All plots for different dose rates fell around
a straight line for each fiber independently of the dose rate.
It is attributed to the fadeout of the defects except for the
permanent one(s) in the present time scale investigated.
These losses of fiber (A) are lower than ever reported.

4.Irradiation tests for fusion application
To design a optical fiber system for the fusion device, the

effects of 1 4-MeV neutrons must be evaluated. The responses of a
few fibers have been found to be rather similar to those of the
Co-60 gamma exposure in some respects: a saturation tendency of
induced loss with increasing dose and the recovery after the
irradiation was observed: the fiber with lower sensitivity to the
gamma-ray was also of lower sensitivity to the neutrons!8,9]•

Thus induced damage by the neutron, however, cannot be the
same as that by gamma-ray, since additional kind of defect must
be created i.e. atom displacement. In order to estimate the
degradation of opical fibers in practical use, it is important to
study the properties featured by defects created, such as the
recovery behavior of induced loss and its temperature dependence,
attenuation spectrum and ESR spectrum etc. It would be also
necessary to study the dose rate dependence as mentioned above
for gamma exposure experiment and the response to an intense
pulsed radiation considering the fusion neutrons.

- 37 -



Acknowledgment
The author wishes to thank Mr.'s Okamoto,S., Taniguchi,R.

(Radiat ion Center of Osaka Prefec ture) and Watanabe,M.,
Yoshida,I. (Sumitomo Elec t r ic Indust r ies , Ltd.), for useful
discussions and experimental efforts.

References
[1] Okamoto,S.,Tanaka,H.,Hirashima,T. and Shintani,T., Ann. Rep.

Radiat. Center Osaka Prefect., vol.22,53(1 981 )
I2J0kamoto,S.,0hnishi,T.,Shintani,T.,Iri,E.,Hirashima,T.,

Hayashi,T.,Tanaka,H. and Morishita,M., ibid.,vol.24 , 43 (1 983 )
[3] Okaitioto,S. ,Gozen,T. ,Hayashi,T. ,Inamura,K. ,Tanaka,H. and

Utsumi,A.,ibid.,vol.25,25(1984)
[4] Okamoto,S.,Ohnishi,T.,Suzuki,T.,Hayashi,T.,Gozen,T.,

Tanaka,H. and Shindoh,T.,ibid.,vol.26,(1985),in press
[5] Yamamoto,T.,Okamoto,S.,Yoshida,I.,Watanabe,M.,Tanaka,G.,

Yokota,H. and Kanamori,H.,ibid.,vol.26,(1985),in press
[6] Gozen,T.,Tanaka,H. ,Utsumi , A. ,Maeda,T. and Okamoto,S.,

IEEE Conference on Electrical Insulation and Dielectric
Phenomena, 84CH1994-3, Oct.1984,65

[7] Yoshida,I.,Watanabe,M.,Tanaka,G.,Okamoto,S. and Yamamoto,T.,
OFC(1986),to be published

[8] Iida,T.,Sumita,K. and Logan,C.M.,J.Nucl.Sci.Technol.,
20[11],964(1983)

[9] Takahashi,A. et al.,"A new radiation monitoring system with
radiation-hardened optical fibers",Osaka Univ.,Mar.1 984,
in Japanese

- 38 -



M O -

.Just After Irradiation

Dose Rate (rad/hr)
(a) just after irradiation

15 30 min. After Irradiation

10

\£iber(B)

10' 10J 10"

Dose Rate (rad/hr)
(b)30min. after irradiation

Pig.1 Dose Rate Dependence of Induced Losses at

1.3 tin in Wavelength of Single Mode Optical

Fibers Irradiated up to 0.4 Mrad [(A);with

pure s i l i ca core and F-doped cladding,

(B)jGe-doped core and pure s i l ica cladding]

5

3

2

1

0

5

4

3

2

1

0

V
O
A

• a
0

a

200 rad/hr

100

SO
20
10

.o«So—A°- O
i

V
•

" A
•

- •

200 rad/hr

100
50
20

10

A

(A)Pure Silica Core,F-doped Cladding

v—
v———""—

.A.

i • i i i •

(B)Ge-doped Core,Pure Silica Cladding

^.
• — ' *

• _ _ ^ ^ — • -

• i i i i •

20 8040 60

DOSE (krad)

Fig.2 Induced Losses of Single Mode Optical Fibers

by Gamma Irradiation with Various Dose Rates

100

- 39 -



Irradiation Test on Ceramics

with Fusion Neutrons from RTNS-II

Jan.29,1986

H. Kaneko

Plasma Physics Laboratory, Kyoto Univ.

We have been studying the production and heating of high

temperature plasmas confined in the heliotron devices. Heliotrons are

non-axisymetric toroidal machines with helical coils. Heliotron E, which

is the major machine in our laboratory, has 1=2/K=9.5 helical coil,

which generates the toroidal magnetic field at the plasma center up to 2

tesla. Initially 38 toroidal coils to vary the toroidal field without

changing the helical field and OH coils to induce the toroidal current

for plasma production and heating were installed in Heliotron E. From

the begining of the experiment, we had problems on high energy x ray in

several MeV. Adding to the electric field for ohmic current, the

electric field induced at the rising and falling stage of the magnetic

field yield runaway electrons. The high energy electrons radiate x ray

when they hit the inner wall cf the vacuum chamber. The position is

localized because of the ununiformity of the inner wall. The trouble

arose on the insulator of the vacuum vessel installed in order to

prevent the toroidal current on the vessel. When the local dosimetry at

1 m from the chamber amounted to about thousand rad, the insulator had

already damaged by intense radiation which was estimated more than one

order of magnitude severer. Fortunately we have succeeded in production

of currentless plasma by ECH and attained better confinement in the

currentless plasmas than in the ohmically heated plasma. We are now

studying the heating of currentless plasma by RF (ECH ICRF) and NBI and

the confinement of high temperature plasma around 1 keV.

We expect the new machine of the next generation will be

heliotron F with superconducting helical coil. The aim of this machine

will be to achieve the plasma parameters of 10 keV in temperature and

2Xl020/m3 in electron density at the plasma center in currentless and

stationary plasma. Though the neutron radiation in deuterium plasma

would be severe for our safety, it will not be the urgent problem for

our status of helical confinemet study. The damage by the neutrons

should be discussed in the design of heliotron H ( a reactor for
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commercial operation). On this stage we are interested in the preferable

aaterial of ceramics. The study of ceramics as the first wall has been

started at the field of plasma material interaction processes by

explosing the sample to the plasma at the diverter region in

heliotron E. We had also an opportunity. to test ceramics with D-T

neutron in RTNS-II. We tried the survey of radioactivity and the

measurement of mechanical properties of the irradiated ceramics.

We prepared some pieces of ceramics made of alumina, SiC, and SiN.

Their size was 2mm X 5mm X 20mm. Three samples for each were irradiated

by about lO^/cm^ neutron fluence in RTNS-II. The radioactivity of the

samples made of SiN happened to exceed the permissible limit for free

handling decided by the law. We lost several months to find the solution

until the decay time solved it after all.

We measured first the radioactivity of the sample by y-ray

spectroscopy, and estimated 0.31/jCi ̂ Y per sample of SiN, totally 1/iCi.

We estimated that ytterium was originally contained in the sample about

0.15% in weight, and the maker agreed with this estimation. We found

little activity in other samples.

We tried measurements of mechanical properties as much as possible.

First we bent the sample and estimated the Young's modulus and the

strength. Then we measured the Vickor's hardness and toughness. Since we

didn't have enough samples, the statistical precision might be the

problem in any case. We observed the possibility of reduction of

strength for SiC.

We had the experience on irradiation test for the first time. We

feel it will be neccessary to complete the legal procedure for handling

the radioactive matter in our laboratory in order to develop further

irradiation test. This test is not urgent but innevitable for us to

evolve the fusion research in heliotron system.

We must thank to many people who gave us usefull suggestions and

professional help on the measurement, especially to Prof. Sumita, who

had provided us this opportunity.
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C Presented to Japan-US Workshop for
Radiation Irradiation Effects on
Plasma Diagonostics. at I. P. P. Nagoya
University. Jan.28-30.1986. )

"OKTAVIAN- 1,1. As D-I Neutron Sources
for Studies of Radiation Effects on Plasma Diagnostics"

Kenji Sumita, Akito Takahasi, Tosiyuki Iida and Junji Yamamoto

Department of Nuclear Engineering. Faculty of Engineering.
Osaka University, Yamada-Oka 2-1, Suita, Osaka.

Abstract

Oktavian15, which has been operated at Suita Campus. Osaka Univ.
from 1980, devoted his main machine time to Fusion Neutronics Studies.
So far. the share of radiation effects studies was briefly less than
20# of operation hours of Oktavian. though he was useful to observe
the effects on radiation sensitive materials like as semiconductors,
photo-electric elements, and others under 14 Mev neutron irradiation.

Major experimental activities on radiation damage effects under D-I
neutron field was reported with comparision of damage effects due to
7 irradiation under the separated paper from our group to this WS. *3

Here the discussion should be concentrated to the neutron source. His
principale characteristics as a neutron source for irradiation are the
intensity and spectral &. spacial distribution of D~T neutrons produced
by the Rotating Target. The neutron yield of OKTAVIAN was used to be
max. 4 x 1011 n/sec with 23mA continuous deutron ion beam at the target
position. The pulsed intensity is 10*n/pulse with 1.5 ns pulse width.
The strong angular depedency and specral change is observed in neutron
field produced from the water cooling rotating target. This may cause
the difficulties of source calibration on accurate experiments for D-T
neutron transport, so far, present our integral observation may accept
such ambiguity, because we do not intend to see the fine structure of
radiation damage phenomenon. However,we may be required in near future
to provide more homogeneous irradiation field with accurate data after
finding out of empirical neutron-7 conversion factor, and larger test
field for real scale dignostics system, not for each separated compo-
nents. And the studies for the fusion-fission corellation law may ask
easy handling to make very similar physical experimental conditions.
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To reply many national requirements for future studies of radiation
damage effects and instrumentation calibration as well as for studies
of D-I fusion neutronics, OKTAVIAN-1 had been cosidered to be revised
by minor design change, mainly in target assembly. But,several studies
indicated the severe restricion of old and poor foundation building. In
additional condition, Japan-US Collaboration for RTNS-H Utilization
may be terminated in the near future.

From the last 1985 fisical years, it was started to design newly
OKTAVIAN-1, as a national facility for university researchers, by our
group with industrial volunteers. At present conceptional design, we
intend the 10 times of continuous neutron yield, and 100 times of pul-
sed neutron yield of theOKTAVIAN- I , the former characteristics of our
design is near value of US RINS-1, the latter may be very unique cha-
racteristics for time dependent damage experiment and calibration of
pulsed fusion diagnotics as well as many precise fusion neutronic
experiment.Major R&D items may include developement of Iritum Target
and High Beam Current Pulsing Technique. Total budget to be requested
for whole project is very breafly estimated between 15 and 20 M$.

Reference
1) K. Sumita et al;"Osaka University 14Mev Intense Neutron Source and

its utilizations for Fusion Studies.(OKTAVIAN PROGRAM) Proc.12th
Symp. Fusion Ihechnology. B-23, KFA, Julich (1982)

2) I.Iida et al; "Fusion Neutron Irradiation Effects on Some
Diagnotic Devices". To be presented in this workshop. (1986)

Table I Major Characteristics of OKTAVIAN-H

Common High Voltage ; High Frequency Cocroft-Walton type 350KV,
Power Supply ; Insulated trans. 450KV. 100KVA.
Accelerator Tube; Gap few stages for DC, Long focus for Pulsed Beam
Ion Source; Multi Hole Anode Duoplasmatron for DC Beam, Single Hole

Anode Duoplasmatron and Arch Pulsing for Pulsed Beam.
With each 45° anlaysing magnet.

Beam Line; DC 350KV, 200mA.
Pulse.350KV, 5mA. 2ns, 2MHz~lKHz.

Neutron Yield;. DC 5X10l* n/s
Pulse 5X108n/pulse (Ave.1X101Jn/s)

Tritium Collection System Palladium Catalyser-Cryopump type
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U.S./Japan Workshop A56 on Irradiation Effects on Diagnostic Equipment
Institute of Plasma Physics, Nagoya University, Nagoya Japan

January 28-30, 1986

ASSESSMENT OP PRESENT RADIATION TEST FACILITIES*

Dale W. Heikkinen

Lawrence Livermore National Laboratory
Livermore California 94550 U.S.A.

The effect of 14-HeV neutrons on diagnostic devices is an important
part of the fusion energy program. Accelerator-based facilities using
the D-T reaction such as RTNS-I AND II, Oktavian and PNS have the
capability of providing high intensities of 14-MeV neutrons for
diagnostic studies. Both pulsed and DC beams are available at some of
the facilities. In this talk we will concentrate primarily on the RTNS-I
and II facilities and describe their characteristics and capabilities.
Some examples of irradiations involving diagnostic equipment will be
outlined. At RTNS-II irradiations have been conducted for both the
magnetic and inertial confinement fusion programs. Essentially all
experiments involving diagnostic equipment/components have been done in
the "add-on" mode in which there is little or no influence or effect on
the primary experiment.

*Work performed under the auspices of the U.S. Department of Energy and
Japan (Monbusho) by Lawrence Livermore National Laboratory under contract
Number W-7405-ENG-48.
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Dosimetry Characterization of 14 MeV Intense Neutron Sources

M. Nakazawa*, H. Eguchi** and T. Iguchi

* Nuclear Engineering Research Laboratory, University

of Tokyo

Address: Tokai-mura, Ibaraki-ken

** Department of Nuclear Engineering, University of

Tokyo

Address: 7-3-1, Hongo, Bunkyo-ku, Tokyo

Introduction

Several dosimetry experiments have been done for the intense

14 MeV neutron sources of JAERI-FNS, OKTAVIAN(Osaka Univ.) and

LLNL-RTNS-IT , which are mainly applied to both fields of neutro-

nic benchmark and material irradiation experiments for the fusion

reactor development program.

In these dosimetry experiments, neutron fluence values have

been measured by the activation data of ^%b(n,2n) reaction and

the source neutron energy values have been determined by the

activation-rate-ratio data between "^Zr(n,2n) and Nb(n,2n)

reactions.

Through these measurements, two interesting results have

been found for the source neutron energy values, one is that the

source neutron energy is almost independent on the deuteron

accelerating energy when the thick tritium target is applied, and

another is that the neutron energy value is practically decreas-

ed in the near front region of the tritium target due to the

finite size effect of deuteron beam width, which are explained

here.

Determination of neutron energy

Source neutron energy values can be determined by the

activation-rate ratio of ^^Zr(n,2n) reaction to ^-%b(n,2n) re-

action, because in these energy region between 13-15 MeV, the
90 9 3

activation cross sections of Zr(n,2n) and ?==Nb(n,2n) reactions

are respectively linearly proportional and almost constant to

the neutron energy. This is called as the Zr/Nb activation ratio
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method and its detail calibration has been made basing on the

Japanese neutron standard field of ETL(Electro-Technical Labo-

ratory) .

This Zr/Nb activation ratio method has been applied to the

energy determination of several neutron generators. And their

results are shown in Fig. 1, where almost the same data have

be obtained in all the neutron generators. So, this data can

be thought to give general feature of the neutron energy of

D-T neutron generators when the thick tritium target is applied.

This conclusion can be supported by the calculation considering

the deuteron energy moderation effect in the tritium target.

3. Neutron energy decreasing effect in the primary position

Source neutron energy values have been found to be

decreased practically when the energy determination has been

made in the very near front position of tritium target, which

is called as " the primary position " in the RTNS-H machines,

and it is primary applied for the high fluence neutron irradia-

tion experiments.

This neutron energy decreasing effect can be thought due

to the finite size effect of the deuteron beam profile on the

tritium target. The direct measurement of this energy decreas-

ing effect by the above-mentioned Zr/Nb method has been un-

successful because the flux gradient is too steep to obtain the

exact ratio data of two activation foils.

Another approach of the detail mapping measurements in the

primary position has been applied in order to estimate the

deuteron beam profile, which is assumed as the gaussian function.

The best value of the standard deviation a of this gaussian

function is determined to be 8.0 mm through comparing mapping

data betweem experiments and calculations.

Using this gaussian function as the neutron emission

profile from the tritium target, the neutron energy spectra at

several distances from the tritium target have been calculated,

which is shown in Pig. 2. And the mean neutron energy values

along the distances from the tritium target are ploted in

Fig. 3, which clearly shows the source neutron energy decreas-

ing effect in the primary position.

- 46 -



Conclusion

Through these dosimetry experiments of several intense

14 MeV neutron sources, two detail properties of source neutron

energy values have been made clear, one is the general feature

of source neutron energy in case of the thick tritium target

and another is the neutron energy decreasing effect in the

primary position.

These results require the detail information of the

deuteron beam profile on the tritium target, which is not monitor-

ed in usual neutron generators. More practical technique should

be developed to measure the neutron emission point profile in

the tritium target, then neutron energy properties around the

target can be easily calculated.
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TITLE: DIAGNOSTICS AND HARDENING TECHNOLOGY FOR NUCLEAR INSTRUMENTATION
CHANNELS

AUTHOR: COLLINS P. CANNON

INTRODUCTION

A primary objective for any nuclear reactor is that the plant operator
have an accurate knowledge of safety parameters and maintain reliable
control over key plant functions. Both economic and safety factors have
become dominant criteria to the start-up of any nuclear power plant. In
this regard, the following technology has become important to ihe nuclear
industry:

1. Hardened instrumentation and control channel components capable of
functioning reliably in nuclear aging and accident environments.

2. Diagnostic surveillance systems that provide on-line assessment of
channel component and signal condition.

A third area is receiving increasing attention. As nuclear reactors
reach the end of their qualified life, it is necessary to establish the
remaining life of components. In order for such a plant to continue to
operate, components must be verified to be capable of an additional 20 to
40 years of service life.

Significant progress is being made in the above technologies regarding
light water reactor plants; this new technology should directly benefit
all instrumentation and control systems intended for service in nuclear
environments, including fusion reactor environments. Recent activities
at the Hanford Engineering Development Laboratory include:

1. Development of hardened sensors to monitor reactor in-core parameters
during transient accident conditions.

2. Development of hardened sensors to monitor 14 MeV neutron beam
position (FMIT accelerator program, at present discontinued).

3. Evaluation of the effects of the TMI-2 accident and post-accident
environments on instrumentation and control channel components.

4. Establishment of remaining component life for instrumentation and
control components in N Reactor (operated for the U.S. Department of
Defense, located at Richland, WA, presently reaching end of its
qualified life).

5. Development of diagnostic systems for on-line monitoring of
instrument and control channel condition at the Fast Flux Test
Facility Reactor at Richland, WA.
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HARDENED COMPONENTS FOR RADIATION AND TEMPERATURE ENVIRONMENTS

Recent advances in refractory component technology have dramatically
extended the operating range of reactor in-core sensors. Temperatures as
high as 2500"C in fuel/inert gas environments have been reliably measured
during severe transient accident conditions; sensors capable of service
to 2200"C in water/steam environments now appear within reach. The
accomplishments reflect an increased understanding of the physical and
chemical properties of component materials under the combined effects of
temperature, radiation, and pressure.

Figure 1 is a photograph of thermocouple sensors after laboratory testing
to 2500°C. Follow-on service in reactor core safety tests at Sandia
National Laboratories demonstrated good service to temperatures above
2500°C. Figure 2 is a photograph of the insulator material used in these
sensors. The 0.2 mm web/wall spacing must remain an electrical insulator
over the operating temperature range of the thermocouple. Figure 3
illustrates typical results from development tests used to identify
acceptable sheath materials. Thin w aj 1 Re material (0.2 mm) was
demonstrated to remain leak tight to 10 cc He/s over the temperature
range to 2400*C.

Figure 4 is a photograph of a seal specially designed to sustain rapid
temperature and pressure transients and Jijt the same time retain a leak
tight bond in fast fission fluences to 10 n/cm2.

These and other sensors are designed for operation in fast fission neutron
environments. Since fast fission neutron spectrums are expected to
simulate the effects of 14 NeV neutron spectrums, and this technology is
anticipated to be directly applicable to fusion applications.

In related work, special sensor designs have been developed to monitor
accelerator beam drift. (Work has now been stopped.) Sensor designs for
the Fusion Materials Irradiation Test Facility (originally intended for
construction at Richland, WA) addressed the following requirements:

1. Stable in a 14 MeV neutron, high gamma radiation environment.

2. Capable of detecting temperature changes as small as 10°C within
10 b s.

3. Maximum allowable diameter of 0.5 mm.

4. Operate within a severe electrical noise spectrum.

5. Direct line of sight methods not workable - output signal required
to be transmitted through flexible 0.5 mm 00 lead cable.

Miniature sensors capable of meeting the above requirements were developed
and laboratory tested. Signal compensation methods were utilized to
achieve the necessary noise rejection. Special electronics were utilized
to achieve the fast response time. The sensor itself was fabricated from
miniature ceramic/metal components.
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In other applications, organic components are being hardened to operate
reliably for extended service within reactor aging and accident
environments. Gasket materials that provide hermetic seal properties are
of particular interest.

A variety of sensors have performed reliably over their intended range in
service applications to date. Success is attributed to thorough
laboratory testing of sensors randomly selected from production lots
prior to installation in reactor tests.

DIAGNOSTIC SURVEILLANCE

Since the deterioration of physical and electrical properties is a
precursor to sensor failure, surveillance methods are being developed to
monitor the on-line condition of sensor components. A system is presently
being developed for use on reactor fuel centerline thermocouples within
the Fast Flux Test Facility at Richland, WA.

Diagnostic data is taken and stored on a computer data base. Artificial
intelligence methods analyze the data and make conclusions regarding the
condition of system components and the validity of output signals.

DIAGNOSTIC BASE TECHNOLOGY

During the TMI-2 accident, spurious signals from the in-core channels
occurred. Temperature differences as great as 800"C were observed from
adjacent core positions. Also, after the reactor was scrammed, signal
levels from many of the in-core neutron flux monitors exceeded the 2500 nA
level, correlating with three times normal full power neutron flux. Tests
to determine the specific causes of impairment are in progress.

The effectiveness of diagnostic methods to detect impairment from the
reactor containment wall is also being assessed. Components in the "as
fabricated" condition by the manufacturer are used in control tests to
provide baseline data. The objective is to characterize a "signature" or
"state variable" that can hi correlated with a material's thermal,
radiation, and moisture exposure. More common tests such as Fourier
Transform Infrared Spectromttry, Liquid and Gel Chromotography,
Thermogravimetric Analysis, water absorption, etc., are utilized. The
effectiveness of less common methods is also being evaluated.

The development of an on-line surveillance system utilizing diagnostic
techniques to assess instrument component condition has been initiated
for N Reactor, operated for the U.S. Department of Defense by United
Nuclear Corporation. The objective is to detect the onset of impairment
in early stages, thus allowing correction during regularly scheduled
plant outages. A secondary objective is assessment of component remaining
fractional life since the N Reactor is nearing the end of its original
qualified lifetime.

DISCUSSION

Reactor economics and safety remain dominant factors to the nuclear
industry. Efforts to provide environmentally hardened systems that
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function reliably in aging and accident conditions are expected to
continue. Success to date in providing radiation and temperature hardened
sensor components capable of operating reliably within in-core accident
transient environments provides evidence that advanced technology will
allow additional components to be successfully hardened, including those
required by fusion reactor environments.

In addition, successes in providing diagnostic systems to assess the
condition of instrument components in reactor service environments provide
evidence that progress can be made in giving plant operators a better
picture of the on-line condition of instrumentation and control systems.
The base technology being developed appears directly applicable to
anticipated fusion reactor requirements.
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FIGURE 1. PHOTOGRAPH 0 * NEWLY DEVELOPED THERMOCOUPLES K M
FAST RUH3N RADIATION, HIQH TEMPERATURE. HK1H CORROSION
INCOME SERVICE ENVIRONMENTS.

Re5W

F1QUHE X MECHANICAL PROPERTIES
TESTS ON SAMPLES OF 1.1 mm OD a
0.171 m WALL SHEATH MATERIAL AFTER
EXPOSURE TO 2200-C VACUUM FOR
400 HOURS.

FIGURE 2. NEWLY DEVELOPED 1.0 mm OD HfC? INSULATORS FOR FAST
FISSION RADIATION. HIGH TEMPERATURE SERVICE ENVIRONMENTS.

HOURS 4. HIQH PERFORMANCE HERMETIC SEALS HAW 1ECN
DEVELOPED FOR FAST PI9CJON RADIATION ANO HIOH TEMPERATURE
SERVICE ENVIRONMENTS.

M U R E S . SCHEMATIC Of BASIC DIAOHOSTIC ftVBTEM USED TO ASSCU
ELECTRICAL CIRCUIT IMPAIRMENT WITHIN CONTAINMENT ATTMI-2.
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Japan-US Workshop A-56
Jan. 28-30, 1986, IPP Nagoya
Irradiation Effects on Plasma
Diagnostics Equipment

Fundamental Study of Neutron Streak Camera

T. Yamanaka*. K. Itoga*, M. Yainanaka*, H. Niki*, C. Yamanaka,
T. Iida**, K. Kinosita***, H. Tsuchiya*** and K. Oba**

* Institute of Laser Engineering, Osaka University
** Faculty of Engineering, Osaka University
*** Hamamatsu Photonics Inc.

In the inertia! confinement fusion (ICF) it is very important to
measure the duration of thermonuclear reaction, MOOps, in order to
investigate the stagnation physics of pellet implosion. For this
purpose extra-high speed neutron detector whose temporal resolution is
the order of lOps is most suitable.

We have pursued the fundamental study on the neutron-electron
conversion cathode to develop a neutron streak camera '. In the
experiments we have used the "OKTAVIAN" 14 MeV neutron source and the
"GEKKO XII" laser fusion facility in Osaka University. The UO cathode
was made by electro-deposition methode and vacuum evaporation methode.
The UO cathode may be the mixture of U02 and U,0g.

1) The energy spectrum of secondary electron from UO cathode was
measured using a ̂ 1 ym-thick UO film coated on Al base by vacuum
evaporation methode. For the determination of secondary electron
spectrum by fision fragments, those by a particle from uranium itself
was compensated. The peak of the measured secondary electrons was at <
20eV as shown in Fig. 1. Energy spread was ^ 6eV (FWHM).

2) The neutron image properties and emissibity of the secondary
electron were studied using a usual visible streak tube in which the
cathode was changed to UO film.

The fision rates by 14 MeV neutron and the secondary electron
emission coefficient of 1.44pm-thick electron-deposited cathode were 1.1
x 10 events/ neutron and 57.8 ± 13.6 electrons/events, respectively.
Whereas for the vacuum evaporated cathod of 1.82pm thick they were 3.4 x
10 events/ neutron and 151 ± 81.4 electron/events. Note-the above
values are strongly depend upon the surface roughness of cathode and the
composition of UO.

The neutron images were clearly distinguished from the background
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signals resulted from MCP and x-ray by as shown in Fig. 2. Where we
used SIT camera to record the image. The temporal spread of secondary
electron in fright was 9ps.

In conclusion we have obtained the fundamental data developing a
neutron streak camera, although we have to obtain more detailed data for
conversion efficiency from neutron to electrons.

1) C.L. Wang, et al; SPIE 384 (1982) 276
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SUGGESTED EXPERIMENTS IN RADIATION HARDENING

James F. Baur
GA Technologies Inc.

San Diego, California U.S.A.

Some Problem Areas
• Near first wall Rogowski coils

Voltage flux loops
Horns and antenna

In blanket/shield region Windows
Mirrors
Collection optics
Waveguides/light pipes

Outside shield "Any" straight-thru detector system
Miniature electronics
Organic seals, lubricants
Unhardened components in instruments

Experimental and Analytic Program
• Determine radiation damage mechanism and threshold:

- Optical components (windows, mirrors, materials)
- Electrical and electronic components (coils, cables, antennas, amplifiers,

subsystems)
- Detectors and sensors (bolometers, thermocouples, pressure transducer,

Si (Li), CEMA)
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• Measure:

- Dose rate effects on detectors

- Tritium effects on detectors

- Heat deposition effects on diagnostics parts near first wall

- Symbiotic effects

• Conduct tests annealing of damage

• Complete analysis of one design-in-detail

Radiation Hardening Experiments should:

* use existing facilities

* test a single variable

* test high-leverage components

* test components with long lead time solutions

* test a wide variety of components rather than exhaustively on one type

* be reported by methodology and results

COMPARISON OF ENVIRONMENTS FUSION AND FISSION

Neutron fTux

(n/cm s)

Fusion

Near

Source

1015

At

Diagnostics

Fission

In core Outside vessel/

Inside reflector

106 2 x 1014(l)

2 x 1014(2)

NIL (1)

5 x 1010(2)

Neutron Dominated by Broad peak Wide 1/E, with

spectrum 14MeVs 0.01 - lMeV spectrum -v2MeV thermal peak

Gamma dose 7 x 10

rate (RAD/hr)

0.4 2 x 108(l) NIL (1)

5 x 10a(2) 10 x 104(2)

Gamma spectrum Typical capture Prompt Capture
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Annealing Experiment on Irradiated Diagnostic Window Materials

Objectives
• Measure extent of darkening of window material samples due to irradiation

in a simulated fusion reactor environment
• Measure the effect of annealing on irradiated samples

Conditions
• Samples of amorphous quartz and crystal sapphire
• Irradiated to 1 x 108 and 6 x 108 rads in TRIGA MARK F
• Annealed at 300°C for 0.5 and 20 hours
• Absorbance measured over wavelength range 225 nm to 900 nm using spectrophotometer

Diagnostic window annealing experiment observations
• Transmittance through 1/8 in. thick quartz samples was reduced by 25:1

in the UV region and was restored by factor of 10 when annealed for 20
hours at 300°C

• Transmittance through 0.04 in. thick sapphire samples was reduced by
2:1 in the UV region and was restored by factor of 1.5 when annealed
for 20 hours at 300°C

• When irradiated at elevated temperatures, darkening was minimal
• Possible to design appropriate thermal coupling to minimize radiation

darkening without the addition of special heaters
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Candidate Short-Term Tests

• Magnetics
weld, braze, mechanical joints,ceramic form integrity (wire, thin chs)
insulation integrity,connectors (close in)

• Optical components
windows, mirrors, gratings, Bragg crystal, viewing dumps (inner wall;absorbt.)

• RF components for ECE (dynamic)
horns, close-in waveguide

Diagnostic-sized penetrations of shield material
(n streaming, n energy spread, Y)
analytic program (dia, spacing, geometry, traps)
experimental test of simple geometry

One system (simple, any) in detail
consider, design, analyze, harden, reanalyze, predict, test (simple
detector and structure in shield with associated electronics)

Some Objectives

• Maintain long-term cooperation among laboratories

• Share irradiation needs, plans and results internationally

• Improve awareness and capabilities of diagnostics physicists and engineers
in radiation hardening design decisions and tests

• Complete US irradiations at 14 MeV in CY 86 (RTNS II may close in Mar 87)

• Combine or "piggy-back" fusion tests or other programs

• Meet needs for fusion ignition machine CIT or other design
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Summary of Workshop Conclusions

The conclusions of the US-Japan Workshop A-56 held in Nagoya, Japan
on January 28-30, 1986 are summarized below.

a) The Workshop was very beneficial to the US participants and to the
US fusion program. Japanese participants pointed out technical
facilities and experiments in Japan that complement but do not
duplicate the US effort and presented some radiation hardening
data produced by the Japanese Workshop participants and colleagues
that can be assimilated into the US data bank or technical awareness
for use in designing US plasma diagnostic systems.

b) Further collaboration, including the possibility of data exchanges
or future Workshops, should be actively pursued by US DoE/OFE and
by scientists in the fusion experimental laboratories.

c) An active radiation testing facility for diagnostic and other monitoring
components is urgently required for CIT, INTOR and other future fusion
devices.

d) There is a paucity of 14 MeV neutron sources. The evidence is slight
but apparent that 14 MeV effects are different from fission spectrum
effects. Closure of RTNS II in March 1987 is very undesirable -
TFTR Q of 1 will be essential for doing diagnostic testing. To be
consistent, the fluxes fromGekko XII, Nova and LLE laser fusion
facilities ought also to be considered for high transient flux studies.
Note: practically all diangostic testing work done so far at RTNS II

has been done as an "add-on" to radiation exposures for materials testing.

e) Linac, Co and fission facilities should be used where access
is readily available, particularly for transient studies.
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f) Radiation data bases as put together by J. Baur should be endorsed
and greatly enhanced. Computerizing access to data should be worked
out with JPL and other US resources. Japanese industry is asking
MITI for support for a radiation data base (not specifically fusion-
related).

g) The fusion community ought to deliberately involve nuclear scientists,
materials scientists, theoretical physicists to develop a scientific
basis to work from. The fusion community should provide clear
needs and criteria and supportive funding. A major benefit should
be good-quality empirical laws for scaling to reactor-level fluxes
and for comparing the effects of fission and fusion spectra.

h) The fusion diagnostic community must reduce the apparent scope
of its needs, if it can, to reduce the cost of component studies.
In some cases this reduction may be in the form of defining generic
problems for scientific study.

i) The problems of handling low-level activation must be addressed
in establishing the use of test facilities; e.g. RTNS II has good
contiguous laboratories for carrying out component tests.

j) The problems of windows are so serious that special studies of
the effects of 14 MeV, Y and fission fluxes on amorphous and crystal
quartz should be carried out immediately. JAERI may have data
on fission - spectra effects.

Summarized by
Kenneth M. Young
27 March 1986
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US-Japan Workshop A-56
"irradiation Effects on Plasma Diagnostic Equipment"

January 28 - 30, 1986

Institute of Plasma Physics, Nagoya University

Agenda

Jan. 28 (Tuesday)
Opening Session (9:30 - 10:00)

J. Fujita (Inst. Plasma Phys., Nagoya Univ.)
"Overview of Japanese Activities on the Study of Irradiation Effects"

D. Crandall (US/DOE)

"DOE View of a Radiation Hardening Program"

Morning Session (10:00 - 12:00)

T. Yamanaka (Inst. Laser Eng., Osaka Univ.)
"Measurement of Nuclear Reaction Produced Charged Particles by Track Detector
in Inertial Confinement Experiments - Gekko XII"
K. M. Young (Princeton Plasma Phys. Lab.)
"identification of the Principal Radiation Problems and Observations to Date
on Tokainaks"

Lunch (12:00 - 13:30)

Afternoon Session (13:30 - 17:00)
partly joint session with "Tokamak Physics Workshop"

S. Konoshima (JAERI)
"Results and Plans of JT-60"

R. Hawryluk (PPPL)

"Results of TFTR Experiment"

Guided Tour of IPP

Jan. 29 (Wednesday)
Morning Session (9:30 - 12:30)

K. M. Young (PPPL)
"Expected Radiation Levels for Present and Future Tokamaks"

Y. Ogawa (IPP, Nagoya Univ.)
"Radiation Analysis on R-Tokamak"

M. Sasao (IPP, Nagoya Univ.)
"27Al(n,2n)26Al Cross Sections around 14MeV"

K. Watanabe (Tritium Res. Center, Toyaraa Univ.)
"Contamination of Secondary Electron Multiplier - Ceratron - by Tritium
and its Decontamination"

J. Baur (GA Technologies)
"Radiation Sensitivities of Diagnostic Components"

Lunch (12:30 - 14:00)
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Jan. 29 (continued)

Afternoon Session (14:00 - 18:00)

T. Iida (Oktavian, Osaka Univ.)
"Fusion Neutron Irradiation Effects on Some Diagnostic Devices"

S. Goto (Osaka Univ.), read by T. Iida
"Fusion Neutron Irradiation Effects on GaAs Subraillimeter Wave Detector"

M. Sasao (IPP, Nagoya Univ.)
"Response of Silicon Surface Barrier Detectors to 14 MeV Neutrons"

R. Taniguchi (Radiation Center of Osaka Pref.)
"Characterization of Neutron Noise in Si-SSD and One Method of Noise
Reduction"

Y. Takami (Inst. for Atomic Energy, Rikkyo Univ.)
"irradiation Effects on Periphery Protection Coating Materials of
Si-Detectors"

T. Yamamoto (Rad. Center of Osaka Pref.)
"Radiation-Hardened Optical Fibers"

H. Kaneko (Plasma Phys. Lab., Kyoto Univ.)
"Irradiation Test on Ceramics with Fusion Neutrons from RTNS-II"

Jan. 30 (Thursday)
Morning Session (9:30 - 12:30)

K. Sumita (Oktavian, Osaka Univ.)
"Oktavian as a Fusion Neutron Irradiation Facility"

D. W. Heikkinen (Lawrence Livermore National Lab.)
"Assessment of Present Radiation Test Facilities"

M. Nakazawa (Nuclear Eng. Res. Lab., Univ. Tokyo)
"Dosimetry Characterization of 14 MeV Intense Neutron Sources"

P. Cannon (Westinghouse Hanford Co.)

"Environmentally Hardened Instrumentation - Temperature and Radiation"

Lunch (12:30 - 14:00)

Afternoon Session (14:00 - 17:00)

T. Yamanaka (ILE, Osaka Univ.)
"Fundamental Study of Neutron Streak Camera"
J. Baur (GA Tech.)

"Suggested Experiments in Radiation Hardening"

Discussion for future planning and experiments.

Closing
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