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TRACKS TO INNOVATION - INTERPLAY
BETWEEN SCIENCE AND TECHNOLOGY

ROBERT L. FLEISCHER
Rensselaer Polytechnic Institute, Troy, New York 12 180-3590, U.S.A.

The uses of particle tracks-- the main themes and many of the specific examples--
were iniiated in an industrial environment at the General Eleclric Research Iaboratory by a
group wiiose original principal actors were P. Buford Price, Robert M. Walker, and the
author. Scicree inindustrial environments is neglected in the United States today, yet the
area of puclanr tracks pives us a good many examples of practical applications of scicnce.-
applicaticns that would have been unlikely to have emerged promptly from scicnce doae
outside of indoztcy (where the obligation to seek practical outcomes is absent). This talk
will review Loy track uses developed. The discussion will cover discrete fields of use, hoth
scientific avd 2r plied, with emphasis on the interplay of science and technology. Three of
the subjecrs w.e aole engincering-- from filters to counters, radon-- a hazard and a help, and
tracks of tiie-- o0il and geochronology.

The mix of science and technology in the various advances will be reviewed briefly.
The unigue opportunities for science in industry that existed in the 1960's and 70's is noted
10 have enabled the rapid ballooning of the ficld of nuclear track etching. A conclusion [s
that the fubric of science and technology has intermingled threads. Occasionally a clcarly
scientific fiber led to a particular technological advance. and somctimes the case is
reversed.  Distinctions often are not readily decipherable. Typically the most direct

hizhway to practical uses of tracks crosses the bovadaries of science and technology more
than once.
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FORMATION OF LATENT TRACKS UNDER ENERGETIC
ATOMIC AND CLUSTER IONS IRRADIATIONS.

A. DUNLOP
Laboratoire des Solides Irradiés, Commissariat a I'Energie Atomique /

Ecole Polytechnique, 91128 Palaiseau, France

Itis shown that electronic excitation and ionization arising from the slowing-
down of swift heavy (GeV oxygen to uranium) ions and cluster (a few 10 MeV

Aug ,Cop or Cgg) projectiles can lead to a great variely of structural modifications

in the vicinity of the projectile wake. According to nature (insulating or metallic
material) of the target and to the deposited energy density, isolated point defects,
highly damaged crystalline matter, new crystalline phases or amorphous tracks
can be formed.

The talk will emphasize the specific aspects occuring when energetic
aggregate projectiles are used. The specificity of such projectiles comes from the
féct that high rates of energy deposition in electronic processes ({(dE/dx)g = 10 to
100 keV/nm), similar io those usually obtained with GeV uranium, are now
accessible with slow projectiles. The main resull is a tremendous increase of the
deposited energy density which can reach values as high as = 100 eV/atom. The
relaxation of such a high energy density induces spectacular structural

modifications in all kinds of targets. A wide selection of very recent experimental

results will be presented.
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Getting off the Track*
T. A. Tombrello
Division of Physics, Mathematics, and Astronomy
California Institute of Technology
Pasadena, CA 91125 USA

The production of MeV/amu heavy-ion beams has allowed continuous
damage tracks to be made in a wide variety of materials. Using simple
phenomenological models of the track-formation process one can estimate in
advance the morphology of the tracks that will result from a particular set of
irradiation parameters, i.e., target material, ion type and energy. In this talk |
shall discuss the use of these models and how they are applied in a specific
example: the pinning of quantized magnetic-flux vortices in high-temperature
Superconductors. For this application one must also employ models for the
interaction of the vortex and the column of damage. On the basis of such
simulations it is found that although damage tracks are extremely useful for
increasing the flux pinning, and hence the critical current, it would be even
better if one could control the track positions and radii over a wider range of
values. A new development in nanotechnology will be discussed that may,

indeed, allow this to be accomplished.

*Supported in part by the National Science Foundation [grant DMR93-18931].
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a-PARTICLE TRACKS IN SOLIDS AS TRICCERS OF THE
SELF-FORMATION MECHANISM FOR STRUCTURES WITH THE
PREDETERMINED BEHAVIOR

.

Sergey P. Kostenko, Albedo 0.39 R&D. 12, 10th April St apt. 8. 270020 (dessa. The Ukraine,
Tel: (0482)33-07-84, fax' (0482)26-97-37

The tracks 1n solids are generally accepted 1o be the bearers of information indispensable
in fission reactions’ studics, elemental analysis, in applied biology, geology, etc. The tracks, by
defimtion are meant to reflect the history of the events in solid state under high-energy particle
irradiation | suggest 1o recur to the starting poini, when penetrating particles have just left
behind them the ionized local volumes of substance Tt is those ionized local volumes that
trigger the sell-formation mechanism of novel structures wath the unique properties.

The track pattems, their behaviors are known to be the function not solely of the ionizng
particles’ sorts but of the radiated object atinbinies: elemental composition of substance, its
imtial structure The tracks may be further grouped into two classes those in the whole bulk of
the irradiated substance, and surface tracks composed of the matenal that has been physically
expelled from the matrix upper layers Our results show unambiguously that relaxation of the
exciled track volumes entails self-formauion of novel structures

The samples were attacked by a-parucles from ™' P sources were utilized with fission
product emission excluded except for 5 MeV a-particles lux Vanous materials have been
studied, semiconducting chips included An example of p-n transition in the silicon pressurc
microsensor is shown in Figs 1-6.

o AL,

>

Fig 1. Migogapbed suface of a Si<chp alla 258 hg 2 M;::lnpqiw%-swf;:c of » E;-:lip of another
men a-iradiation anpostcn aller 25 mn a-imadision
Fig 3-5 present cross-sections of the chup from Fig 1 a-irradiated during Fig 3 -25 min |
Fig 4 -45 min ; Fig. 5 -120 min.; Fig 6 displays the cross-secuion of the chip from Fig. 2 o-
irradiated for 25 min
Ry

’

In this manner, Figs 1, 3-5 illustrate a-dosage dependence of structural transformations
both of the investigated tracks and volumes between them. Figs 1,2,6 demonstrate the finite
structure being a function of the elemental composition of the investigated substance. The report
excmplifics other materals, introduces self-formation mechanisms i the local volumes. Gaining
an insight into the nature of the above mechanisnis will help controlling these processes and
creating the desired propertics for different purposes, e g in microclectronics, nanotechnology,
biotechnalogy, etc.
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A Scanning Force Microscopy Study of Surface and Sub-Surface Tracks
on Mica due to Fast 1271 Atomic and Cgo Cluster lons

D.D.N.B. Daya,* C.T. Reimann,** A. Hallén,** A, Petersson,”® A.p. duis!,"
P. Hikansson,** B.U.R. Sundqvist,"" A. Brunelle,§ S. Della-Negra,§ and
Y. Le Beyect

*Departiment of Physics, University of Colombo, Colombo 3, Sri Lanka; **Division of
Ion Physics, Department of Radiation Sciences, Uppsala University, Box 535, §-751 21,
Uppsala, Sweden; and $nstitut de Physique Nucléaire, 91406 Orsay, France.

A summary is presented of the work performed 1o date in Uppsala on McV ion-induced
radiation damage on mica. It has been shown for the first time that fast hcavy ions (78.2-

ions from the Orsay MP tandem accelerator) impinging on muscovite mica at normal
incidence induce conically-shaped topological hillocks as probed by tapping-mode
scanning force microscopy (TM-SFM). The height of the hillocks is ~0.5 nm and the
width is ~20 nm for normally incident 127] jons. The corresponding hillocks due to
normally incident Cgq ions are about 7 times taller and 2 times broader; this enhancement
may be attributed to a greater cnergy density deposition by MeV Ceo cluster ions. Mica
samples irradiated at grazing incidence using 17} jons also display hillocks, but they are
accompanied by raised tails in the jon penetration direction, indicating the occurrence of a
radial expansion around the ion track as predicted by theoretical models. The latent (sub-
surface) ion tracks due to '27[ ions incident at a grazing angle are also found to be
hillocks accompanied with raised tajls on both surfaces exposed by cleaving the mica after
irradiation. The complementary orientation of the raised 1ails associaled with the hillocks
found on the exposed surfaces gives clear evidence for a symmeiric radial expansion
occuring due to the passage of the fast ion through the layer-gap structure of mica,

I has also been observed for the first time that mica samples irradiated at grazing
incidence using 20.4-MeV Ceo ions display gigantic failed hillocks cach with a cave-
shaped crater on the top of the hillock at the intersection of the jon track with the surface.
These hillocks are ~50 nm wide, ~85 nm long, and ~9 nm 1al]. The presence of much
taller hillocks than those induced by normally incident Ceo ions in the same cnergy range
indicates further the occurrence of a radial expansion around the ion track. The tai]
. lengths of these huge hillocks are significantly shorter than those obtained with the 127]
~ ions incident at a similar grazing angle, indicating that the Ceo cluster ions are dissocialed
into fragments when they strike the mica surface. Hence the penetration depth of Cyy
cluster ions is shorter compared to '7[ atomic ions. The presence of a craler on these
hillocks is evidence for the large energy density deposition by the MeV Cego ions,

Acknowledgements: Funding is provided by tne Swedish Natwral Sciences Council .
(NFR), the Swedish Technical Research Council (TFR), the Swedish National Board for
Industrial and Technical Development (NUTEK), the Knut and Alice Wallenberg
Foundation, the International Science Programs (ISP) of Uppsala University, and the
Department of International Relations at CNRS of France,
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ANGULAR DEPENDENCE OF HEAVY ION RANGE (ADHIR) OF ENERGETIC
20933 IN MICA AND POLYCARBONATE

Swarnall Ghosh and K.K. Dwivedi
Department of Chemistry
North-Eastern Hill Unlversity, Shillong-793 003.

In an effort to understand the effect of the crystal structure on
the path of a highly energetic charged particle we had earlier
bombarded muscovite mica at three different angles with a beam of
1.65 GeV 132Xe ions. Mica being an anisotropic material exhibits
such phenomenon as channelling, quasi-channelling and blocking.
It has been observed through optical microscope during our
experiment that the ranges vary systematically with the angle of
incidence. These anomalous ranges have been ascribed to repeated
and curved refracted orbits in the molecular layers. The detailed
angular influence on these orbits in turn produced a strong “non-
linear” effect on the stopping-power. This has introduced naw
concept of "ridging” and "bridging” of particle trajectories.

In the present work we have further extended the earlier
investigation on muscovite mica by bombarding it at five
different angles from 15° to 75° with 20931 ions at an energy of
2.72 GeV. An isotropic dielectric detector Bayer polycarbonate
was also irradiated at the same sngles with ions of +the same

energy. The variation of range with the angle of incidence gives
an indication of the amount of "ridging" or “"bridging"” that is

involved.
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EFFECT OF VACUUM, OXYGEN AND CARBON DIOXIDE
ON THE TRACK REGISTRATION IN SR-90 AND CR-39

M. Fujii*, R. Yokota**, T. Kobayashi*** and H. Hasegawa****

* Aomori University, Faculty of Engineering
2-3-1 Kobata, Aomori, 030 Japan
** Institute of Space and Astronautical Science
3-1-1 Yoshinodai, Sagamihara, 229 Japan
*** Aoyama Gakuin University
6-16-1 Chitosedai, Setagaya, Tokyo, 157 Japan
****  Fukuvi Chemical Industry Co., Ltd.
Sakaicho, Sakai-Gun, Fukui, 919-05 Japan

The molecular structures of SR-90 and CR-39 are very
similar except that the average length of carbonate linkages in
SR-90 is longer than in CR-39. However, the effect of vacuum on
the track registration on these two detectors is very different. It
is well known that the sensitivity of CR-39 becomes very low in a
vacuum. On the contrary we have found that the sensitivity of SR-
90 does not go down to zero even after storage in a vacuum for a
long time.

We have other findings: 1)The sensitivity of SR-90
decreases in a vacuum but the original sensitivity can be
recovered by storing it in carbon dioxide. 2)The setting of latent
tracks by oxygen is effective only at the time of irradiation but
the sensitization in carbon dioxide is effective even after
irradiation. ‘

The mechanism of the track formation in polymer will be
discussed with reference to above findings.
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Effects of Low—LET Radiations on CR—39 Track Detector

K. ODA, K. YOSHIDA, T.YAMAUCHI
Department of Nuclear Engineering, Kobe University of Mercantile Marine,
5—1-1 Fukaeminamimachi, Higashinada— ku, Kobe 658, Japan
and

T.IKEDA, Y. HONDA, S. TAGAWA
The Institute for Scientific and Industrial Research, Osaka University
8- 1 Mihogaoka, Ibaraki, Osaka 567, Japan

Several authors have already pointed out that the etching characleristics of plastic
track detectectors were influenced by iradiation of intense ¥ —rays. It is, from a
viewpoint of track formation mechanism, very interesting to compare the track etch
along the trajectory locally damaged by a heavy charged particle with the bulk etch in
the detector where the same amount of the encrgy is almost uniformly deposited by
low—LET (Linear Energy Transfer) radiations such as photons and electrons.

In this experiment, we measured the change in both etching and optical properties
of CR—-39 plastic detector exposed to *°Co y —rays and 28—MeV electrons. It was
found that the bulk etch rate (V) increased exponentially with the absorbed dose (D)
under a constant dose rate. Namely, '

V = Ve-explkD] ,
where Vo is the bulk etch fate of unirradiated samples. The parameter (k) was also
evaluated to be 3.0X10"* Gy~ ' for y —ray irradiation with a dose rate of 6.0 kGy-h™',
and 1.2 X10™* Gy~' for accelerated electrons with a much higher dose rate of 160+
10 kGyh™'. This notable difference implies that certain chemical or radical reactions,
dependent sensitively on the dose rate, take pa:t in the track formation process.

Further experiments about irradiation in vacuum and correlation with the optital

density are now in progress.
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FAST DYNAMICS OF CORE AND SELF-TRAPPED EXCITONS FORMED AT

HIGH DENSITY IN ION TRACKS IN BaF2 AND CsCl SINGLE CRYSTALS
Kazuie KIMURA
RIKEN, Hirosawa Wako Saitama JAPAN, 81 048 46] 4668

Electronic excited states followed by the primary collisions by projcctile ions are key
states to result in atomic displacement and chemical reactions as radiation effects.
Excited states are formed by ion irradiation at high density. Such the states are studied
by means of decay measurements on luminescence from ion irradiated BaF2 and CsCl
crystals, using the fast decay measurement sysiem developed by us, named SISP with
100 ps resolution: A single ion hitting (single track) and single photon counting.
Recently, above crystals have been interested in their showing the Auger free lumines-
cence (AFL) based on the outermost core excitons when they are irradiated with
VUV-light. Ton irradiation makes the decay fast compared with the case of light
iradiation (lifetime of 800 ‘ps) according to an increase of LET of the ion. The
luminescence efficiency per LET was decreased with increasing LET but showed the
minimum at N ion among He, N, Ar, Kr, Xe ions used. On the other hand, the
self-trapped excitons (STE) showed much more drastic differences compared with the
photo- irradiation. Both rise up and decay of luminescence were much faster than those
in the phota-irradiation In addition, lifetime of STE were shortencd with decreasing
temperature, which is contrary to the case of photo-irradiation. These phenomena can
be explained by high density excitation charasteristic in ion irradiation. Fast dynamics
of excitons in the ion track is described by the its simulation using the decay

equation.
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A study of the radon emitted from various building materials using
alpha track detectors

A. F. Maged and E. Borham

National center for Radiation Research and Technology, P. 0. Box 29, Nasr City, Cairo, Egypt.
Abstract

Solid state alpha track detectors using CR-39 plastic detectors were used to measu
radon concentration and the radon exhalation rates from building materials used in Fgyp
radon flux emitted from the surface of the building material was measured by placing |
detector within the chamber. Tracks due to alpha particles from radon that migrate fr
building materials into the air space in the chamber were registered on the CR-39 detecto
detectors were etched in 6M NaOH solution at 70 'C.  An image analyzer system was |
record the tracks appearing on the CR-39 detector. Infiltration and ventilation effect
excluded in this work. This technique can be used to establish the database for average

exhalation rates from all available building materials and walls or floors.
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4 Comparative study of indoor radon concentrations
in four radon prone areas in Central Europe

L Hunyadi', I. Csige', Z. Dezsé?, J. HakI', L. Lénar?®, 1. Mécsy*, Z. Németh®,
Z. Papp’, J. Somlai®, A Vasarhelyi'

"0 Institute of Nuclear Research of the Hungarian Academy of Sciences, H-1001 Debrecen, POB 51., Hungary
F ! Kossuth University, Isotope Laboratory, H-4010 Debrecen, Egyctem tér |, Hungary

University of Miskolc, Department of Hydrogcology and Engincering Geology, H-3515 Miskolc, Hungary

Medical Center for Health Services and Management, 3400 Cluj Napoca, str. Pasteur 6, Romania

| B
[ ‘
b i University of Veszprém, Department of Radiochemistry, H-8201 Veszprém, POB 158., Hungary
re

* Abstract
.m' The‘ distribution of indoor radon acliv_ily concentration and its link with di{t'erf:nl
environmental parameters was studied using integrating etched track and time resolving
r. B Continuous techniques in four different radon prone areas in Central Europe. The studied areas
were in Western Hungary Ajka and its region (provincial town with 34000 inhabitants,
Bakony Mountains): in the North Hungarian Central Range Matraderecske (village with 3000
4 inhabilants situated on the volcanic andesite of the Matra Mountain) and Miskolc (big
industrial town with 210000 inhabitants sjtuated on the Eastern feet of Biikk Mountains); and
finally in the Transylvanian Basin Cluj Napoca (second largest town in Romania with 350000
! inhabitants situated on the riverside of Somes). From the study the complex interplay of
' natral environmental parameters (as geology and field setting) and applied building materials
- and techniques can be identified. From continuous multiparameter measurements assessments
were made 1o identify the main parameters influencing the indoor radon accumulation as well
_astoestimate the dependence of radon entry rates on atmospheric parameters.

|5
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ESTIMATING SOIL RADON CONCENTRATION BY KRIGING
INTHE BIGGIN AREA OF DERBYSHIRE (UK)

S.A. DURRANI' A. H. KHAYRAT', M. A OLIVER’, AND 1. BADR’

' School of Physics & Space Research, University of Birmingham, Birmingham
B152TT, UK.
2 Department of Soil Science, The University of Reading, Whiteknights, Reading
RG6 6DW, UK.
3 Radiological Protection Centre, St George's Hospital, Blackshaw Road, London

SW17 0QT, UK.
ABSTRACT

A survey of soil radon gas was carried out in an area around the village of Biggin in
Derbyshire, England, on a single geological formation. The location lies in what is
considered to be a ‘radon affected arca’ by the UK National Radiological Protection
Board (NRPBY). The aim of this survey was to investigate the spatial variation of radon
within a single lithological unit based on the result of an earlicr ‘nested survey’,which
had shown spatial correlation between radon levels in the field and the local geology.
An irrcgular sampling scheme, with the sample interval varying from 50 to 250 m,
was used. Ninety-three dosimeters were placed at a depth of 50 cm over an area of
4 kml, to measure the soil radon concentration levels. These levels varied in the
surveyed area from 3 to 35 kBq m”, the ¢ can value being 13.03 £ 7.6 kBqn1'3. The
conventional variogram was computed, and soil radon concentration was estitmated
efficiently using kriging. The variogram suggests that there is spatial autocorrelation
in the radon levels over the surveyed area but that there is also a large nugget variance
indicating that much of the variation is occurring over distances of less than 80 m. The
kriged map of radon shows that there is a strong pattern in its varialioﬁ, which may be

linked to some of the physical feature of the area studied.
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INDOOR CIGARETTE SMOKING: URANIUM CONTENTS AND

CARRIER OF INDOOR RADON PRODUCTS

F. ABU-JARAD

Energy Resources Division
King Fahd University of petroleum and Minerals
Dhahran -31261, Saudi Arabia

ABSTRACT

The role of cigarette smoking inside a room has been studied
experimentally. As a result of indoor smoking, the number of acrosol
particles has increased inside a room from 10000 particles per cm™ up to
ten times more. Injecting a radon source inside a room which contains
cigarettes smoke showed a reduction of diffusion of radon daughters
particles to the surfaces and walls of the room. This happens mainly
because the radon daughter particles stick to cigarette smoke particles
floating in the room. These particles will then be inhaled by every body
in the room regardless if he is smoking or not. Further more an attempt
to measure the uranium concentration was performed in fresh tobacco
and tobacco ash samples. In addition, another attempt to measure the
uranium concentration in air of a room was also performed in two
different conditions: when the room was clean and after lighting 6
cigarettes. In the two conditions the same amount of air with and
without smoke was sucked through filter papers. The fresh febacco and
tobacco ash samples were prepared as pellets. Each sample of filter
paper and pellet is sandwiched between two plastic Lexan polycarbonate
detectors. The plastic detectors were used in a high flux of thermal
neutrons in order to detect the uranium content of the sample through
the uranium fission fragments after irradiation. The whole assembly was
exposed to a thermal neutron flux of ~ 10" n.ems? in the Herald
reactor at Aldermaston in U.K. The uranium distribution on the
surfaces of the detectors attached to the pellets related to fresh, tobacco
ash and filter paper used to collect smoke shows non-uniform
distribution of fission fragment as track clusters and mostly as sunburst
shape. Estimate of uranium content through those sunburst was
difficult. Even after using an electron microscope to magnify those
sunbursts, it was difficult to count the tracks and thus it was impossible
to estimate the uranium concentration. But those dense track cluster is
an evidence of uranium content of the tobacco and cigarette smoke.
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IRRAD—I};%[ON DOSES FROM INDOOR RADON ON THE
UKRAINE AND BASIC DIRECTIONS OF THEIR DECREASE.

T.A. Pavienko, [.P. Los, N.V. Aksenov, O.B. Yudin
Research Center for Radiation Medicine, Academy of Medical Sciences,
Melnikova 53, Kiev, 254050, Ukraine.

Results of 8500 measurements that showed the average indoor 222Rj
concentrations in premises in different regions of the Ukraine where a
preliminary  stage of the studies launched for determination of the
population effective doses delivered to the Ukrainian population.

As the same time, equipment, methodological and metrological bases
of the system for the control of radon were established.

Computer-linked automatic spark counter was designed on the base of
the method of passive track dosimetry. Software, including formats of
databases and information input for analyzing results of measurements,
were developed.

The metrological support was provided by radon atmosphere created
in RCRM and certified by State Metrology Commitice ( Gosstancdlarry as the
basic measurement device.

The comparison run program started for the organizations that
monitor radon concentrations.

Radon monitoring should be carried out by radiation control services
on the basis of existing bodies of the Ministry of health. This will allow to
reveal houses with high radon levels and decrease the dose recejved by
inhabitants,



18 th INTERNATIONAL CONFERENCE .
ON NUCLEAR TRACKS IN SOLIDS é
1- 5 Sept 1996 Cairo - Egypt -
INTS

MEASUREMENT OF RADON DAUGHTER DEPOSITION RATES
BY USING CR-39 AS AN a-SPECTROMETER

J.C.Hadler N.', P.J.Junes' and S.R.Paulo? and A R Ziiiga G.'?

Inslituto de Fisica, UNICAMP, 13083-970 Campinas-SP, Brazil
*Deplo. de Fisica, ICET, UFMT, 78060-900 Cuiabd, MT, Brazil
*Instituto Peruano de Energla Nuclear, IPEN, Av. Canada 1470, Lima 41 Peru

In this work, indoor mean deposition rates of the radon daughters Po-218 and Po-214 are
eslimated by measuring the a-activity plated-out on the surface of bare CR-39 sheels. By means of
the rack size distribulion measured afler two different etching times, it was possible to obtain the
plated-out activity of Po-218 and Po-214 separately, under the criteria of considering only the
tracks whose ratio between the major and the minor diamelers is lesser or cqual to 1.1. The same
procedure was repeated for CR-39 sheets exposed in closed and ventilated rooms and the results
were compared. All the track analysis was made by using an automated system, constituted by a
CCD camera coupled to a microscope and to a microcompuier working with an adequate
software. Based on the obtained data, the reliability of the measurement of indoor radon daughters
deposition rates by using CR-39 as an a-spectrometer is discussed.
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Monday, 2 September

8.30 - 10.00 Track Formuation 111, Methodology & Detectors 1
(Plenary, Hall A, Chair: R.L. Fleischer)

E._Gamaly and L T. Chadderton
GeV heavy ion induced phase transitions in solids- energy thresholds, kinetic stage, and break of
symmctry

A_Chambaudet, D. Klein, R. Barillon and M. Voytchev
Study of the response of silicon detectors for alpha particles

V.A Ditlov, E A Silaev, A.U. Gatchegov, \W. Enge, F. Petersen, M. Danziger, A. Schultz and V.
Trofimov
The radial mdung velocity for tracks in polymer film

10:30 - 12:30 Mlethodology & Dctcclors 1
(Parallel, Hall A, Chair: M. Fujii)

J.-U. Schott, M.M. Meier and K. Strauch
A detector telescope with charge coupled devices (CCDs) for single particle dosimetry in space
M_Sadowsks, J. Baranowski, E. Skladnik-Sadowska, A. Szydlowski, H. Kelly, G. Lascalea, A. Lepone
and A. Marquez
Calibration of CN and CR-39 track detectors for measurements of fast deuterons and nitrogen ions
T. Yamauchi, K Oda, S. Tanabe, H. Matsumoto and H Aiyake
Calibration study on triton response of CR-39 track detoctor
M. Yamamoto, N. Yasuda, T. Kanai, N. [shigure, A. Furukawa, M. Kurano, Y. Kaizuka and K. Ogura
CR-39 sensitivity analysis on heavy ion beam with atomic force microscope
M. Novak, K Turek, J. Jakes and J. Voigt
Directly heated etching stand for electrochemical treatment of track detectors
Matiullah, N_Almad and A.J.A.H. Khatibeh
Effect of gamma energy, temperature and shelf life on the response of gamma and BD-100R neutron
bubble detectors :

10: 30 - 12:30 Geoscience I
(Parallel, Hall B, Chair: A. Chambaudet)

F. Villa, M. Grivet, M. Rebetez, C. Dubois and A. Chambaudet
Calibration and simulation of apatite fission track etching’ influence of diffusion and crystal
symmetry

A Mironoy, N. Zhatnuev and M. Epelbaum
Experimental study of water behavior in melt .3 melt-rock interaction using tritium
autoradiography

N.M. Fahmi, M. Rossy, M. Rebetez, A. Chambaudet and A.A. Abou El Kheir
Fission track dating and thermal history of some volcanic and plutonic rocks from Turkey and
France

L.L. Kashkarov, L.M. Bulgakova and G.V. Kalinina
Fossil tracks in olivine crystals separated from Zagami meteonte as indicator of its complex
radiation-thermal lustory

A. Enulescu, C. Ciortea, V. Zoran, B. Bucur, A, Danis, M. Ciubotariu and L. Marinescu
The contribution of the (a + Al, Si) interactions to the fossil tracks in muscovite mineral track
detectors

1.C. Mielloy, H. Tgli, A. Chambaudet, M. Rebetez and M. Grivet
Convection methods and functional equations to solve invérse thermochronclogy problems
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14.00 - 15:30 Filters & Other Applications 1
(Plenary, Hall A, Chair: P. Vater)

1. Vetter and D.D. Dabrev
Etched heavy ion track membranes as templates for metallic nucrostructures
V.V, Shirkova and S.P. Tretyakova
Pitysical and chemical basis for the manufactuning of fluoropolymer track membranes
M_Yoshida, M. Asano, A. Safranj, H. Omichi, R, Spohr and R. Katakai
Substrate-specific functional membranes based on etched jon tracks

15.30- 16:30 Posters

16:30 - 18:30 Track Formation I'V
(Parallel, Hall A, Chair- A Dunlop)

P.Yu Apel, A.Yu. Didyk, L.I. Kravets, V.G. Nesterov, L I, Samoilova, B.1. Fursov and G.S. Zhdanov
Registration temperature effect in polymers: Physico-chemical aspects
G.U. Bacmeister and \V. Enge

Some relations of the diffusion constant of latent tracks in polymers and the ion energy loss
K_Havancsik, L.P. Birg, J. Gyulai and A.Yu Didyk

STM and AFM observations of damage produced by swift Ne and Kr ions in graphite
D. Fink, R. Klett, G.Schiwietz, L.T. Chadderton

The influence of deposited energy density on characteristic ion track parameters in polymers
A, Schulz, M. Danziger, V.V. Trofimoy and K. Prokert

The pore opening process of etching polymer films irradiated by single and multiple heavy ions
I Henry

Tracks in MoS, irradiated with 20 NMeV fullerenes

16:30 - 18:30 Environmental Sciences & Radiography 1
(Parallel, Hall B, Chair: R Hi¢)

AF. Hafez M A_ Kotb, A M. Heriba and Y. Selim
Assessment of alpha emitters in some biological samples using nuclear track detection method
M. Balcizar, L. Tavera, ME. Camacho and A. Chavez
CR-39 detector for checking up a decontamination process
AF. Malenchenko, N.N. Bazanova, N.v. Kanash, LV _Zhuk E.M. Lomonosova, M.K. Kievets and
S.F. Boulyga

Fissile radionuclides in thyroid of the inhabitants of the Gomel region in Belarus. Peculiarities of
their distribution .

L Giizel, T. Akyiiz, P. Saritepe, Yu.Ts. Oganessian, S.P. Tretyakova
Fissionable elements investigations of the Turkish fluorites using dielectric track detectors

L. Enkhiin and V_Pp. Perelygin

Th and U content determination using double gamma-irradiation
YD Rusov, T.N. Zelentseva and LM, Zemskov
Utilizatic: of nuclear track biodctectars in Chemobyl's experiments
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GEV HEAVY ION INDUCED PHASE TRANSITIONS IN SOLIDS: ENERGY
THRESHOLDS, KINETIC STAGE,AND BREAK OF SYMMETRY

Eugene Gamaly
Laser Physics Centre, Research School of Physical Science & Engincering, Institute of
Advanced Studics, Australian National University,
Canberra, ACT, Acton 0200, Australia

Lewis T. Chadderion
Institute of Advanced Studics, Australian National University
GPO Box 4, Canberra, ACT 2601, Australia

Heavy ions with GeV energies, on entering a sofid larget, create extremely
nigh local energy densities which lead - in the primary transient core - 1o total destruction
of the basic structure. The physical processes involved are closely akin 1o those taking
place in studies of heavy encrgetic ion-induced fusion. We shall show that GeV ion
energy deposition, onisation, recombination, and energy transfer processes in space and
time are followed, sclf consistently, by the formation of a secondary outer {rack zonc
where general conditions for genesis of a new phase (state) may be achieved. These
remarkably simple conditions are the background to the fundamental kinetic formation

};;‘Lage of the new phase, and can be described in terms of certain "selection rules” which
delincate the swiftest reaction routes which are themselves closcly associated with the
symmetry properties of the clusters created. The process is similar 10 that of a phase
transition in solid state physics: the initial high symmetry of "primeval soup" is broken at
tertain transition icmperature by formation of a cluster having the lower symmelry (axial
symmetry of high order).

The approach is quite general - different phase transitions - different materials,
“or carbonaceous targets (graphite, polymers etc) large and beautiful three-dimensional
carbon clusters (eg the 'family’ of fullerenes) are created by a process of accretion from a
hot dense "primeval soup" 3¢ single carbon atoms through repeated stochastic, "sticky"
collisions. The incident ion enerpy threshold is seen as arising from a balance in the
omoetition between the rate of primary energy deposition and the rate of system
ealing. Rate ¢quations for the basic clustering process permit calculation of the time-
vlent numier densities for the specific different carbon clusters » -Jduced. An
“i.nstant consequence of the theory applied to carbon is that the region for the spzcific
122 transition from graphite to fullerene lies in the same pressure regime on the phase
~37:1m a3 does the comresponding transition for graphite to diamond.
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Study of the Response of Silicon Detectors
for Alpha Particles

A. Chambnudell, D. Klein®, R. Barillon® and M. Voytchev!?

Laboratoire de Microanalyses Nucléaires, Université de
Franche-Comté, La Bouloie, 25030 Besan¢on Cedex, France
? Laboratoire de Meétrologie des Interfaces Techniques et
Antenne Nord Franche-Comté de I'Institut des Sciences et
Techniques de I'Environnement, Université de Franche-Comtgé,
B.P. 427, 25211 Monbéliard Cedex, France
* Institute for Nuclear Research and Nuclear Energy, 72 Bivd.
Tzarigradsko chaussee, 1784 Sofia, Bulgaria

Numerous radon measurements are carried out by using silicon detectors directly
in the environment. This new kind of alpha radiation measurement has been developed
because the reduced cost makes it possible to replace the usual plastic track detectors.

At our Laboratory, an alpha particle detector has been designed from a commercial
silicon photodiode.

This type of detector can determine the device response perfectly in any kind of
environment. Different spectrum analysis has been conducted in laboratory and in
fieldwork to define the exact origin of counted alpha particles. We studied the response
for different radon and thoron concentration levels and observed the energy of the
detected alpha particles. We carried out some of these experiments with gas flux, and
some without, to show the effects of the surface’s interactions to obtain thermodynamic
equilibrium in the detection chamber. The experimental results, compared with a
mathematical model, showed the influences of depositions on the surface of the detector
and on the wall of the cells used as the detection chamber.

In conclusion, the silicon diodes, that we tested, measure the alpha particles of the
decay products (polonium) from the radon and the thoron, but very weakly of the gases
themselves. Thus, it is possible to make mistakes when measuring the radon if a counting
of alpha particles is performed without spectrum analysis. One reason for this is that the
decay progenies of the radon are solid radioclements with thermodynamical proprieties

different from gases.
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TIIE RADIAL ETCHING VELOCITY FOR TRACKS
IN POLYMER FILM

V.A.Ditlov, E.A Silacv, A U.Gatchegov *
W.Enge, F.Pctersen *
M.Danziger, A Schulz, V.Trofimov ***

* Research Institute of Photochemical industiry.
Leningradski pr.. 47, 127165, Moscow, Russia
** [nsutute fur Retne und Angewandie Kemphysik,
Christian-Albrechts-Universitat Otto-Hahn-Platz 1, 24118, Kiel, Germany
*>* Flerov Laboratory of Nuclear Research, Joint Institute for Nuclear Reseerch,
Head Post Office, P.O. Box 719, SU-101000, Russia

Here was studied large set of questions arising from elchable track consideration.
The experiments included tracks of Au and Xe in Makrofole KG etched in 6n NaOH
in two temperatures, the theoretical part based on many-hit model of local responsc.

At first it was studied dependence Vi/Vs on restricted encrgy losses REL. Two ways
of their calculation are compared. We used approximation formula

VIV, =1+a-REL' )
and probability of local response of many-hit model in approximation REL:
V|IV5=C'P-. (‘fb"'{.-) 2
were the probability of local response was used with _
- REL I%))
REL,

cocMicients a, B, ¢, v, & and characteristic parameter RELo were found from fitling of
expressions (1) and (2) to experimental data.

Then the different activation encrgies of etching process and of local responses
were studied.

With help of registration parameters ¢, v, &» and RELo there were studied radial
distribution of local responses and radial etch rate over cross-section of ion tracks in
nanometer regions. The many-hit model was used in two kinds. The first onc was in
approximation of R.Katz approach /1/ with :

D,,
where we calculated the radial distribution of dissipated energy using exact solution of
the theory of multiple electron scattering /2. The second version of many-hit model was
used on the base of our theoreticzl approach /3/. The results of both calculations are
compared with experimental data for radial etching rate, reccived by clectrochemical
method.

At the end of the work there is a demonstration of application of many-hit model
for calculation of radial distributions of local responses over cross-section for several quick
ions , where the chemical attacks of etchant molecules were calculated with help of Monte-
Carlo method.

References: §

l. RKaz. Unified track theory. - In: 7% Intem. Colloq. on Corpuscular
Photography and visual solid detectors. Barcclons, 1970, pp.1-29.

2. V.Ditlov. Upon Physical Grounds of Track Paramcters Formation in Solid Statc
Nuclear Track Detectors. - In: International workshop "Solid Statc Nuclear Track
Detectors and their Application.” Dubna, 1930, pp.8-12.

3. V. Ditlov. Theory of Spatial calculation of primary action of 3-electrons in track
detectors with account of muitiple scattering.  Proc. 10® Int. Conf. SSTND, Lion, pp. 131-141.
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A detector telescope with charge coupled devices (CCDs)
for single particle dosimetry in space

J.U. Schott, M.M, Meier, K. Strauch
DLR Institute for Aerospace Medicine, D-51140 Koln

experiments in space an adequate detector system with local resolution and on-line
information for single particles has been established. It consists of a telescopic array of
charge coupled devices (CCDs), operated in coincidence. As part of the dosimetric
experiment "Radiation Health During Prolonged Spaceflight (DOM)" performed during
the EUROMIR mission in 1995, it measured protons and heavier particle fluxes inside
the MIR station under different orbital parameters. The response of the CCDs against
particles and the spatial response of the telescope are discussed.
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CALIBRATION OF CN- AND CR39-TRACK-DETECTORS
FOR MEASUREMENTS OF FAST DEUTERONS
AND NITROGEN IONS

M. Sadowski, J. Baranowski, E. Skladnik-S_adowska. A. Srydlowski
Soltan Institutte for Nuclear Studies, 05-400 Swierk n. Warsaw, Poland
and
H. Kelly, G. Lascalea, A. Lepone, A. Marquez
Instituto de Fisica del Plasma, Univ. of Buenos Aires, Argentina

Abstract

High-current pulsed discharges of the pinch type are widely investigated in many
laboratories all over the world to study propertics of dense magnetized plasinas [1] or to optimize
Z-pinch and Plasma-Focus (PF) facilities for technological applications [2). In order to measure
fluxes of charged particles emitted form such facilities there are often applied Solid-State Nuclear
Track Detectors (SSNTDs). Recently, SSNTDs of the CN- and CR39-type have became veny
popular [3-4], although their accurate characteristics have not been known for a long time. In fact,
many authors used such detectors basing only on approximate calibration diagrams [5-6] which
presented a dependance of track diameters on energy of selected panticles for given etching
conditions .

Hence, the main aim of this paper has been to collect new calibration data from
corpuscular measurements carried out in different PF facilities at SINS in Swierk, Poland, and at
INFIP in Buenos Aires, Argentina. Those measurements were performed by means of Thomsoo-
type mass-spectrometers equipped with Kodak CN foils and Pershore CR39 plastic-plates.

The compared SSNTDs were irradiated with fast deuterons and different nitrogen ion:
emitted from the PF facilities operated with the deuterium and nitrogen fillings, respectively. The
irradiated samples were etched under controlled conditions (the CN foils - in 2.25-N watel
solution of NaOH, at a temeprature of 60°C, and the CR39 plastics - in 6.25-N water solution o
NaOH, at a temperature of 70°C). The etching procedure was stopped every two hours and ior
tracks distributed along Thomson-parabolas (corresponding to deuterons and different nitroger
ions) were measured with an optical microscope. Basing on the known calibration constants o
the applied mass-spectrometers, there were determined track diameters as a function of ion energ;
for different etching times.

The paper presents the detailed calibration diagrams for the CN- and CR39-detector:
which may be compared with other calibration data [7] and applied for studies of fast deuterons
e.g. in fusion-oriented experiments, and fast niirogen ions, e.g. in various plasma devices used fo
technological applications.

References

1. World Survey of Activities in Controlled Fusion Research; Nuel. Fusion Special Suppl. 1994
2. PLASMA'95 - "Research and applications of plasmas"; Proc. 2nd Nat. Symp. (Warsaw 1995)
3. M.Sadowski, et al.; Nucl. Instrum. Methods BSG, 311 (1994).

4. M.Sadowski, et al.; Radiation Measurements 25, 175 (1995).

5. E. Mubling, U.Schumacher, M.G.Paretzke; Nucl. Tracks 2, 113 (1984),

6. U.Jager, L.Bertalot, H. Herold; Rev. Sci. Instrum._36, 77 (1985).

7. M.Sadowski, A.Szydtowski, M.Jaskola, T.CzyZzewski; Proc. 18th Conf. INTS (Cairo 1996).
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Calibration Study on Triton Response of.
CR-39 Track Detector

Tomoya YAMAUCH], Keiji ODA, Sunao TANABE,
Hiroyoshi MATSUMOTO and Hiroshi MIYAKE

Department of Nuclear Engineering,
Kobe University of Mercantile Marine,
5-1-1 Fukaeminamimachi » Higashinada-ku,
Kobe 658, JAPAN

Triton response of CR-39 track detector has been evaluated as a function
of the residual fange using three different methods. Tritons with ap energy of
2.7 MeV were generated in a thermal neutron field through ®Li(
guided to a collimator and then hit on both top and polish
CR-39 samples using two neutron-

In the first method, growth curves of etch-pit radius were obtained by
multi-step etching technique, from which the etch rate ratio was derived. Fine

result was obtained at large residual ranges over 10um but the response at near
the track end-point could not obtained owing to missing track effect (1.

Secondly, we tried to assess the response from growth curves of etch-pit
length. This me

n,t}*He reactions,

ed side surface of
to-triton converters,

analysis of etch-pit profile. In this analysis, track end-point

was decided from
rounded region at the top of

etched track just transferred from the conical phase
to the transition phase. The response obtained showed good correlation to LET 3,

about 3um where the
Tesponse had the maximum value of S=2.6.

(1] T.YAMAUCHI et aL (1995) :

“Missing Track Segment on the Growth Curve
of Etch-Pit Radius”

, Radiation Measurements, Vol.24, pp.101-104. -
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Calibration Study on Triton Response of.
CR-39 Track Detector

Tomoya YAMAUCHI, Keiji ODA, Sunao TANABE,
Hiroyoshi MATSUMOTO and Hiroshi MIYAKE

Department of Nuclear Engineering,
Kobe University of Mercantile Marine,
5-1-1 Fukaeminamimachi , Higashinada-ku,
Kobe 658, JAPAN

Triton response of CR-39 track detector has been evaluated as a function
of the residual range using three different methods. Tritons with an energy of
2.7 MeV were generated in a thermal neutron field through ®Li(n,t)*He rcactions,
guided to a collimator and then hit on both top and polished side surface of
CR-39 samples using two neutron-to-triton converters.

In the first method, growth curves of etch-pit radius were obtained by
multi-step etching technique, from which the etch rate ratio was derived. Fine
result was obtained at large residual ranges over 10um but the response at near
the track end-point could not obtained owing to missing track effect [1].

Secondly, we tried to assess the response from growth curves of etch-pit
length. This method didn't suffer from the missing track effect, but there was
another difficulty in measuring the etch-pit length precisely, particular in the
determination of the side surface position by an ordinary optical microscope.

Fine results for near the track end-point were obtained from the shape
analysis of etch-pit profile. In this analysis, track end-point was decided from
rounded region at the top of etched track just transferred from the conical phase
to the transition phase. The response obtained showed good correlation to LET g,

“in the region corresponding to residual ranges more than about 3um where the

response had the maximum value of $=2.6.

(1] T.YAMAUCHI et ol (1995) :“Missing Track Segment on the Growth Curve
of Etch-Pit Radius”, Radiation Measurements, Vol.24, pp.101-104. -

INT.
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CR-39 Sensitivity Analysis on Heavy Ton Bemn
with Atomic Force Microscope

Mikio Yamamoto”, Nakahiro Yasuda®, Tatsuaki Kanai®, Nobuhito Ishigure®,
Akira Furukawa®, Mieko Kurano®, Youji Kaizuka® and Koichi Ogura®

“ National Institute of Radiological Science (NIRS), Chiba 263, Japan
b Quantum Engineering and Systems Science, University of Tokyo, Tokyo 113, Japan
© College of Industrial Technology, Nihon University, Chiba 275, Japan

The recent observations of latent tracks of heavy ions in solids were demostrated with
high resolution electron microscopy, with scanning tunneling microscopy and atomic force
microcopy. But quantitative analysis in the region of nano meter was limited in this field.

This is a feasibility experimental study to apply an atomic force microscope (AFM)
to observe and analyze quantitatively minute etch pits on CR-39 plastic nuclear track
detectors. This method makes it possible to observe more than 107/cm? etch pit den-
sity produced by 135 MeV/n carbon ions. It is applicable to the flux, LET and dose
measurements for carbon ion cancer treatments, because the order of the ion particle
density is 10°/cm?. It is impossible to do this kind of measurements with ordinary optical
microscope (OPT) observation, because almost all etch pits overlap.

CR-39 were exposed by carbon ion beams at NIRS HIMAC with a density of ~ 107
particles/em? and were etched in 80° NaOH 27% solution for several minute. The 3D
image of CR-39 (10 x 10;m) is shown in Figure 1. We will report that the comparison
of the sensitivity as a fuction of LET 30 v between OPT method and AFM method. It
is observed that the etch rate ratio of carbon ions is significantly small. This difference
in track formation sensitivity is probably due to a surface effect of the detector material
itself,

Amount of bulk etch (B) on the CR-39
was measured by the AFM.We examined
two traditinal methods for measuring B,

1) the change in the detector thickness,

2) the diameter of high-LET particle tracks
(fission fragment of *?Cf). As same as
under the OPT measurement,the fission
fragment method can be applyed to the
measurement of the B in the nano meter
region.

Figure 1

Mikio YAMAMOTO, Ph.D., Ph.D.
Division of Radiation Research, National Institute of Radiological Sciences,
9-1, Anagawa-4, Inage-ku, Chiba-shi 263 Japan.

Phone : 4-81-43-255-3139, Fax : +81-43-251.9046, E-mail : m_yamamoQ@nirs.go.jp
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DIRECTLY HEATED ETCHING STAND
FOR ELECTROCHEMICAL .
TREATMENT OF TRACK DETECTORS

M Novak', K. Turek?, J.Jakes® and J.Voigt®

'EKOTRONIC s.r.0., V parezindch 558, CZ-190 95 Praha 9,
Czech Republic

*Nuclear Research Institute of the Czech Acad of Sci., Dept. of
Radiation Dosimetry, Na Truhldsce 39/64, CZ-180 86
Praha 8, Czech Republic

3G,S’F—For.schungszenrrum Neuherberg, Inst. fiir Strahlenschutz,
D-85758 OberschleiBheim, Germany

ABSTRACT

The directly electrically heated etching stand has been
developed for the electrochemical treatment of track detectors to
avoid the time consuming overnight pre-heating and to simplify the
procedure. The large plate electrode containing several heating
elements on its rare side creates the main part of the etching stand.
The temperature of the electrode connected to the control unit is
variable within 30-70°C. Two types of etching stands were tested..
The uniformity of the temperature distribution on the electrode
surface, heating rate and stability of temperature were studied as
the main parameters and the results are presented. The technical
solution allows to construct smaller (even portable) devices for the

electrochemical etching,
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Effect of Gamma Energy, Temperature and Shelf Life on
the Response of Gamma and BD-100R Neutron Bubble
Detectors

Matiullah, N. Ahmad' and J. A. H. Khatibeh?

1 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakistan.
2 - Nuclear Energy Department, MEMR, Amman, Jordan,

Abstract
The use of commercially available bubble detectors for gamma and

neutron detection has been reported by several groups. We have carried out
Systematic investigations to study the response of gamma bubble detector as
a function of energy, the effect of waiting time on sensitivity of BD-JOOR
neutron detector and the effect of shelf life on both types of the detectors,
Our results show that the response of the gamma bubble detector is energy
dependent. Waiting time of up to 260 hours for BD-100R neutron detector
has no significant effect. Both the detectors have a limited shelf life. These

factors must be taken into account while using these detectors.
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CALIBRATION AND SIMULATION
OF APATITE FISSION TRACK ETCHING :
INFLUENCE oOF DIFFUSION AND CRYSTAL SYMMETRY

F. VILLA, M. GRIVET, M. REBETEZ, C. DUBOIS
and A. CHAMBAUDET

Laboratoire de Microanalyses Nucléaires, UFR des Seiences et Techniques,
Université de anchc-Comté, 16 route de Gray- 25030 Besangon Cedex, France

To understand recent developments in geochronology, a thorough knowledge of
etching mechanisms is Necessary. An earlier study, which we presented at the ]7th
International Conference on Nuclear Tracks in Solids, was aimed at dcmonslrating how
the segmentation of Jatent fission tracks in apalite governs etching track profiles. It also
highlighted the influence of erystallography and reagent diffusion on the morphology of
etched tracks. The aim of this paper is to simulate track etching phenomena (first of all
in non-segmented tracks) taking crystallographic and diffusional aspects into account.
To this end, we have developed a software program which allows a three-dimensional
representation of the etching figures obtained.

During simulation, we accounted for the influence of crystallography on the
elching process by allowing for an etching rate dependent on the parameters of the
crystal lattice. Thus, in the case of apatite with a symmetry of P6y,,, we applied the
concept of hexagonal etching prisms. For the diffusion model of tle etchant in the
fracks, however, we applied Fick's laws by associating the etching-rate vectors with
two geometric parameters that vary with time.

We subjected Durango apatites to irradiation by swift heavy ions in the GANIL
accelerator. This was done perpendicularly to the prismatic or basal plancs. They were
then etched by acids of varying concentration. The morphological parameters of the
etched tracks were observed using electron microscopy on the different irradiated
planes. By measuring the diameters and apcrture angles, we were able 1o adjust
simulation parameters. We are at present conducting other experiments in order to
include segmentation parameters in this model.
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EXPERIMENTAL STUDY OF WATER BEHAVIOR IN MELT

AND MELT-ROCK INTERACTION USING TRITIUM
AUTORADIOGRAPHY

A. MIRONOV, N. ZHATNUEV AND M. EPELBAUM
Buryat Geological Institute, Ulan—Ude, Russia
Institute of Experimental Mineralogy, Chernogolovka, Russia

New possibilities of the nalural systems modelling are
discovered by using a radioisotope tracers method. Partially,
the water solubility in basaltic and granitic melts and it behavior
under water —bearing melt—rock interaction have been studied
with use of tritium autoradiography (tritiumbearing water).
The tritium was wused as a tracer in the water
((HHO +H,0) with quantitative 10— 15 MBc/g. The experiment
conditions: T=900—1000°C, P=2 kbar, duration — 3—5
hours. The glass samples radio activity was measured by the
autoradiographical method on the nuclear emulsion plate (MR)
with the resolution about 10—20 micron and exposition — 5—
20 days. The beforehand melting glasses with known water
concentration were used: granite glass — 2,8—4,5 mass.%,
basalt glass — 3,9 mass.%.

The autoradiographic data obtained have shown that water
solubility at the pressure 2 kbar in basalt melt is higher than in
obsidian and the temperature dependence has different trend:
in basalt melt solubility increases with temperature whereas in
obsidian — decreases. It was found that the water solubility is
more higher in mixing zone of granite and basalt melts and
water —bearing melt—rock interaction zone. The edgings of
basalt glass (10—20 micron) around the parcial melting
plagioclase crystals are very enriched with water while the

contact of the pyroxen crystals and water —bearing basalt glass
did not reveal such kind of edging.

The HoO—saturated melt—glass interaction was carried out
in experiments under T=825°C, P=2100—2300 bar with
tritium beta radiography. The velocity of the water diffusion
from granite HO —saturated melt into the host glass of the
granite and basalt composition was investigated. The effective
water diffusion coefficients for granite glass (3,1x10—8
cm?/s) and for basalt glass (1,5x10~9 cm?2/s) were found. The
reaction zone on the melt—glass interaction contact is
observed.
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Fission Track Dating and Thermal History of Some
Volcanic and Plutonic Rocks from Turkey and France

N.M. FAHMI"**, M. ROSSY*** M. REBETEZ"",
A. CHAMBAUDET"* and A.A. ABOU EL KHEIR"

. * Physics Depanment, Faculty of Sciences, Alexandria University, Alezandria, Egypm
" Labonutoire de Microanalyses Nucléaires, Université de Franche-Comi¢, 25030 Bcsa.ngun. France
= Laboratoire de Géochimic, Université de Franche-Comié, 25030 Besangon, France

Two sets of natural samples of known ages and different geological history were analysed using
the fission track dating method: (1) apatite was extracted in three lavas belonging 10 the Tertiary Bodrum
voleanic complex in Turkey; (2) apatite and Sphene were separated in a single sample of an Hercynian
Branite from the Vosges massif in France. In both cases, these rocks had already becen dated either by the
K/Ar canventional method or by the ®*Ar™Ar method on biotite, K-feldspars or amphibole (Robert and
Cantagrel, 1977, Montigny and Roben, 1991; Boutin et al, 1995).

Method

Apatite and sphene are dated by the external detector method (EDM), in which a calibration
Constant (Zeta factor) for these minerals is determined using different age standards recommended by
1UGS.

Individual fission frack ages (FT) are determined for each sample and a radial plot is designed to
evaluate their homogeneity. For each radial plot, a central age is defined. Then an 13-test is applied to
detect the presence of such expected undesired unceriainties and to define a suitable FT age for each
sample,

The measured FT ages represents the period of fission track accumulation in a sample. Thus, the
analysis of FT ¢

rack age and the track length distribution is used 1o retrace the thermal history of the
analysed rocks.

Results

emplacement age of the pluton js given by K/Ar dating on amphibole (closure temperature = 500
50°C) at 335 + 13 Myr. Sphene and apatite gave respective FT ages around 297 and 100 Myr. The
considerable discrepancy between these FT ages and the resulis of the analysis of track length
distribution indicates that an anacaling episode can be predicted. A thermal history computer model, in
which known geological constraints are introduced, is used 1o retrace the time-temperarure (L,T) path. The
model suggests a moderate rekeating episode after the lower Triassic probably due 10 a buria) evolution
and a long stay within the partial annealing temperature interval for apatie.

Finally this work tmphasizes the importance of analysing both FT azes, on different minerals
(i.e. apatite and sphene) when they are available, and track length distribution 1o retrace the thermal
history of complex samples, BS

References:

Robert U and Cantagrel JM (1977) Proc. of the v Colloquium on the Geology of the Acgean Region,
I, 961-967, Ah

ens. Monligny R and Robent U (19921) Termra abstracts, 3, 500, FUG Vi, S[rasbourg.
Boutin R et al, (1995) Géolopie de 1a France, I, 3.25,
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Fossil tracks in olivine crvstals sepsrated from 7agami metenrite as indicator of its
complex radiation-thermal history.

Cashkarov' L. Bulgakova ' LM, Kalmina ' GV,

'"Vernadsky Institute of Geocheinistry and Anahytical Chemisiry Russian Academy of Scicnecs,
Kosygin street 19 Moscow. Russia.

? Geology Department of Moscow State University.

The different track sources and high sensiovity of the track parametcrs to thermal conditions
make possible to search a mieteorite radiaton-thormal history.

In this report the results of the fossil track in olivine crystals of the Zagami meteorite are
presented. For this meteorle is assumed as Martian origin [1,2] we can consider at least two
main stages in radiation history of its matter: 1) on the planetary near-surface layer, 2) during
flying in space up to fall on the Earth. If it is so, then tracks that can be observed in the silicate
crystads with extremely low uranium concentration (e.g. olivine) ¢an be due o VH-nuclei of the
galactic cosmic ray (GCR) and fragments of the nuclear-active particle induced the fissions of
the heavy elements.

Ten large (200-800 nyn in size) olivine grains were imvestigated. Track parameters: track
density (r), track length, volume and angular distributions were measursd by the optical
microscope after chemical etching in the boiling WN- solution for 36 hours. The total interval
of r-values (0,9-5,0)*10° cm ? was measured.

According to cosmogenic age of Zagami metcorite 2 MY [3]. and to the observed 1sonop1c
angle distributions ef the tracks single cihvine grains, the shiclding deptl: of elivine grains can
not be more than 3 cm from the preaunospheric surface of meteorite. Can be considercd that
the main source of the observed tracks is the framments of ™*Ui neutron- induced fission. In this
case for the olivine uranium concentration Gy, - 1 ppb for production of r10% cm ? the total
thermal neutrons flux would be equal ~10 ' n/em %,

This Rux value is al least by three vrdurs of magnitude much mose than those which can be
formed by (he sccondary neutrons from nuclear interaction of solar and galaxy cosmic rays
protons in the upper Jayer of the Marstian regolith.

In the thin upper (<10 mum) laver of some olivinc grains very high r-values (up to ~10 *em '])
waore observed. These tracks can be duc fo uranium nuclei neution-induced fission in the
neighbouring uranjum rich nmuoerals. For the quanttanve estination of this possibility the
uranium microdistdbution in the bulk ncteorite sample (grains 20-30 mm in size) was
irvestigated by neutron-induced fission track method. The average uranium concentraton C u
= (130420) ppb was obtained. Uranium-rich mineral (Imenits, magnetite etc. ) [4] grains have
C u = (500-600)ppb. The measured olivine suriace track densities in this case can be storage
for the integral thermal neutron flux not smal = ~ 10 *nivm 2,
Comparison of the natural and *Cf fission fragments rack length distibutions in some olivine
graing indicate the thepmal annealing effect corresponding to 300-400 ° C, 1 hour, Thin (20-50
mm) pear-surface zones with ¢ < 10 ‘em™ in several olivine grains ware ubserved.
Probably, this can be duc to the lncal effective heating (up to 1000 °C, 103) during the impact
process which is indicated by the crush traces. The same is obscrved in the oller u]nmc
grains,

References.(1) Mc Sween H.,-Geology v.12pp.3-6,1984. (2)O1 U.,-GCA,v.52,pp1937-
1948,1988.(3)Shinn C.cl al-GCA. v.46, pp.2323-2344.1982. (4)Laul J.ct al-GCAV. 50.pp. 909-
926, 1986.
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THE CONTRIBUTION OF THE (a + Al Si) INTERACTIONS TQ THE
FOSSIL TRACKS IN MUSCOVITE MINERAL TRACK DETECTORS

A ENULESCy, ¢, CIORTEA, V. ZORAN, B. BUCUR, A DANIS, M. CfUBOTARJU, L. MARINESCU
Institute of Physics and Nuclear Engineering, P. O.Box MG-6, R-76900, Bucharest, Romania

The study of natura] beavy jon radioactivity using the fossi] tracks registered during
geological time in the muscovite detector, required 1o evaluate the contribution of 8.8 McV
alpha particle interactions with Al and Si nuclef in muscovite to the total foss] tracks. Alpha
particles are emitted by 2Py from Th radioactive series which js presented in muscovite mineral
& an impurity. In this Paper two experiments  for the identification of the tracks of these
interactions are described aiming 1o eliminate them during counting the tracks of interest. These

1) irradiations of the muscovite detectors with 6 MeV, 9 MeV and 12 MceV alpha
particles using an HV-FN Van de Graafl tandem accelerator and, afler a chemical stching of
detectors, the identification of the recoiling Al and Si nucle; tracks, by track paticms;

2) exposures of the museovite detectors to 8.8 Mey alpha particles emitted by 2p,,
frem a Th chemical compound (under radicactive equilibrium). The Th compound was
Sandwiched between 1o muscovite track detectors, each of them having a 8 - 10 ey? area and
being pre-ctched for fossil tracks. After different exposure limes, ranging from 3 months up to

Both experiments led us 1o conclude that, ip muscovite defectors, the tracks of Al and §j
auclei which interacted with 8.8 MeV zlpha patticles can be put into evidence by their
particuiar track Dalterns which are different fom those presented by beavy jons or fission
fragments, Also, some quantitative conclusions have been drawn.
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Convection Metheds and Functional Equations
to solve Inverse Thermochronology Problems

J. C. Mieliou, H. Igli', A. Chambaudet?, M. Rebetez? and M.Grivet2

I Laboratoire de Caleul Scientifique,Faculié des Sciences e1 des Techniques, Universilé de Franche-Comié,
16 route de Gray, 25030 Besangon Cedex, France

2 Laboratoire de Microanalyses Nucléaires, Faculté des Sciences et des Techniques, Université de Franche-
Comlé, 16 route de Gray, 25030 Besangon Cedex, France

Our aim is to give a complete account of convection methods which allow:

1) numerical simulations of both the simultancous phenomenons of the population of
the nuclear tracks production and of the thermal annealing of these tracks, giving rise, at the
final state, to numerical histograms. These histograms are similar to the ones found today by
etching technics applied 10 a sample of apatite and tracks length measurements.

2) solutions to the corresponding inverse problem in which we have 1o go back from a
given (computed or measured) histogram to a) the length and production time relation and b)
to the thermal history, which is the main unknown of this kind of inverse problem.

In fact, we deal with densities of probabilities of presence of tracks lying in given
length intervals, which cxplain the usc of models of functional equations both for the direct
and inverse problem, and consider two convection approachs:

i) to write the equation of the move of functions related to density probabilities which
is valid for the mono and multiexponential cases and for the situation of a continuum of
aclivation energies.

i) to write an equation of convection for the part of the whole population of tracks
produced until a given time. The corresponding method is valid for ncarly all known fission
track annealing laws.

These two approachs are nevertheless complementary to one another in the sense that
they lead to the same functional equations ( integral equations of the volterra kind) in order to
solve the inverse thermochronclogy problems for both the simpler and the most involved
mathematical encountered situations corresponding respectively 1o the monoexponential case
and the others quoted (i) just above. As a result, they give rise to excellent possibilities of the
Assesment of tlie entire convection approach of this kind of inverse problems, which are in
ccrrecticn with numerical simuiation experiments.
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ETCHED HEAVY 1ON TRACK MEMBRANES AST

EMPLATES FOR META LLIC
MICROSTRUCTURES

J. Vetter and D.D. Dobrev
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PHYSICAL AND CHEMICAL BASIS FOR THE
MANUFACTURING OF FLUOROPOLYMER TRACK
MEMBRANES

V.V.SHIRKOVA, S.P.TRETYAKOVA

141980, Joint Institute for Nuclear Researches, Dubna, Russia

Experimental results of heavy ion (1.0-5.6 Mev/amu) radiolysis investiga-
tions of polyvinylidencfluoride and some copolymers of vinylidencfluoride have
been presented. The formation of conjugated C=C double bonds, the growing
of number of these bonds’ with the increasing REL have been confirmed by
the UV- and IR-spectroscopy methods. It has been found that along with the
formation of conjugated double and the triple alkine bonds in copolymers of
vinylidenefluoride with hexafluoropropylene and trifluorochlorocthylene arise,
but their quantitics are low. The ratio between destruction and crosslinking
processes as a function of heavy ions REL value has been evaluated by means
of viscosimetry and gel-fraction method. _

The composition of the etching solution for technological process of track
membranes manufacturing according to the obtained data has been proposed.
The using of the etching solution with concentrations of KM n0, - 5-20% and
NaOH - 10-15% at 85 — 105°C decreases the etching time to 10-20 hours.
‘Selectivity of the etching process did not change for this regime. It is possible
to create different shapes of pores by varying REL . Track sensibilization by
different methods did not give good results.

This technology allows one to manufacture fluoropolymer track membranes
with pore sizes from 0.1 Lo some micromecters, different shapes and narrow pore
size distribution. Such membranes have different selective properties.

The results of these membranes testing for aggressive chemical solutions and
gases have been presented. High adsorption on the surface of these membranes
allows one to use them in biotechnology and medicine.
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SUBSTRATE-SPECIFIC FUNCTIONAL
MEMBRANES BASED ON ETCHED
ION TRACKS

Masaru Yoshida*, Masaharu Asano®, Agneza Safranj*,
Hideki Omichi*, Reimar Spohr**,
and Ryoichi Katakaj***

* Takasaki Radiation Chemistry Research Establishment,
Japan Atomic Energy Research Institute,

1233 Watanuki-machi, Takasaki, Gunma 370-12, Japan
"*Gesellschaft fiir Sch werionenforschung mbH,
Planckstrasse 1, D-64291, Darmstadt, Germany
***Department of Chemistry, Faculty of Engineering,
Gunma University, Kiryu, Gunma 376, Japan

Diethylenegfyco!-bis-allylcarbonate is @ polymerizable monomer leading
to an ion track recorder with narrow pore size distribution. The range of
application of the resulting “rigid pore ion track filters” can be further enhanced
using intelligent hydrogels.

First, multi-responsive membranes can be obtained by grafting

and methacryloyl-basparaglnyl—L—aIanyl-L-asparaginyl—L-proline methyl
ester. They respond to changes in temperature, pH, and solute.

Second, highly substrate-specific membranes can be obtained by
modifying grafted hydrogels additionally via immobilized enzymes. These
membranes have the ability to recognize e.g. antigens for malaria antibodies.

The contribution will — based on scanning electron and atomic force
microscopy — demonstrate the realization of multi-responsive and highly
Substrate-specific membranes. Details of the used procedures will be
discussed, specifically the creation of intelligent functions based on pendant
amino acid groups.
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Some Relations of the Diffusion Constant of Latent Tracks in Polymers -
and the lon Energy Loss

G.U. Bacmeister and W, Enge
Institut fiir Reine und Angewandte Kemphysik
Christian-Albrechts-Universitit Kiel
Olhausenstrafie 40-60, D-24118 Kiel
Germany

Measurements of the diffusion constant of ion irradiated Makrofol KG (PC) sheets have been
done with Argon as diffusion Bas. The polymers were irradiated at the “Gesellschaft fiir
SchwcﬁcucnFurschml,g" (Germany) with Uran and Gold ions at different energies of about
10MeV/nuc. The fluence varies from 3*]09 102*10!2,

For the irradiation the material Was put together in stacks of 25 layers of § nm Makrofol KG
for each layer. This allows to relate a definite amount of energy loss to eacl) layer and examine
the dependence of the diffusion constant on it.

The diffusion constant was calculated by a numerical mathematical optimisation from the
Measurement data. For comparison also the “time lag method" is used.

The relations of the difTusion constant with the ion energy loss and with the track core radius
are discussed.
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- STM and AFM observations of damage produced by swift Ne and Kr ions
in graphite

K. Havancsak', L. P Biré®, J. Gyulai’ and A. Ju. Didyk’

j'M;I.ilur(:fo.r Solid Stute Physics, EGreés University
H-1088, Budapest, Mizeum krt, 6-8, Hungary.

*KFKI Research Institute for Materials Science,

H-1525, Budapest, P.O. Box 49, Hungary

*Joint Institute Jor Nuclear Research, Dubna

P.0. Box 79, Head Post Office, 101000, Aoscow, Russia.

Radiation damage of highly oriented pyrolitic graphite (HOPG) samples
have been investigated following irradiation with 215 MeV Ne and 209 MeV
Kr ions, available at U-400 cyclotron, Dubna. Freshly cleaved HOPG surface
was irradiated perpendicular 10 the sample surface (c-planc) on some samples
and nearly parallel to that, on other samples. Low ion irradiation doses were
used (1010_1012 ions/cml) in order to avoid damage overlap.

Scanning tunnelling microscopy (STM) and atomic force microscopy

(AFM) are useful methods allowing direct observation of surface defects. Our

observations were made afier iradiation without any further sample -

preparation. Atomic scale resolution is achieved when necessary.

The experimental observations are compared to computer simulations
(TRIM code) and primary knocked-on atomic spectrum calculations (LET
code). Clear distinction can be made beiween surface features altributed to
nuclear stopping effects and defects owing to electronic stopping mechanisms
of knocked-on C atoms. There is no evidence of features produced directly by
the high-energy projectile. On the other hand, there are several experimental

evidences ol irradiation induced carbon tube formation on the sample surface.
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The Influence of Deposited Energy
Density on Characteristic Ion Track
Parameters in Polymers

D.Fink'?, R.Klett!', G.Schiwietz!, L.T.Chadderton!?

'Hahn-Heit.ner—Institut Berlin, Glienicker str. 100, D-14109
Berlin, Germany
Institute of Advanced Studies, CSIRO and ANU, GPO Box 4,
Canberra, acT 2601, Australia
} Corresponding author

The spatial distribution of the transferred electronic energy
density of energetic jons impinging into a polymer is inhomogeneous

electronic energy density p, = particle fluence ¢ X electronic
stopping power S., as an universa) scaling.

The various material’s Properties are small for pristine ang
low-fluence irradiated Polymers, but start growing dramatically
above well-defined energy density thresholds Diy,. With increasing
energy density, the thresholds for the following radiation effects
are reached Subsequently: permanent chemical changes, mass loss and
density change of the irradiated polymers, changes in the optical
refraction index, formation of free volume along tracks, formation
of stable radicals, formation of carbonaceous clusters, ang finally
the onset of intrinsic material‘s conductivity. This sSeqguence

Above these thresholds, the various effects increase
proportionally with (Dg=Dg,,)*. For a Yet unknown reason the exponent
N is different for the different effects. For example, it js small
for chemical changes, but assumes a value as high as p=9 for the
intrinsic conductivity,

There have been examined more complicated scalings of the form
Dgst (0<k<2), where k assumes Specific values for each of the
considered material‘s pProperties. The additional term s}t is
introduced to describe the effect of the spatial inhomogeneity of
the energy transfer along the tracks of the impinging ions onto the
various effects. Though it appears that this type of scaling partly
leads to better descriptions of specific effects in individual
systems, it has the great disadvantage of loss in universality.



18 th INTERNATIONAL CONFERENCE .
ON NUCLEAR TRACKS IN SOLIDS é
1- 5 Sept 1996 Cairo - Egyp! s
INTS

TIIE PORE OPENING PROCESS OF ETCHING POLYMLER FILMS
IRRADIATED BY SINGLE AND MULTIPLE HEAVY IONS

A. Schulz, M. Danziger, V.V. Trofimov and K. Prokent*
FLNR, JINR, Dubna, Russia
*Dresden University of Technology, Dresden, Germany

The technique of the electrochemical etching of irradiated polymer films is an useful
method to investigate structures of the track cores. The transversal etching rate as a
function of the radius, derived from the time-dependence of the radius of the etching
pore, can be interpreted as a corresponding magnitude of the degree of the damage

within the track core.
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Tracks in MoS; irradiated with 20 MeV Fullerenes
J. Henry

Service de Recherches Métaliurgiques Appliquées. Commissanat & VEncigie Alomique, 91 191 Gil-sur-Yvelic, France

Molybdenite crystals (MoS3), cleaved along the (0001) plane, were irradiated (using the
tandem accelerator at IPN, Orsay) with 20 MeV Ce fullerenes up 1o fluences ranging
from about 3 109 cm2 wp 10 4 1011 2, The tracks formed along the paths of the
fullerenes, which deposit a very high energy density, present very remarquable features
never reported before in irradiated MoS;. Their nature was thoroughly investigated
using Transmission Electron Microscopy.

When imaged with the electron beam paralle! to the aggregale beam direction, the
tracks appear circular, many of them with a pair of "ears” (small, roughly semi-circular
contrast features which protrude out of the circular contrast). When the sample is tilted
in the microscope, the tracks appear continuous. High resolution imaging shows’ that
exeept a very narrow cylinder of amorphous malter situated at the core of the tracks,
these retain their crystalline nature (though the crystal inside the tracks is somewhat
distorted). No ring could be detected on the diffraction patierns of the sample irradiated

Up to a high fluence, which confirms that the volume fraction of amorphous matter is
low,

Using phase contrast imaging, stereo-pairs imaging and lopographic contrast, it could
be shown that craters are created at the surface of the sample : the aggregates produce
intense sputtering when they enter and leave the sample. Some of the sputtered matter
“tondcnses” on the surface, which is the origin of the "cars” of the tracks. In the case of
the sample irradiated to the highest fluence, the sample surface, imaged under
topographic contrast conditions, has a striking “lunar” aspect due to the multiplicity of
partially overlapping craters. Furthermore, high resolution imaging shows that *
Eondenscd" matter on the surface forms small crystalline domains, with a crystalline
orientation different from that of the underlying matrix. At some points of the edpes of
the sample, we could even detect small nested fullerene-like crystals.
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ASSESSMENT OF ALPHA EMITTERS IN SOME BIOLOGICAL SAMPLES
USING NUCLEAR TRACK .DETECTION METHOD

+
A. F, HAFEZ, M.A. KOTB, A.M. HERIBA and
Y. SELIM
¥Fhysics Department, Faculty of Science

Biophysics Department, Medical Research Institute
Alexandria University

ABSTRACT

CR-39 polymeric nucleer track detector was used in close
contect &- autoradiography with dry ash of soft tissues
of fish, liver and kidney of cows collected from the local
market in Alexandria. The sensitivity function, V(R), of
the detector was determined using both the & -particles

end the fission fragments of Cf-252 pource as well ag the
response envelope method, This function was. used to. iden-
tify the internal o - particle emitters exist in the blo-
logicel materials, The can-technique was also used to es-
“timate the thorium to uranium ratio in the dry ash samples, -
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CR-38 DETECTOR FOR CHEKING UP A DECONTAMINATION PROCESS

M. Balcazar. L. Tavera, M. E. Camacho and A. Chévez

Instituto Nacional de Invesligaciones Nucleares
' Apartado Postal 18-1027,
11801, Méxica, D.F. MEXICO

In the event of acciduntal elease of fission fragmant products by & nuclear puwer
plant, it is necassary to apply a standard decontamination procedure fo the surfaces df the
primary container, whare most of the fission products will be kept.

In addition to the slandant detection method, CR-39 was used o evaluste! the
amount of & and fission frayments emitters from contaminated surfaces, durlng’i'lhe

experimants to establish the decontamination procedure.

The advantage of this altemalive method Is discussed in the papar.
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FISSILE RADIONUCLIDES IN THYROID OF THE INHABITANTS OF
THE GOMEL REGION IN BELARUS. PECULIARITIES OF THEIR
DISTRIBUTION.

A. F. Malenchenkot, N. N. Bazanovat, N. V. Kanash!, 1.V. Zhuk*,
E.M. Lomonosova*, M. K. Kievets* and S. F. Boulyga*

tInstitute of Biological Problems
*Institute of Power Engineering Problems
*Institute of Radiation Physics and Chemistry Problems
Minsk, Belarus

The number of events of thyroid cancer in children in the regions of Belarus
under the impact of the Chemoby! NPP accident has exceeded all forecasts.
This is connected to the influence of radioactive iodine on the thyroid. The
long latent period and tissue development after disintegration of the
radioactive iodine, however, gives evidence about the presence of other
factor promoters of the cancerogenesis. Taking into account experimental
and epidemiological observations, this role can be played by the destroyed
block of the reactor. Taking into account the high functional asynchronicities
of thyroid diseases in endemic goitre regions, non-uniform damage to
thyroid tissue by radioactive iodine was supposed.

Severe radiation damages with the following sclerosis right up to calcinosis
are the effect of high doses in microsections of the thyroid. Calcjum,
stroncium and uranium deposited into these sections with the increased
amount in comparison with a normal tissue of the thyroid.

An estimation of the microdistribution of fissile radionuclides was carmried
out using the method of fragmental radiography. Histology cuts prepared
from thyroid tissue were stuck on a solid state nuclear track detector
(polycarbonat). Irradiation of the sample with a detector was carried out in a
neutron fluence of 1016 nfcm2 (Reactor TRIGA, Institute for Nuclear
Chemistry, Mainz), with consequent etching in 6.25N NaOH. The analysis of
tracks done visually using a microscope magnification of 300 revealed the
local accumulation of fission fragments up to 103 mm-2. That fact confirms
the correctness of our supposition and is associated with initial radionuclide
dose at places of accumulated fissile radionuclides, but does not exclude their
possible promoter role in thyroid cancerogenesis. :
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‘I'h and U Content Determination
Using Double Gamma-Irradiation

L.Enkhjin, V.P.Perelygin

Joint Institure for Nuclear Research
141930, Dubna, Russian Federation

Abstract

A new technique of determination of Th and U content in samples was
proposed. The ratio of U and Th fission reaction yiclds for “infinite thick” layers was
measured in the y-ray encrgy range from 7 + 23.5 MeV - metallic layers of U and Th
in contact with polyethyleneterephtalate wrack detectors were irradiated at the Microtron
MT-25. The method bases on the fact that the rago NuN1p differs sufficiently
depending on the y-ray energy - from 1.7 to 3.2. Iradiating an Uranium ethalon and
samples with y-rays of 20-23 MeV (Ny/Ntp = 2.2) and 15-17 MeV (Nu/N1i = 3.2)

one can determine simultaneously both U and Th content in samples,

The comparison of the results of determination of U and Th content in different

samples obtpined by the proposed and other methods is presented.
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UTITLIZATION - - NUCLEAR TRACK BIODETECTORS
IN CHIFCNORYIL.' S EXPERIMENTS

V.D. Rusov, + y. Zelentsova. L.H. Zemskov
Odessa Sta'sy 1., versity, Dvorranskava Str. 2,
Odr "534 270057, UKraine

el IEL RN B PSR el
L3S st v ol an

FTesenicd ure g Aax t2etectore (the 1.
Ving organism cells) I nuclear track ¢
natlon of received Irr..di1ation dose. \

Ionizing dand nestron radiation effect uron cells is
known to be g3 speclrie of  varilous tyres of aberraltions
(tracks) derendin  nzen quality of radiation and cell types
(blodeteclors). We um- - the cascade stochastic model of
charged Particiles de'e- Lion in blosubstance [JL_EI as basis
for obtaining a !y I resulting Probabilistic distribution
of tracks  (chrom o 4berrations) in cells which describes
the staltistics of !‘lecting charged Particles in the
sensitive laver of 3 '.odeteclor, where Physical parametleres
0t the PaArtig e tn dit rEs>cniiai €icwents (v 1
distribution enatie e to 1dentify and to quantitative
analyse the charsed g5 lLicles.

In the panpre 1y results of study the chromosome aber
ratlon disiribulten 1:. leicocilyes and lymphocites of the
buman blood by th  radiation of neutrons and X-ray (for
tetling informal yor, at--ut irradiation dose gol by tihe mans
after Chernoby] JA7C1t-nl) and 1n the plant cells exposed Lo
RTET, Girhia . Bilag oo LiTICs 2nd noutranc {for dogimairica
diacnostics and 1. v... trol of the radioecological sltuation
in the reelons ot Pad:active pollution) are presented.

Discussed .are ‘#hysical ezperiments in field of fun-
damental studies or idioblological effects upon vdarious
oreanlzation leve|: tor exdample, the small doses Problem)
and other praclic.al <shelicatlions.

binAo
etectors for determ -

i
1
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8:30 - 10.00 Nuclear Physics & Space Rescarch |
(Plenary, Hall A, Chair: W. Heinnch)

M. El-Nadi, A Abdelsalam, A. Hussein, E.A. Shaat, N. Ali Mousa, Z. Abou Mousa, S. Kamel, Kh.
Abdel-Waged, E. El Falaky and M. Fayed
Fragmentation of 'S nuclei in photoemulsion at 3.7 AGeV )
1.G. Abdullaev, 1. Adam, V. Bradnova, V.S. Butsev, M.1. Krivopustov, B.A. Kulakov, V.P. Perelygin,
V.S. Pronskich, AN. Sosnin, V.1. Stegailov, J.C. Adloff, M. Debeauvais, R. Brandt, M. Bognitzki,
M. Ochs, E -J. Langrock, Th. Schmidt, R. Sudowe, P. Vater, 1.S. Wan, M. Zamani, K.K. Dwivedi,
S.-L. Guo, R. Odoj, G. Modolo and 1.G. Bersina
SSNTD and radiochemical studies on the transmutation of nuclei using relativistic ions
A.J. Keane, D. O'Sullivan, A. Thompson, L.O'C. Drury and K .-P. Wenzel
The charge spectrum of ultra heavy nuclei, including actinides, in the cosmic radiation

10:30 - 12:30 Radon Il
(Parallel, Hall A, Chair: S.A. Durrani)

J. Hakl, I. Hunyadi, 1. Csige, G. Geéczy, L. Lenant and A. Varhegyi
Radon in caves

N. Scgovia, E. Tamez, M. Mena, P. Pafia, J.L. Seidel and M.M. Monnin
Radon in soil, behaviour and volcanic activity

A. Bassignani, G. Giacomelli, B.B. Bam, R. Fresca Fantoni, G. Colombo, C. Sartorio, M. Mascoli, V.
Fracchetta and L. Patnzit .
Successfully reduction of the radon concentration in MACRO expenment at the LNGS

M. Buzinny and I. Los
- The methodical approaches to measurements of radon, thoron and their daughters in air

R. Shweikani, B. Al-Bataina and S.A. Durrani
Thoron and radon diffusion through different types of filter

R. Barillon, M. Fromm, A. Chambaudet, H. Marah and A. Sabir =
Track etch velocity study in a radon detector (LR 115, cellulose nitrate)

10:30 - 12:30 Nuclear Physics & Space Research 11
(Parallel, Hall B, Chair: R. Brandt)

Yu.A. Batusov
Experimental study of the annihilation of antiprotons at rest in nuclear photoemulsion
T. Streibel, S.E. Hirzebruch, G. Hiintrup, H. Rocher and W. Heinrich
Fragmentation cross sections of '’Au at 10 A GeV and *'Pb at 158 A GeV
J.C. Adioff, R. Brandt, M. Debeauvais, F. Femandez, M.I. Krivopustov, B.A. Kulakov and M. Zamani
High flux neutron production from high energy nuclear reactions
Z. Todorovi¢, §. Savovié and S. Joki¢
Interaction of 12.7 GeV *He ions with U, Pb, Auand Ag targets
B. Grabez
New desintigration channels in *”Bi + Pb (Ag) reactions at E/A=11.6 MeV
H.A. Khan, LE. Qureshi, M.1. Shahzad, S. Manzoor, $.D. Barros and R.J. Peterson
Pion-induced fission in tin and bismuth observed with Makrofol detectors
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14.00- 15:30 Geoscience H & Radon 111
(Plenary, Hall A, Chair: 1. Hunyadi)

§.__C. Bergman and J. Corrigan

Applications of fission track analysis in petroleum exploration

§-L. Guo, W. Huang, X.-H. Hao and B.-L. Chen
Fission track dating of ancicnt man site in Guangxi, China and its significances in space research,
paleomagnetism and stratigraphy

G. Jonsson, D. Alberracin, G.U. Bacmeister, C. Baixeras, H. Climent, R. Devanticr, W. Enge, K. Freyer, LI
Font, R. Ghose, M.M. Monnin, G. Scicchetti, J.-L. Seidel, H.-C. Treutler Comparison of radon
Measurements done by solid state nuclear track detectors and electronic devices in the frame of an EU-
radon project

15:30 - 16:30 Posters

16:30 - 18:30 Mcthodology & Detectors M
(Parallel, Hall A, Chair: M.M. Monnin)

Anupam and S. Kumar
On the effect of cure cycle parameters and doparits on pre and post irradiation anncaling response of
CR-39 track detectors
D. _Klein, C. Meunier, F. Palinino and A, Cliambaudet
Photo and thermal degradations of nuclear track detector (LR 1/ 5 and CR-39) characterisations
(Applications for alpha measurements in the environment)
1. Csige
Post-irradiation sensitization of CR-39 track detctor in carbon dioxide atmosphere
K. Ogtira, M. Asano, M. Yoshida, H. Omichi, N. Nagaoka, H. Kubota and R. Kataksi
Proton response of CR-39 copolymer with high sensitivity
G. Giacomelli, L. Patrizii, V. Popa, P. Serra and V. Togo
Some new results from exposures of nuclear track etch detectors to the lead beam at the CERN-SPS
CS. Chong, 1. Ishak, R.H. Mahat and Y.M. Amin
UV-VIS and FTIR spectral studics of CR-39 plastics irradiated with X-rays

16:30 - 18:30 Dosinictry & Life Science I
(Parallel, Hall B, Chair: L. Tommasino)

R-Q.Huang R. Gu and Q. Li
Application of SSNTDs in radiobiologjcal investigations aboard recoverable satellites
L__Lounis, S. Djeffal, M. Allab and M. Izerrouken
Characteristics of the CRS fast neutron personal dosemeter
T. _Streibel, H. Rocher and W. Heinrich
Cosmic ray radiation effects caused by proton-induced target fragmentation
T. Hayashi, T. Doke, M. Kobayashi and A. Watanabe
Dip angle dependence on characteristics of surface track formation in CR-39 track detectors
A. Golovchenko, J. Skvarc, R. lliac, R. Freeman, N. Pauwels, S. Tretyakova and R. Bimbot Dositnetry of 40
and 70 McV/n O beam
A, Gisbertz, 1. Kohler, E. Pitt and A. Scharmann
Improvement of response of SSNTD in fast neutron dosimetry
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Fragmentation of 328 Nuclel In Photosmulslon at 3.7 AGoV

M. Bl-Nadl, A. Abdelsalam, A. Husseln, B.A, Shaat, N. Al Mouse, Z, Abou Mouss,
B. Kamel, Kh. Abdel-Waged, E, EI Falaky and M. Payed
Physics Department, Faculty of Science, Cairo University, Giza, Egypt

Fragmentation of 325 nuclet in emulsion at 3.7 AGeV data are
presented. The fragmentation are studled In terms of the {mpact
parameter of collislons of the 525 projectiles with the different target
nuclel. The fragmentation cross section and the multipliclties of the
different fragments are nearly Independent of the sulphur incident
energy. The fragmentation of 228 nucle! into alpha iIsotopes are extenslvel,
studied. The transverse momentum spectra of the emittod fragments are
fitted by two Maxwell-Boltzmann distributions of different average
transverse momentum. The characteristics (multiplicities and P |
distributions) of the He- ", -xments rroduced {n i- . . 4] erils. s ar-

different from those emitte. . : - ,he] collislons
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SSNTD and Radiochemical Studies on the Transmutation of
Nuclei Using Relativistic Tons

L.G. Abdullaev, 1. Adam, V. Bradnova, V.S. Butsev, M_1. Krivopustov, B.A. Kulakov,
V.P. Perelygin, V.S. Pronskich, A.N. Sosnin, V.1.Stegailov

JINR, Dubna, Russia

J.C. Adloff, M. Debeauvais

CNRS, Strasbourg, France

R. Brandt, M. Bognitzki, M. Ochs, E.-]. Langrock, Th. Schmidt, R, Sudowe,
P. Vater, J.-S. Wan
Kemnchemie, FB 14, Philipps-University, D-35032 Marburg, Germany

M. Zamani
Aristotle University, Thessaloniki, Greece
K.K.Dwivedi
North Eastem Hill University, Shillong, India
S.-L. Guo

CIAE, Beijing, China
R. Odoj, G. Modolo
KfA, Jilich, Germany
I.G. Bersina
University for Railways, Moscow, Russia

Relatively small targets consisting of a metal core (diameter § cm, length 20 cm) are
surrounded by a paraffin moderator of § cm thickness.The metal is either copper or lead.
These targets are irradiated with deuterium-, alpha-, or carbon beams of L50r3.7 GeViu
at the SYNCHROPHASOTRON, LHE, JINR, Dubna, Russia. During this irradiation
copious amount of secondary neutrons are produced and studied with SSNTD-detectors
and radiochmical sensors, for example: 139-La (n, gamma) 140-La, beta decaying. The

GeV/u, when one normalizes to the same total ion energy.
In addition, some transmutation Cross-sections in copper, lead and 127-] have been

measured. Preliminary theoretical estimations based on the Dubna Cascade Mode] will be
presented.
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THE CHARGE SPECTRUM OF ULTRA HEAVY NUCLEI, INCLUDING
ACTINIDES, IN THE COSMIC RADIATION

A.J. Keane, D. O'Sullivan, A. Thompson, and L.O’C. Drury
Dublin Institute for Advanced Studics, S Merrion Square, Dublin 2, Ircland
K.-P. Wenzel

Space Science Dept. of ESA, ESTEC, Noordwijk, The Netherlands

The Dublin-ESTEC Ultra Heavy Cosmic Ray Experiment (UHCRE), which was flown
on the Long Duration Exposure Facility (LDEF) for approximately 69 months, collected
more than 3000 cosmic ray nuclei with Z>65 in the energy region E>1.5 GeV/n. The
main objective of the study was to scarch for signatures of nucleosynthesis processes in
the relative abundances of ultra heavy elements or groups of clements in this charge
region and gain insight into the origin and propagation of these rare nuclei.
Approximately forty per cent of the exposed nuclear track detectors have been analysed
. to date. Charge distributions have been obtained using both a REL model with w,=1KcV
and a primary ionisation model with constant K=200. Both approaches indicate a peak in
the platinum region and the presence of a significant number of actinide elements (Z288).
A study of nuclear interactions of the UH nuclei in the detector stacks is progressing in
parallel with the main analysis. Initial results indicate that the actinide/sub actinide ratio is

not affected in any significant manner by nuclear fragmentation.
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Radon in Caves

J. Hakl', I. Hunyadi', I. Csige', G. Géczy?, L. Lénart® and A. Varhegyi'

'Institute of Nuclear Research of the Hungarian Academy of Sciences, H-4001 Debrecen POB 51, Hungary
*Entvés Lorant University, Dept. of Phys. Geography, H-1083 Budapest. Hungary

’Univcrsily of Miskolc, Dept. of Hydrogeology, H-3515 Miskolc, Hungary

*Mecsekuran Ore Mining Lid., H-7614 Pécs, POB 65, Hungary

Abstract

Caves occur everywhere on the Earth, although mainly in Karst areas - as they are found
mostly in limestone environments. It is obvious that the noble gas radon, which moves freely
through the pores of the permeable rocks, will easily penetrate into subsurface cavities, even
into huge caves. Recently, it has been found that from long-term extended radon
measurements in caves not only a detailed dosimetric picture can be drawn, but using radon
g3s as a radioactive tracer, the subsurface and near-to-surface transport processes can be
studied, too. In this context, including literature review, the results of radon measurements
obtained by using nuclear track detectors in 150 measuring siles in Hungarian caves will be
summarized. Simple models will be presented that can describe air exchange due to
temperature and/or pressure differences between the surface and cave air. It will be shown that
long-term radon moniloring by nuclear track detectors. in conjunctions with active detectors
which enables detection of fast dynamic changes. offers very important information for
nawrally-occurring transport processcs, selection of appropriate places for speleotheraphy,
study permeability and porosity of covering rock and soil, discovery of new cave branches and
estimation of radon risk in caves and in houses built in karst regions.
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RADON IN SOIL BEHAVIOUR AND VOLCANIC ACTIVITY
N. Segovia*, E. Tamez*, M. Mena**, P. Peiia®, J.L. Scidel*** M. Monnin***

* ININ, Ap. Post. 18-1027, 11801 Mexico D.F., Mexico.
** IGFUNAM Ciudad Universitaria, 04510 Mexico D.F., Mexico.
***CNRS, USTLD, Laboratoire Geofluides-Bassins-Eau, Montpellier, France

Volcanic eruptions are frequently preceeded by chemical and isotopic variations in the
fluids associated to the volcano structure. Continuous data acquisition systems to
monitor the evolution of volcanic phenomena are required to performi any geochemical
surveillance. In particular, the concentration fluctuations of radon in the soil, fumaroles
or hot springs has been recognized as a geochemical parameter capable to provide
information conceming sudden degasing.

Two active volcanoes have been monitored for soil radon during several years, The

Popocatepetl volcano in Mexico, and the Piton de la Fournaise, La Reunion island,
France. '

The Popocatepetl is located at the Valley of Mexico, some 60 km from Mexico City. In
December, 1994, an effusive eruption occured that lasted until March-April 1995. Two
radon in soil monitoing stations, SSNTD operated, are under survey since 1991. In
January, 1995, an automatic device was also installed in order to obtain long and short
term fluctuations. The behaviour of soil radon is discussed as a function of the eruptive
phase.

The Piton de la Foumnaise volcano has alsc bzen under survey during several years with
the same monitoring methods mentioned sbove. However, in the frame of Euopean
Laboratory Volcanoes, a radon network based on 20 Clipperton 11 automatic probes
started on July, 1994. A quiescence period of the volcanic activity allows to draw a
pattern of the radon behaviour influence from atmospherical parameters.
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SUCCESSFULLY REDUCTION QF THE RADON CONCENTRATION IN MA CRO
EXPERIMENT AT THE LNGS

A. Bassignani’, G.Giacomelli’, B. B. Ban', R Fresca Fantoni', G. Colomba' C. Snr!()ribr,
’
M. Mascoli’, V. Frace hera' and L Parrizzr’,

1. AGIP S.p.A. Radiation Prove ction Depariment, Milan, Ialy.
2. Physics Department, University of Bologna and INEFN,
Abstract

In this paper, results on radon measurcments in MACRO {(Monapole, Astrophysics and Cosmic
Ray Observatory) cxperiment arc presenied. Due to the importance of reducing all possible
contributions of radiation doses 1o the laboratory personnel and to reduce background radiation for
the cxperimental apparatus, a constant monitoring of the radon gas has been carried out,

MACRO experiment is located in Hall B of the Gran Sasso Underground Laboratory (I.NGS). It
consists of three Halls excavaied transversally to the 10.4 tunnel thal gocs through the Gran Sasso
massif, in central Italy, and connccted with a double highway L'Aquila with Teramo. The three
halls are conventially named A, B and C: service and salety tunnels complele the underground
laboratory. The MACRO delector consists of three tvpe of detectors: Liyuid scintillation counter,
limited streamer wbes and CR-39 track-ctch. The MACRO experiment is dedicated 1o scarch for
the presence of GUT monopole in cosmic radiation, high encrgy neulrinos, muons from the
cosmic point source and low encrgy neulrinos from stellas collapse eic.

For belier accuracy in measurements, scveral methods were used, Pylon chamber and Alpha
scintiffation cells were used for instantancous manitoring. The CR-39- nuclear track cteh detector,
Charcoal detector were used for integrated measurements, A new instrument AlphaGuard has also
been employed to see correlation between radon emission and microclimatic paramciers. The
different methods were cross calibraied in 1990.91. Presently, most of data arc given by the Pylon
chambers, Alpha scintillation cells and AlphaGuard methods.

Al the beginning of the measurements at 1991, the radon concentration were measured in Hall B
with an average value of 135 Bg/m’. There were some modification according 1o the suggestion in
December 1992, The radon concentration reduced up to with an average value of 60 Bgfm’.
Finally, in July 1993, inversion of air flux and other modification, radon concentration reduced (o
20 Bg/m’. A present, the radon concentration is average 15 Bg/m'.

From the results, it may be noted that radon concentration in Hall B were successfully reduced
alter many suggested madifications by a factor of 7. which is quite acceplable from the point of
view of the radiation protection standard and of low encrgy cxperiment background. At the
moment, the situation is under control by continuos radon moniloring. We have also a project for
to find out the eventual correlation between radon content in waler preseatin Valle Fredda fault

( which crosses the laboratory and is monitored by an interferomeicr) and the fault ship.
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The Methodical Approaches To Measurements Of Radon, Thoron And
Their Daughters In Air.

Michael Buzinny Ivan Los’

Research Center for Radiation Medicine Academy of Medical Sciences of Ukraine, 254050,
Kiev-50, Melnikova ul. 53, Ukraine

We have carried out joint continuous measurements for levels of radon, thoron and their
daughters in air of inhabited premises. For comparison application of integratcd methods is
considered: passive track detectors on a basis of nitrate cellulose film and etching method of
processing, but also method on the basis of activated charcoal and liquid scintillation
counting. A method of filtration on aerosol filters and subsequent liquid scintillation
counting is applied for determination of the radon and thoron daughters.

The application of liquid scintillation spectrometer, Quantulus 1220™, produced by Wallac
Oy, Finland, let us carry out an absolute measurements for both alpha and beta-emitting
daughters nuclides for radon and thoron. The measurements were accompanied by hourly
measurements of radon specific activity. For this purpose was used radonmonitor
AlphaQuard produced by Positron GmbH, Germany. The radon fluctuation range in
sampling site during our study was up to few times. -

The obscrved laws in fluctuation of specific activity will be discussed alongside with
methodical peculiarities of used measurement methods. Moreover correlation relations

between determined components of pollution of air, caused by radon and thoron will be

resulted.

REFERENCES

1. Ivan Los’, Michael Buzinny and Tatjana Pavienko. Radon Studics in Ukraine: Results and’
Plans of Future Research. Abstract. Radon Policy. 9-12 October 1995, Brussels,

2. Michael Buzinny. Absolute method for radon and thoron daughters determination in Air
Using LSC. In Press.
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THORON AND RADON DIFFUSION THROUGH
DIFFERENT TYPES OF FILTER

R. SHWEIKANI, B. AL-BATAINA AND S.A. DURRANI

School of Physics & Space Rescarch, University of Birmingham,
Birmingham B15 2TT, UK

ABSTRACT

Many studies of radon measurements in the environment involve using a dosimeter, e.g
& can-type, containing a solid state nuclear track detector. The entrance face for radon
into such a dosimeter js usually blocked by a filter. One of the main purposes of such a
filter is to stop thoron gas from entering the dosimeter - which js usually calibrated only
for radon (mRn, Tiz = 3.82d), the contribution of thoron (HDRn, Tiz = 55.5 5) being
disregarded. The ajm of this work was to find a filter that could almost completely stop
thoron from entering the active volume of the dosimeter, while allowing radon to
diffuse fairly freely into it. A special diffusion chamber was designed. This metallic
chamber consists of (wo equal halves, upper and lower, of 16 cm in diameter and 12 em
high each. Each of these halves has an inlet and outlet pipe for circulating radon gas
inside the chamber, form a calibrated resevoir. The top half has also an electronic |
connection to a semiconductor surface barrier detector (SBD). Different filters, of
diameter > 18 c¢m, could be placed between the two halves. Six different types of filters
were used in this study. These were: microfibre quartz; fibre glass; fibre glass coated
with Teflon; normal filter Paper; commercial cling film; and normal A4 Xcrox paper. It
was noticed that the cling film (sealing film, made from extruded PVC; 50 um thick)
stopped most of the thoron from getting through (less than 2% having diffuscd through),
and at the same time allowed an appreciable amount of radon to diffuse through. The
olher filter which showed a large reduction in the thoron entry (only about 10% diffused
through) was microfibre quartz (0.45 mm thick). By comparing the performance of the
cling film with that of the microfibre quartz filter, we conclude that the cling film is the

better filter: first because it stops almost all thoron, and secondly because itis cheap and
widely available, -
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TRACK ETCH VELOCITY STUDY IN A RADON DETECTOR
(LR115, CELLULOSE NITRATE)

R. BARILLON, d. FROMM, A. CHAMBAUDET
Laboratoire de Microanalyses Nucléaires, Université de Franche-Comté,UFR Sciences et Techniques,
16 Route de Gray, 25030 BESANCON Cedex (France)

H. MARAH, A. SABIR
Laboratoire de Physique Nucléaire Appliquée, Université Ibn Tofail, Faculté des Sciences,
Département de Physique, KENITRA (Maroc)

It is necessary, for radon dosimetry, to have a thorough knowledge of th
detection area of the detector used for alpha particles emitted by radon and its tw
daughters (Po 218 and Po 214).

Latent tracks in the detector, induced by alpha particles, are enlarged in a ki
hydroxide sodium bath and observed through a microscope. This paper deals with tk
determination of the etched track velocity (Vt). We compare three different approache
in calculating Vt :

The first calculation is made by assuming a Vt constant,

In the second one, we assume that Vt is directly correlated to the ionisation ral
(I) that is created on the entire alpha particle range in the detector. This ionisation rat:
which depends directly on the alpha particle energy, is given by the TRIM programm
(Biersack, Ziegler). For a specific alpha particle energy (Ei), the V¢(Ei) has be:
determined experimentally. From this experimental value and the assumption, for
given energy, of the constant variability of VH(E) with I(E), we trace the Vt variations:
a function of alpha particle energy.

In the third and last approach, Vt is also considered as a function of alpha partic
energy. Vt is now determined by using an etch track model based on the experiment:
study of the track diameters for normal incidence depending on alpha particle energi
The parameters of the Vt analytical solution are adjusted to fit the experimental data.

The knowledge of Vt enables us to determine the critical angle of incidence i
each energy under which the alpha particle does not induce an observable track. Resul
for each approach are compared with the experimental data obtained with a specif
irradiator system. Finally, track detection efficiencies of LR115 for radon and the
standard deviations are proposed for special configurations.
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Experimental study of the annihilation of antiprotons at
rest in nuclear photoemulsion

Yu.A. Batusov
Laboratory of Nuclear Problems, JINR, Dubna
Moscow Region, 141980 Russia

The multiplicity and angular distribution for various sccondary charged particles
produced by antiprotons stopped in photoemulsion have been measured. The exper-
imental data are compared with calculations based on the optical-cascade model.

Searches have been carried out of "rare” annihilation channels for antiprotons
stopping on nuclei of photoemulsion. '

The probability for the 3 (1830)-meson to be produced in the p+[*He] — @3 +1
channel on a nuclconic cluster in the surface layer of a heavy nucleus in photoemulsion
has been found to be not less than (3.2 + 0.9)-10°3.

Evenls have been observed, for the first time, of the production, departure and
mesonic decay of the light hyperfragments aHeand § Hein the annihilation on the light
(C, N, O)-nuclei of antiprotons stopping in nuclear photoemulsion. The lower limit
of the production probability of alle and §He hyperfragments per single antiproton
stopping in nuclear photoemulsion has been determined to be (0.1 4+3.5)-10°4.

Possible schemes are considered for production and decay mechanisms of hyper-
fragments in annihilation processes of antiprotons on light (C, N, 0) and heavy (Ag,
Br) nuclei in photoeinulsion.
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Fragmentation Cross Sections of '®"Au at 10 A GeV and
1%7Pb at 158 A GeV

T. Streibel, S.L. Hirzebruch, G. Hintrup, 1. Récher, W. leinrich
Universitiit-Gll-Siegen, Fachibereich Pliysik, 57068 Siegen, Germany

We have measured total and elemental charge changing cross seclions for the
fragmentation of 10 A GeV *?7Au- and 158 A GeV ?°"Pb.beams in difTerent tar-
gets (C,CHl3,ALCu,Ag, and Pb) using stacks of CR-39 and UP-1 nuclear track
detectors. Electromagnetic dissociation {ED) contributes to these interactions
besides nuclear [ragimentation. Based on the factorizatlion of both components.
it is possible to separate ED cross sections from the measured data. The ana-
lysis for the Au-data is completed. The measured charge changing ED cross
sections agree with model calculations. For the Pb-beam the analysis is in
progress. Iirst results will be reported.
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HIGH FLUX NEUTRON PRODUCTION FROM HIGH ENERGY
NUCLEAR REACTIONS

Adloff JC',, Brandt R, Debeauvais M.", Fernandez F3, Krivopustov M.*,
Kulakov B.*, and Zamani M.}

1. CNRS Strasbourg , France

2. Phillips University Marburg, Germany
3. University Autonoma Barcelona, Spain
4. LHE JINR, Dubna SU

5. Arirtotle University of Thessaloniki, Greece

Abstract Last years a new type of Power Nuclear Reactor is under development.
Their operation principle is based on high neutron multiplication which is obtained by
heavy ion reactions at high energies ( > 1 GeV ) on heavy targets. The whole neutron
multiplication depends on neutron production in the source, neutron moderation and
reactor geometry.

In this work a neutron source is studied. Spallation neutrons were produced
from "*C ions at 1.5, 1.8 and 3.5 GeV/n on Cu and Pb targets. Thermalization of
neutrons in appropriate moderators were also studied. The experiments were
performed at the Dubna LHE Synchrophasotron. Results are given for thermal and fast
neutrons produced in the target For neutron estimation different experimental
methods were used and compared.
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INTERACTION OF 12.7 GeV 4He IONS
WITH U, Pb, Au AND Ag TARGETS

Z. Todorovié(®), S, Savovié!®) and S. Jokig(e)

(a)Institute of Physics, P. O. Box 68, 11080 Belgrade, Yugoslavia
(®YFaculty of Science, P. O. Box 60, 34000 Kragujevac, Yugoslavia
(nstitute of Nuclear Sciences "Vina”, 11101 Belgrade, Yugoslavia

The processes of production of fragments Z >8 in the interactions 12.7 GeV 4H
with U, Pb, Au and Ag have been analyzed using polycarbonate track detector Makrofol
It has been used sandwich technique, which enables direct evidence of multiple fragment
emission by a single nucleus. Fragments produced in the interactions were identified an
an event by event model free analysis was performed. The decay channels ending witl
one, two or more (three, four) fragments were detected. A classification scheme base
on the multiplicity My of heavy fragments (2 > 20) was used in order to define multi
fragmentation (My=0), associated spallation (My=1) and fission (My=2) events. Cros
sections, excitation energies and multiplicities of intermediate mass fragments (8< Z <20
have been evaluated for various reaction mechanisms. The experimental features of th

fragmentation process have been analyzed as a function of the target mass.
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NEW DESINTEGRATION CHANNELS IN 20981+Pb(ﬂg)
REACTIONS AT E/A=11.6 Mev

B.Grabez
Institute of Physics, P.0.Box 57,
11001 Beograd, Yugoslavia

The possible desintegration channels in the 11.6 MeV/u
OqBi+Pb(Ag) reactions were examined by using CR-39
plastic track detector. Our results show that jn heavy
ion interactions at 10 MeV/u <E/A< 20 HeV/u there are
more reaction channels as previously observed. The
production of ternary events was explained in the
earlier experiments by more or less inelastic collisions
in the first step of the interaction and then the
fission of the projectile— or the target-like nuclei in
the second step.In our experiment for Bi+Pb interaction
about &60% of ternary events can be explained in this
way. But there are ternary events which are produced by
the other reaction channels. For example in about 10% of
ternary events the intermediate mass mass fragment (IMF)
is present as a third fragment.Its origin can be the
binary break-up of the target- or projectile-like
nucleus in the second step of the interaction ar they
can be formed as the result of the surface instability
of the binuclear system formed in the first phase of
interaction. Also, among the events with four fragments
in the exit channel about 50% can be interpreted by the
fissions of target- and projectile-like nuclei atter
their initial collision. The IMF fragments are present
in even 20% of the four prong events. The Comparision of
multiplicity and characteristics of Products for Bi+Pb
and Bi+Ag interactions enabled the study af the
inflaence of target atomic number on the mechanism of

interaction in heavy ion colisions.
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PION-INDUCED FISSION IN TIN AND BISMUTH OBSERVED
WITH MAKROFOL DETECTORS

H.A. Khan, L.E. Qureshi, M.1. Shahzad, S. Manzoor, S.D. Barros
and R.J. Peterson

Radialion Physics Division, PINSTECH, P.O. Nilore, Islamabad, Pakistan
* Instituto de Fisica da Universidade Federal do Rio de Janciro, C.P. 68-528, 21-95
Rio de Janciro RJ, Brazil
*+ Nuclear Physics Laboratory, University of Colorado, Boulder, CO 80309-0446, USA

Abstract

Pion is the ficld particle of nuclear force. Its interaction with the nucleons may
lead to complete absorption chul!ing in the full deposition of the rest mass and kinetic
energy within the nucleus. Consequently the nucleus can be excited to very high
energics. This situation gives risc lo binary decay cven in thosc nuclei which are not
normally prone to fission due to their high fission b:irricrs. We have studied the
occurrence of binary fission induced by pions of 500, 672, 1068 and 1665 MeV in the
targets of Sn and Bi. The exposures have ‘been made at the Brookhaven National
Laboratory (USA) as well as Clinton. P. Anderson Laboratory (Los Alamos, USA). The
experimental set-up was based on 2n-geometry with targets in the form of thin foils
placed in front of Makrofol detectors. The fission events were counted manually with
optical microscopes. The incident beam was monitored with the help of a scintillator
and local fluences were determined in-situ. The fission cross-sections were calculated
by using the known values of target thickness and local frequencices of fission counts.
. The measurements werc done indepcndently at Islamabad and Rio-de Jeinero and

consistent results were obtained.
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Applications of Fission Track Analysis in Petroleum Exploration

Steven C. Bergman and Jeff Corrigan
ARCO Exploration & Production Technology, 2300 W. Plano Pkwy.,
Plano, TX 75075-8499 USA

This report highlights the many ways in which fission track analysis (FTA) can be used at
many stages in the exploration for and production of petroleum. A variety of trace or
minor minerals in rocks containing very low U concentrations (>1 ppim) can be dated and
uwed for cooling history determination. Virtues of FTA include the ability to detect
idividual fission events and the relative ease of imaging and measurement of fission
tracks, requiring a simple optical microscope. FTA yields quantitative cooling history
data for individual grains in a variety of rocks, providing the potential to unravel
individual parts of complex detrital mixtures. Currently, apatite is the main focus mineral,
tthough the higher blocking temperature phases, zircon and sphene, are receiving
icreased attention. The compositional controls on annealing and etching of fission tracks
inzpatite are currently the most problematic issues in the interpretation of apatite FT age
and length data, and the focus of much research.

primary geochronologic applications involve: thermal history and maturity modeling
ofbasins, provenance determination, timing of hydrothermal alteration, timing of tectonic
events or processes, determination of missing sections at unconformities, and
siratigraphic correlation. Reconnaissance exploration in frontier basins requires a firm
understanding of the major tectonic, subsidence and inversion events; FTA of uplifted
regions surrounding basins constrains the timing of these events. Early phases of
exploration following preliminary wildcat drilling in a basin provides subsurface samples
for FTA with which to constrain the ambient thermal structure, paleogeothermal
gadient, nature of reservoir provenance, timing of maturation and tilting events, and
possible existence of significant unconformities and their corresponding amount of
erosion. Finally, FTA provides a powerful tool for detailed reservoir description and
comelation in and around producing fields. Local case studies involving Indonesia, SE
Asia, New Zealand, Alaska, Greenland and Europe are presented which illustrate the
plethora of applications of FTA in petroleum exploration and allied geoscience sectors.
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FISSION TRACK DATING OF ANCIENT
MAN SITE IN GUANGXI, CHINA AND
ITS SIGNIFICANCES IN SPACE RESEARCH )
PALEOMAGNETISM AND STRATIGRAPHY

Shi-Lun Guo, *Weiwen Huang, Xiu-Heng Hao,
Bao-Liu Chen

China Institute of Atomic Encrgy. P. 0. Box 275(96) Beijing 102413, China

*Institute of Vertebrate Paleontology and Palcoanthropology , Academia Sinica,
P.0O. Box 643, Beijing 100044, China.

Large number of artifacts (stone tools) have been discovered in Bose (Baise),
Guangxi, China recent years. They show that ancient man were living in the south of
China in very ancient times. During excavation, archacologists and geologists discov-
ered tektites in the same layer of deposits as that of the stone tools. The structure of
the layers of deposits in this site was never disturbed, which is the evidence that the
stone tools were left behind by the ancicnt man at the time when the tektites fell on the
earth, which were covered slowly by layers of deposits over them. Fission track dating
has been carried out for the tektites. The age of the tektites is 0. 732 4 0. 039 Ma,
which is also the age of the ancient man in Bose, Guangxi, China. Annealing degree of
spontaneous fission tracks in the tektite was investigated by measuring track diameters.
A correction of age for track fading has been made by track diameter technique. Ac-
cording to current understanding that tektites were formed by impact of big meteorites
or comets onto the earth. The dating shows that a big impact onto the carth occurred
0.732 Ma ago. The coincidence of the age of the tektites with the age of geomagnetic
polarity reversal (~0. 73 Ma) from Matuyama Epoch to Brunhes Epoch proposes a
plausible explanation that the possible caus: of the geomagnctic polarity reversal is due
to the big impact of space object onto the carth. The result of the dating also vet up a
standard for inferring the ages of the deposits in South China as well as in South-East
Asia whére laterite (red soils) deposits exist in the whole region. More details will be

described in the paper.
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Comparison of Radon Measurements
done by Solid State Nuclear Track Detectors and Electronic Devices
in the Frame of an EU-Radon Project

G.Jonsson!, D. Alberracin?, G.U. Bacmeister?, C, Baixeras2, H. Climent?, R. Devanticr?,

W.Enge?, K Freyer?, L1 Font3, R. Ghose®, M.M. Monnin3, G. Sciocchetti, J.-L. Seidel?,
H.C. Treutler!

nd Institute of Technology, PO Box 118, $-22100 Lund, (Sweden)

niversidad Autonoma Barcelona, Depart. de Fisica, E-089193 Bellaterra-Barcelona (Spain)

stilut £ Reine u. Angewandte Kermphysik, OlhausenstraBe 40-60, D-24118 Kiel (Germany)

mweltforschungszentrum Leipzig-Halle, Sektion Analytik, D-04318 Leipzig (Germany)

MII-CNRS-URA 1767, 2, Place Eugén Bataillon, F-34035 Montpellier Cédex 5 (France)

A - C.RE, Dipat. Ambiente, Via Anguillarese 301, 1-00100 Roma (ltaly)

the members of the EU-Radon project long term Radon measurements have been done all

r Europe in many houses and in areas around the houses, These measurements were done

the very same place using passive solid state nuclear track detectors (SSNTD) like LR 115,

39 and Makrofol (PC) and active electronic devices. The active electronic detectors are

to give time resolved data while the passive SSNTD give time integrated data.

ta on four situations will be presented:

on regular field measurements taken with electronic devices and SSNTD which were placed
in different holes in the soil,

on specific field measurements where the two kinds of detectors were in the same hole in
the soil,

onreal indoor measurements and

on measurements done in the lab in well controlled Radon chambers.

critical discussion of the data will be given.
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ON THE EFFECT OF CURE CYCLE PARANETERS AND DOPANTS ON PRE AND
POST IRRADIATION ANNEALING RESPONSE OF CR-39 TRACKDETECTORS

Anupam and Shyern Kumar
Depertment of Physics, Kurukshetra Universily,
Kurukshetra-132 119, INDIA

The highly versatile CR-39 track delectors find widespread use in cosmic ray and
spnce physics studies where recording of damage and subsequent decoding of information by
. chemical etching ere ofien doae in different lemperature environroenls. Further, owing to the
fnct that lerﬁpernture is the most imporient eovironmenial faclor lo influence the response,
ooe ie faced with the problem of veriation of response wilh tempernture to arrive ol the
correct results mnd heoce systemalic underslanding of mnoealing ‘effecls becomes very
important In the present wark, we have investignied the annealing characleristice of various
CR-39 delectors memdactured io different cure regimes, some of them conlaining addilives
too [CR-39(8 br), CR-3%(32 hr), CR-39(96 hr), CR-39(DOP), CR-Jé('D!OP), CR-39(DNP)]
and some relevent correlalions with theory have been drawn. Pre ns well ns Posl irredialion
annealing of samples have beea done in air et (a) BOOC, 959C, 110°C, 125°C, 1450C for 5
houre and (b) at 959C for different timee -5, 10, 15, 20 hours. Bulk elch rate ie found to bave
o grealer tendency lo incrense wilh enncaling lempershire end lime for delectors for which
cure cycles are spread over shorter times and this effect scerns lo be relaled Lo inlrachnin
mobility In the polymer. Further, bulk elch rale has a smaller lendency lo incrense for doped
CR-39 deleclors. Sensilivity of esch deleclor, in general, decrenses both in Pre and Post
irradiation anoealing, bowever, the efect is, of courte, more in case of Posl irradialion
snnealing Possible explanalion for loss of sensilivity on anncaling prior lo irradinlion hos
been discussed Further, track diemelers in case of pre 83 well 03 post irradialion annenling
have been found lo be higher then in case of no annealing (in the ennealing lemperature-lime
range employed in the preseal study). Finally, it has been observed thal for CR-39 deleclors
having no additive, an opeque fayer slerls forming on the deleclor surface for nnnealing al
more than 1109C and it mekes the observalion of tracks very difficull Thoe cffecl seems to be
related to accumuletion of Poly Allyl Alcohol. Trecks having exceptionally large lrack
diamelers ere also observed spart fom e normally occuring ones in the event of opnque

layer formation
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Photo and Thermal Degradations of Nuclear Track Detector
(LR 115 and CR 39) Characterisations .
(Applications for Alpha Measurements in the Em'ironment)

D. Kicin', C. Meunier', F. Palmino? and A. Chambaudet®

de I'Institut des Sciences et Techniques de I"Environnement, Université de Franche-
Comté, B.Pp. 427, 25211 Monbéliard Cedex, France

! Laboratoire de Physique du Laboratoire de Piézoélectricité et Mcétrologie des
Oscillateurs, Université de Franchc~Comté, B.P. 427, 25211 Monbéliard Cedex, France

3 Laboratoire de Microanalyses Nucléaires, Universiié de Franche-Comlé, La Bouloie,
25030 Besangon Cedex, France

The use of nuclear track detectors is performed routinely for many environmental
applications. In fact, all polymeric detectors are exposed to natural light and different
temperature conditjons during their preparation and treatment. Furthermore, in numerous
other cases, they are openly exposed at different environmental temperatures for periods
of 15 to 60 days, thus receiving a large dose of natural light (visible spectra range).

To show the effects of the photo and thermal degradations on the alpha response,
different sets of detectors, LR 115 and CR 39, were exposed at time'imervals directly to

natural light, to varied temperature conditions and to varjed barometric pressures.

In the first experiment, the surface modifications and the chemical degradations
were evaluated through different techniques:
- surface analysis by microtopography observations and Atomic Force
Microscopy (AFMD),
- chemical characterisations by ultra violet (UV), infra red (IR) and X-ray
diffractomctry and differential scanning calorific (DSQ).

Thus, the results of this research offer Mmany answers to all users of alpha-track

detectors to perform measurements jn the environment.
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Post-irradiation sensitization of CR-39 track detector in carbon dioxide atmosphere

I. Csige

Institute of Nuclear Research of the Hungarian Academy of Sciences, H4001 Debrecen POB 51, Hungary

Abstract.

The effect of post-irradiation treatment of CR-39 track detector in carbon dioxide atmosphere
on the alpha particle registration sensitivity was investigated. Significant increase in etch rate
ratio for 6.1 MeV *’Cf alpha particles was observed. The sensitization increased both as a
function of treating time and as a function of carbon dioxide pressure in the treating vessel.
Energy dependence of the sensitization was found to be small in the 2-9 MceV alpha particle
energy interval. Fading of latent tracks after the sensitization process was slow in a half year
eriod. Pre-irradiation treatment in carbon dioxide showed also some sensitization, though
less extent than post-irradiation treatment. However, exposing CR-39 to alpha particles in
pure carbon dioxide atmosphere resulted in dramatic decrease in sensitivity. The role of
dissolved oxygen and carbon dioxide in the primary latent track formation and in post-
irradiation latent track transformation is discusscd. Potential influence of the application of
sensitization of CR-39 in radon, ncutron and cosmic ray charged particle dosimetry is also
discussed.



18 th INTERNATIONAL CONFERENCE .
ON NUCLEAR TRACKS IN SOLIDS -
1 - 5 Sept 1996 Cairo - Egypt .
INTS

PROTON RESPONSE OF CR-39 COPOLYMER WITH HIGH SENSITIVITY

K. Ogura, M. Asano*, M. Yoshida*, H. Omichi*, N. Nagaoka**,
H. Kubota** and R. Katakai**

College of Industrial Technology, Nihon University
1-2-1, Izumi-cho, Narashino, Chiba 275, Japan
*Department of Material Development, Takasaki Radiation Chemistry
Research Establishment, Japan Atomic Encrgy Rescarch Institute
Watanuki 1233, Takasaki, Gunma 370-12, Japan
**Department of Chemistry, Facully of Engincering, Gunma University

1-5-1, Tenjin, Kiryu Gunma 376, Japan

We have found that the copolymer of CR-39 monomer with
N-isopropylacrylamide (NIPAAm) shows higher sensitivity than
that of pure CR-39 to low LET particles such as protons and
can record normally incident 20 MeV protons [1].

We studied the proton responses of copolymer by changing
the curing conditions and contents of NIPARM as well as
adding small amounts of antioxidants. As a result, optimum
stabilization and sensitization were obtained by the copolymer
containing about 1 % of NIPAAm and 0.01% of antioxidants
(Naugard 445).

6 ~ 20 MeV proton track responses of copolymers (CR-39 /
NIPARm / Naugard 445) as well as the etching properties will
be presented. And also, the threshold energy of proton
registration of CR-39/NIPAAM copolymer will be discussed.

[1] K.Ogura et al.,(1995).Radiat. Meas., 25, Nos 1-4, 159-162.
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SOME NEW RESULTS FROM EXPOSURES OF NUCLEAR TRACK ETCH
DETECTORS TO THE LEAD BEAM AT THE CERN-SPS

G. Giacomelli, L. Patrizii, V. Popa, P. Serra, and V. Togo
University of Bologna and INFN, sezione di Bologna, Italy

Six stacks of nuclear track detectors were exposed in December 1994 1o PL*?* ions of
160 GeV/nucleon at the CERN-SPS. Each stack was made of CR39 and Lexan sheets
placed before and after a target. When passing through the stack the lead ions produce
nuclear fragments with Z < 82 . The main purpose of the exposures was the calibration
of the CR39 nuclear track detector used in a large area experimental search for magnetic
monopoles at the Gran Sasso Laboratory (experiment MACRO). Different targets were
used in order to study also the fragmentation propertics of lead nuclei. The exposures
were carried out at normal incidence at a density of ~ 400 jons /cm?, The typical number
of events in a stack was ~1.5 x 10"

The measurements for the calibrations of CR39 have been essentially completed. We
compared the response of CR39 etched in (a) NaOH 6N at 70 °C and (b) NaDH 6N
at 40 °C, and (c) NaOH 8N at 80 °C. The sensitivity of the detector decreases with
decreasing etching temperature and decreasing concentration of the solution; the highest
charge resolution is for CR39 etched in the conditions (b). The lowest detected charge is
Z=5 for CR39 etched as in (a) and (c) and Z = 8 if etched as in (b). The results indicate
no relevant aging eftects for the CR39 made more than 5 years apo.

The investigation of possible fading effects for CR39 stored in the Gran Sasso
Laboratory and the study of the fragmentation properties of the lead nuclei are in
progress,
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UV-VIS AND FTR SPECTRAL STUDIES OF
CR-33 PLASTICS IRRADIATED WITH X-RAYS

cC.s. Chong*, I. Ishak**, R.H. Mahat** and Y.M. Amin**

*School of Physics, Universit; Sains Malaysia, Penang, Malaysia
**Department of Physics, Universiti Malaya, Kuala Lumpur, Malaysia

ABSTRACT

A study has been made on the UV-vIS and FTIR spectra of CR-39 plastics irradiated

with 50 kVp tube X-rays in the dose fange of 0.20 MR, The oplical transmittance over

frequencies 655 and 2340 cm', indicative of the gas CO, produced inside the Plastic,

The absorbance of these bands increase lineary with the X-ray dose,
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APPLICATION OF SSNTDs IN RADIOBIOLOGICAL
INVESTIGATIONS ABOARD RECOVERABLE SATELLITES

Huang Rongging', Gu Ruigi?and Li Qun?

1 Institute of High Encrgy Physics, Academia Sinica. P.O.Box 91%(3), Beijing 100039

2 Shanghai Institute of Plant Physiology. Academia Sinica

It is a good way to carry out experiments aboard recoverable satellites
for preliminary research of space applications. There are some advantages.
For example, life time (5 ~ 15 days) is long enough for carry out
experiments, the equipment and samples may be recoverable that is
beneficial to analysis of results, provide constant environmental conditions
such as temperature(15 ~ 26) 'C, vacuum (10~ 3~ 10 - ©)Torr benefit to
repeat a experiment. In recent years much work has been devoted to study
of the biological effects of space environment on dry seeds in China. some
new phenomene have been observed.

For experimental investigations in the field of biological effects of
space environment on dry seeds, to obtain knowledge on the variation
mechanism by which highly ionized particles damaged plant seeds, the
biostack that the dry seeds of Triticum aesticum L. were sandwich —
packed together with nuclear track detectors such as CR-39, Makrofol-E
and Laxan plastic sheets were designed and carried by recoverable
satellites lauched in 1988, 1990, 1992 and 1994.

After returning to earth, using standard relations for the gcometry of
etching track and a high precision locatization method for plant seeds
relative to path of the penetrating particles determined the sced of to be hit
by individual Z/ B > 26 particies penetrating or stopping in the seed, or
accumulation damage by several Z/ 3 2 10 particles. The morphologically,
cytologically and utramicroscopically of wheat seeds and seedling they
produced were studied. Results showed that the average aberration
frequence of the choromosome of wheat root tip cclls was significantly
higher than that of non hit.

It must be emphasized that the particles with Z/ > 10 not only
inject random, but also the distributions are inhomogeneous inside satellite.
In addition, the trajectories of heawvry particles registed in the SSNTDs
will be used for further investigations.
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CARACTERISTICS OF THE CRS FAST NEUTRON
PERSONAL DOSEMETER

Z. Lounis™, S. Djefmal”, M. Allab® and M. Izerrouken @

1. Laboratoire de Dosimétrie, Centre de Radioprotection el de
Sireté, 2 Bd, Frantz Fanon, B.P. 399, Alger, Algeria

2. Institut de Physique, Université des Sciences et de la
Technologie, El-Alia B.P. 32, Bab Ezzouar, Alger, Algeria

BSTRACT

e Radiation Protection and Safety Centre in Algiers, has developped a fast neutron personal
semeter in as simple a form as possible to be used in routine monitoring. We had the
opportunity to participate to the two last EURADOS-CENDOS joint irradiation at which the
dosimetric aspects of the developed dosemeter such as neutron energy dependence, ambient
dose equivalent, angular dependence and lower limit of detection have been investigated.

Inthis paper further investigations on the two steps electrochemical etched CR-39 detectors at
tevated temperature are reported and discussed. The detectors, consisting of laser cut
American Acrylics detectors, holded between two halves of holder made of polypropylene
(CH;) and sealed inside polyethylene bags with a2 mean thickness of about 100 um have been

252
Cf neutron

imadiated using neutron energies ranging from 25 keV up to 66 MeV and
spectrum and at different angle of incidence, i.e. 0°, 30°, 60° and 85°. These detectors were
tlso exposed to different ambient dose equivalent in the range of 0.4 mSv to 13 mSv of

monoenergetic neutron beams of 1.2 MeV, 5.3 MeV and 15.1 MeV.

Imadiated detectors have been processed using a two - step electrochemical etching (ECE)
tyele at low and high frequencies of 200Hz and 2 kHz respectively. The etching times were 5
bours and 15 minutes for the two steps, respectively, and the electric field strength was 30
kV/em (rms). All the etching processes were performed in the 6.25 M KOH solution at 60°C.
Under these etching conditions a flat energy resporse within (£30%) in the energy range lying
between 25 keV and 66 MeV and a minimum dose equivalent value of about 80 uSv are
achieved.
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Cosmic Ray Radiation Effects Caused by Proton-Induced Targetfragmentation

T. Streibel, H. Récher and W. Heinrich

Universitit-GH-Siegen, Fachbereich Physik, 57068 Siegen, Germany

High LET radiation efTects of single particles can be caused by two fundamental mechanisn
On the one hand, a cosmic ray ion with a high linear energy transfer can deposit a high do
along its path. On the other hand, in nuclear collisions, a high dose can be deposited by i
short range particles emitted from a target nucleus. In low earth orbits of space crafls, a lar
contribution to target fragmentation events originates from trapped protons which 3

encountered in the South Atlantic Anomaly. These protons have energies up to a few hundr
MeV,

The proton-induced fragmentation of C-, O-, and Si-nuclei, which are the dominating targ
nuclei of biological material and microelectronic devices, are of particular importance. V
study these processes in inverse kinemalics. In an experiment irradiated at the SIS, we used |
ions with 80 McV/nucleon. CR-39 plastic nuclear track detectors were mounled in front of a
behind a C- or a CH, -target. The trajectories and charges of incoming beam particles a
outgoing fragments were measured in these setups. Based on these data, fragmentation cro
scctions and transverse momenta were determined including all fragments with Z22. From |
results of the two targets the interaction characteristics for collisions with H-larget we
derived. To achieve results with high statistical significance we have exposed B stacks wi
CH,-targets and 4 stacks with C-targets.
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Dip Angle Dependence on Characteristics of
Surface Track Formation in CR—39 Track Detectors

(4 — Environmental, Earth Science, Archaelogy, Dosimetry and Life Science)

Takayoshi Hayashi, Tadayoshi Doke, Masaki Kobayashi and Akira Watanabe

Advanced Research Center for Science and Engineering, Waseda University,
Okubo 3—4-1, Shinjuku—ku, Tokyo 169, Japan

ABSTRACT

Space radiation dosimetry measurements were made in the Spacelab (STS—65;
IML—-2 mission: 300 km x 285 * ). In this experiment, three kinds of detectors
were used. One is a newly developed silicon detector telescope called the
RRMD. The other two are TLDs and CR—39 track detecors. Using the RRMD,
the first successful real time radiation monitoring has been achieved, giving the
LET(Linear Energy Transfer) distribution every one hour during flight. Also, the
LET distribution by CR—39 has been obtained, by measuring the major and minor
axes of the surface ellipse of an etched track. Then, two LET distributions
were compared in the LET range of 3.5 keV/ 4 m to 500 keV/ 2 m for the
entire flight time, where CR—39 track detectors were placed right above RRMD.
These distributions are in good agreement in the region of LET of 15 to 200
keV/ 1 m. For the difference in intensity by a factor 4 to 5 above 200 keV/ wu
m, it would be explained by the possibility that most of slow heavy target
fragments with extremely short range track in CR—39 plate become less efficient
to be detected under the present etching condition of about 60 4 m removal
layer, although the statistics of CR—39 data are very limited in this region. In
the region of LET < 15 keV/ i m, the surface ellipse of the CR—39 track
become deformed at larger incident angles. Therefore, the LET value obtained
by this deformed track would be estimated to be a value smaller than true one,
resulting, 'r lower intensity in this low LET region. So, i1 order to correct this
effect of " low LET deformed tracks, the same kind CR- 29 track detectors are
expose ', accelerator heavy ion beams in several incid-.t angles and the dip
angle <:fe.t is investigated. After the correction of the de med track effect, two
LET d.5: o' 5 by RRMD and CR—39 are compared.
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DOSIMETRY OF 40 AND 70 MeV/in YO BEAM

A. GoLovCHENKO 1), J. SKvARE ¥, R. ILIi¢ 23, R. FREEMAN 4,
N. PAUWELS 9, S. TRETYAKOVA 1) AND R. Bimpot %

" Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, 141980
Dubna, Moscow Region, Russia

P ). Stefan Instiute, University of Ljubhana, POB 100, 1000 Ljubljana, Slovenia

¥ Faculty of Civil Engincering, University of Maribor, Smetanova 17, 2000 Maribor,
Slovenia

Y C.R.N. de Strasbourg, Université Louis Pastenr, 22 rue du Locss, B.P. 28, I-67037
Strasbourg Cédex 02, I'rance

Y Institut de Physique Nucléaire, B.P. 1, F-91406 Orsay Cédex, France

Radiobiological experiments with cells and animals as well as cancer
radiotherapy with charged particles from protons to heavy ions require a
precise knowledge of beam characteristics, i. e. fluence, LET (linear energy
transfer), range, range straggling, angular spread of particles when passing
tissue, fragmentation phenomena and, finally, depth dose distribution. The
use of highly sensitive and low registration threshold CR-39 plastic track
detectors in combination with semi and fully automatic track measurements
can result in the necessary information on the propertics of a beam of
interest.

In this contribution some results of physical measurements obtained
with ~ 40 MeV/n and ~ 70 MeV/n '®O beams which were used in
radiobiological experiment with white blood cells (GANIL, Caen, France)
are presented. By using CR-39 plastic track detector the range values of %0
ions at two different energies (initially in the beam line, 39.97 MeV/n and
69.98 MeV/n) were measured after ex.ting the beam pipe, and found to be
(3050 + 40) jun and (8210 £ 90) pm, respectively. The longitudinal and
projected angular spread of oxygen ions of initial energy of 69.98 MeV/n in
the region of the Bragg peak was derived from the measured geometrical
parameters of the tracks. On the basis of a calibration curve (etch rate ratio
vs LET,, in CR-39) and the measured track length distribution at the range
end of oxygen ions, the complete depth dose profile (platcau, Bragg peak
and residual ionization caused by projectile-like fragments) was obtained.
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Improvement of Response of SSNTD in Fast Neutron Dosimetry

A. Gisbertz, I. Kéhler, E. Pitt, A. Scharmann
I. Physikalisches Institut, Justus-Liebig-Universitat
Heinrich-Buff-Ring 16
D-35392 Giessen

Abstract;

The 1990 recommendations of the International Commission on Radiological Protection,
ICRP 60, requires the reduction of the lower detection limit of SSNTD when they are used as
fast neutron dosemeters. This task can only be solved by a better understanding of the etch
process. A model for electrochemical etching (ECE) based exclusively on physical parameters
as the (n,p) scattering probability, track geometry and etch velocities has been established,
which allows the estimation of a detector response.

The influence of variation of these parameters on the fast neutron response is discussed.
Measurements of proton irradiated CR-39 detectors are presented. The geometry of etched
proton tracks has been measured by atomic force microscopy. Consequences for the ECE
technique are reported.
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8:30 - 10.00 Desimetry & Lile Science 11, Radon 1V
(Plenary, Hall A, Chairr M A

L. Tommasino

Advanced applications of track detoctors for the measurement of terrestrial and cotmic radiations
F. Spumy. }. Bednif, J.-F. Bottolhier-Depais and V.E. Dudkin

Secondary particles contribution to the dose charactensuies in high energy particles beams and fields
M.M Momun

Phiysical models related to radon emission in connection with dynamic manifestations in the upper

terrestrial crust: A review

10:30 - 12:30 Dosimetry & Life Scicoce 111
(Parallel, Hall A, Char Y. Birkholz)

A.l Abd El-Hafez, HM Eissa, S A Enanand M A Fadel )
Intercaniparative studies of brachytherapy techiuques combined with Cf baron neutron capture
therapy

P_Meyer, JE Groetz, M Fromm. A, Lacoun and A. Chambaudet
Neutron dosimetry at hugh and weak flux with a SSNTD. the CR-39

M_Luszik-Bhadra, E. Diatz, F. d'Ermico, 5. Guldbakke and M. Matzke
Neutron spectrometry with CR-39 track detectors and silicon diodes using unfolding techniques

MM _Maigr, J.-U Schott and K. Strauch
Parucle detection wath charge coupled devices (CCDs)

D.T. Bartlerw, RJ. Tanner, L.G. Hager and J. Lavelle
The measuremnent using passive dosencters of the neutron component of aircraft crew dose

L Pilfalv and L Sajé-Bohus
Use of SSNTDs in newtron beam dosimetry

10.30 - 12:30 Nuclear Physics & Space Research IT1
(Parallel, Hall B, Chair V P Perdypin)

R_Antanasijevi¢. £ Todorovié, D. Sevi¢, D. Joksimovié. A Dragic and V. Udowidic
Analysis of hot spots in deuterium plasna focus with the SSNTD
L Patrizii for the MACRO Collaboration
Search for magnetic monopoles with the nuclear track detector of the MACRO experiment at Gran
Sasso
G Honioup, T. Streibet, E. Winke!, M. Kurth, H. Récher and W. Heinrich
Study of multifragmentation at beam energies from | to 158 A GeV
S.P, Tretvakova, Yu.Ts. Oganessian, M.G. Ihas, V L. Mikheev, E.M. Kosulin, M. Hussonnois, L.
Calabrenta and T. Giizel
The use of SSNTD for investigation of cluster radicactivity and spontaneous fission
Y.V, Kushin, N.A_ Klyachin, Yu.A. Akatov, G.D Badhwar and E.V. Benton
Cosmic ray studics on baard of the space shultle using diffcrent track dotectors

V P. Perelygn, R 1 _Petrova and J V. Bondar
Tracks due to Z 2 23 galactic cosnic ray nuclas in olivine crystals from Omolon paliasite
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14.00 - 15:30 Environmental Sciences & Radiography I1
(Plenary, Hall A, Chair: S.-L. Guo)

VP Perelygin and Yu.T. Chuburkov
Man-made Pu in environment - possible serious hazard for living species
MA Gomaa
SSNT-Detectors in radiation protection
E.S. Flitsiyan
Use of the neutron-activation techniques for studying elemental distributions, applications in
geochemistry, ecology and technology

16:30 - 18:00 Track Observation and Measurement
(Parallel, Hall A, Chair: J. Palfalw)

$.R. Hashemi-Nezhad and M. Dolleiser
A computer controlled optical microscope (CCOM) for three dimensional track analysis
F.d’Errico, M. Luszik-Bhadra, M. Matzke and M. Weiss
A line-scanner for routine fast neutron spectrometry with CR-39 track dosemeters
1. Palfalvi, 1. Eérdég, K. Szdsz and L. Sajo-Bohus
A new generation image analyzer for evaluating SSNTDs
R.B. Gammage, C.S. Dudney, K.E. Meyer and G. Espinosa
Digital image system for track measurements
L Vukovi¢ and R. Antanasijevic
X-ray microscopy today. The century of X-ray (1883), radioactivity (1886) and electrons (1897)

16:30 - 18:00 Filters & Other Applications 1
(Parallel, Hall B, Chair: P.Yu. Apel)

AK Pandey, JN. Mathur, J.P. Shukia, P.C. Kalsi and R.H. Iyer
Application of track-etch membranes as novel supports for cations transport across supported liquid
membranes
P.Vater, R. Sudowe, S. Abu-Jaber, R. Brandt and R.-D. Penzhom
Filters with tiny holes (d < 1um) as a tool to separate gases
N.C. Tam, K. Baricza and L. Lakosi
Study of disturbing effects in spent fuel assay using CR-39 detectors
A Danis, E.G. Badea and E. Buzdugan
Time dependence of the U adherence on the insoluble plastics from dispersion systems
V. Vutsadakis and A.Yu. Didyk
Volume interconnection rates in track etched membranes with two dimensional, multi-plane angular
distributions :

18:00 Concluding Remarks
(Plenary, Hall A, Chair: M.A. El-Fiki)
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ADVANCED APPLICATIONS OF TRACK DETECTORS FOR THE
MEASUREMENT OF TERRESTRIAL AND COSMIC RADIATIONS

L. Tommasino
ANPA, Divisione Mctodologic e Misure, Rome, ltaly.

ABSTRACT

The most relevant contributes to the radiation exposurc of the population
come from terrestrial radiations and cosmic rays.

In both cascs high-LET radiations arc present, which can be cfficiently
registered by Solid State Track Dclectors.

This paper describes the most advanced applications of damage track
detectors, which arc made possible thanks to the unique characteristics of
these registration techniques.

In particular the recent developments in the ficld of neutron detection and
spectrometry at commercial flights altitudes, and the measurcments of thoron,
radon and its daughters will be descnbed.

INTS
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SECONDARY PARTICLES CONTRIBUTION TO THE DOSE
CHARACTERISTICS IN HIGH ENERGY PARTICLES BEAMS AND
FIELDSY

Frantilek SPURNY, Jitif BEDNAR, Jean-Frangois BOTTOLLIER-DEPOIS®,
Viktor Evgenich DUDKIN**
Department of Radiation Dosimetry, Nuclear Physics Institute, Academy of
Sciences of Czech Republic, 180 86 Prague 8, Czech Republic
* SDOS-DPHD-IPSN, Nuclear Research Center Fontenay- aux—Roscs

92265 Fontenay-aux-Roses, France
** Research Center of Spacecraft Radiation Safety, 123182 Moscow, Russian
Federation

ABSTRACT ’

High energy protons, photons and neutrons are not able directly form a
track in a solid state nuclear track detector (SSNTD). Such detectors can,
however, be used for the detection and the dosimetry in the field and beams of
these radiation through the registration of secondary charged particles with
sufficiently high values of linear energy transfer (LET). Analysis of track
parameters of these secondary particles allows for the assessment of their LET
spectra, and from them many other dosimetric information can be deducted.

Recently, a method of LET spectrometry of such type based on the
analysis of charged particle track parameters in a chemically etched
polyallyldiglycolcarbonate has been developed [1]. In this work its use in some,
typically ,Jow LET" radiation beams and fields is presented. LET spectra of
‘secondary charged particles have been established in:
¢ high energy proton beams (E; € (100;250) MeV);
¢ high energy bremsstrahlung photon beams (Equx < 50 MV); and
+ on the board of a satellite during a radiobiological programme.

LET spectra in all these cases are presented; dose and dose equivalent
distributions obtained from them are also presented. The contribution of
secondary charged particles to the total dose characteristics is appreciated and
discussed.

"Partially supported through the EC Project FI3P-CT92-0026 (1993-95) and the Project of
the Grant Agency of Czech Academy of Sciences No. 335402 (1993-95)
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PHYSICAL MODELS RELATED TO RADON EMISSION IN CONNECTION WITH
DYNAMIC MANIFESTATIONS IN THE UPPER TERRESTRIAL CRUST:
A REVIEW

Michel M. Monnin
Centre National de la Recherche Scientifique, UMR 3569 - Universite de Montpellier 11,
Place Eugene Bataillon, F - 34095 Montpellier - France

Radon emissions that are enhanced by forthcoming events have been observed all
over the World. Many of these observations have been carried out with equipments using
SSNTDs as sensor. However, such radon "anomalies” are not one-to-one events and the
technique has not yet reached the neccssary level of confidence. In the mean time, the
data collected by scientists are casting some light on the involved phenomena. Radon
emissions scemed very simple in the beginning; they are now recognized as a rather
complicated set of successive steps involving many aspects of peophysics and chemistry.
Several models have been proposed as explanation of the experimental field facts. They
will be reviewed in the proposed paper; ranging from radon outgassing related to
geothermal fields to radon emission related to the particuliar behaviour of aquifers,

leading to a possibility to measure residence times.
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INTERCOMPARATIVE STUDIES OF BRACHYTHERAPY TECHNIQUES
COMBINED WITH *'CF BORON NEUTRON CAPTURE THERAPY

Abd El-Hafez A. 1., Eissa H. M., Eman 8. A., Fadel M. A.*
' Naﬂoﬁal Institute For Standards

* Biophysics Department, Cairo University.

ABSTRACT

In this work the depth dose distribution for y-rays, slow and fast neutrons and
lear recoils and a-pariicles inside a tumor phantom of 4.2cm inner diameter and
i4cm length filled with 100 ppm '°B in distilled water was measured. The depth
dose distributions were measured and represented on three dimensional plots and iso-
fosc charts when a 2°Cf neutron source was situated in the three types of

brachytherapy techniques known as interstitial, surface and intracavitary.

Comparison of the three brachytherapy techniques when combined with BNCT
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Neutron Dosimetry at High and Weak Flux with a S.S.N.T.D. :
the CR 39

P. MEYER*, J.E. GROETZ*, M. FROMM*, A. LACOURT** and A.
CHAMBAUDET*
*Laboratoire de Microanalyses Nucléaires
**] aboratoire d'Optique P.M. Duffieux
UFR des Sciences et des Techniques,16, route de Gray
25030 BESANCON cedex, France
Tél. : 81-66-65-00 Fax :81-66-65-22

Abstract

In the Laboratory of Nuclear Microanalysis, we have developed two technigues for
neutron dosimetry; the first for high flux, the second for weak flux. These two
techniques use a Solid State Nuclear Detector (S.S.N.T.D.) : the CR 39. The weak
flux technique is based on the measurement of etched tracks resulting from a
neutron-proton conversion. A Monte Carlo code simulates the (n,p} collision in the
detector, and & numerical computer code of latent track etching allows the
evaluation of the etched track parameters. The object of this is to obtain
characteristics of a neutron flux from the measured etched track parameters.
When there is a high flux and high doses, CR 39 is unsuited for optical microscopy
analysis. This is because of track overlapping which makes it impossible to carry
out counting and exploitation. We therefore developed a new method permitting the
reading of samples based on the measurement of the angular distribution of
coherent light (He-Ne laser) transmitted through the irradiated etched S.S.N.T.D.
We present these two techniques and give examples of our initial results.
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NEUTRON SPECTROMETRY WITH CR-39 TRACK DETECTORS AND SILICON
DIODES USING UNFOLDING TECHNIQUES .

M. Luszik-Bhadra®, E. Oietz", F. d'Errico™, S. Guldbakke* and M. Matzke®

+ Physikallsch-Technische Bundesansialt, Bundesalles 100, 38116 Braunschwelg,
Germany

++ Yale University School of Medicine, 333 Cedar Strea!, HRT-219, New Haven
06510 CT, USA - '

Woe are developing a combined aclive/passive personal neutron dosemeter,
conslsting of a passive CR-39 lrack delsctor in tront of a silicon diode, We show, that
both, the passive and the active deleclor, can give spectrometiic information for fas!
neutron fields when using measured response tunclions and unfolding technlques.

The chemically eiched track detector can be evalualed by counting the number of
lracks as a function of track diametaers. A series of rasponss funcllons has been
determined with monoenergelic neutrons in the neutron energy region‘from 144 keV
to 19 MeV. With halp of these response lunctions and unfolding techniques we
delermine rough neulron speclra from measured track diameler donsilies In flelds
with broad neutron enargy distributions. The method with automatic frack counting s
descrlbed in more delail in Reference 1.

In & similar way the pulse height spectra measured wilh the sillcon diode can Be
used. The lowest deleclable neutron ensrgy depends on the photen sensitivily of tho
type of dicde usad. Tha rosponse functions of different silicon diodes, which are
under test for the developmenl of the aclive/passive dosemeler, are dstarmined and
unfolded neutron spectra are compared with the corresponding rasulls of the CR-39
frack detectors. .

The resulting uncerainties for the total doss determination as wall as for the dose
contributions in different energy intervals are discussed.

REFERENCES

1. F. d'Errico el al., this Conference.
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Particle detection with charge coupled devices (CCDs)

M M Meier, J.U. Schott, K. Strauch
DLR Institute for Aerospace Medicine, D51140 Kbln

CCDs are widely used as optical sensors Imaging is obtained by photoinduced
separation of charge in an array of p-n semiconductor transitions. The process of charge

" separation is also possible by particle induced ionisation. Free charge carriers, produced
in such a way, provide signals for image analysis as well. Thus CCDs enable the
combination of optical imaging with particle detection in a single microchip. This
technique is applied to radiobiological experiments, which require spatial correlation of
particle traversal to a metabolizing biological object, closely attached to the surface of
the CCD [1]. An expansion of these investigations to the radiation environment of
spaceflights demands the additional determination of relevant particle parameters,
Starting point for that presents the investigation of §-electrons, which are emitted from a
foil arranged over the microchip by traversing of heavy projectils and detected with the
CCD. The feasibility of this method in view of energy resolution and projectile
identification is discussed

[1]3. U. Schott Nucl. Tracks Radiat. Meas. 22(73), (1993)
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Abstract

THE MEASUREMENT USING PASSIVE DOSEMETERS OF THE
NEUTRON COMPONENT OF AIRCRAFT CREW DOSE

D T Bartlew, R J Tanner, LG Hager and J Lavelle

National Radiological Protection Board. Chilton, Didcot, Oxon, GB 0X11 ORQ UK

The cosmic radiation field at aviation altitudes can be mcasured with simple passive
detectors. The non-neutron component may be measured by means of thermoluminescence
dosimelry or other techniques, and the neutron componenl may be measured using poly allyl
glyeol carbonate (PADC) dosemeters as described in this paper.

Effective dose from ncutron radiation becomes the larger component for altitudes above
about 10 kun in general, the dominance being more pronounced for higher latitudes. The neutron
encrgics range up to the maximum of the incident protons, many GeV. However the majorily
of the dose is contributed by ncutrons of a few hundred MeV and less, with two maxima in the
fluence spectrum, one between 1 and 10 MeV and the other between 50 and 150 McV.

We have used PADC dosemeters, clectrochemically elched, 1o estimate the neutron
component of cffective dosc. Up to 50 doscmeters arc used in a single measurement to obtain
an estimate of sufficient precision for total ncutron effective doscs of 50 pSv and less. The
fluence response characteristics of the dosemeter have been measured up 10 70 MceV. These are
extrapolated up to 180 McV. This extrapolation is validated, 1o some cxtent, by a comparison
of mecasured and predicted readings in the CERN reference ficld. For the dosemeler readings,
neatron fluence is estimated assuming an isotropic radiation ficld and the estimated neutron
fluence spectrum. The neutron fluence may then be converted to effective dose using published
values of conversion coefficients with the same assumplions of isotropy and knawn flucnce
spectrum.
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Use of SSNTDs in Neutron Beam Dosimetry
J. Palfalvi' and L. Sajé-Bohus®

1 Atomic Energy Research Inst. P.O.B. 49, H-1525, Budapest
2 Universidad Simon Bolivar, Physics Dept. Caracas, Venezuela

ABSTRACT

" A new Biological Irradiation Facility (BIF) has been constructed at the Budapest
Research Reaclor Centre (it is to be published elsewhere). The 10 cm diameter
beam is led through a variable filter and collimator system, providing different
neutron spectra from the nearly pure fission one to a well moderated 1/E
spectrum with or without significant thermal neutron contribution.

To use the irradiator for biological irradiation and for investigating the response
of neutron delector materials one must know the neutron spectrum, the beam
intensity and profile in advance, and moreover, each irradiation should be
adequately monitored to be able to correct the dose conversion factors against
the burn-up of the fuel, change in the reactor thermal power etc. For the purpose
a set of track detectors were developed and calibrated in known neutron fields.
All the detectors are chemically eiched and evaluaied by an image analyser
‘'system called VIRGINIA (also presented on this conference).

Three types of detectors were developed:

i) Fission track detectors using depleted uranium and thorium with Lexan
polycarbonate,

i) CR-39 (TASTRAK) track detectors using the °Li and '°B contents of

_commercially available TLD materials as alpha converters with or without B.C
spherical thermal filter, _
fiiy CR-39 track detectors with proton converter (polyethylene) turning this
combination into a threshold detector of different thresholds when applying thin
aluminium foils as proton fillers and alpha converiers in the same time.
We present the construction and the basic fundamentals of the detectors,
including the response calculation model. The response of the detectors in
terms of number of tracks per neutron for the various spectra were determined
by calculations and measuremenis z~d would be presented in Tables and
Figures along with the neutron specira measured by activation foil technique
andior calculated by the Monte Cario code MCNP.
The Jow value of the minimum detectable fluence (10° n/cm® for thermal
neuirons, for instance) allows to use the system in heavily filtered beams, as
wall. It has been proved that this detector system is adequate for determining
unknown neutron beam spectra. with enough accuracy for the biological
experiments in the case that it is necessary to modify the neutron field by
introducing external filters in the collimator.
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Analysis of hot spots in deutherium
plasma focus with the SSNTD

R. Antanasijevié, Z. Todorovié, D. Sevié,
D. Joksimovié, A. Dragic, V. Udovici¢

Institute of Physics, PO Box 68 and 57, 11001 Belgrade, Yugoslavia

alysis of hot spots in deutherium plasma focus was conducted
using of two kinds of pin-hole camera, with LR-115 i CR-39
tectors. Hot spots emitting positive particles were located, and
er locations were compared with locations of hot spots
itting soft X-ray. In this experiments the neutron yield was

108 n/pulse.
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SEARCH FOR MAGNETIC MONOPOLES WITH THE NUCLEAR TRACK
DETECTOR OF THE MACRO EXPERIMENT AT GRAN SASSO

The MACRO Collaboration

We report the latest results of the search for magnetic monopoles with the MACRO
detector at Gran Sasso. MACRO is composed of different subdetectors, among which
nuclear track detectors, in order to cover a wide velocity range and to have redundancy
on candidate events. No candidate events have been observed and flux upper limits for

an isotropic flux of magnetic monopoles are estabilished.




18 th INTERNATIONAL CONFERENCE .
ON NUCLEAR TRACKS IN SOLIDS g
1-5 Sept 1896 Calro - Egypt =y
INTS

Study of Multifragmentation at Beam Energies from 10158 A GeV

G. llintrup, T. Streibel, E. Winkel, M. Kurth, 1. Récher, W. lleinrich
University of Sicgen, Physics Department, 57068 Siegen, Germany

We have investigated multifragmentation interactions of relativistic heavy ion
projectiles using the plastic nuclear track detector CR-39 (Cy3H,307) . This
detector material allows to measure relativistic ions with charges Z > 6.
Stacks with detector foils and difTerent targets have been exposed to Au and
Pb ions at the Berkeley BEVALAC, the GSI Darmnstadt SIS, the Drookhaven
AGS and the CEIRN SPS. These experiments have been performed with high
statistical significance.

In this contribution we will report about charge yields, charge correlations and
multiplicities of intermediate mass fragiments determined for beam energies of
1 A GeV, 10.6 A GeV and 158 A GeV.

Our first experiments with 1 A GeV Au nuclei have shown that the transverse
momenta of the (ragments are enlarged in comparison to a simple statistical
model (Goldhaber madel). The new data for higher encrgics show a depen-
dence of the momentum transfer on the beam energy.
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THE USE OF SSNTD FOR INVESTIGATION OF CLUSTER RADIOACTIVITY
AND SPONTANEOUS FISSION

S.P.Tretyakova, Yu. Ts.Oganessian,M.G. 1tkis, V.L. Hikheev,
E.M.Kosulin
Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russla
M. Hussonnols
Institut de Physique Nuclealre, Orsay, France
L.Calabretta
Laboratorio Nazionale del Sud, Catania, Italy
T.Guzel

University of Istanbul,Faculty of Science, Turkey

In the present work the results of the propertlies
investigation and an application possibility of different
type SSNTDs for cluster decay and spontaneous fission study
of heavy nuclel are glven.

New results of cluster decay and spontaneous flission of
226Ra and 230U investigations by wusing SSHTDs and 1 year
expositlon are presented. Some arguments in favour of the
general nature of the processes of clusler decay, spontaneous
fission and alpha-decay are dlscussed.

For understanding thé cluster radlioactivity mechanism a
possibllity of performing the Inverse reaction by cluster
decay was examined. For thlis purpose the fission cross
sections for the (208Pb+160->224Th)reaction was measured for
78,75,73 and 68 MeY which are by 5 to 15 Mev below the
Coulomb barrier.A target of Z70mkg/cm2(99.1% enrichment) was
evaporated onto a “30mkgs/cm? :arbon backing. Single fission
fragments-vere detected in the backward angular range-of 90-
164 and 198-270 degree by using mica dielectric detectors
with an area of170 cm2. The irradiated mica detectors were
annecaled during 6hours at 460C for decreasing the background
events which arise in mica when the scattering oxigen lons
interact with mica atoms and their compound nuclel glve
registered tracks.After annealing the background mica tracks
were not observed. The first results of this experiment
carried out in a scattering chamber using the Catania Tandem
beam are presented and dlcussed. The experimental sensitivity
of this experiment was less than 1lnb. The background {rom
fissile element contaminatlons into the target, mica and
other materials was determined by neutron radiography and
was less than 0.003 event for the largest bea.n {luence.

INTS
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SMIC PAY STUDIES ON BOARD OF THE SPACE-SHUTTLE USING
DIFFERENT TRACK DETECTORS

Kushin 1, N.A. Klyichin 1, Yu.A.Akatov 2, G.D.Badliwar3 and E.V.Benton 4
I-  Moscow Physical Engineering Institute, Moscow 115409 Russia

2-  Institute of Biomedical Problems, Moscow 123007 Russia

J- NASA Johnson Space Center, Houston, TX 77058-3696, USA

4-  University of San Francisco, San Francisco, CA 94117 -1080, USA

Two joint Russian-American experiments (STS-60 and STS-63) were carried
in 1994-1996 [1] to study cosmic rays on board of the Spaceshutile. In this
rt, part of tile results is presented only, relevant to tile measurements, made by
sensitive nuclear emulsions and dielectric nuclear track detectors.

Energy spectra of trapped protons and linear energy transfer spectra in 0,3-
keV/um limits were measured in tile experiments. Angular distributions of
trent components of cosmic rays were obtained. Anisotropic shape of trapped
fon angular distribution is accounted for, mainly, by pancake-like form of
b-angular distribution of protons inside SAA, eastwest flux assymetry as well
mass distribution on board and local shielding. The shape of angular
ibution for galactic component differs from isotropic one due to strong
ence of mass distribution

Spectral data, obtained by track detectors, differ from AP8 model by factor
ut 2 and coincide with the results from TEPC detector used at tile same flights.
References

D.Badhwar, M.J.Golightly, A. Konrady et.al. In-Flight Radiation
urements on STS - 60 - Rad Measur. vol.26, No.1, pp.17-34, 1996.
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TRACKS DUE TO Z 2 23 GALACTIC COSMIC RAY NUCLEI IN
OLIVINE CRYSTALS FROM OMOLON PALLASITE

V.P.Pereligin', R.I.Petrova', J.V.Bondar’®
Joint Institute for Nuclear Research, 141980 Dubna, Russia
Y nstitute of Geochemistry and Physics of Minerals, Kiev, Ukraina

Abstract

The olivine crystals from Omolon pallasite meteorite were selected from different
locations of two small fragments of that meteorite in the Meteoritic Committie ,Vernadsky
Institute, Moskow. The etching of the olivine crystals was performed in hcrmchcally
closed vessel in order to prevent evaporation of water during 36+72 hrs at T= 110°C.
The volume etchable track length (VETL) of Fe- group tracks (23< Z 2 32) wa
determined to be equal (9,7 £ 0,5 ) pm.

The measured Fe- group track density varies from 3. 10 up o 2. 10° track per
cm?. In some track -rich olivine crystals the tracks due to VVH (Z 2 36) cosmic ra
nuclei were observed. It means that the depth of ablation of Omolon meteorite does not
exceed 7-8 cm out of preatmospheric surface for the most favourable location.
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Man-Made Pu in Environment - Possible Sedous
Hazard for Living Species

V.P.Perelyein, Yu.T.Chuburkov

Joint Institute for Nuclear Research, 141980, Dubna, Russia

Abstract

It is pointed out that, contrary to the siwation with natral Rn, the growing
toncentration of man-made Pu in environment - natural water, soil, plants and food -
tn provide the serious danger for all kind of animals and especially for mankind.
Really, as it was established recently, element Pu is accumulated in human body during
all the life and the dangerous concentration estimated to be 1072 - 1013 gram Pu per
gam of human tssues. Unfortunately up to now there is no simple nonexpensive
methods of Pu detenmination at the level of sensitivity 10" - 101° g which can
provide the determination of Pu even in 0.2 g of human tissue. We warn that now the
average concentration of Pu in human body is not less than 10"‘_9,/\(; and much higher
for some “hot” regions in Europe and Asia. We propose to discuss the problem of
organizing world net exploration of Pu in environment - similarly to Rn exploration
program - and personel Pu monitoring for inhabitants of Pu damaged regions.

Our approach to the problem is based on chemical separation of Pu, on
letermination of Plutonium by high cross section ***Pu(n, f) reaction and by control of
possible admixtures of 35y isotope by ¥**Uty, O reaction in Pu preparations.

The problem of increasing of sensitivity of Pu analysis up to 107 - 1073 g/g is
Jiscussed in det@i]:_;_
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SSNHT-Detectors in Radlatien Frolection

H. A. GOMAA

Atomic Energy Authority , Cairo , EGYPT

ABSTRACT:

Latest radiatlion protection activities were reported in

IRPA-§  (April 1996) of the Internatlonal Radiation Protection

Association. Solid State Huclear track detectors (SSNID) wcre
reported among the detectors used. The track detectors were used
for:

- Radon Measurements on natural radlation exposure,

- External Dosimetry

- Assessing exposure at the wWork place.

The aim of the present study 1s to review The role of

SSNTD discussed in the latest IRPA-9 Congress.
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USE OF TIHE NEUTRON-ACTIVATION TECHNIQUES FOR
STUDYING ELEMENTAL DISTRIBUTIONS. APPLICATIONS IN
GEOCHEMISTRY, ECOLOGY AND TECHNOLOGY.

E.SFLITSIYAN

Institute of Nuclear Physics, Uzbek Academy of Sciences,
Ulugbek, Tashkent, 702132, Uzbekistan

The esscnce of the radiography method, sensitivity of which is within
arange of 10%+1077 g-mm? and resolution ability extend from 0.01 to 100 um,
consists in determining the distributions of 1onising irradiation sources on u
swface under study by using the wwo-dimensional field of their irradiation
registrated by means ot a photoemulsion or dielectric track detector.

Statistical analysis and computer processing of the radiographic images
have allowed one to solve the nvo main tasks of the method, namely, the
determination of true distributions of ionising irradiation sources on the surface of
an object under study and the quantitative estimation within given accuracy of the
content of an element under study in a sample.

A complex of radiographic techniques based on the registration of
secondary irradiation of the activated nuclei, instantaneous products of the
nuclear reactions, and fusion fragments of the transuranium elements, has been
developed to solve a series of the problem in geology and geochemistry, as well
as for an analysis of technological and environment samples.

Upon designing and constructing special comparison standards modelling a
sample in composition and structure, the quantitative data on distributions of
more than fothty elements in rock sections and these of the main
microcomponents, including oxygen, in the superconducting ceramics samples
have also been obtained.
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A COMPUTER CONTROLLED OPTICAL MICROSCOPE
(CCOM) FOR THREE DIMENSIONAL TRACK ANALYSIS

S.R. Hashemi-Nezhad and M. Dolleiser

Department of High Energy Physics, School of Physics, University of Sydney,
Sydney, NSW 2006 Australia’

Abstract

A system has been developed that is capable of producing consecutive optical
micro-images of transparent micro-objects, each image corresponding to a
ditferent depth of focus. The combination of the images can be used to produce
a three dimensional (3D) image of the object. Multiple slices at arbitrary angles
may be deduced from the 3D image.

The system consists of an optical microscope with a computer controlled stage
with 3D movement, a CCD camera, a frame grabber, three digital position
gauges (for X,Yand Z directions), an interface board for driving the stage and
reading the gauges and a PC computer with appropriately developed software
for Windows.

The CCOM can be used successfully in normal track parameters
measurements, in particle identification in dielectric track detectors as well as
in the detailed track geometry analysis along the etched damage trails.

In this paper the technical description of the system as well as preliminary -

results on the use of the CCOM in analysing charged particle tracks in plastic
and mica detectors will be presented.

* e-mail: reza@physics.usyd.edu.au
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A LINE-SCANNER FOR ROUTINE FAST NEUTRON SPECTROMETRY
WITH CR-38 TRACK DOSEMETERS

F. d'Errico®, M. Luszik-Bhadra®, M. Matzke® and M.Weiss*

*Yale University School of Medicine, 333 Cedar Street, HRT-219, New Haven
06510 CT, USA and DCMN Universita degli Studi di Pisa, Via Diotisalvi 2,
I-56126 Pisa, ltaly
* Physikalisch-Technische Bundesanstalt, Bundesallee 100,
D-38116 Braunschweig, Germany
* Weiss Associates, 25 Science Park, New Haven 06511 CT, USA

The characteristic parameters of neutron induced etched tracks measured with
CR-39 detectors can be used for fast neutron spectrometry. In this work, we
describe the results of simple automatic technigues, which may also be applied
to routine individual neutron monitoring.

CR-39 track detectors have been irradiated at the PTB with monoenergetic
neutrons of 0.144, 0.250, 0.570, 1.2, 2.5, 5.0, 14.8 and 19.0 MeV. After
chemical etching, the track diameter distributions have been determined using
two different automatic track analysing systems.

As a reference method, detectors have been first characterised with the PTB
track analysing system. This is a conventional system with microscope and
driving stage, and measures the tracks in an area of 0.5 cm? within 40 minutes.

Then a line-scanner has been employed which is currently developed in a joint
effort by the authors. It acquires and analyses a 5000 x 40000 pixel image of a
2.5 mm x 20 mm strip in 3 minutes.

The resulting track diameter distributions are characteristic of the different
neutron energies: at higher energies the proportion of larger to smaller tracks is
greater. The measured track diameter spectra of the different monoenergetic
irradiations can be combined and rough neutron spectra can be determined
with the help of unfolding techniques.

Although results are not comparable with those from conventional neutron
spectrometry, some valuable information can be inferred ah»ut the neutron field
and improve the accuracy of the neutron dose determination from individual
neutron dosemeters.

As regards the latter issue, in addition to providing some insight into the
neutron spectrum, the new scanner may replace slower track counting systems
and facilitate the use of CR-39 track detectors for routine neutron dosimetry.
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A New Generation Image Analyzer for Evaluating SSNTDs
J.Palfalvi', I. Eérdog’, K. Szasz® and L. Saj6-Bohus®

1 Atomic Energy Research Inst., P.O.B. 49, H-1525, Budapest _
2 Research Inst. for Material Science, P.O.B. 48, H-1525, Budapest
3 Universidad Simon Bolivar, Physics Dept. Caracas, Venezuela

ABSTRACT

Utilizing more than 25 years of experiences on developing image analyzers
for different scientific and industrial applications a new generation of
analyzers (named VIRGINIA) was constructed and successfully applied for
nuclear track detection. In this paper, we intend to briefly summarize the
novel hardware construction and the basic software solutions how to use a
special pattern recognition method to identify different particle tracks. As an
ilustration, we detail the way of the determination of the alpha spectrum
emitted from the "skin" of glass sheets where 2'°Po {the last but one daughter
of radon) was embedded as the decay product of “'°Pb implanted by recoil.
The image grabber part of the VIRGINIA system works in real time mode and
solves most of the image enhancing and background elimination problems
automatically. This aclivity is supported by the software too, applying
different kind of filtration and transformations. From the different image
modifying options (on the gray level and/or on the binary image) macros can
be constructed, as many as needed, for different detector materials, etching
conditions etc. to minimize the preparation of detector evaluation. Once a
picture has been optimized, then the tracks are individually investigated
using predefined parameters as diamelers, area, circumference, convexity,
symmetry, light density distribution along X-Y axes or in different directions.
The main feature of the system is that the operator can define, so called,
pattern classes based on the combination of the track parameters. During the
evaluation process the program puts the tracks into the classes, maintains
real time statistical calculations on each class and displays the results and
the statistical distribution curve of any selected parameter and class.

Classes can be defined by producing a set of calibration images using
iradiated and etched detectors, having enough number of classes (i.e.
energy intervals) the resolution can bx as good as 200 keV. The software
can “learn” the pallerns in a simple way and at any time by seleciing a
number of appropriate tracks from the calibration image.This spectrometry
method eliminates the work to solve analytically quite complicated equations
based on simplified track formation models, where also the constants had to
be experimentally determined or theorelically predicted.

Any individual image, the results of the evaluation and the associated
parameters are stored in database files and can be plotted and printed out at
any time. Stored images can be re-evaluated later on. Using automated
microscope stage and autofocus options the complete detector evaluation
procedure can be programmed.

The basic technical requirements to operate the system from DOS or
WINDOWS makes the VIRGINIA a low cost with high benefit image analyzer
- system.
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DIGITAL IMAGE SYSTEM FOR TRACK MEASUREMENTS ()

R.B. Gammage*, C.S. Dudney*, K.Meyer * and G.Espinosa **

h Sciences Research Division, Oak Ridge National Laboratory, PO Box 2008, Oak Ridge
TN 37831-6379, USA.
**Instituto de Fisica, UNAM. Apdo. Postal 20-364, Mexico 01000 D.F. Mexico

RACT

igital image system is being developed at Oak Ridge National Laboratory for counting and
ysis of nuclear tracks in solids. The microscope operate at magnifications 4, 10, 20 and 40X. The
tis illuminated by reflected light. A mirrow below the object is instaled for homogenous light
rsion and high light intensity. A CCD camera (Javelin JE. 7362), convert the light in an
ical signal. This analog information is send 1o a Targa electronic card instaled inside a personal
puter using Global Lab.Image software. The system has the capability for automatic counting
tck densities, measurement of major and minor axis of tracks, measurement of track area with
sof the minimum, maximum, mean and standard deviations, track location on X,Y coordinates,
Iricity evaluation, histogram, manual track diameter measurement, a live track picture and size
ibration relative to a reference scale. The results shown high efficiency, speed and data
oducible on the track counting measurements. The system can digitalize tracks from 5 to 100
ns in diameter and is able to count from a few (background) to a thousand tracks per square
imeter. Finally the data measurements are handled by calculus program in Excell software for
ranalysis and graphics. The digital image system is simple, easy to handle and very affordable.

YWORDS.

ital Image, Nuclear Tracks in Solids, Counting System.

Research sponsorcc‘i by U.S. Department of Energy under contract DE-AC05-840r21400 with
kheed Martin Energy Systems, Inc.
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X-RAY MICROSCOPY TODAY _
The Century of X-ray (1895.), Radioaclivity (1836.) and Electrons (1897.)

J.B. Vukovic and R. Antansijevié*
Institute of Biophysics, Fac. of Medicine, Institute of Physics*
University of Belgrade, Belgrade
YUGOSLAVIA

Nuclear tracks in solids (NTS) are visualized by the all methods in microscopy.
e electron microscopy (EM) is dominant all over the world as an equipment and
aracteristics (the resolution and the diversity of the electron interactions with solids).
i@ modern X-ray microscopy Is not so accessible because Is no so easy to obtain the
urce of soft X-rays (SX: 1-30 nm). We need for SX big accelerators of synchrotron
diation. However, the appearance the laser-plasma source and plasma focus devices
- generators of pulsed SX demand to know the state of art in high resolution (about
) nm) X-ray microscopy (HRXM).

To analogue of EM there are transmission X-ray microscope (TXM) and also
anning TXM (STXM). Contact X-ray microscopy (CXM) is analogue to the
croradiography or heavy ions microscopy in NTS. Also, miniaturised version of CT
ed in medical diagnostic is X-ray microtomography (XMT). At the end there is X-ray
lography (XH).

The way of detection the image and the obsevation one is CXM are close to the
Id of NTS. It means to know behavior of diferent recording resists (to light and X-rays,
sclrons and ions).

We started to use our deuterium plasma focus device (Menthers type, 30 kJ) for
(M of bioobjects.
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Application of Track-Etch membrancs as novcl supports for
cations transport across supportcd liquid Membraoes

A.K. Pandey, J.N. Mathur, J.P. Shukla, P.C. Kalsi and R.H. Iyer
Radiochemistry Division
Bhabha Atomic Research Cenure
Trombay, Bombay-400 085.

ABSTRACT

i Liquid Meinbranes (SLM) arc fast cmerging as a polential sepwation and concentraton techn
j for extreuicly low metal values. The advantage of SLM over other conventional techniques ar
of concentraling the recovered mclal-ivn specics duning separation itsell (i1) possibility of achi
lion factors (iii) cconomic usc of expensive, Lilor made cxtractants (1v) lower capital and opei
() low cnergy consuinption. High performance membrones are readily roude by immobilizing a |
pining @ carricr in a thin microporous substrale. Since the properiies of the microphorous sub
support) such as il thickness, perosify. tortuoaily of the pores (miio of lenpth of tho porc
fhickness), inertiess 1o the chemicals used in the separation, tensile strength cic. have ap influen
performance of the membranes, a membrane support has 1o be judiciously sclected which ba
theniical inertness, high porosity and small pore sizc. This prompied us 10 initiate a programme (i
and charuscterization of ‘track-eich membrane” (TEMN) and use them for subscyucent testing as 1l
i for supported liquid Membrane (SLM). ;

TEM preppared by bombarding SSNTDs (polycarbonate or polypropylene) with heavy-ions a
y enlarging the pore diameter hy chemical etching was impregnated with the carriers (30% T
for trausport of U(VT) & Pu(VD), 0.4 M CMPO in didecance for Am, 0.5 DCII-18-C6 crown ¢l
e St and 0.5 M Cynax in xylene for Pd). Filling the pores of TEM supports with the carric
sled by immersing the mebrage in the orpanic phase for at least B hrs hefore use.

stage SLM mieasuremegpts were cirmied out %ith a two compariments permeation cell which consis
stion chambeer (2.5 cm”) and rcqlciving phase chamber (2.5 cm”) separuted by a liquid membranc |
ive membrane area of 1.13 em®. The source and recciving phase were mechanically stirred to
lion build up. The simultancous separation of Pd. Sr und A from a single feed using three
for these cations were also curried out. The resully o] thuse stuchcs AleDE willy auvanlages ol b
nembmncs Jike radiation stability of TEM, its reusability, high tensile strength , uniform pore ¢
om pore geometry ete. will be discussed in this paper
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FILTERS WITH TINY HOLES (d < lum) AS A TOOL TO SEPARATE GASES

P. Vater, R. Sudowe, S. Abu-Jaber and R. Brandt
Kemchemie, FB 14, Philipps-University, D-35032 Marburg, Germany
R.-D. Penzhormn
Tritium-Laboratorium, FZ Karlsruhe, D-76021 Karlsruhe, Germany

The development of nuclear track microfilters, NTMF, with tiﬁy holes
(0.15um < d < 1pm) is described for the polyimide foil UPILEX. These NTMFs were
used to study the volume through-put of gases like He, CO, CO, and air as a function of
the hole diameter d. First results will be presented, showing that it is possible to separate

in particular CO and CO, gases to some extent. The experimental results will be

interpreted by model calculations.
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Study of disturbing effects in spent fuel assay using CR-39

detectors

N.C. Tam, K. Baricza and L. Lakosi
Institute of Isotopes of the Hungarian Academy of Sciences
P.0.Box 77, H-1525 Budapest, Hungary

By virtue of ‘their small size, etched track detectors are
suitable to get a close access to spent reactor fuel assemblies
stored usually under water. This is essential because of the
short range of fast neutrons in boric acid containing water.

A nondestructive method for in-field burnup monitoring was
developed using CR-39 detectors introduced inside assemblies
stored in a spent fuel pond. This method is less sensitive to
adjacent assemblies than that using the detectors placed above
the assembly to be measured. In further development of the
sethod, shape selection of tracks was an important step toward
reducing the effect of disturbing events. Out of these, the
¢ffect of adjacent assemblies was first examined. As a result
of our on-the-spot measurements in a nuclear power plant, it
yas proven that the overall effect of the neighboring
sssemblies was within the statistical uncertainty (5 %), i.e.
negligible, even for the shorter one of possible storage
distances (160 and 225 mm) in a hexagonal lattice. Another
effect to examine was the influence of the large gamma-
hackground on the response. This effect was evaluated to be
2345 %/kGy gamma-dose, while the gamma-dose for typical
exposures falls in the interval of 0.5-3 kGy. By reducing the
ohserved number of tracks according to this effect, providing
pore correct burnup data is possible, also better corresponding
to calculated results obtained by our formula reported earlier
for neutron emission from spent fuel, including burnup, cooling

time and initial enrichment of the assemblies.
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TIME DEPENDENCE OF THE U ADHERENCE ON THE INSOLUBLE
PLASTICS FROM DISPERSION SYSTEMS

A DANIS®, E. G. BADEA **, E. BUZDUGAN"*

* Institute of Physics and Nuclear Engincering, P.O.Box MG-6, R-76900 Bucharest, Romania
** Chemical Research Institute , Splaiu] Independentei 202, Bucharcest, Romania

The liquid radioactive wastes represent complex dispersion systems that contain in their
dispersed phases, one or more radionuclides - the pollutants.

The physical mcthods used for the removal of these pollutants resort 1o aggregation of
dispersed phase and then to its sorption on the insoluble beds. _

In our previous studies we tested the influence of different physical and chemical factors
both on the changing of dispersion system states in aggregation direction and on the colloid
sorption propertics of certain plastic beds.

The physical depollution methods are cfficient if the dispersed phase aggregation and
aggregate sorplion on the insoluble beds, take place in a very short time and in a high proportion .

In this paper we described the time dependence of the aggregate adherence on the
difTfcrent insoluble organic plastic beds. Five materials - organic plastic beds - were used for U
sorption from dispersion systems: T-1, T-2, CEPO-9, E-OXCLH, FSOH-0.3 (all patcnts).

The investigate dispersion systems were:

a) an U homogeneous dispersion system, i.e. a homogencous solution of uranil acetate,
Cy =400 mgUn,

b) an U ultramicrohcicrogencous system that was obtained by changing the state of an
aliquot part from the U homogeneous solution, i.c. an U solution in colloidal statc obtained from
the U homogencous solution of Cy = 400 mgUA that had been undergone to the certain physical
factor action.

Each plastic bed sample was separately immersed in different aliquot parts having the
same volume, at the same temperature, for the different time durations: 5 min, 15 min, 30 min,
l'h,2h 6h, 12 b, 24 h. Afler immersion the samplecs were analysed by the fission track
n i "1 the following conditions: - muscovite mica as track detector;

- peutron irradiations at the fluence of ~ 10™ thermal neutrons/cm? ;
- etching conditions: IF240% , four bours at room temperature;
: - fission track studics by optical microscopy.

The experimental results obtained for plastic bed samples were compared among them

and discussed.
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VOLUME INTERCONNECTION RATES IN TRACK ETCHED MEMBRANES
WITHL TWO DIMENSIONAL, MULTI-PLANLE ANGULAR DISTRIBUTIONS

V.Vutsadakis, A.Yu.Didyk
Joinl Institute for Nuclear Rescarch, FLNR, Dubna,Russia

Multi-angled tracks in nuclcar track etch mcmbfancs
interconnect at significant rates both on thc surface and
in the volume of such membrancs. An ananlytical expression
is derived for the volume and surfacc inlecrconnection
rates in terms of mcasurable parameters. The relationship
between surface and volume interconncction rates is
prescnted. Predictions of the closed form formulas arec
tcompared to results from a monte carlo simulation of the
formation of tracks with complex multi-plane angular
distributions.

The effect of such interconncctions on diffusive and
convective flow rates of fluids is estimated.
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Track Formation

N.K. Sood, Tarsem Singh and A S. Sandhu
A global model for annealing in solid state track detectors
8. Kumar, $.K. Sharma and Anupam
Comparative study of various stopping power formulations for heavy ions in solids
D. Fink, R. Klett, V. Hnatowicz, J. Vacik, H. Omichi and F. Hosoi
Corrosion effects of ion tracks
M. Chekirine, H. Ammi and A, Adjerad
Energy loss of 1000-2600 keV alpha, in Mytar, Kapton, Makrofol and Nitrate of Cellulose foils
H. Ammi, M. Chekirine and A. Adjerad
Energy loss of 1000-2600 keV protons, in Mylar, Kapton, Makrofol and Nitrate of Cellulose foils
K.K. Dwivedi, D. Sinha, §. Singh, A, Srivastava and D K. Avasthi
Energy-loss of 20-80 MeV "C ions in polymeric solids
A. Snvastava, D. Sinha, S. Singh, S. Ghosh and K. K. Dwived;
Maximum etchable track lengths of "*'Dy in ZnP-glass detector
S. Ghesh, D. Sinha, S. Singh, A. Srivastava, K.K. Dwivedi and R. Brandt
Mean ranges of *'Dy in Hostaphan and Kapton
P.J. Meoli, G.H. Olivera, R.D. Rivarola, G. Saint-Martin, P.D. Fainstein and O.A. Bemaola
Qualitative analysis of track registration in Makrofol E
P. Zhai, Y. Xing, Y. Zhang, S. Feng, Y. Kang, X. Tang. Y. Wang, W. Zhao and §. Yan

Scanning tunneling microscopy observation study of latent track induced by H* on the surface of
HOPG

H.S. Virk and G.S. Randhawa
Stopping power and range relations for low and high Z ions in solids: a critical analysis

L.P. Biro, A.Yu. Didyk, J. Gyulai, K. Havancsak and V. Vutsadakis
Study of swift heavy ion irradiation track phenomena on silicon and pyrolithic graphite with the use
of atomic force and tunneling microscopy

A.Yu. Didyk and V. Vutsadakis
The dependence of the distribution of damage on track structure along swift heavy ion projected
range

V.A. Ditlov, V.A. Myltseva, E.A. Silaev, V.A. Smimitsky, O.C. Egorov, E.D. Kolganova, E.A.
Pojarova and D. Kuzovkin
Theoretical prediction of latent track regression ir. neutrino experiment with nuclear emulsions
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BAL MODEL FOR ANNEALING IN SOLID STATE TRACK DETECTQRS

. 800D, TARSEM SINGH and A. S. SANDHU

rtment of Physics, Guru Nanak Dev University,
TSAR-143 005, INDIA.

systematic study of annealing phenomenon in so0lid state
k detectors (S.S.T.D.) is presented using a gquasi-equilibrium
oach for the defects migration process. The nonlinear nature
the mechanism is also taken into account, which leads to an
rsting formula for rate of annealing. Some of the
rimentally tested empirical/semi-empirical formulae can also
deduced from it under certain approximations. The importance
the concept of relaxation time/hopping time is stressed.The
rature dependence of rate of annealing follows automatically
this formulation. Suggestion is made for experimental
urement of half life of fractional thermal fading of tracks
that the nonlinearity parameter can be computed and annealing
ess can be better understood.



18 th INTERNATIONAL CONFERENCE
ON NUCLEAR TRACKS IN SOLIDS :
1-5Sept 1996 Calro - Egypt

INTS

COMPARATIVE STUDY OF VARIOUS STOPPING POWER FORMULATIONS
FOR HEAVY IONS IN SOLIDS

Stysm Kumar, S.K. Sherma and Anupam
Department of Physics, Kurukshetra Uni versity,
Kurukshetra-132 119, Haryana, India

Passage of heavy ions through matter and understending of the various interaction
processes continue lo be of central importance to many scienlific disciplines such as nucleer
physics, astrophysics, elementary particle physics, radiation dosimetry, material science,
radiation biology, health Physics. Charged particle deteciors have played sn indispensable
role in experimental ressarch in all energy domains. However, use of a charged particle
detoctor in general, and in the presont context, that of a solid state nuclear track detector,
emails its proper calibration for which precise knowlsdge of the stopping power and rangs
relations is essential. Although our understanding of various interaction modes and their
relative contributions to the total energy lose hes become quils elaborate now and many
correction terms with adequate microscopic details have been introduced in the basic
stopping power relations yet precise calculation of stopping power despite having very
precise and exact formulas ig still elusive owing fo the empirical bass and biss in the
determination of effective charge and adjusted mean ionization potential. Over the past
couple of yoars, our group is engaged in making a relative comparison of the various energy
loss formulations in different energy domains. In continuation to our earljer work, we have
done & comparative study of different stopping and renge formulations e.g. Benton and Henke
(1968), Mukherjoo and Nayak (1979), Zieglar et al. (1987) and Hubort et al, (1989) for
different projectile target combinations in the projectile energy rangs 0.5 to 5 Mev/n. Our
analysis indicates that Hubert formulation which is valid in the energy range 2.5 to 500
Mev/n gives the best results in the energy renge above 2.5 Mev/n whereas Benton and Henke
and Zisgler formulations provide reasonsble wgreement with experimental results in the
energy rangs 0.5to 1.5 Mev/n.
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Corrosion Effects of Ion Tracks

D.Fink'?, R.Klett!, V.Hnatowicz?, J.vacik?, H.omichi’, F.Hosoi’

' Hahn-Meitner-Institut Berlin, Glienicker Str. 100, D-14109
Berlin, Germany
Nuclear Physics Institute, 25068 Rez near Prague, Czech Republic
Takasaki Radiation Chemistry Research Establishment, 1233
Watanuki-machi, Takasaki, Gun-ma 370-12, Japan
‘ Corresponding author

Usually ion tracks are studied ex-situ, i.e. after their
removal from the evacuated irradiation vessel. The exposure to
ambient air Jeads to degradation effects which are frequently
neglected and consequently have hardly been studied at all. This
contribution summarizes the knowledge which we have recently
obtained in this field.

It appears that the surface of pristine polymers is usually
badly permeable for e.g. oxygen and moisture - probably due to some
chemical or structural modifications resulting from the exposure to
anbient atmosphere. Upon ion irradiation - no matter whether we
deal with energetic ions in the GeV range or with low energy ions
of some 100 keV only - this protective surface layer is destroyed,
and both oxygen and moisture are allowed to enter into the
polymeric bulk. Whereas the indiffusing oxygen appears to
distribute in both the ion tracks and the neighboring pristine
matter, indiffusing moisture seems to penetrate only along the ion
tracks.

Consequently, oxygen-sensitive mobile dopants in ion tracks
bond to oxygen and are eventually immobilized, thus modifying the
dopant distribution. The oxydation of polymeric fragments along the
ion tracks appears to result in a number of new volatile products,
vith the consequence that the free volume along the track
increases.

The penetration of water vapor into the ion tracks leads to
some faint ion track conductivity. For fresh tracks, this
conductivity correlates exponentially with the ambient air
humidity. Conductivity of aged tracks is characterized by
statistically occuring break-through events.
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ENERGY LOSS OF 1000-2600 keV ALPHA, IN MYLAR, KAPTON,
MAKROFOL AND NITRATE OF CELLULOSE FOILS

M. CHEKIRINE, H. AMMI AND A. ADJERAD
Centre dc developpement des techniques nucleaires
2 Bvd Frantz Fanon, BP 1017 ALGER GARE.
ALGERIE

Abstract

The energy loss of Mylar, Kapton, Makrofol and cellulose nitrate for 1000-
2600 keV 4He ions have been determined.
The experimental energy-losses are compared with the predictions of two
semiemperical models, used in conjunction with Bragg’s rule and with the
energy-losses values obtained by the TRIM-90 computer code. The maximﬁm |
deviations form the calculated values observed for Mylar, Makrofol, Kapton and
cellulose nitrate were 5%, 13%, 10% and 5%, respectively. Comparisons have

besn performed with the scanty experimental data in the literature
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ERGY LOSS OF 1000-2600 keV PROTUNS, IN MYLAR, KAPTON, MAKROFOL
AND NITRATE OF CELLULOSE FOILS

H.AMDMI, M. CHEKIRINE and A. ADJERAD
Centre de developpement des techniques nucleaires
2 Bvd Frantz Fanon, BP 1017 ALGER GARE.
ALGERIE

Abstract

‘The energy loss of 1000-2600 keV 'H in 10um Makrofol, 6pm Mylar, 8um Kapton
and 6pum Nitrate of cellulose (LR-115) foils have been determined. Good agreement
with the calculated values obtained by using Bragg's rule and the Ziegler semiemperical
parameters were found in Mylar and LR-115 cases. Maximum deviation of 3 % from
the semiemperical curves were observed.

In the case of the kapton and Makrofol foils, however, maximum deviations of
even 7% for Makrofol and 11% for Kapton were obtained. The energy loss data are

compared with the available literature values.
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ERERGY-LOSS OF 20-80 MeV 12C IORS IN POLYMERIC SOLIDS

K.K. Dwivedi.(l) D. Sinha.(l} Seema Singh.(l)

A Srivastavn(]'Z) and D.K. Avasthita)

(1) Department of Chemistry, North-Eastern Hill University,
Shillong-793 003, India.

(2) Departmant of Chemistry, University of Allahabad,
Allahabad-211 002, India.

(3) Nuclear Science Centre, P.0O. Box 10502,
Aruna Asaf Ali Marg, New Delhi-110 067, India.

The knowledge of energy-loss or the way a glven impinging  heay
ion loses energy as it passes through the impeditive material
gives information regarding the material itself. This in turn can
be utilized as a pointer to its application in different fields
including material science. At present there is a decided paucity
of the experimental energy-loss data in elemental and compley
media for héavy ions having energy above 1 MeV/A. It has been
reported by some workers that a triple beem of Boron, Nitroges
.and Carbon when . implanted in Kapton polyimide resulted in
hardness of the polymer to such an' extent that it was found to be
three times harder than steel. In view of this we have made an
attempt to characterise different polymeric solids by heavy ions.

Here, we present the results of an experiment we have carried out
on the characterisation of six polymeric solids by energetic ion
beams, in terms of energy-loss of 20-80 MeV C ions in Kapton,
Hostaphan, Makrofol-N, Makrofol-KG, Triafol-TN and Triafol-Bl.
These polymeric solids have found applications in the form of
windows, backings, absorbers and degraders in many nuclear
physics experiments besides in the manufacture of microfilters
and single pore membranes for applications in +the fields of
environmental science, biomedical science, . superfluidity etc.

The energy-loss data of 120 in six polymers obtained in the

present work are compared with the values derived from most
widely wused theoretical prescription TKRIM and the one developed
in our group RANGE with a view to check their applicablllty for
complex solids.
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QUALITATIVE ANALYSIS OF TRACK REGISTRATION IN
MAKROFOL E

P.J. Meolil, G.H. Oiivcraz, R.D. Rivarola2, G. Saint-Manin3, P.D. Fainstein4 and
0.A. Bernaola3

1A Fleming Institute. Bs.As. Argentina

2IFR. Rosario National University. Av.Pellegrini 250. Rosario 2000. Argentina
3 National Atomic Energy Commission. Bs.As. Argentina

4 National Atomic Energy Commission. Bariloche. Argentina

ABSTRACT

The track radius calculation reported by Tombrello was applied to experimental data of
tracks of several ions and energies in Makrofol E. Qualitative analysis of tracks
registration in this material is discussed.

These data were also analyzed by the CDW-EIS approximation
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QUALITATIVE ANALYSIS OF TRACK REGISTRATION ‘IN
MAKROFC:. i

P.J. Meoli!, GH. Olivera2, R D. Rivarola2, G. Saint-Martin3, P.D. Fainstein? and
O.A. Bemaola3

1A Fleming Institute. Bs As. Argentina

2 IFR. Rosario National University. Av.Pellegrini 250. Rosario 2000. Argentina
3 National Atomic Energy Commission. Bs.As. Argentina

4 National Atomic Energy Commission. Bariloche. Argentina

ABSTRACT

The track radius calculation reported by Tombrello was applied 10 experimental data of
tracks of scveral ions and energies in Makrofol E. Qualitative analysis of tracks
registration in this material is discussed.

These data were also analyzed by the CDW-EIS approximation
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IMUM ETCHADLE TRACK LENGTHS OF %%lDy IN 2nP-GLASS DETECTOR

A. Srivastava,(}'2) p. ginha, 1! . Singh,'!) 5. Ghosh(!)
and K.K., Dwivedill!

Department of Chemistry, Horth-Eastern 1ill University,
Shillong-793 003, India.

Department of Chemistry, Allahabad University,
Allahabad-211 002, India. i

surement of maximum etchable track length of heavy ions in
plex material is of great importance due to several practical
lications. In last three decades, different nuclear track
ectors have been used to accomplish such measurements. In this
riment the track lengths of energetic 161Dy ions in ZnP-Glass
ector have been measured. Four aluminium degrader foils were
nted on a ZnP glass plate in a stair-case configuration. They
re then lrradiated with 13.0 Mev/A 181Dy ions at an angle of
'. An optimum ion fluence of 5X10° ions/cm was maintained.
imum etchable track length of lley ions at five different
rgies in ZnP-glass detector were accurately measured. The
erimental data have been compared with the corresponding
oretical values from three computer codes (a) RANGE, (b) TRIM
{c) the code of Henke and Benton.
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MEAN RANGES OF 161Dy IN BOSTAPHAN AND KAPTON

5. Ghosh,(l) D. Sinha.(l) S. Singh,(l) A. Srivastava,(1'2)
K.K. Dwivedi ‘1) and R. Brangt(3)

(1) Department of Chemistry, Horth-Eastern Hill University,
Shillong-793 003, India.

(2) Department of Chemistry, Allahabad University,
Allahabad-211 002, India.

(3) Kernchemie, FB14, Philipps University,
" D-35032 Marburg, Germany.

Solid state nuclear track detector are quite useful +to measurg
ranges and energy-loss rate of heavy ions in elemental media,
Such measurements are possible for all heavy ions whose entirs
range could be revealed as tracks in the detector foils. In this
ﬁggeriment. the measurements of the range and energy-loss rate of

Dy ion in Kapton and Hostaphan were carried out using CR-3
as the track detector. Stacks of Kapton and Hostaphan films
staircase configuration were mounted on CR-39 and were exposed to
a well collimated beam of 13.0 HeV/A 1 Dy at an incident angle
of 45° to the detector surface. An optimum fluence of SKN‘
ions/cm was maintained. The maximum etchable track lengths of
161Dy ions degraded by Kapton and Hostaphan '

accurately measured. With the help of a range-ener
curve for

in

targets were

By calibration
Dy in CR-39, the energies of the degraded ions

were
determined. From the energy loss curve of Dy in Kafton and
Hostaphan, the mean ranges corresponding to 13.0MeV/A 61Dy in
these +two materials were derived. The experimental

ranges were
compared with theoretical values obtained from three differens

computer codes 'RANGE s *TRIM’ and the code developed by Henke
‘and Benton to check their validity.
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Scanning tunneling microscopy observation study
latent track induced by H* on the surface of HOP

Zhal Pengji Xing Yuxiang Zhang Ying

Feng Songlin Keng Yixiu Tang Xiaowel
(Institute of High Energy Physlcs, Academla Sinlca,
Bel jing 100080)

Wang Yugang Zhao Weljing Yan Sha
(Institute of Heavy lon Physics, Bel jing University,
Bel jing 100871)

Absiract
Highty orilented pyrolytic graphite (HOPG) wilh cleaved fresh surface
vas Irradiated by H™ wilh 3.0HeV al a high dose of IxI0'® /cm™? from a
2x1.TRY tandem accelerator. The HOPG sanple wos observed wilth a STM
system working In alr al room temperature. The lunneling current and
Lip blas voltage were 0.8nA and !50mV respeclively. The areas scanned
usualy were 9nmx9nm and somelimes 12x12-150x150nm®. No defects simllar

to the damage Induced by H on the surface of unbombarded HOPG have been
found.

457 STM Images with areas of 9nmx9nn were successfully collected from
the surface of HOPH bombarded by H™ and from them 163 STM Imnges wilh
reqular atomic arrangement and damages were found.

Our observallon shows thal the size of damage was 0. 2- 0. 8nm, the
lergest was above |.8nm and Lhatl Llhe probabillily of damages by H™ on the
HOPG surface was about 1.8x10™* (damage number densily Zion dose). The
possible process of damages is analvsed and discussed.
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STOPPING POWER AND RANGE RELATIONS FORLOW AND HIGIH Z JIONS IN SOLIDS;
A CRITICAL ANALYSIS

H.S.Vitk and G.S. Randhawa
Department of Physics
Guru Nanak Dev University, Amritsar-143005 (India)

A critical analysis of various stopping power and range formulations has been made by

comparing the calculated slopping power and range valucs with corresponding  cxperimental values

for different low Z (1< Z <) viz, H, He, Li, C, N, O clc. and high Z projectiles (54< Z <92) iz,
Xc, La, Au, Pb, Bi, U ctc. in different targets, ¢.g. Be, C, Al, Au, Pb, CR-39, Lexan, Mylar, LR-
115, CH, (Clhn , TRIFOL-TN, cle. at various low and high encrgics. A detailed study has been

made by taking into consideration different target and  projectile  combinations, ¢.g., hcavy ion

light target, light ion-hcavy target and light ion-light targel. Overall the Zicgler ct al. (1985)
formulation (TRIM-95) provides the best agreemient with the experimental results for all projectile
and target combinations except for heavy ion-light target combination where it underestimales

the stopping powsr dala and overestimate the range data in the limited range of cncrpy of e

projeclile. Mukherjec and Nayak formulation [Nucl. Instrum. Meth., 159 (1979) 421] totally fails
at relativistic and low cnergics of the projeclile, irrespective of the projectile-target combination.
Northeliffe and  Schilling {Atomic data and Nucl. data tables, A7 (1970) 233] formulations docs

not show any particular trend. Benton and Henke [Nuel. Instrum. Mcth., 67 (1969) 87] formulation

gives good agreement between experimental and theoretical data within the range of experimental

crrors,
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Man-Made Pu in Environment - Possible Senous
Hazard for Living Species

V.P.Perelygin, Yu.T.Chuburkov

Joint Institure for Nuclear Research, 141980, Dubna. Russia

Abstract

It is pointed out that, contrary to the siniatdon with pawral Rn, the growing
concentration of man-made Pu in environment - natural water, soil, plants and food -
can provide the serious danger for all kind of animals and especially for mankind.
Really, as it was established recently, element Pu is accumulated in buman body during
ill the life and the dangerous concentration estimated to be 10'? - 10" gram Pu per
gram of human tssues. Unfortunately up to now there is no simple noncxpensive
methods of Pu determination at the level of sensitivity 10" - 107® g/g which can
provide the determination of Pu even in{).2 g of human tissue. We warn that now the
average concentration of Pu in human body is not less than 10'*g/y and much higher
for some “hot" regions in Europe and Asia. We propose to discuss the problem of
organizing world net exploration of Pu in environment - similarly to Rn exploration
program - and personel Pu monitoring for inhabitants of Pu damaged regions.

Our -approach to the problem is based on chemical separation of Pu, on
determination of Plutonium by high cross secton **%Pu(n, f) reaction and by control of
possible admixtures of 33 isotope by 2**Uty, D) reaction in Pu preparations.

The problem of increasing of sensitivity of Pu analysis up to 10" - 10" g/g is
discussed in detail:,
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Use of SSNTD for Mezsuring Nuclear Reactions
M.H.S.Bakr
Division of Bzsic Nuc'. Sc..NRC.Alomic Ensrgy Aulhority ,1373S.EGYPT.
- Absiract

The solid state nuclear track deteciors (SSNTD) zre reviewed .The nature and
the registration sensilivily of the most commonly usad SSNTOs for & - particle
measurements are presentzd.The irack -pit iormetion during lhe etching process
is described. A special atiention is pzid to the siudy oi Mekrofol-E films using a
nroposad as an oplimum elching salution . The glching rate wes 10.5um [ hour .
The energy resolution wes measurad gnd is estimaizd 1o be ~S00 and ~400 kev
in the energy ranges 1 - 2MzV and 2 - 3 MeV respectively . Basing on lhese
results the sensilivity threshold ier - pznicies in Mekroiol - E is shiited up to 1
Mev olherwise , there will be no descriminztion between the elch - pits of &-
pariicles with energies ranging irom 0 to 1 M2V . The full angular distripution of
iha o- groups are measured in cne run by mezns of 2 SSNTD sheal surrounding
the targel . A scallering chamber designed jor ¢ penicle angular distribution
Lweasurements is descriped . An exzmolz of ihe influence of the energy loss in
degrading Al foils in elimineling the ensrgy-angle cependence is given . The
AuUmerous curves oi the range - energy dependencs of - partictes in Makrofol -
£ ajlar passing Al foils of difierent thicknesses are scaled inone schemalic
normograph . The later simpliies the process of chosing the suitzble Al foil
lhickness or of delermining the renge - 2nergy reletion . The angular
distributions of five - aroups frem the 32 Co ( p . x) =3 Fe rezction in the proton
anargy range 1.6 - 2.4 MeV hzve been measure using the designed chamber .
A Wakraiol - E film of 300 um thickii:ss has been exposad 1o lhe reaction
products for 5 hours . This lime wes znough lo get the angular distributions for
dé ! %inthe range 5 - 72 poarn / sier . -
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THEORETICAL PREDICTION OF LATENT TRACK REGRESSION
INNEUTRINO EXPERIMENT WITH NUCLEAR EMULSIONS.

V.ADitlov, V.A Myltseva, E.A Silacy *
V.A Smirnitsky, O.C.Egorov, E.D.Kolganova, E.A.Pojarova, D.Kuzovkin .**

" Rescarch Institute of the Photo-Chemical Industry,
Leningradski pr. 47, Moscow, 127165, Russia.

" Institute of Theoretical and Experimental Physics.
B.Chcrc:nushkinsknya str., 25, 117259, Moscow, Russia

Neutrino interactions are very seldom events. That is why in neutrino experiment of
Cern colluboration large amount of AgBr nuclear emulsion and long exposures with
duration of several years are used. The latent tracks during such long exposures
undergo the regression.

The aim of this work is to analyze properties of Russian nuclear emulsion type-R,
wed in neutrino experiment, and to develep a method of prediction the behavior of
latent tracks on the basc of our approach /1/.

The theoretical base of this approach is many-hil model of local response with
addilional preposition that [requency of efTective events &ios produced by quick ion is
not absolute definition and depends not only on ion parameters but on the visualization
tonditions parameters too. So, it depends on large set of parameters. One of these
paramelers is £ - time interval between ion passing through the detector and track
visualization moment and it is possible to write in kind /1/:

$n =&, (Q+(1=0)-€ )+ &,(r) 7

where
fws - is mean number of effective events per one sensitive microregion, produced by [ast
ion along its track,
§ - is a similar mean number of effcctive events . produced” by hypothetic or real
background radiation,
Q- part of the stable states of sensitive microregion with local response "Yes" and (7-Q)
isunstable part of states with "lime life" - z.

In the work there is presented a numerical material about time behavior of tracks in
the emulsion and analyzed several hypotheses of time dependencies of value &.

Reference
| V.A.Ditlov (1993). Local response of sensilive microrcgion in solid state track
delectors as a visualization result of some part ofits physical stales. Nucl. Tracks
Rediat. Meas., Vol.22, Nos 14, pp. 105-111.
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"S§TUDY OF SWIPT HEAVY ION 1RRADIATION TRACK PHEHOKERA ON
BILICON AND PYROLITAIC QRAPIHITE WITH THE USE OF ATOMIC
FORCE AND TUHNELING MICROBCOPY

L.P.Biro'?, A.Yu.Dldyk??, J.Oyulall}, K.Havancsak??,
Y.Vutsadakis??

VIKFKI-Reasarch Institute for Naterials S8clience, Budapest,
liungary ’

1) )olnt Institute for Nuclear Research, FLNR, Dubna, Russlia
*TInsitute for Soild 8tatc Physice of Botvos Univerafty,
Budapest, Hungsary

Sillcon samples were irradiated with 21D MeV Xr {ona in
e direction parallel to the ([100) plane. The defects
produced by the firradiation were wevaluated, without any
sample preparation, by Atomic Force Microscopy (AFPM) and
apreading resistance (8R) mcasurement on the [100] plane,
Both methods Indicate & poenctration depth of 28 m, in good
agreement with the value glven by t he TRIM code., AFM
measurementa allowed distinction among four depth zonas to
whlch different dapaje productlion mechanisma o©an be
ascribed,

Pyrolithic graphite samples were irradisted psrpendicu-
lar to surface and then investigated with scannlng tunne-
ling mlcroscopy (3TH). The lon fluence wan 1012 {ona/cm?,
1t wes observed that crater structures appesarsd on the
irradited surface and the surface density of the cratars is
squal to iha fon fluence. PFrom this facl we conclude that
each crater was created by a slngle heavy lon.

The theorstical model for this phenomenon is discussed.
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A comparative study of track registration characteristics of
Makrofol (KG, KL, N) to **Xe ions

Ashavani Kumar, N.P. Singh and R. Prasad
Department of Phyvics, Sant Longowal Institute of Engincerg & Technology:,
Longowal - 148 106 (India)

-Dcpan'mcm of Applied Physics, Z.I1.College of Engincering & Technology,
AMU, Aligarh - 202 002 (India)

ABSTRACT

Makrofol polycarbonates being threshold type are applied for ionographic
registration, and are well suited for the study of cosmic rays, heavy ion reaserch
and are most suitable for microfilter technology [1]. The shape and size of heavy
ion tracks in polycarbonates depend on the mass, charge and relative velocity 8 (=
v/c) of the track forming ion as well as on the stopping power of target material.
The valuable information regarding the distribution of radiation damage and its
dependence on the effective charge of the track forming jon can be obtained from
bulk and track etch rates.

In the present study track registration characteristics of "*Xe ions in different
types of Makrofol polycarbonates viz Makrofol KG, KL, and N have been studied.
A comparison is also done in the present work.

The stacks of circular discs (5cm dia. and 40pm thickness) of Makrofol
polycarbonates were exposed with a well collimated beam (10%ions/cm?) of *6Xe
(11.56 MeV/n) ions at an angle 45° 10 the exposed surface from UNILAC, GSI
Darmstadt, Germany. The exposed detectors were etched in 6.25N KOH at four
different etching temperatures (55°, 60°, 65° and 70°).

The etched track parameters viz. cone angle sensitivity, etching efficiency and etch
induction time were obtained. The results show that the sensitivity decreases
towards higher etching temperature while the cone angle increases. There is a
slight decrease in etching efficiencies with temperature at four etching
temperatures. The variation of etching rates with temperature were found to be
exponential and follow the Arrhenious equation The values of activation energy
for bulk etching of Makrofol-KG, KL and N are found to be 0.99 10.08,
1.1810.08 and 0.08910.04 eV, respectively. Activation energy for track etching
are found to be 0.6240.04, 0.7110.04 and 0.5940.04 ¢V, respectively. Maximum
ctchable track lengtl/range were also obtained and compared with the theoretical
values obtained from computer programme RANGE [2]. From the results it is
found that the polycarbonate detectors (KG, KL, N) manufactured by different
processes have slightly different behaviour.

References:

I. S.A. Durrani and RK.Bull, Solid State Nuclear Track Detection, Pergamon
Press, New York, 1987

2. Ashavani Kumar and Rajendra Prasad, Nucl. Instr. & Meth. B93 (1995) 277.
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ANEW PRINCIPLE OF ALPHA PARTICLE SPECTROSCOPY USING SSNTD

Bondarenko, O.A.* and Salmon, P.L.**
* Radiation Protection Institute, 53 Melnikov, Kiev 252050, Ukraine
** Bristol University, Physics Dept., Royal Fort, Tyndall Avenue, Bristol BS8 1TL, UK

A new principle of alpha particle spectrometry is advanced. It is based on measurement
of the end diameter of an etched out track. A simple linear ratio links the track end
diameter and the range of alpha particle in detector. A special calibration procedure is
worked out in order to compensate the track end diameter dependence on the alpha
particle incidence angle. This procedure lets avoid direct measurement of etching rates
Viand ¥y and makes attainable transfer to the energy scale.

As a result the energy resolution achieved so far is 2% within the energy range between
4and 6 MeV. Additionally the method gets a high value of the absolute registration
efficiency, i.e. up to 25%. It is explained that a few part of tracks are rejected in the
course of analysis, namely these are almost vertical tracks and those which incidence
angle exceed the critical angle.

Also new applications are discussed where the method of SSNTD alpha spectrometry

tan be successfully used.
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ALPHA TRACK PROFILE STUDY AND RANGE DETERMINATION IN
CR-39 PLASTIC DETECTORS

A. El-Rahmany", M. Mansy**, A. Hussein®, E. M. Ibrahim® and E. El-Araby"
* Faculty of Science, Menofia University, Shebin El-koain, Eqaypl

** National Institute for Stunders, NIS Cairo, Egyp!

Abstract

In this paper an extensive study of alpha paiticle rack profile has been determin
In CR-39 plastic detectors. Track profile geomelry and parameters have been studi
Various values of alpha energies were used and the etch-ate ratio (V) was measu

PNV ol b

as a function of he resiaual tangs yarey, =203

hn alnha particle track and|
mathematical formula between V and RR was extracted. - l
Also in this work alpha particle range in plastic foils has been measured at variol
energies using two methods; namely the track profile technique (TPT) and the of
etched track diamecter method. A comparison between the mieasured ranges o

calculated ones is presented and a good agreement has bren found.
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AN APPROACH TO MUCLEAR CHARGE IDENTIFICATION
WITH CR-39 POLYMERIC NUCLEAR TRACK DETECTOR

A, F. HAFEZ

Department of Physics, Faculty of Science,
Alexandria University, 21511 Alexandrie,Egypt.

ABSTRACT

The etch-rate ratio, V of CR-39 nuclear track detector as
& function of initial range, R for . 1 < Z <26 nuclei ha-
ve been determined, On the base of the sensitivity func-
tion, V(R) , an attempt has been made to study the possi-
bility of the single-sheet particle identification techn-
ique in CR-39 by plotting the calculated etched~track cone
length versus the initial range for various ions in the
range 0.1 < E/A £140 MeV/u . & correlation has been
established between the nuclear charge and the etched-tra-
ck parameters. The present calculation show the poggibi-

lity of identifying the charge of a nuclear particle with
éppreciable charge resolution,
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COMPARISON OF RESPONSES OF CR-39, PM-355, AND CN TRACK
DETECTORS TO ENERGETIC HIYDROGEN-, HELIUM-, NITROGEN-, AND
OXYGEN-IONS

M. Sadowski, A. Szydlowski, M. Jaskéla, and T. Czyzewski
Soltan Institute for Nuclear Studies, 05-400 Otwock-Swierk n. Warsaw, Poland

Abstract

Solid-State Nuclear Track Detectors (SSNTDs) are now widely used in the radiation
dosimetry, in various fields of experimental physics, and even in geoscience, medicine, space
research, etc. Such applications require the knowledge of accurate characteristics of the detectors
used. In particular, for a selected SSNTD one should know a dependance of track diameteres on
a type and energy of particles, under chosen etching conditions.

In some experiments on controlled nuclear fusion, to measure fast primary ions (usually
deuterons) escaping from a high-temperature plasma, and to investigate nuclear fusion reaction
products (mainly fast neutrons, protons, tritons and He-ions), as well as heavy impurity ions, there
were applied mostly the CN and CR-39 detectors [1-4]. Recently, more modern plastics of the
PM-355 type have also been used [5-6]. The main aim of this paper has been to compare
responses of modern CR-39 and PM-355 plastic detectors with those of CN-type detectors used
previously.

In order to perform the calibration of the selected detectors, the samples made of the CR-
39 and PM-355 plastics were irradiated with quasi-monoenergetic beams of protons, deuterons,
and alpha particles produced by various accelerators. For different samples, energy of the particle
beams was changed in steps equal to 0.2 MeV within a range from 0.2 MeV to 4.5 MeV. The
iradiated samples were etched chemically under controlled conditions, in a 6.25-N water solution
of NaOH, at a temperature of 70° C, during periods lasting from 2 hrs to 20 hrs. The etching
procedure was stopped every two hours, and track (microcrater) diameters were measured with
a great accuracy by means of an optical microscope. For the investigated SSNTDs and chosen
light ions there were obtained the detailed calibration diagrams showing track diameters versus
ion energy for different etching times [5-8].

Recently, analogous calibration measurements have also been performed for
monoenergetic N, N'?, N*, and O* ions. The paper presents the new calibration diagrams, as

obtained for the CR-39 and PM-355 plastics, as well as those obtained for two types of the CN
films.

References
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DIELECTRIC PROPERTIES OF CR-39 SSNTD

T.Phukan, IL.LL.Das and I.D.Goswami
Dept. of Physies, Gauhati University, Guwahati - 781014, India

CR-39 is a sensitive SSNTD. Track sensitivity of an SSNTD is a function of i
dielectric properties, electrical conductivity and lattice structural attributes. In this wo
an experimental study on the variation of the dielectric constant and dielectric loss wit
ipplied frequency and

ambient temperature
bas been undertaken. o
The motivation  of v
. 17 1 carriers 1
the work is to have a
" clear understanding on b5 i
the track sensitivity of 0 £
CR-39 track detector \\ attice 3
. ®2g .
from the solid state a e
properties point of 1l » . 3 1pi2
Vil.'.“" n f Ly -4
5 Lo 5 &
I'he capacitance In f ()
of CR-39 has been )
P Figl ¢ v3 Inf Fig2 tan8 wvsInr
measured in vacuum 1: 112K, 2: 293K 1:272K,2:293K

(~ 10 "% Torr ) with
the help of a Universal Marconi bridge of
accuracy * 1%.

The frequency dependence of the
dielectric constant at two ambient !
temperatures is shown in Fig.1. At any - ‘_‘_,,A————————"/:y
particular temperature the diclectric " r___,_,_/’/.
constant decreases with frequency and at
any particular frequency it jncreases with 5

T.C 100 138
temperature. The increase of dielectric FIES & §
' ” v
constant with temperature may be 1:800 4z, 2: 1 KHiz

-attributed to the fact that polarization
increases with temperature /1/. The variation of tan 8 (=¢"/¢')as given in Fig.2 witl
frequency reveals the nature of the lossy diclectric relaxation process in CR-39. Th
dielectric constant shows a somewhat weak temperature dependence as shown in Fig.3
An attempt has been made to make a correlation between the dielectric properties o
CR-39 to its SSNTD properties on the basis of carriers and lattice dielectric relaxatior
processes /2/,

Reference:
1. M.A . Ahmed et.al, (1992) Jr. of Mat. Se. Letters 11, 1109 - 1112
2. A.K . Jonscher, Thin Solid Films, 50, (1978), 187
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DIELECTRIC RESPONSE OF GAMMA RADIATED CR-385 BSSN

H.L.Das, FPhukan and T.D.Goswami
Depto ol Physics, Gauliati University, Guwahati- 781014, Indin

The diclectric properties and electrical conductivity are important physical attribu
of"a solid state nuclear track detector (SSNTD) which determines its track sensitivity
nuclear particles. 1t may be noted that materials of low diclectric constant are character
by higher track sensitivity /1/. A systematic experimental study has been undertaken to ass
the eflect of gamma irradiation on the dielectric properties of CR-39 SSNTD. The rela
change of the diclectric constant in gamma irradiated CR-39 compared to fresh samples
thus expected to indicate the track sensitivity in these detectors /2/,

CR-39 polymer detectors of 2504 m thickness have been exposed to various doses
gamma radiations [rom a “Co source. The capacitance of the samples have been measun
with the help of an Universal Marconi bridge (accuracy % 1%) in vacuum of 107 torr.
dielectric constant has been measured in gamma irradiated samples before and after th
are annealed. The annealing has been done at 40°C for 1 hour.

Fig. 1. depicts the € vs In [ curves for fresh and gamma radiated CR-39 samples. [t}
observed that the dieleciric conslant decreases with dose. From these results it may be inferr
that irradiation enhances the free carrier density. Fig 2. depicls the € vs In f curves for annea!

and unanncaled gamma irradiated (0.8 gray) CR-39 samples. There is hardly any difTeren
- in the diclectric constant measured in the two states of CR-39. 1t is observed that all the cury
have two regions of diclectic response coming seperately from the lattice and the cari
conttibution which have been indicated in the figures /3/.

1
19
Cirriers |
17
]
€ :
15 f
In f ting)
13
125
M 9
5 In f ?m_)
fig.l.e vs Inf curves fig.2.e vs In! curves
1. unitradialed ( irradialed = 0.8 gray )
2. bradiated = 0 8 gray A unannealed
3. bradiatled = 50 gray ° B. annealed
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EFFECT OF CURE CYCLE PARAMETERS AND DOPANTS ON THE
ETCHING RESPONSE OF CR-39 TRACK RECORDERS

Anupam and Shyam Kumar
Department of Phiysics, Kunikshetra University,
Kurukshetra-132 119, INDIA.

Ever since its induction in the family of track recorders, CR-39 hes continued to hold
2 leading place owing to its excellent recording, etching and optical propertiss. Subsequent
afteupts have been made to improve sensitivity by copolymerizing the CR-39 monomer with
disthylene glycol bis allyl sulphonate (SR-86). Another polymeric detsctor SR-90 containing
oligodiothylene glycol carbonate linkages hes beon reportsd to be more sensitive. It is well
known that specifically controlled temperature line cure regimes are employed to ensure a
more uniform and reproducible response of CR-39 track recorders. In the present work, we
have made efforts to investigate the relative etching response of CR-39 deteciors having
different cure time history and some of them containing dopants too, and the factors possibly
responsible for the apparent trends have been identified. Pershore CR-39 detectors [CR-39(8
Ir), CR-39 (32 br), CR-39 (96 tr), CR-39 (DOP), CR-39 (DIOP), CR-39(DNP)] were
exposed o 5.45 MoV a. particles from 241 Am source in vecwum (10-2torr) and in nir (at
stmopsheric pressure) and etched in 6.25N NaOH solution at 60°C, Bulk etch rate for
detectors having a cure cycle spread over longer timme is found to be less and Vg for CR-39
containing dopants has been observed to be less than that for CR-39 (no additive)
munufactured under identical conditions. Sensitivity has been observed fo increass with
increase in curing time (in the onergy loss region characterized by 5.45 MeV c-particles).
Purther, dopod CR-39 detectors have been found to be more sensjlivite. Porsible
explanations consistent with experimental results have been worked out. Depth dependence
of eich rates hos aleo been investigated. Finally, a comparison of optical properties on
prolonged etching in high concentrating solutions suggests a possible correlation between
optical properties and ease of removal of the polymeric etch product Poly Allyl Alcohol
(PAA).
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EFFECT OF GAMMA RAYS' ON DIFFERENT TRACK DETECTORS

D. Sinha,(l) A. SriVAStava.(l’z) V.G. Dedgaonkar.(S)
S. Ghosh{!) and K.K. Dwivedi(1)

1) Department of Chemistry, Horth-Eastern Hill University,
Shillong - 793 003, India.

(2) Department of Chemistry, Allahabad University,
Allahabad -211 002, India.

(3) Department of Chemistry, University of Poona,
Pune-411 007, India.

The variation of detector properties such as the bulk-etch rate
and track-etch rate as a function of gamma exposure dose have
been  studied in this work. Different plastic detectors such as
CR-39 and Makrofol-E were exposed to gamma radiation from a 2kCi
DOCO source both before and after exposure to fission fragments
from a Cf source. The total gamma doses vary from 1 to 10
iray. The effect of post and pre gamma exposure on the two typeq
f detectors were quantified in terms of the activation energy at
rarious doses of gamma radiation.

'he thermal responses of the detectors have also been studied ‘by
hermogravimetric analysis (TGA) and differential scanning
:alorimetfy (DSC). The significarnce of the experimental results
s discussed.
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ETCHING AND ANNEALING CHARACTERISTICS OF BP-1 PHOSPHATE GLASS
H.8.Virk and G.S. Randhawa
Department of Physics,
Guru Nanak Dev University, Amritsar-143005 (India)

Samples of barium phosphatc (BP-1) glass, were imadiated by using U (11.4
McV/u) ion beam available at GSI UNILAC heavy ion facility. Etching characteristics
were studied using HF (48 Vol%) and NaOH { 6.25N) at different temperatures. The
sensitivily, (S=V, /Vy) of BP-1 glass is found to vary between 33 to 63 between
temperature range 40 10 70 °C. In comparison with soda and quastz glasses , BP-1
phosphate glass displays far higher sensitivity for heavy ion defectian,

For study of anncaling characteristics, both isothermal and isochronal experiments
were performed on BP-1 glass irradiated with ™*U (11.4 MeV/u) and fission fragments
from **Cf source. The annealing kinetics of BP-1 glass can be explained by “Single
ACU"VJ:liOI'l Energy model proposed in our laboratory [Modgil and Virk, Nucl. Instrum,
and Meth. B12 (1985) 212). The activatioin energy of annealing for BP-1 glass is found

tobe 0.41+0.01¢V.
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GEOMETRY OF ETCHED CHARGED PARTICLE
TRACKS IN CRYSTALLINE DETECTORS

S.R. Hashemi-Nezhad

Department of High Energy Physics, School of Physics, University of Sydney,
Sydney, NSW 2006, Australia’

Abstract

Studies on the shape of etched heavy ion tracks in crystalline detectors show
that the track geomelry carries valuable information on the crystal structure of
the detector involved.

The geometry of the etched tracks in crystalline deteclors is a prism formed of
certain crystal planes. For given etching conditions the type and number of the
planes depend on the incident angle and the extent of the radiation damage
along the track.

In a single track the type of crystal planes forming the track prism may change
along the track resulting in dramatic variations ot the track geometry at certain
depth of focus. This is contrary to isotropic detectors where track geomestry is
always conical and the only variable parameter along the track is the cone
angle which can change as result of varations of the track etch ratio which
itself is a function of the ionisation rate.

In this paper results of our studies cn the geometry of HF etched fission tracks
in phlogopite mica, using our computer controlled optical microsccpe will be
reported.
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HIGH GAMMA EXPOSURE EFFECT ON CR-39 NUCLEAR
TRACK DETECTOR PROPERTIES

F.ABU-JARAD*, A. M. HALA®, M. FARHAT", AND M. ISLAM*

* Energy Resources Division
King Fahd University of petroleum and Minerals
Dhahran -31261, Saudi Arabia

* Nuclear Engineering Department
King Abdulaziz University
Jeddah 21413, Saudi Arabia

* Alshifa Medical Syringes Mfg. Co. Ltd.
P.0.Box 7917, Dammam 31472
Saudi Arabia

ABSTRACT

CR-39 Nuclear track detectors exposed to high doses of gamma’s of up
to 5x10° Gy (50 MRad), with an incremental dose of 2.5 MRad from a
9.03 TBq (244) KCi, Co-60 source. The source is used as an industrial
irradiator for medical syringe sterilization. The effects of high gamma
exposure on bulk etch rate (V,), tracks etch rate (V,) and sensitivity (V)
of the detectors have shown that they increased linearly with the gamma
exposure. As an example, the 40 MRad gamma exposure has shown
after 0.5 h etching time with 30% KOH and 60 °C that V, =18 um/ h,
Vi=39 pum/h and V=2.2. The gamma exposure from 1 to 20 MRad
showed no effect on the surface of the detector. While the surface of the
detectors become rough after the 20 MRad. Irregular opening in alpha
and fission fragment tracks around the 30 MRad exposure was noticed.
-The fission fragment tracks disappeared quickly with etching time for
the exposure rate above 30 Mﬁad due to the high bulk etch rate. Thus,
etching time for few minutes is enough to study the fission fragment
tracks while unexposed samples could be etched up to 3 h without any

difficulty.
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ON THE CRITICAL ETCHING PARAMETERS OF TRACK DETECTORS

K.K. Dwivedi
Department of Chemistry
North-Eastern Hill University,
Shillong-793 003, India.

It is well known that the latent damage trails of heavy ions |
solid dielectrics are conveniently revealed by suitable chemica
etching process and that the optimal use of any.track detector i
largely dependent on standardization of various etchin
parameters. The formation of etchable tracks in a track detecto
depends on certain critical etching parameters which must b
experimentally determined under a suitable etching condition. Th
determination of critical etching parameters is. essential fo
employing track detectors in the fields of alpha micro-mappim
micro-analysis, radon dosimetry, particle identification, 1
energy particle dosimetry and in determination of the true trac
length of heavy ions. - '

The etching characteristics of mica, Lexan and cellulose acetat
have been studied for fission. fragment tracks. Under suitabl
etching conditions a few critical etching parameters (viz
critical +track diameter, critical cone angle and critical angl

of incidence) for these three, track detectors have bee

determined. An empirical relationship between complete etchin

time and the etching temperature has been established.
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SIMULATION OF THE TRACK GROWTH AND DETERMINING THE TRACK
PARAMETERS

D. Nikezi¢ and D. Kosti¢

Facully of Sciences, R.Domanovi¢ 12
34000 Kragujevac, YUGOSLAVIA

ABSTRACT

We found the equation of the elch pit wall in solid state nuclear track detectors
5:

dx |
=S

Where: x is the distance along particle track; V{x) is ratio of track etch rate fo the |
refe; C is integration constant that can be deferminated from pariicle penetration de
yis the normal distance from the particle trajectory fo the etch pit wall. The equatio
ed 0ssuming the increasing track efch rate V) along the porticle trajeciory.

This equation can be used for simulotion of the track growth and coleulating of m
minor axis of etch pit opening. The corresponding computer program is set up.
s of this program are alpha poricle energy, incidence angle and removed layer;
i is track parameters. The result obtained by this method are compared with ano!
rouch given by Somogyi and Szolay.
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STUDIES ON THE TRACK FORMATION MECHANIZM OF
THE HEAYY IONS IN CR-39

Zs. Kocsis

Department of Physics, University of Veszprém,
8201 Veszprém, Hungary

The ionisation damage created by an energetic heavy ion in detector material is caused
by the deposited energy of the ion. The measure of this damage is the energy loss rate
wich depends on the mass, charge and energy of the ion and on the atomic
compasition of the detector material.

While the bulk etch rate for a given detector only depends on the etching condition,
track etch rate varies with the radiation damage, consequently varies along the track
trajektory. The etching properties of CR-39 detector were studied for '**Xe and *°Bi
heavy ions with a maximal energy of 13MeV/u.

The irradiation was performed at the UNILAC G.S.1. Darmstadt. The bulk etch rate
was measured by gravimetric method, while the track etch rate was derived directly
from the function of the successive measured track lenght wrs. etching time. A
correlation betwen the track etch rate and energy loss rate is given for heavy ions.

The experimental determination of the track lenght distribution and maximum
etchable track lenght for ions by several different energies are also given. A
comparison of the measured and calculated track lenght data is presented.
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STUDY OF BUBBLE DAMAGE DETECTORS
IOR NEUTRON DETECTION

Cai-Qing Tu, Shi-Lun Guo. Yu-Lan Wang
-China Institute of Atomic Energy,P. O. Box 275(96) :
Beijing 102413, China

Bubble damage detector developed in Canada is one of the most attrac-
tive detectors for neutron detection. Remarkable temperatare dependence of
its neutron response and limited stability for long use are some of the prob-
lems to be solved. The development of bubble damage detectors suitable for
use at different places without worrying about temperature and for long
time is therefore necessary. We have begun to develop this type of bubble

detectors. The results of Preparation and calibration of the detectors will be
presented.
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STUDY OF DEGRADED NEUTRON SPECTRA THROUGH MATFRIAL
MATRIX OOMPOSITES USING CR-39 FILMS

Deepak Gopalani, S.Kumar, R.Kumar,
V.K.Sundaram*, S.l{.Hehta*
Defence Laboratory, Jodhpur-342 011
* RSSD, Bhabha Atomic Research Cenlre, Mumbai-400 085

ABSTRACT

Solid slate nuclear track delectors have found poteniial use in
nuclear studies and high exposure gamma ray dosimetry. In
addition neuiron speclrometry work has also been undertaken by
various investigalors using these detectors. In specirometiry the
energy of neutrons was delermined either from minor axis of
protons tracks observed on the surface of deteclor or from the
use of polyethylene radiators of selected thickness with varying
etching time. Using this latter method degraded neutron spectra
through material matrix composites (MMC) wviz. Al-Li, Pb-Li, Pb-
Cd, Al-B,C, Pb-B,C have been studied using CR-39 films. These MNC
samples were prepared bv using powder metallurpy iechnique.
Degraded neutron speclra were obtained by exposing these samples
to 252CE source housed in a camera and the delector used was CR-
39 films covered with 1 mm PE radiator. After exposure these
films were etched in 6N-NaOH at 60 °C for diffefent time interval
and the etched proton track densities were delermined
respectively. In addition the other parameiers viz. etch
induction time, critical removed laver, response function of the
detector were also measured. For the calculation of neutron
sensitivity theoretically at different energies, a computer
programme has been developed. These sensitivily values have been
used for obtaining the degraded neutron spectra through different
MMC Eamples. The comparison of these degraded spectra with bare
neulron spectrum of ZSZCI source shows thal there is nol much
degradation in the energy range from ! MeV onwards there by
suggesting that these materials are useful for atllenvalion of
thermal neutrons in the mixed radiation field. These spectra will
also be validated by using Honte Carlo code MCNP.

INTS
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STUDY OF SHORTLY ETCHED TRACKS IN POLYMER: A
COMPARISON OF DIFFERENT EXPERIMENTAL METHODS

P.APEL’, F.HAEUSSLER"", M.HEMPEL", A.KUKLIN",
S.STETSENKO" and .YANINA

Joint Institute for Nuclear Research, 141980 Dubna, Russia

" Fraunhofer-Institut fiir Zerstorungsfreie Prifverfahren, Saarbriicken,
Germany

Polyethylene terephthalate (PET) film samples with the thickness of 10
pm were irradiated by a parallel beam of accelerated Xe and Kr ions. The
ion fluence ranged from 10°t0 3x10°cm. After the subsequent chemical
etching the samples were investigated by different experimental methods:
small angle neutron scattering (SANS), conductometric technique, and gas
flow rate (GFR) measurements. Unlike the usual practice of using SANS
for the latent track parameter measurements [1], our study was focused on
the initial phase of track etching corresponding to the pore size range of 0
to 50 nm. The radii of gyration found from the SANS experiments were
compared with the effective pore sizes extracted from the conductometric
and GFR measurements. The agreement and disagreement of the data at
different etching times are analyzed and discussed. The present SANS
results gave no evidence for capillary contraction of shortly etched track
which has been detected by the conductometric and GFR methods [2].
~ Similarly, no induction time in etching was observed.

References

1. Albrecht D. et al. Phys. A37 (1985) 37.

2. Apel P. and Ovchinnikov V. Radiat. Effects Defects in Solids 126
(i993)217.
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SUBMICROSCOPIC ANALYSIS OF TRACKS IN MICA

0.A. Bernaola!, G.Saint-Martin U Nemirovskyl, P. Meoli2, and G. Olivera3

I National Atomic Energy Commission. Av. Libertador 8250. Bs.As. 1429. Argentina
2A. Fleming Institute. Bs As. Argentina
Rosario National University. Rosario. Argentina

ABSTRACT

Spatial distribution of damage within the activated region of tracks is observed into A
scale. Tracks of 49 MeV 35Cl in mica muscovita were analyzed by transmission electron
microscopy up to 10 A resolution applying the track replica method. An etching
induction time of 20 s was determined.

The enlargement of the track radius was measured as a function of etching time from the
"new born" track region up to the bulk zone. The track shape evolution shows circular
tracks for very short etching times. By increasing the etching time the tracks gradually
become ovals, showing different axial track etching velocities. Finally for larger etching
times the tracks show the characteristical rhombic shapes of the bulk region.

These data indicate the existence of an amorphous central region close to the ion
incidence axis. The shape of the tracks gradually tends to the crystalline structure of the
mica by increasing the etching time. ;

A non continuous decrease of the radial track velocity is reported. We suggest that
probably by a post-irradiation rearrangement of the damaged material, a high density
crust shell is formed in the region located between the central amorphous zone and the
non-perturbed crystalline mica.
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TECHNIQUES FOR CALIBRATION OF SENSITIVITY
OF CR-39 DETECTORS USING Am-Be NEUTRON™
SOURCE

Xiu-Hong Hao, Shi-Lun Guo, "Bo-Yang Li
China Institute of Atomic Energy. P. 0. Box 275(96),
Beijing 102413, China
*Chinese Nuclear Society, P. Q. Box 2125,
Beijing 100045, China

Techniques for calibration of sensitivity of CR-39 track detectors have been devel-

d by using a Am-Be neutron source, which are divided into short etching technique

d long etching technique. The former lies in determining volume track density in CR-
B detectors by measuring areal track density and removal thickness of the CR-39 after
it etching time. The Latter lies in determining asymptotic areal track density after
4 clching.v

¥o types of CR-39 detectors, type SY-2 made in China and another made in USA,

ve been calibrated by the techniques. It shows that both techniques are practical and

h types of the CR-39 detectors have high sensitivity for detection of fast neutrons.
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THE DEFINITION OF REGISTRATION PARAMETERS
FOR THE DETECTION THEORY,

V.A.Ditlov

Research Institute of Photo-chemical industry
Leningradski pr., 47, 127165, Moscow, Russia

Because of the physical nature of a phenomena, any theorelical approach to the
problem of measurable track parameters description must be divided in long sequence of
scparale tasks with its own set of physical parameters corresponding to reciprocal rtage
of track formation. In Eeneral case, this sequence begins from moving of quick ion thiough
detector matter and ends at the moment of track parameters measurement.

This fastest stage of latent track formation, common for any substance, is described
by atom collisions parameters such as a cross-section of atomic interaction and
characteristics of impacting quick jon. A fast ion strikes out from atom the current of &-

stage of latent track formation. It almost does not depend on lemperature or aggregate
state of substances and theoretical calculation methods of this stage of latent track
formation are the same for all kinds of delectors.

The primary ion actions together with d-clectrons may switch on long chains of
sccondary processes depending on concrete material of detectors. In all kinds of detector
latent tracks consist of some local structure changing, distributed over track volume, The
main parameters of these structure changing are its geometric sizes and characteristic
encrgy need for their initiation. The sizes of these changing are very small and lays in
nanometer region. And from mathematjcal point of view it is comfortable to consider,
that this changing are local response of some sensitive micro regicn existing before
exposure,

In some cases the size of microregion is defined only by discrele structure of
detector. For example in nuclear photographic emulsions this paramcler is defined by size
of microcrystal AgHr. In biological issue it is defined by size of separate cell. For
polymer or crystal detecrors the definitions of sensitive microvolume and its size are not so
distinct  because in these cases jt is formed by two fundamental factors - by spatial
frequency of quick jon and d-clectrons interaction with material of detecter from one side,
and by further physical and chemical processes inside a detector fren tie anciher side.

parameters of single sensitive region of such a detector may be in state of continues
changing. In order to find these paramelers by theoretical way it is necessary at
microscopic level to solve the next tasks - transformation of atom and molecular
excitation energy in set of chemical reactions, difTusion of atoms and molecules from poing
to point of detector and their further participation in chemical reactions, and in iccal
phase transformation. In some cases there is possible some kind of interactions g:.¢
energy exchange between different excited microregions of detector matter. It neer szry
to add the influence of outside conditions at these processes.

The next tasks are connected with a visualization of latent tracks, In order to
measure {rack parameters we have to use any visualization procedure and the registration
Parameters inevitably depend on some set of this procedure parameters.
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THE EFFECT OF ETCHING SOLUTION COMBINATION ON THE
RESPONSE OF AN ELECTROCHEMICAL ETCHED CR-39
DETECTOR

_ G. Dajké
Institute of Muclear Research of the Hungarian Academy of
Sci., Bem tér 18/c, H-4001 Debrecen, P.0. Box 51, Hungary

Abstract

Etching solutions of different combinations were applied
at room (22°C) temperature for electrochemical etching. The
background developed during electrochemical etching in a
CR-39 track detector was investigated. Detectors irradiated
vith alphas of 6.1 MevV were measured also. It was found
that the PEW solutions (Potassiumhydroxid, Ethylalcohol,
Water) showd good sensitivity. One of them (PEWy0/10) was
applied for neutrons of AmBe source. The registration
sensitivity achieved was about 10-° spot/cm’ after 4 hour
etching time. !
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Thermoluminescent Detertor Response Simulation
by the Use of the EGS4 (Monte-Carlo code)

R Isabey 12 M. Guelev ®, E. Duverger ' L. Makovicka ',
D. Klein ' et A.Chambaudet?

! Laboratoire de Métrologie des Interfaces Techniques, Université de Franche-Comté,
B.P. 427, 25211 Montbéliard Cedex, France

2 Laboratoire de Microanalyses Nucléaires, Université de Franche-Comté, La Bouloie,
25030 Besangon Cedex, France

3 Institute for Nuclear Research and Nuclez: Energy (INRNE), 72 Blvd. Tzarigradeko
chaussee, 1784 Sofia, Bulgana

The first version of EGS4 took root in Stanford (Neicur ¢ud Ferd). Numerous
adaptations (Rogers, Biclajew, Nahum) followed, faciliting its c¢i<irioution and success,
essentially in the dosimetric domain. Its interactivity and complexity insured almost
permanent evolution on a planetary level.

We used this EGS4 code, based on a Monte-Carlo method, to simulate a
thermoluminescent detector, elaborated by the Nuclear Institute at Sofia.

The simulation was achieved using a source in *'Cs (radius = 0.15 cm) placed on
the detector’s surface which emitted perpendicularly to the surface. Various parameters
were altered : the material of the filter, of the phantom, of the covei and of the presence
or not of the phantom.

Since the dimensions are thin, the geometrical decomposition was carried out
with the aid of plans and cylinders. In the simulations we defined as many as 33 sectors
in which we could determine the distribution of the secondary electrons. All the physice!
p.ccesser (photons : Compton scattering, coherent diffusion, photoelectric effect,
prciuction of pairs; eléctrons: Moller diffusion, Bhabha scattering, bremsstrahlung
emission) were taken into account, except for x-ray fluorescence. The calculation of the
cross-sections in each medium was achieved with the aid of theoretical formulae, by an
arithmetic preprocessor (PEGS4). The follow-up of the particles was executed until an
interaction took place, or until its energy fell below a predetermined energy, or when it
penetrated into a particular region of space outside the studied geometry. Every particle
was taken into account up to 10 keV. The electrons were recorded solely in CaSO4(Dy).

~The width of channels were 1 keV. This paper presents the principal results and the

comparison with experimental measurements.
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Nuclear Physics & Space Research

R. Antanusijeic, J. Vulovic, D. Sevié, D. Joksiniowé, A. Dragi¢, V. Udowi&ic, J. Puri¢ and M. Cuk
Angular Catrbution ¢f positive particles emitied from deuterium plasma focus

TA. Idamov, A A. F'.olmatov and V. A. Ditlov
Application of AgBr emulsion detector in I-spectrography to analysis of nuclear states

V.P. Perclygin and Yu.T. Chuburkov
Application of quartz glass tubes as the track detectors for chemical identification of short-lived
isotopes of elements 104, 103 and 106

LE. Qureshi, , M.1. Shahzad, S. Manzoor, M.S. Zafar and H.A. Khan
Double sequental fission in the reaction (16.7 MeV/u) U+ Au observed with mica detectors

1.S8. Yadav
Effect of space environment on the response of CR-39 (DOP) detectors

A. Danis, V. Zoran, A. Enulescu and C. Ciortea
Heavy ion radicactivity studies using the fossil tracks in minerals

Y-L. Wang, S§.-L. Guo, R. Brandt, P. Vater, Y.-L. Liu, Kulakov, M.1. Knvopustov, V.S. Butsev anc
V. Bradnova
Investigation of neutron spectra emitted from 44 and 22 GeV C+Cu interactions by nuclear
emulsion

N. Rozlosnik, L. Sajé-Bohus, J. Paifalvi, C. Birattad and E. Gadioli
Investigation of nuclear reaction products by atonuc force microscopy

E.U. Khan and F.N. Khattak
Investigation of the reaction Pb + Au at 14.0 MeV/N using two different threshold SSNTD

E.U Khan, R. Zafar and F.N. Khattak :
Registration of particles at wide angles emitted in the collision of relativistic heavy ions with copp
blocks =

§.P. Tretyakova, Yu.E. Penionzhkevich, H -G Onlepp, V.V. Trofimov, Yu.V. Pyatkov and Yu.M.
Fulyako
Scarch for tie temary cluster-decay of Gy isotopes with SSNTD

E.U. Khan, ".". Baluch and M.S. Zafar
Some salient features of the reaction Xe + U at 17 MeV/N beam energy

R.H. Jyer
Studies on nuclear fission of actinides and preactinide elements using solid state nuclzar track
detectors

V.P. Perelygin, 5.G. Stetsenko, R 1. Petrova and D.S. Yadav
Study of fossil tracks due to Fe-group and Z 2 36 cosmic ray nuclei in olivinc. crvstz’. from Luna-
and Luna-24 :

S-L. Gue, Y.-L. Wang, C.-Q. Tu, R. Brandt, P. Vater, B. Sa, Y. Zheng, Y.-L. Liu, W.-J. Zheng, X .-
Hu, B.A. Kulakov, M.I. Krivopustov, V.S. Butsev and V. Bradnova
Systematic studies of neutron generation from relativistic heavy ion interactions by CR-39 and
t.slear emulsions
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Angular distribution of positive particles
emitted from deutherium plasma focus

R. Antanasijevic. J. Vukovié, D, Sevid,
D. Joksimovi¢. A. Dragi¢, V. Udovici¢
Institute of Physics. PO Box 63 and 57, 11001 Belgrade, Yugoslavia

J. Purié. M. Cuk
Faculty of physics, PO Box 363. 11001 Belgrade, Yugoslavia

Angular distribution of positive particles emitted from deutherium
plasma focus device was determined using LR-115 detectors. Dis-
crimination of positive particles was achieved by varying the widths
of Al layers. The angular distributions of different positive particles
were compared, also.
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APPLICATION OF AgBr ENULSION DETECTOR IN
FSSPECTROGRAPHY TO ANALYSIS OF NUCLEAR STATES

T.A. Islamov!, A A Kholmatov?, and V.4 Ditlov3
' Rescarch Institute of Applied Physics,
2 Tushkent State University
700095 Tashkent, Vuzgorodok, Uzbekistan
Y Research Institute for Chemical Photo-Enginm:—-ri:;g
127165, Moscow, Leningradskii Pr., 47. Russia

he spectra of the conversion electron emijtte

d by the radioactive rare-
clements with short-life were ex

piored by the precise B-spectrograph
Ie base of the Photographic glass-plates covered witl, the R-type nuclear
ion which is a variety of the solid tracl: < -tectors and produced by the
arch Institute for Chemical Photo—[‘rgin&'ring.

be spectra obtained were worked by using the optical bl
ed by the tracks of f3-electrons, in the aufnm
d with IBM computer. The errors of the b)

ntensities of the lines of the conversion elect

ack turning
atic microphotometer cop-
ack turning densities and of
Ton spectra were elaborated.
' was obtained the experimental dependence of the sensitivity of the
sgraphic glass-plate with the nuclear emulsion op the electron energy

in
al from 3 to 3000 keV. The same dependence was calculated by

using
v's method cousidering emulsions as a private casc of solid state detector
including multiply scattering of clectrons in frame of one-hit response

lof the AgBr microcrystals. A good agreement of the theoretical and
fimental results was demonstrated.

A
i-the hase of calculated and experimental data, the lines of conversion

ons that correspond to more than 100 7-transitions on L- A -sub-shells
ms with Z=50+75 were studied. This allowed us to

analyze the prop-
of the complex nuclear states.
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Application of Quartz Glass Tubes as the Track Detectors for Chemical
Identification of Short-Lived Isotopes of Elements 104, 105 and 106

V.P. Perelyein, Yu.T. Chuburkov

Joint Institute for Nuclear Researh
141980, Dubna, Russian Federation

Abstract

The guanz glass open cromatographic columins with thermal gradient, which
usually were used for investications of chemical properies of short-lived Z>104
nuclides, were first used as the wrack detectors of spontancously fissing isotopes of
elements 104, 105 and 106. The recoil nuclei of these clements were captured by the
tlow of gascons chlorides then go to the guarz twbe with reducing thermal gradient
400%-100" C. The positions of trace radioactive elements - chemical analogs of elements
104-106 in quartz glass column were determined by B-counting. After experiments the
guariz lwbe was etched in 0% I during 7-11 min.The tracks due to spontancous
fission of isotopes :SQJO-I, 62105 and “**106 which were etched at the internal wall of
guartz tubes were counted under optval microscope. Diamcter of guartz lwbe was ~ 4
mm, the thickness of the walls - 0.4-0.6mm.

In order to improve the guality of fission frapment track image we cover the 10p
part of tubes with 60 pun thick hich quality polyterephtalate plastic with immersion oil
between plastic cower and glass wbe. The special microscope stage provides us the
scanning each tube along the inner surface and rotating around the main axe of tube,
The spetal water-wapour quartz glass which contains < 10"'* g/g of U was uscd for
manufacturing of quartz glas; wbe columns for the experiments on investigation of
chemical properties of short lived isotopes of elements 104, 105, 106.
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DOUBLE SEQUENTIAL FISSION IN THE REACTION
(16.7 MeV/u) U+ Au OBSERVED WITH MICA DETECTORS

LE. Qureshi, M.1. Shahzad, S. Manzoor, M.S. Zafar and 11.A. Khan

Radiation Physics Division. FINSTECH. P.O. Nilore. Islamabad. PAKISTAN
* Ex. Chairman Physics Departiment, University of the Punjab, Lahore, PAKISTAN

Abstract

One of the main advantages of asing dicleetric track detectors in the study of
hecavy ion interactions is the possibility of observing cach multi-prong  event
individually with complete kinematical details, It is thus possible to analyse even those
reaction channels that have very low branching ratioes. In the study of reactions induced
by 16.7 MeV/u uranium ions incident on natural gold targets, we have observed 18 four-
pronged events in a total detector area of 24 em’. Using a polynomial range-energy
relationship, empirically fitted to the observed data of binary and ternary events, it was
possible to perform kinematical analysis of 12 out of 18 events. The masses, Q-values
and relative velocities of the reaction products. determined in this analysis were
compared with theorer:-al prediction based on double sequential fission process. An
agreement within one standard deviation with respect 1o experimental values has been

found for all analysed events. -

Ve
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Effect of space envircnment on the response of

CR—-39(DOP) Detectors

J.S. Yadav
Tata Institute of Fundamental Research

Homi Bhabha Road, Bombay 400 005, India

Ionization states of individual ions in the low energy (10-150 MeV/N) anoma
lous cosmic rays (ACR) are determined in the Anuradha experiment conducted on
board Space Shuttle Spacelab-3 mission during April-May 1985. A combination d
the most sensitive passive plastic detector ((*1? — 39(1)0/’)) and an active electrs
- mechanical system allow us to obtain accurate information on the arrival location
and directions of individual ACR ions . We present here some of the results of ou
measur‘emcnts from the scanning of complete top stack ( area ~ 800cm?) of the An
radha detector. This instrument has passive as well as active thermal control ang
the de.tector module was kept at 0.1 atmosphere pressure during the space exposurs
Our analysis of the data has shown that the response and the charge resolution of the
detector is changed. The response function of (' — 39(D(0 /) has linecar as well &
exponentiél parls and it is the linear part of -the response function which is affecte
by the space expesure. It is also shown here that the temperature and the pressur
during exposure are important parameters for improving the charge resolution besids

the measurement errors.
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HEAVY ION RADIOACTIVITY STUDIES
USING THE FOSSIL TRACKS 1% MINERALS

ANA DANZ, V. ZORAN, A. ENULESCU, C. CIORTEA

Institute of Pkysics and Nuclear Engineering. P.0O.Box MG-6, R-76900, Bucharest, Romania

Due to the difTiculties 1o produce a large area source of heavy ion emitter radionuclides,
b authors tricd to obtain information about natural heavy ion radioactivity using fossil the tracks
tgistered during geological time in minerals with crystalline layer . The U and Th
linerals represent the heavy ion source (especially U and Th inclusions are considercd). Three

rals - apatite, biotitc mica and muscovile mica - were studi
of vicw:

-the Uand Th contents;

- the casiness to distinguish the tracks;

- the possibility to discriminate the tracks of different particles such as: spallation recoils,
avy ons, fission fragments, interactions with mincral constituents and crysalline layer
siocats s,
i ?I.hc registralion of heay
‘Mg and **S; jons; ‘
= the possibility to study a largc mincral area a1 Jow magnifications by optical
icroscopy.
the three mincrals, the muscovite mica
Fiector was studicd by optical microscopy.
For these mineral the branchin
llowing problems:
- calibration of muscovite mineral detector for the beay
853, atomic number and gy (A, Z,E). A
ftd (0 obtain the beams of ncarly heavy ions;

- discrimination of tracks which belong to different registered particles by using the track

¥ fons predicied in (1] 1o be emitted by U and Th, ic. **Nc,

was choscn. An arca of 4680 cm? of muscovite
g ratio A4y / Asr has been determined afler solving the

Y ions of theorctically predicted
HV-FN Van de GraafT tandem accelerator was

- establishing of possible track origins in muscovile mica;
- preserving of the track patterns at high etching durations.

pltrence: )
I. Particle Emission From Nuclei . Vols. | -

3, Eds. D.N. Pocnaru and M.3. Ivagcy,
C Press, Inc., Boca Raton, Florida, 1989.
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Investigation of Neutron Spectra emitted from 44 and 22 GeV
*¥C-+Cu Interactions by Nuclear Emulsion.

Yu-Lan Wang, Shi-Lun Guo, R. Brandt®,
P.Vater*, Yong-Lian Liu. B. A. Kulakov* ",
M. L krivopustov' *,V.S. Butsev * * + V. Bradnova"*

China Tnstitute of Atomic Encrgy., P. 0. Box 275(96) ,Heijing 102413, China,
* Kernchemic, FU14, Universitan Marburg, 1)-35032 Marbury, Germany;

2 » Laboratery of High Encrgics, Joint Instituie for Nuclear Rescarch, Dubnn, Russia.

Fast neutron spectra produced in 44 and 22 GeV "C+ Cu interactions
have been measured and analysed with nuclear emulsions of 8 cm in
length, 2. 2cm in width and 400 #m in thickness made in China Institute
of Atomic Energy, Beijing, China. The irradiation of the emulsions
were carried out at the accelerator SYNCHROPHASOTRON, Joint In-
stitute for Nuclear Research, Dubna, Russia. The neutron spectra were
obtained by measuring the recoil protons in emulsions and the track pa-
rameters of a particles from interactions of C(n,n")3a in emulsions.
The experimental neutron spetra were compared with the Monte— Carlo
calculations. The more detajls will be described in the paper.
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Investigation of Nuclear Reaction Products by Atomic Force Microscopy
N. Rozlosnik', L. Sajé-Bohus?, J. Palfalvi®, C. Birattari** and E. Gadioli**

1 R. E6tvds University, Dept. of Atomic Physics, Budapest, Hungary
2 Universidad Simon Bolivar, Physics Dept. Caracas, Venezuela
3 Atomic Energy Research Inst. P.O.B. 49, H-1525, Budapest, Hungary
4 University of Milano, Dept. of Physics, Milano, Italy
5 National Institute of Nuclear Physics, Milano, Italy

ABSTRACT

The use of Atomic Force Microscope (AFM, from Corporate Head, Santa Clara,
California, USA) opened a new way to study latent nuclear tracks. It gives a
possibfility to investigate the dynamism of the track formation in the early stage
of chemical etching, it gives information about the extent of the demaged zone
elc. and by this way il could become possible lo review the track formation
models and mathematical procedures, applied so far, to make relations between
measurable track parameters and damaging charged particles.

In our experiments we used plastic track detectors of the type CR-39 (Columbia
Resin No. 39) which was polymerised from C;;H,sO; monomer and became a
transparent, solid plastic nuclear track detector with a good optical
characteristics. Cross-linking between different layers provides a strong binding.
Impinging ions with energy above a threshold of 300 keV can alter the molecular
sfructure forming latent tracks. Since nuclear latent tracks have diameters in the
range of 10 to 1000 nms, they can be visualised by AFM without or with a slight
chemical etching (6 min in 6 n NaOH solution at 70 °C).

The latent tracks are sngnrflcant for the energy, momentum and the mass of the
incoming particles.

In our study, passiva CR-39 detectors were irradiated by secondary particles
produced by the bombardment of "®Rh by '*0 and 'C in a wide range of energy
(1 amu to 33 amu) at the MP Tandem generator of the Laboratorio Nazionale del
Sud in Catania, Italy.

The experiment was carried out in order to identify the secondary particles and
lo determine their density and the spatial distributic. In the same time, the
latent track formation properties and natural background of the track detector
was studied by the AFM and would be reported along with the details aboul the
nJcIear reaction mentioned above.
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INVESTIGATION OF THE REACTION Pb + Au AT 14.0 MeV/N

USING TWO DIFFERENT THRESHOLD SSNTD

E.U. Khan and F.N. Khattak.
Department of Physics, Gomal University, Dera Ismail Khan, Pakistan.

We have studled the reaction Pb + Au at 14.0 MeV/N using two different thres
detecors, mica and cellolose nitrate. In the present paper, we will pr
partial cross sections of various multiplicitis as observed in both the det
and discuss the result in light of the light particle emission.
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REGISTRATION OF PARTICLES AT WIDE ANGLES EMITTED IN THE COLLISION
OF RELATIVISTIC HEAVY IONS WITH COPPER BLOCKS

E.U. Khan, Rubina Zafar and F.N. Khattak.
Department of Physlcs, Gomal University, Dera Ismail Khan, Pakistan.

copper target of 1 cm thickness was irradiated with 3.65 AGeV O beam at the
oint Institute of Nuclear Research, Dubna, Russia at normal incidence. The
opper block was of 2 cm diameter. A stack of 100 R-39 detectors was placed at
angle of 25° with respect to the beam directlon so that the first detector was
I the distance of 17 cm from the target. After the irradiation of the stack, a
ber of (R-39 detectors were etched in 6 N NaOH solution at 60°C for.varlous
es in series of steps up to a maximum of 15 hours. The tracks were measured
r sizes and densities in each step in the detectors placed at various positions
the stack. A comparison of the data obtained from the above mentioned stack

s mde with the data obtalined from the stack placed in the beam hollow in order
0 calibrate the detectors.
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SEARCH FOR THE TERNARY CLUSTER-DECAY OF Cm ISOTOPES
WITH SSNTD

S.P.Tretyakova, Yu.E.Penionzhkevich, H-.G.Ortlepp,
V.V.Trof imov

Flerov Laboratory of Nuclear Reactions, JINR, Dubna,
Russia

Yu. V. Pyatkov
Moscow Physlics Englneering Institute, Russia
Yu. M. Kulyako

Vernadsky Institute Geochem. and Anal. Chemistry,
Moscow

The discovery of the cluster radloactivity as well as
the observatlion of resonant phenomena in light “alpha-
cluster” nuclel caused a search for possible
clasterizatlon effects in heavy nuclel.Some indications
of the preformatlion of three nearly equal clusters in
spontaneous fission of 244Cm were obtained in the
preliminary experiment at Fobos set-up (electronic
device) In the FLNR JINR.

This work alms at continueing the search for the
ternary cluster decay of the 244Cm. 50 “sandwiches"
made of 185mkm Melinex sheets w!th thin 246Cm layers
between the sheets were prepared. For correlation of
fisslon fragment tracks each "sandwich" was irradiated,
treated and scanned together with a special support.
The experimental procedure and the first results are
presented In thls work.

INTS
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SOME SALIENT FEATURES OF THE REACTION
Xe + U AT 17 MeV/N BEAM ENERGY

E.U. Khant, J.J. Baluch* and M.S. Zafartt

* Department of Physlcs, GomalUniversity, Dera Ismalil Khan, Pakistan.
** Department of Physics, Punjab University, Lahore, Pakistan.

¥e have studied the heavy ion nuclear reaction of Xe + U at 17.0 MeV/N
beam energy using muscovite m.ica_ as SSNTD. After bifur-cation of elastic
data from the all observed binary events, reaction cross section was
determined using two independent methods. Inelastic blnary and multi-
prong events have been analysed to determine the velocities and masses
of all the final fragments. Gottschalk's empirical range-mass-enerqy
telatlonship was used for the purpose for which the coefficient were
determined from the experimental data of th_e elastic events. SO!TE. useful

information has been derived about the first and second reaction satges.



18 th INTERNATIONAL CONFERENCE
ON NUCLEAR TRACKS IN SOLIDS
1-5 Sept 1996 Cairo - Egypt

APPLICATION OF SSNTDs FOR STUDY OF BORON
DISTRIBUTION IN ALLOYS

Z.EN, N.JUMALV and M. M. USMANOVA
Institute of Nuclear Physics, Uzbek Academy of Sciences
Tashkent. 702132, Uzbekistan

HOJOKIN, LI HO and ) JANG
Korea Atomic Energy Rescarch Institote, Dacduck Science Town
P.0.7, Tacjon, 305 606, Korca

Well-known SSNTD technique has been applied to study boron behavior
and its distribution in some boron doped materials such as iron-base and
nickel alloys subjected to various treatment conditions. The technique i
based on detection of mB(n,a)’Li reaction products with etchable track
detectors. The irradiation facilities had been used were research WWR
(INP, Tashkent) and TRIGA MARK-3 (KAERI, Scoul) reactors.

Boron being a surface active element is known to tend to precipitate on
various imperfections like dislocations, structure damages, grain boundaries
and others under proper treatment conditions. Two kinds of iron-base
specimens, viz., austenitic stainless and low alloy steels, and also nickel
alloys with a varicty of boron content have been subjected to boron
distribution study.

Boron segregation on grain boundaries of both austenitic and low alloy
steels has been observed. The latter specimen was hot rolled with final
deformation temperature of 850° C. For the samples of another treatment
conditions (heated and furnace ccoled, and heated and water quenched) any
preferable localization was not cbserved.

From the experiments with nickel alloy ingot boron has been clearly
shown to precipitate strongly at grain boundaries and interdendritic spaces.
Aflter hot and/or cold rolling boron rearrangement along with the proper
delormation of the structure took place.
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STUDIES ON NUCLEAR FISSION OF ACTINIDES AND PREACTINIDE ELEMENTS
: USING SOLID STATE NUCLEAR TRACK DETECTORS

: R.H.IYER
Radivchemistry Division
Blublhia Atomic Rescarch Centre
Tromhay, Bombay-400 085.

ABSTRACT

SEN T3 have been in use 1a our Libo,atadies for over 1md dusdis v wn capisnenlal wmdd Tof cureying
oul 3 number of hasic investigations in nuclcar chequatry and physics. Extensive use ol Uwese detecton has alo
Ieen made for applications 10 many sreat such a8 mictonaalyciv, duimeury. woanem explomtion und vory secently
a1 suppartad liguisd miehmnes for otion tmnspont In thus poper, on ovenicw of the cutrent research in AARC
m~||nclnr fission aml rclatal wreas uning SSNTDs are discusaed  Basically this paper is divaded inio 4 puna
I- k¢ JON INDUCED FISSION OF TME LOW 2 ELEMCNTS
The helunt-ion Induced fissica excitatiom funcbons of saturzl yticrhium (Z =701 matuial ethinn (Z=hH¥),
bolinium (Z=67), dyaprisium (Z =648) and werbiwn (Z=65) wote stwdied i the e ion SJTIE; runge ol 30.70
MeV wsing the Yariable Energy Cyclotron at Calcuita  The hehiwm-ion 1oduced fission of Y A was also studied
31 a tepresentalive lighter clanent in the closed shell region 10 enable 8 counpariwn of e properties of nuclei in
the defornad region with thise in the closad shell segion. The fission ciow sections of these system wore
el t;y using lexan plastic Jeﬁjlon. The expurimental detuls and the roetheds of data wnalyas aie desenlbald
in some of our publishad pupens’ . The [gion exvianon i wops analyas! ming » slatistical meadud,
From tlus analysis , the fisaiom harsers foc . ‘ﬁ‘lﬂr‘fﬁam. '“Tm, “ﬂ"‘ﬁ and 'hlio conpomul
miclel wore dowrmined 0 be 19.3142.5, 26.7+3.0, 278230, 29.833.0, 292235 and 31,5435 MceV
repectively, The data from the present experimenial werk hove been vied along with siniilar Jata available in the
literature 1o bring outl sone l)'!ln;mﬁu in the Astion geoperties of Jow Z ddevmmix In this poper major
vonclusions of U present study oo He ion-ioduced fission of the luw Z chemens are discinsal.
2. HEAVY-ION-INDUCED FISSION OF LOW Z ELEMENTS:
The stnly of heavy-ivn-induead favion of low Z eleuents provides uniyuy, vppottumbics to mndenstand the
fission propuaties of ugh spn Gsiening systeins and (o 1en tharmutical madls, With a view 1o undertiamling the
eflecs of angular momientum  aml entrancy channel on Ii“‘ﬁn protahaliy and fragment anisotrupy, the fixsion
cross soctions l’n\pm}u Mﬁ:}gu’ disnhunony 81 the Re compound nuchoun w--lmui by |rn trpel +
projectile combinations (I C+ Tm and “D-b! Hu) 30d the compound nucleus 'UFI ( 60+ 5"',MI were
studied at several bombarding energies above the fusion bariers wsing the baavy inns lrom the DARC-TIFR
Pellewron facility in TIFR mhay. ‘Lexan’ tack detector was used for  delecting fisdion fagments. Lower
energics were chusen for ! Re compound ll&l’tlt!‘\ ;vlm'r 80 experimunual a are .“HN: l-\& wheie the
sverape angular ponentum, <13, of the "0+ LTS system i3 lower thag that of the "“C+ """ Tm systum,
The data obtained in the prescal studics were wed 1o et the models mhich predict anpulas depondent fission
barriers. Since Une present studics provided fismon {ragment anisotropies over 3 lwge mnge of <13 values at
modivin excilation envrpies where only single chance fissions wre peodoble | 1l was inleresting o examine the
varistion of anisolropy as a functinn of <13 aml pot some new imsights reparding cllective mimmnt af incihia,
Jp amil the shape of the auclcus at the saddle point. In an effori to otiains sigle vanable which accounts [or the
¢I[¢c|s of both X end <I>,, and which can ceplain the sarbuen of J . 105 experimental valucs of J
whininal fiom the Hssion fimpment angular disteibuticns of 26 compound nucle wore smalysel. From the analysis
of the 1, qr duia, it was observed that Uxe T gp vadus it a wule poge of X sod <12, are well represantal by
the l'mh'sr osmeter.
kB MUASUREMENT _OF ARSOLUTE FISSION YIELDS IN THE FAST NLUJROH JISSION OF
ACTINIDES -
The measurement of absolute fissioa yields in U 33t ncutren fission ol achimdes 1s impontant ned only
because these are reyuiced for an undeninding of te nuchar fivsion precess an general but alin lecanee of the
fuct that stcurate fission preduct yields sre needed for a number of appheations such ac reacior safety, burnup,
spentlucl management, Lalepants ete. The measurements of abselute fissico product yiclds require the fimitn tate
1o be mauniturel, Ax purt 135“ IAEA suppustal project, -ilhr‘! 'q;ﬁﬂf-d the abualnte lission 1‘53‘{"" yiehls in
the fast neutron ﬁuiT nl “"7U (99 9997 atom pereent). Np =" Pu (99 4E atoen percent), © 0 Am (99.998
atom pereent) amd Hem 199 43 aton pereent) The toul na. of fissions noawing in the tupel were determined
by fission tack techuique and the number of atoras of a gven fisnon preduct nmichide by high rescluion gamma
my spectremetry. The targels were iradiatad in the swimming poul rector APSARA and alwo in U prcumatic

irndiation facility af'CIRUS reagtor at Trombay (for shen bvald fisvion prosducts) The atmolute yu s of srveral
fissiun products with half liver ranging from hT'mme lo, cveral months wore ineasunad Most of lhsﬂ’lu'lds of
.)I* -lived fiscion products in the fission n; U and “7'Np and all the ykds in the fission of “""Pu and
= A e easured Tor the Girst tine e 7,

4. DASIC DEVELOUMENT IN_THE TRACK TECHNIQUE FOR THE ATTLICATIONS IN FISSION
SIUDIES vy

In this sectinn, he results of following udies arc alio Jdiscutsed

1- Develnpmient and eplumization of a sequenteal eiching procedure for resatatton of alpha and fision tracks
w CIC wd e application in masireannts of alpha to spontanriss fistien branclng mtion uf
actipnbes

.2 New Lewn calcher techniques fur measurcment of slsolute fission yudds in spontancous

fission and peutron indued fission of actinides.
Referencus:
" Rt Iyer, A K. Parley, P C, Kalvi and R C. Sharma Phymical Revicw U, Vol 44, No. 6. 2641.2652
(1991) and Phys. Rev. C, 48, B87-94 (199)).
2 R Tyer, Mesureinent of abnolute fission ywhds sath st mvutron finsien ol actinides, JAEA -
Rewarch contract $195/R2/RD, Progress Repurt, Septomber 1995,
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STUDY OF FOSSIL TRACKS DUE TO Fe- GROUP AND Z> 36 COSMIC RAY
NUCLEI OLIVINE CRYSTALS FROM LUNA-16 AND LUNA-24

V.P.Perelygn, S.G. Stetsenco, R.1.Petrova
Joint Institute for Nuclear Research, 141980 Dubna, Russia
D.S.Yadav
Tata Institute for Fundamental Research, Bombay 400005, India

The olivine crystals from lunar regolith samples taken by the Soviet unmanned
spacccrafts Luna-16 and Luna-24 were investigated.

The olivine crystals were mounted in epoxy, polished and then etched in modified
WO, solution. The track densities up to 10° tem? (VH-group) were measured under
optical microscope. The tracks of length a greater than 20 microns are counted for VVH
track density determination. The track density of VH and VVH tracks is plotted in Fig.1
for 11 lunar olivine crystals.

Fig.1 shows that the crystals for

]

which VH track density is about 10° 1 3 — 310
2 3 - H track density

tem® had probably been at l-cast e 10.: == \HTFank denshy Hss
on the moon surface during their
imadiation history while the crystals > .: i ‘g
which possess low track density (10° 510 1 110" §
Yem?) might have suffered vigorous ¥ ] i B
mixing or had never been on the lupar E 10’-; +10° 2
suface. The VVH/VH track density 5 ] 1 g
ratio for these lunar olivine crystals 10‘.i ~10?
varies from 1.25x10% to 2x10°. It 5 i
corresponds the depth of these crystals 10® = SRV N |
in lunar soil 2-8 cm. © 2 4 8 3 10 12

Lunar crystals well svited for VVH Sostalhikmios
track studies due to a very high track
density, The crystals are annealed at Fig.1 The track density of VH and
430° C for 32 hrs. This anneals iron VVH nuclei in various lunar
groups tracks completely and leaves - olivine crystal
cichable tracks of nuclei with Z250
even in the olivine crystals with Fe- group tracks up to 1-2.10° tem® were able to
measure two tracks with the length 195 and 210 pm, which were produced with Th-U
group of Galactic cosmic ray nuclei. It means that Junar olivine crystals can be used for
the investigations of 505 Z<110 cosmic ray nuclei..
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SYSTEMATIC STUDIES OF NEUTRON GENERATION
FROM RELATIVISTIC HEAVY ION INTERACTIONS
BY CR-39 AND NUCLEAR EMULSIONS

Shi-Lun Guo, Yu-Lan Wang, Cai-Qing Tu, "R. Brandt,
P. Vater, Benhao Sa., Yuming Zheng, Yong-Lian Liu,
Wen-Ji Zheng, Xiu-Hua Hu,* *B. A. Kulakov,
M. I. Krivopustov, " * V. S. Butsev, * * V. Bradnova.
China Institute of Atomic Energy.P. Q. Box 275(96),Beijing 102413,China
*Kernchemie,FBi4,Universitat Marburg.D-35032 Marburg. Germany
* * Joint Institute for Nuclear Rescarch,Dubna,Russia

Neutron generation in relativistic heavy ion interactions is an important subject not
only in nuclear reaction mechanism at very high energy but also in applications of fast
neutrons in sccelerator-driven subcritical reactors. Systematic studies have been carried
out of neutron generation in the interactions of 44 and 22 GeV "*C with Cu and Pb tar-
gets. The properties studied include;

(1) Angular distributions of secondary ncutrons measured with CR-39 stacks
sround the targets from 0" to ~150" to the heavy ion beam,which show that the emis-
sion angle of fast neutrons has a strong forward preflerence.

(2)Enecrgy spectra from 0. 4 to~ 1000MeV of secondary neutrons measured by
means of recoil protons and ¥C (n,n’) 3a reactions in nuclear emulsion, which show
that most of the neutrons have energy less than 20 MeV oand the number of neutrons
decreases rapidly as the energy of neutrons increasesbut there are existed measurable
high energy neutrons.

(3)Relative yields of secondary neutrons gencrated in 44 GeV versus in 22GeV *C
bombardment to Cu target and also to Pb target.the ratios of which are around 2,
which are larger than the values of theoretical calculations.

(4)Relative yields of secondary neutrons produced in Pb target versus in Cu tar-
get. The ratios obtained are 2. 54£0. 20 and 2. 5610 20 for 44 GeVoand 22 GeV,re-
spectively. More neutrons are generated in Pb target than in Cu target

(5)Average numbers (yields) ol secondary neutrons produced per each heavy ion
have been derived by integrating over all directions and all energies.

The implications of the above properties are expounded in nuclear reaction mecha-
nisms and in applications in accelerator-driven nuclear reactors.

The studies show that inexpensive solid state nuclear track detectors combining
with nuclear emulsion can bring about plenty informations on relativistic heavy ion in-
teractions and another advantage of these detectors is providing chances for scientists in
~ developing countries to catch up with the advanced countries in the studies ol frontier
sciences.
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Environment & Radiography

Z En, N. Jumaev, M.M. Usmaneva, H.J. Kim, J.H. Hoand J. Jang
Application of SSNTDs for study of boron distnbution in alloys

P. Saritepe, T. Giizel, T. Akyiiz, Yu.Ts. Oganessian, C. Bolcal, §.P. Tretyakova, T. Saltoglu, N.
Kirath and N. Cagtay
Determination of concentrations of fissionable elements in the Black Sea sediment samples before
and after Ck.emoby! using dielectric detectors

S.F. Boulyga, N. Erdmann, H. Funk, M.K. Kievets, E M. Lomonosova, A. Mansel, N. Trautmann, 0.1
Yaroshevich and L.V. Zhuk
Determinatien of isotopic composition of plutonium in hot” particles of the Chemnobyl area

T. Guzel, T. Akyiiz, C. Boleal, P. Saritepe, S.P. Tretyakova, Yu.Ts. Oganessian and T, Saltoglu
Determination of uranium and thorium concentrations in Turkish lignite coal ashes using neutron
radiography

M.1. Al-Jarallah, F. Abu-Jarad and A. Aksoy
Distnbution of thorium in gas lantern mantles

M. Kadyrova, N. Jumaev, Yu.F. Simakhin and M.M. Usmanova
Investigation of boron distribution in semiconductors and Mo-Re alloys by SSNTD method

LV. Vorobyova, 1.V. Zhuk and O.1. Yaroshevich
Investigation of radioactivity and size distribution of hot particles by means of SSNTD

N. Ahmad, Matiullah, A J. A H. Khatibch and A. Ma'ly
Measurement of natural radioactivity in Jordanian sand

A.J A H. Khatibeh, N. Ahmad and Matiullah
Natural radioactivity in marble stones - Jordan

R.B. Gammage, K E. Meyer, C.S. Dudney, P. Kotrappa, R. Wheeler, M. Salasky and G. Espinosa
New environmental applications for passive radon monitors

M. Ciubotaniu, A. Danis, E. lancu, G. Dumitrescu and M. Cucu
Studies of the uranium biodistnbution in animals contaminated by ingestion using fission track
method

LV. Zhuk, E.M. Lomonosova, A.P. Ipatov, E.V. Kopets, P.A. Paviyukovich and Z.V. Rytvinskaya
Technique for the investigation of uranium dioxide distribution dissolved in silicate compositions
carried out at solid state nuclear track detcetor

T. Badicd, 1. Popescu, C. Begliu, R. Radwan, A. Olanu and D. Militaru
Trace elements analysis of aerosol samples from some Romanian urban zones

V.A. Nikolaev, A.V. Gromov and A.V. Stepanov
Track detectors in radiation monitoring of sunken submarnne "KOMSOMOLETS"

S. Singh, R. Malhotra, J. Kumar and J. Singh )
Uranium measurements in soil, rock and plant samples of Himachal Pradesh using solid state nuclear
track detectors
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THE DEPLENDENCE OF THLE DISTRIDUTION OF DAMAGE ON TRACK
STRUCTURE ALONG SWIFT HNEAVY 10X PROJECTED RANGLH

A.Yu.Didyk, V.Vulsadakijs

Joint Institute for Nuclear Rescarch, FLHR, Russia

samples of silicon have bcen irrodiated by heavy ions
of Kryplon with encrgy 210 MeV in a direction parallel the
{111] plane at fluences from g.0x1012 to ax10'd ions/cmz.
The distribution of damage conccntration at various
flucnces hos been investigatced by x-ray difractometry step
by step alongg Lhe projected range of jons. DBefore each
experiment of x-ray analysis the irradinted samples were
polished to fecature size of 0.5 mkm with diamond paste.
Therefore the changes of the lattice parameter of silicon
wus investigated with this spatinl resolution. The
dependence of the silicon tattice parameter (R = a/a) on
fluence has bcen uscd to recalculeote the vacancy
concentration.

It was observed that thc vacancy fate increases with
[luence at low [luences (between 8.’(1012 and 4x1013i0n5/cm2)
and that the straggling zonc (DBrcgpg pcak) has single peak
structure. At higher irrediation fluences the shape of this
.zone became two pcaks one. .

This result may be wunderstood with the help of
a mechanism of production of the the specinl  structurc in
silicon by cach heavy ion. According to the creation of a
heavy don track 1is associated with n decrcasc of atom
volume density around the ion trajcctory. Calenlniang of
the reduced density have been carried oul.

LY
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DETERMINATION OF CONCENTRATIONS OF FISSIONARLE
ELEMENTS IN THE BLACK SEA SEDIMENT SAMPLES BEFORE AND
AFTER CHERNORBYL USING DIELECTRIC DETECTORS.

p.Saritepe+, T.Guzel+, T.AkyQz**, Yu.Ts.Oganesslan*, C.Bolcal+,
S.P.Tretryakova*, T.Saltoglu**, N.Kirath++, N.Cagtay4 +.

* Jolnt Institute for Nuclear Research, Flerov Lab. of Nuclear Reacuons, Dubna Head
Post Office, PO Box79, SU 141980 Dubna, Moscow Reglon, Russia,
*+ Cokmece Nuclear Research and Tralning Center, PK.1, Havaalani, Istanbul,
Turkey. )
+ University of Istanbul, Faculty ol Science, Nuclear Physics Dept.,, 34459 Veznecller,
Istanbul, Turkey.

4+ Universlty of Istanbul, Faculty of Geophysics, 34459 Veznecller, Istanbul, Turkey.

ABSTRACT

The Black sea is surrounded by Bulgarla, Georgla, Romanla, Russlay,
e ot P A Bt By mnd mmaine hasip Jp Jhe world and
Is a restricted basin connected to the Marmara Sea through the Bosporus
strait.

Black sea sediment samples (total 69) obtalned In 1978 and 1989 as
surfacial sediments. The fisslonable elements content, particularly
uranium, of the samples were determined by fission fragments
radlography using solid state nuclear track detectors. Irradlations were
performed on MT-25 Microtron of FLNR, JINR, Dubna. The sensltvity of
used technique is very high, it Is posslble to measure radloactive element
concentrations from 108 to 10715 g/g.

The evaluation of degree of pollusion incured In the Black Sea
sediments, béfore and after Chernobyl has been Investigated. The degree
of pollusion in the east part of Black sea, cspeclally near Georgla reglon Is
higher both in before and afier Chernobyl samples.
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TERMINATION OF ISOTOPIC COMPOSITION OF PLUTONIUM IN “HOT”
PARTICLES OF THE CHERNOBYL AREA

Boulyga™, N. Erdmann’®, H. Funk’, M. K. Kievets®, E. M. Lomonosova®‘, A. Mansel®,
N. Trautmann®, O. I. Yaroshevich® and 1. V. Zhuk®

'Insmure of Radiation Physics and Chemistry Problems, Minsk, Belarus
* Institute of Power Engineering Problems, Minsk, Belarus
? Institute for Nuclear Chemistry, Mainz, Germany

ilion to the determination of the total content of transuranium elements (TUE) in
onmental samples the knowledge of their isotopic composition is of great interest because
these data statements about the origin of the TUE can be made. So far mainly radiometric

s as well as neutron fragment radiography have been used for the detection of the fissile
tpha emitting nuclides of the TUE with the disadvantage that these methods have
lions in the isotopic resolution. An alternative technique is resonance ionization mass
ometry (RIMS) which possesses an excellent sensitivity and a good isotopic resolution
nd allows the measurement of the content as well as the isotopic ratio of a desired
ranium element.

of the most radiotoxic element released during the Chemobyl reactor accident was
nium with the alpha emitters **Pu, **Pu, **Pu, **Pu and the beta-emitter **'Pu which
s into **'Am. The determination of plutonium in “hot” particles from the Chemobyl
lor was accomplished in such a way that “hot™ panticles have been extracted from samples
rosols collected in the vicinity of the Chernoby] Nuclear Power Plant afier identification
solid state nuclear track detectors (SSNTD) registering the alpha particles. The most
¢ particles have been measured by alpha spectroscopy afler chemical treatment. The
isare given in Table 1.

Alpha-activities of plutonium isotopes in *hot” particles, Bq

Isotope 1 2 3 4 5 6
"Hpy 2.8-10" 38107 3.1-.10° 43.10" | 76107 | 8.1-.10°
Ppy 1.3.10° 1.6-10° 1.3-10° 1.8-10° | 32107 | 3.2.10%

ermore, one of the “hot” particles has been investigated by RIMS in order to perform a
lete analysis of the isotopic composition.

2 gives the data of this measurement together with calculated values [2] taking into
nt the oBeranon data of the Chernobyl reactor. There is a rather good agreement. The
tion for “*Pu is due to the fact that the number of atoms in lhe sample for RIMS was’
small causing a large error. ;

ible 2. Isotopic composition of plutonium in a “hot” particle measured

with RIMS in comparison w:lh calculated data [2].
Pu-isotope =Py Fpy “*py Hpy | *py
Measured isolopic composition [%] . 0.8 69 23 5 15
lculated [2] isotopic composition [%] 0.22 64.6 27,6 55 22
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DETERMINATION OF URANIUM AND THORIUM CONCENTRATIONS
IN TURKISH LIGNITE COAL ASHES USING NEUTRON
RADIOGRAPHY.

T.Gozel+, 1.AKyuz**, C.boicais, F.3anieper, 50T
Oganesslan®, T.Saltoglu**,

* Jolat Instliute for Nuclear Research, Flerov Lab. of Nuclear Reactlons, -13ubna
Head Post Office, PO Box79, SU 141980 Pybna, Masew Reeinn: Rssii,

“* Cekmece Nuclear Research and Tralning Center, PK.1, Havaalani, Istanbul,
Turkey.

+ Lmversity of . fstanbul, Facully of Science, Nucl. Phys. Dept,, 34459
veznecller Istanbul, Turkey.

ABSTRACT

Uranlum and Thorlum concentrations In lignite coal ashes, obtained
from lignlte coals that were taken from different ‘Lignite Deposits’ of
l'urkey, have been determined by neutron radlography using solid stine
nuclear track detectors (SSNTDs).

Itis known that some low quallly lignite coals contatn uranium,
thorlum and some other radlonuclides in significant amounts. ‘the low
jrade lignite, In coal power plant, is pulverlzed and during the
‘ombustlon process; the uranium that 1s bounded to lignite organically, 1s
Mriched In the'inorganic matrlx, L.e., It is accumulated In -the ash.
Fherefore, there are urantum, thorlum and $ome other radioactive
slcments In the volatlle ashes and preclpltated ashes, arising from
:ombustion by 'products. These ashes are deposited outside the
ubrication areas. They form ash hills, by Ume. Some technologic studlies
nave been done (o use these ashes economically, For example, using the
1sh as an absorber of organic parts from the waste-water. It should he
j0ted that these ashes can be dangerous for environment, since they
‘ontaln toxic and ‘radloactve matertals.

Neutron Irradfations were performed on MT-25 microtron of FLNK,
INR {Dubna). e total concentratlon of vranium and thorium iIs found
setween 107 10 g/g. The usual acceplable concentration of the
Isslonable elements In soll 15 10° g/g. For the Irradiation conditions on
‘his experiment, the efficlency Is 10°® g/g.

INTS
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DISTRIBUTION OF THORIUM IN GAS LANTERN MANTLES

M.I AL-JARALLAH, F. ABUJARAD* AND A. AKSOY*

Depariment of Physics, *Energy Resources, Rescarch Institute
King Fahd University of Petroleum and Nfinerals
Dhahran 31751, Saudi Arabia

Abstract

Natural thorium is uscd for producing luminescence in gas lantern -manil@. @orturn Is
introduced into the mentales by impregnating the fabric mesh with thorium nitrate. This
was confirmed by I-spectroscopy.  The distribution of thorium in mantle sample was
studied through detecting alphas emitted by thorium and its danghters using nuclear track
detectors type CR-39, 2 x 2 cm?2. The Detectors were placed overa gas mantle for
different periods. It was found that there is a linear relationship between exposure time
and alpha track density and for the same exposure time, alpha track density is nearly equal
on the different locations of the same mantle.

The distribution of thorium in the whole gas mantle was also checked by placing the
mantle directly on x-ray lilm and on CR-39 detector successively to detect emitted alphas.
The results confirm unilorm distribution of thorium in the mantle fabric.
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INVESTIGATION OF BORON DISTRIBUTION IN
SEMICONDUCTORS AND
Mo-Re ALLOYS BY SSNTD METHOD

M. KADYROVA, N.JUMAEV, Yu. F. SIMAKHIN and M. M. USMANOVA

Institute of Nuclear Physics, Uzbek Academy of Sciences
Tashkent, 702132, Uzbekistan

Boron is in wide use as doping element in semiconductors, metals and
alloys. Such processes as boron ion implantation and thermal diffusion in
the Cd,Hg,.,Te, SiC, Si and some alloys are characterized by non-uniform
surface and volume distribution of boron because of damages of crystalline
structure.

SSNTD techniques have been developed 1o control non-uniformity of
boron distribution on a surface of Cd,Hg,.,Te, to study boron behavior in
polycrystalline B-silicon carbide, to determine local boron concentration and
its microdistribution in monocrystalline silicon carbide, silicon, “mosaic”
silicon structures and Mo-Re alloys.

The boron distribution determination techniques were based on the
detection of alpha-particles from the '°B(n,a)7Li reaction with cellulose
nitrate film.

To study deep boron diffusion in layered silicon structures a technique
of small angle section about 1-5° has been elaborated.
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INVESTIGATION OF RADIOACTIVITY AND SIZE DISTRIBUTION OF
HOT PARTICLES BY MEANS OF SSN'TD

Vorobyovu I.V.

Kharkov State University, Svoboda Sq., 4, Kharkov, 310077, Ukraine
Zhuk [.V., Yaroshevich O.1.

Inst. of Powder Engeneering Problems, Ac.of Science, Minsk, Belarus

By means of solid detectors the structure of track "stars" created by "hot" particles
trapped by filters from atmosphere near Chernobyl PS has been studied.

Thin filters {about | pm thickness) containing “hot" particles were driven into a
contact with a detector (mica ftorfllogopit ) and they were irradiated by the flux of
thermal neutrons. Separate tracks and stars of tracks of hot particles were observed in the
optical microscope after a chemical etching of the detector. Some filters were studied by
means of detector CR-39. The structures of track stars of fragments and track stars
of alpha-particles created by the same hot particle were compared.

It has been shown that stars of fragment tracks make possible to define sizes and forms
of hot particles with a much greater accuracy than stars of alfa-tracks and to analyse
the distribution of the disintegration impurity in the volume or on the surface of hot
particles.

We have established the following:

" 1. Sizes of hot particles change in wide ranges - from fractions of | pm up to 0.1 sm.
2. Both free particles and particles attached to carriers have been observed.
3. Concentration of the disintegrating impurity changes from 10°% to 10°%.
4. Atoms of disintegrating impurity are concentrated mainly on the surface of particles.
Only separate particles contain disintegrating impurity not only on the surface but in
the bulk.
5. About 10 % of particles have a non-spherical form. As a rule in  such particles a
disintegrating impurity is distributed along the whole bulk.
6. Sometimes localized clusters of hot particles joined by the common carrier are met.
7. By means of local micro-X-ray spectral analysis there was found established the
material of separate large particles-carries.
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Measurement of Natural Radioactivity in Jordanian
Sand

Nasir Ahmad', Matiullah!, Ahmad J. A. H. Khatibeh? and Aziz Ma’ly?

1 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakiélan.
2 - Nuclear Energy Department, MEMR, Amman, Jordan.

Abstract

The natural radioactivity in construction materials is a major source of
indoor radiation exposure to the occupants. For proper selection of the
dwelling matenals, it is essential that the activity contents in these materials
must be measured. Sand is a major constituent of the materials used in the
construction of dwellings. To measure natural radioactivity, 25 sand
. samples were collected from Amman, 25 from Jarash-Irbid and 23 from
Ghor-Karak areas. Radium-226, thorium-232 and potassium-40 activities in
these samples were measured using gamma ray spectroscopy technique.
The measured Ra-226 activity in the sand samples, collected from Amman
area, varies from 16.35 to 25.16 Bq/kg, Th-232 activity varies from 7.11 to
13.21 Bqg/kg and K-40 activity varies from 81.23 to 99.23 Bg/kg. For sand
samples collected from Jarash-Irbid region, Th-232 activity varies from 3.45
to 17.14 Bq/kg, Ra-226 activity level ranges from 14.82 to 59.43 Bg/kg and
K-40 activity level ranges from 65.8 to 263.2 Bq/kg. For Ghor-Karak region
sand samples, Th-232 specific activity ranges from 16.3 to 28.5 Bg/kg, Ra-
226 activity ranges from 22.7 to 32.36 Bg/kg and K40 activity ranges from
330.7 to 379.4 Ba/kg.

The average values of the radium equivalent activities calculated for
sand from Amman, Jarash-Irbid and Ghor-Karak areas are 41.06 Bag/kg,
54.7 Bq/kg and 85.53 Bg/kg respectively. These measured values are well
below the recommended upper limit (i.e. 370 Bq/kg) for safe use of
construction matenals for dwellings.
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Natural Radioactivity in Marble Stones - Jordan

Ahmad J. A. H. Khatibeh', Nasir Ahmad? and Matiullah?.

1 - Nuclear Energy Department, MEMR, Amman, Jordan.
2 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakistan.

. Abstract

It is an established fact that all the construction materials contain trace
amount of natural radioactivity. This activity is a major source of external
and intemnal radiation exposure. It is therefore essential that the activity of
the construction material should be determined to assess the possible
radiation hazards.

Marble stones are mined and supplied mainly from three different areas
namely Amman, Ajlun and Azrak in Jordan for the construction purposes.
It is used in the form of tiles, slabs and chips. In order to measure natural
radioactivity in marble stones, samples were collected from 71 different
sites from the above mentioned areas. Radium-226, thorium-232 and
potassium-40 activities in these samples were measured using gamma ray
spectroscopy technique. The measured Ra-226 activities in the stones
collected from Amman varies from 264.9 Bg/kg to 369.5 Bq/kg and the
average value is 308.87 Bq/kg. For Ajlun and Azrak the maximum values of
Ra-226 are 28.3 Bq/kg and 23.41 Bq/kg, respectively.

The average values of the radium equivalent activities calculated for
Amman, Ajlun and Azrak areas are 322.91 Bg/kg, 43.40 Bg/kg and 42.87
Bg/kg respectively. The measured value of radium equivalent activity in
marble stones from Amman area is very high as compared with the others
two areas. For marbles from Amman area, estimated average value of the
external hazard index is 0.873 and that of internal hazard index is 1.71.
Since the value of internal hazard index is more than unity, therefore, the
excessive use of this material in the construction of dwellings may result in
significant external and internal exposure.
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NEW ENVIRONMENTAL APPLICATIONS FOR PASSIVE RADON MONITORS ()

R.B. Gammage, K.E. Meyer and C.S. Dudney
Oak Ridge National Laboratory, PO Box 2008, Oak Ridge TN 37831-6379,USA

P. Kotrappa
Rad Elec, Inc. 5714C Industry Lane, Frederick, MD 21701, USA

R. Wheeler and M. Salasky
Landauer Inc, 2 Science Road, Glenwood, IL 60425-1566, USA

G. Espinosa
Instituto de Fisica UNAM. Apdo. Postal 20-364, Mexico 01000, D.F. Mexico

ABSTRACT

Alpha-track detectors and electret jonization chambers are established, commercially available
»assive radon monitoring devices. Our objective is modify, test and validate these devices for the
aurpose of making ficld measurements on alpha-contaminated soils. This presentation focuses o
he most difficult of monitoring tasks, that of making meaningful in-situ field measurements on soils
vith contamination levels of 100 pCi/g or less. At higher alpha activities, a measurement time of one
1our or less is sufficient to make an in-situ measurement. Low level measurements require ovemight
»r multi-day deployment which subject the detectors to additional complications, especially soi
adon and weather related stresses. Compensation for radon effects is achieved by making a pair of
lifferential measurements, one on bare soil, the other with a thin, radon-permeable filter (Tyvek) on
e soil. Moisture condensation, which occurs when temperatures fall below the dew point, is
srevented or minimized, by using an insulating cap. Adequate protection must also be provided
against rain and high winds. The results of ficld tests at an eastern sight with high rainfall anda
western arid sight will be discussed.

KEYWORDS

Passive Radon Monitors, Alpha Track Detector, Environmental Measurement

{1 Research sponsored by the U.S. Department of Energy under Contract DE-AC05-840R21400
with Lookheed Martin Energy Systems, Inc.
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STUDIES OF THE URANIUM BIODISTRIBUTION IN ANIMALS
CONTAMINATED BY INGESTION USING FISSION TRACK METHOD

M. CIUBOTARIU, A DANIS, E IANCU, G. DUMITRESCU, M. CUCU

Institute of Physics and Nuclear Engineering. P.0.Box MG-6. R-76900, Bucharest, Romania

In the present papm,thcunnhxmimanalcom;minaﬁmbyingmimvmssmdiedby
the fission track method A comrelation between the amount of the uranium intake and the
mmaflhcmniummaimdbyﬂrmamhamdmbjadasntﬂasihcmniwndimmm
in urine and excrements was established.

Two Wistar-London breed rats were contaminated by ingestion of a uranium solution
containing 2.2-10° gU ; pH=6. The contaminated subjects were sacrified at 3 and 10 days
mpeaiwly,aﬁnmmaminaﬁonM\itzlorgamandthcmbodyoﬁhcmasmﬂasthcir
evacuation samples (urine and excrements) were analysed by the fission track micromapping
technique. For each anatysed sample, two uranium fission track micromappings were obtained
in muscovite track detectors.

Uranium micromappings were used both to determine the uranium atom distribution
andhumnimnooﬁuﬂinﬂmmecﬁwmAbidogiczlmfmmwﬁaluﬁbmwdm
uranium - prepared in our laboratory - has been utilized.

Ampaﬁmbﬂumﬂnaqxrhnﬂualdaxaouaimdformnmmninmedmbjms
as well as their physical interpretation have been made.
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TECHNIQUE FOR THE INVESTIGATION OF URANIUM DIOXIDE DISTRIBUTION
DISSOLVED IN SILICATE COMPOSITIONS CARRIED OUT AT SOLID STATE
NUCLEAR TRACK DETECTOR :

L V.Zhuk, E, M. Lomonosova, A. P. Ipatov, E. V. Kopets, P. A. Pavlyukovich,
and Z. V. Rytvinskaya

Institute of Power Engineering Problems
Academy of Sciences of Belarus, Minsk, Republic of Belarus

At present solid state nuclear track detectors (SSNTD) are of wide use for registration of the

" charged particles. Due to high sensitivity and resolution at reliability and simplicity when treating
information SSNTD can be used for obtaining data on concentration distribution of m
radioactive element in various compositions. :

At the work presented the method of a-radiography has been used for having a concentration
picture of uranium dioxide distribution in silicate compositions based on fixation of a-tracks at the
contact of a-particles of SSNTD with the specimen.

The plates CR-39 have been used as SSNTD for obtaining a-radiograms of sectional specimens,
The chosen time of exposure has ensured a good space resolution and a sufficient density of
tracks of a-particles (8 10° cm ?) at the detector.

The photographs of a-radiograms at the enlarging x100 have been done for the estimation of the
density of a-tracks, and the area of counting equal to 0.1 mm? and common for all the specimens
has been chosen.

The results of the treatment of a-tracks density as to sectional areas of the specimens are
represented by graphic dependencies of the distribution of densities along the chosen directions.

In order to have a quantitative concentration picture of the distribution of the dissolved uranium
dioxide in the specimen the formula has been obtained, which connects the mass of uranium |
dioxide myo; in the unit of the volume of the tested source (specimen) with the number of tracks
B being formed by a-particles on the unit of the detector’s area per unit of time:

Myo =NJ'pIMJ.'JMIB
' NA‘P.';M'B.

where - N,, M,, p,, B, - the number of uranium nucleus in the unit of volume, a molecular mass,
the density of the substance and the density of tracks of a-particles for the standard,
correspondingly; and p and M are the density and the molecular mass of a silicate composition
with the dissolved UOQ,, correspondingly.

- In the experiment an initial uranium dioxide applied for studying the dissolving process has been
used as the standard, the value B for uranium dioxide has been registered and calculated
according to the technique used in the work presented.

The results of the concentration distribution of UO, having been obtained with the help of this
technique have been used for the estimation of diffusion and solubility of UO; in silicate melts,
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TRACE ELEMENTS ANALYSIS OF AEROSOL SAMPLES FROM SOME
ROMANIAN URBAN ZONES )

T. Badica *, J. Popescu *, C. Besliu **,R. Radwan *** A Olariu * and O. Militaru *
* Institute of Physics and Nuclear Engineering (IPNE), Bucharest, Romania
** Faculty of Physics, Bucharest University, Bucharest, Romania
*** National Center for Radiation Research and Technology (NCRRT), Cairo, Egypt

Air samples from 10 Romanian cities, of different industrial levels. The samples were
collected using air sampler by sucking the air through filter papers. For the analysis of the
trace elements included in the air, Particle Induced X-rays (PIXE) and Neutron
Activation Analysis (NAA) were used. It was identified the traces of K, Ca, Fe, Cu, Zn,
As and Pb in the range of (ppm). The gradient of the pollution in the different cities is
proportional to the industrial levels,
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TRACK DETECTORS IN RADIATING MONITORING OF THE SUNKEN
SUBMARINE "KOMSOMOLETS" '

V.A.Nikolaev, A.V.Gromov, ALV .Stepanov
V. G. Khlopin Radium Institute, St Petersburg, Russia

The track method using NC-detectors and of CR-39 type (SSNTD) has been applied alongside
with many other methods in radioecological monitoring of the water in the vicinity of the sunken
nuclear submarine (NS) "KOMSOMOLETS". The track detectors can work in a "watch” mode
for a long time (with protective films for more than a year) and record possible plutonium leakage
irrespective of the moment of the process start; they can also give radiographic information of the
disperse structure of the hydrosols. In the expeditions in 1994 and 1995 with the help of the deep-
water vehicle (DV) "MIR" detecting assemblies have been placed both inside and on the hull of
NS, as well as nearby and on the buoy station 5 miles away (background measurements). The
assemblies have been mounted both for a short period of time (5-20 days) and for a Jong time (up
to a year). Besides SSNTD, selective sorbers on the basis of titanium have also been applied to
concentrate uranium and plutonium from water which were analysed afier the exposition for
alpha-activity and the presence of fissile nuclides irradiated by thermal neutrons with the fluence
of 6:10" em™. Thirty four immersion detectors have been used. The averaged measured data of
the total alpha-activity are presented in the following Table.

Site of detectors The total alpha-activity, Bk /1
the same after filtration
1994 1994-1995 1995
5-20 days ~ 1 year ~ 10 days
ventilation tube of the 50425 20+ 5 .
reactor compartment (2)
NS huli 730 £ 100 - 300 +200
(<65)
independent station on - a : 700 £ 150 -
the bottom (1,4)
buoy station 14+9 - -
(<8)

The Table shows that the total alpha-activity of the water on the NS hull and on the hull of the
station on the bottom nearby is some hundreds of Bk/ 1. It proves to be due to the natural
radionuclides of bottom sediments raised as a result of the work of the DV "MIR". In the places
where - the raised sediments were absent (inside NS in the ventilation tube of the reactor
compartment and on the buoy station) the summed alpha-activity was dozens of times less. The
analysis of selective sorbents due to their own background permitted us to evaluate only the upper
limit of alpha-activity of uranium ( < 0.5 B/ | ) and its content in water ( < 5 pp/l ) that
correspends to the uranium background in the ocean water. Congestions of tracks ("stars") have
not been found. The results of the track investigations do not contradict the data on the absence of
plutonium leakage outside NS obtained by other methods.
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anium Measuremenls in Soil, Rock and FPlant Zziples of  Himachal

adech uzing Solid State Huclear Trach Ceoleclors.

rinder Singh, Rajeev Malhotia, Jatinde:r Muamar & Jazpal Singh.

pavtment of Phyzics G.M.D. Universily, Amritear, India.

Fiscion track technique has becn used to ectimate the con-
entration of uranium in soil, rock and plant samples from some
treas in Himachal Pradesﬂ. India. High values of uranium content
have been observed in some plant and rock samples in the area.
These wvalues are zignificant and may be correlated with wuranium

eralizration reported earlier by come workeves in the area.
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Dosimetry & Life Science

N. Ahmad, Matiullah and A J A H. Khatibeh
A CR-39 based thenmal neutron dosimeter
A B Akopova, V.Kh Babayan, N.V. Magradze, L V. Melkumian, A A. Moiseenko, K. M. Ownanian,
G.D. Badhwar, V.E. Dudkin and Yu V. Potapov
A study of the radiation environment aboard the space shutte flights STS-55, 57, 65 and STS-63
K. Jamil, S. Ali, LE. Qureshi, Fazal-ur-Rehman, S. Manzoor and H.A. Khan
Experimental and simulation study of neutron dosimetry at various neutron encrgies
A.l. Abd El-Hafez, H.M. Eissa, S.A. Eman and M A. Fadel
Measurement of dose enhancement by neutron capture of boron in **Cf interstitjal brachytherapy
Y. Nakane, H. Nakashima, Y. Sakamoto and S. Tanaka
Measurement of reaction rate distributions in phantom irradiated by intermediate energy neutrons for
effective dose evaluation
F. Ziaie and A A. Hosseini
Neutron flux distribution measurement. Methods and comparison
V.P Eismont, AN Smimov, A V Prokofyev, H Conde and K. Elmgren
Neutron flux monitoring by means of thin-film breakdown counters
G. Fehrenbacher, J. Biersack, E. Cordes and \W. \Wah!
Response of converter semiconductor detectors on neutron radiation
A.B. Akopova, M.M. Arutjunyan, L V. Melkumian, K_M. Ownanian, M K. Sharabian, V.E. Dudkin
and Yu.V. Potapov
Some data on radiation assessment aboard transatlantic flights
B. Baican, C. Heilmann and E. Schopper
Spatial dosimetry and spectrometry with neutron activation of remaining Ag from nuclear emulsion
F. Spumy and J. Bednai
Spectrometry of linear energy transfer with a track etch detector
A. Waheed, R. Cherubini and G, Moschini
Study of radiobiologjcal effectiveness with track etch detectors
Matiullah, N. Ahmad and A.J.A H. Khatibeh :
Studying the response of some selected neutron dosimeters in the light of ICRP-60 recommendations
F. Abu-Jarad, M. El Hadidy, M.1. Al-Jarallah and K. Annahdi
“The use of nuclear track detectors as a personal UV solar radiation dosimeter
R.J. Tanner, D.T. Bartlet, L.G. Hager and J. Lavelle
Threshold measurements of the energy dependence of response of the NRPB neutron personal
dosemeter and ist response to workplace neutron spectra
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A CR-39 Based Thermal Neutron Dosimeter '

Nasir Ahmad, Matiullah and Ahmad J. A. H. Khatibeh?

1 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakistan.
2 - Nuclear Energy Department, MEMR, Amman, Jordan.

Abstract

Both chemically and electrochemically etched CR-39 detectors are
widely used for the detection of fast neutrons. CR-39 is insensitive to
thermal neutrons. In practical situations, fast neutrons are always
accompanied with thermal neutrons. Therefore, the response of CR-39
based neutron dosimeter has to be extended to thermal neutrons: To do S0, a
radiator/converter like LiF has to be introduced in front of the CR-39
 detector and an optimum thickness of the LiF film has to be determined
such that similar response as that of fast neutrons is achieved. In this
context, thin films LiF of various thicknesses were prepared using a thin
film coating unit and the response of the CR-39 detector was studied as a
function of film thickness for thermal neutrons. -
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A STUDY OF THE RADIATICH ENVIRONMENT ABOARD
THE SPACE SHUTTLE FLIGHTS STS-55, 57, 65 AND S5TS-63

A.B.Akcpova, V.¥n.Ssbayan, M.V.Hagradze, L.Y. Melkumian,
A.A.Moiseenko, K.M.Ovnanian (Yerevan Physics Institurte,
Yerevan 37503¢, Armenia) '

G.D.Badhwar (MASA Johnson Space Tentre, Hsouston, TX 77058,
USA)

V.E.Dudkin and Yu.V.Potapov (Research Centre of Spacecraft
Radiation Safety, Shchukinskaja St. 45, Mosceow 123162, FKussia)

The results of experimental study of the integral spectra of
linear energy transfer (LET) of cosmic ray perricles and the fast
neutron energy svectra obtained from four Space Shuttle rlights
using the nuclear emulsion.

These measurements are essensial fcr the determination of toral
abscrbed and eguitvaient doses of radiaticn from the charged and
nevtral cosmic ray convonents.
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Experimental and Simulation Study of Neutron

Dosimetry at Various Neutron Energies

Khalid Jamil, Safdar Alj » L.LE Qureshi, Fazal-ur-Rehman
Shahid Manzoor, and H.A. Khan

]

Environmental Radiation Group
Radiation Physics Division
PINSTECH, P.O. Nilore Islamabad, Pakistan

ABSTRACT

A Monte Carlo Neutron Photon (MCNP) transport code has been
employed to simulate CR-39 plastic track detector as neutron dosimeter at
various neutron energies. In each simulation a monécncrgctic neutron source of
a particular energy was embedded in the centre of a2 sphere made of CR-39,
Surrounding the source there were concentric shells of 2 um CR-39 track
detectors. The code, MCNP, was run on personal computer for 7.5x10°
histories. The number of proton recoils in each shell of 2 pm of CR-39 were
determined. The simulation results show that apart from proton recoils about
50% recoils are due to heavy charged panticles i.e. Oxygen and Carbon in CR-
39. This indicates that etched tracks are not only due to recoil of protons but
also due to recoil of heavy charged particles. The upper limits of the track
registration efficiencies have been determined as a function of neutron energies.
These simulation results have been experimentally verified using CR-39 track
delectors at various known energies of neutrons. The proton and heavy charge
particle recoil tracks in CR-39 were made visible by etching in NaOH solution,
at 701°C. L
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MEASUREMEMI OF DOSE ENHANCEMEN] BY NEUTKON CATURE OF BRORON
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ABSTRAC1

In Lhis worh the @ffect of beron concentration in  water on

gamm., fasl and alow neutronz and alphs particles rcompunents at
certral, ferward and backward surfsces inside tumor phantom of 4.2
diamrlér and 4.4 ¢m height, during brechylherapy by neutrons ,romaﬁ
SErE ihoesligatsd. The scuwrc# was at the centre of a cubic shape wat
fhast:m of 30 em cide. The study was :arrled for di f{feren

corie lrelicns f turon frem HW.B C., L1y B O and H_IOB 0. while
R 3 & 477 = 3

central arie of the tumocr phantom wes lLept fired el & cm from

tl
Cpelit zoorcw. The effect of saurce to tumar distance on the differe
coape:.ele of radiation was also ceEe W 6d.
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damszs and ie recomeended for succeasxful boron neutron capture thera
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MEASUREMENT OF REACTION RATE DISTRIBUTIONS
IN A PLASTIC PHANTOM IRRADIATED BY 40 AND 65 MEV
QUASI-MONOENERGETIC NEUTRONS

Y. Nakane, H. Nakashima, Y. Sakamoto and S. Tanaka

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan

ABSTRACT

From the view point of radiation protection of high encrgy accelerators, it is important to
establish a calculation method for high and intermediate encrgy radiations. Therefore,
experiments were carricd out for 40- and 65-MeV quasi-monocnergelic neutrons generated by
the "Li(p,n) reactions with 43- and 68-MeV protons at an AVF cyclotron facility, TIARA
(Takasaki Ton Accelerators for Advanced Radiation Application) facility, of Japan Atomic
Energy Research Institute. Reaction rate distributions in a plastic phantom (30 x 30 x 30 cm)
were measured with solid state nuclear track detectors (SSNTDs) and a ™U fission counter.

Mecasured distributions were compared with those calculated by using the HERMES code
system. In the code sysiem, neutron energy spectra above 19.6 MeV were calculated by the
HETC-KFA2 code and those below 19.6 McV were calculated by the MORSE-CG code with
the DLC-119/HILO86 mulii-group cross section library. In the calculation, the relative energy
spectra of source neutrons below 6- and 7-MeV were assumed 1o be the same as the measured
ones at 6- and 7-McV for the nominal *40 MeV* and the 65 MeV* sources, respectively. The .
calculated fission distributions are in good agreement with the experimental ones at the depth
up to 15 em in the phantom, while the calculations overestimate about 25% ai the depth of 25
em. The neutron encrgy spectra for whole region were also calculated by the MORSE-CG code
with the HILOB8G6 library. The calculated distributions with these energy spectra are also in good
agreement with the experimental ones even at the depth of 25 cm.

Reaction rate distributions of the SSNTDs were also obtained from the neutron spectra and
an energy response calculated by a newly-developed Monte Carlo code in which the encrgy
range of incident neutrons had been expanded 10 intermediate encrgy.  The calculated
distributions of reaction rates of SSNTDs for the "40 McV" agree with the measured ones within
15% at the depth between 10 and 25 cm in the phantom, while those for the "65 MeV" are about
50% higher than the measured ones at the depth afier 20 cm. These disagrecments probably
come [rom the error in the cnergy response of SSNTDs for the incident encrgy of around 65
MeV. At'the depth up to 5 cm, the calculated distributions for both the "40 MeV* and the "65
MeV" are lower than the measured ones. Calculated responses for the neutron energy of 40
MeV p'nd 65 MeV are also lower than measured ones at the "40 MeV* and the "65 McV™,
These discrepancies can be attributed 1o the assuniption of source neutron spectra below 6- and
7-McV. The contribution of the incident neutron spectra below 6- and 7- MeV 10 reaction rate
distributions is estimated to be about 30% for the SSNTDs at the depth up to 5 cm. For the
fission counter, the contribution is estimated to be less than 4%.
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Neutron Flux Distribution Measurement

Methods & Comparison

F Zisie and A A Hosseini
Huclear Rossarch Canter [NAC) . Alomic Enargy Diganzzation of lian (AEDN
P.0.Box 11365 8485 . Talwan, IRAN.

Abstract

In this paper the results of thermal neutron flux distribution
measurement with different methods are presented and ajso compared.
This measurement methods have been applied for the external neutron
beam of powder neutron diffractometer (PND) system for second
collimator, as shown in figure 1.

The results  reported here are those obtained by CR-39 plastic track
detector with boric acid converter and neutron radiography film with
Gadolinium converter. 7

The collimator  system consists of a stainless stee] (SS) rectangular
tube with two thin SS$ plate inside. The System was covered thoroughly
with Cadmium , which it make threc horizontal ncutron channels, ag
shown in figure 2.

It was also found the agreement between the results of the neutron
beam profile by a good approximation. '

Sa:&h
¢ corored] Second  Rascwr
Had Prririon | Colthnatar Wab Ca
Daterter /’
N )
k
s
Cuils Tk - \
Hﬂadl‘-l:!r : Fen
Cond " Portd - Colinatar
Halding
Flgure 1 : Powder Neutron Diffraction Figure 2 : Sccond Collimator System

System (PND).
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NEUTRON FLUX MONITORING BY MEANS OF THIN-FILM BREAKDOWN
COUNTERS

V.P. Eismont, A.N. Smimov and AV, Prokofyev
V.G .Khlopin Radium Institute, St.-Petersburg, Russia
H. Conde and K. Elmgren

Department of Neutron Research, Uppsala University, Uppsala, Sweden

Neutron induced fission cross sections of some heavy nuclei (209-Bi, 232-Th,
235-U, 238-U) are internationally recommended as secondary standards for neutron flux
monitoring in the energy region above 20 MeV [1]. A number of neutron flux
measurement techniques utilizing fission reactions are well known in applied and
fundamental researches, in particular, the techniques using solid state nuclear track
detectors (SSNTD) for fission fragment detection [2].
Monitor devices inciuding 238-U targets and thin-film breakdown counters (TFBC) for
fission fragment registration [3] were elaborated at V.G. Khlopin Radium Institute, The
main advance of the TFBCs is that they combine threshold detection properties of
SSNTD with fast timing. The devices allow to obtain "on-line" information on absolute
value of neutron flux as well as on neutron spectrum,
Design and general properties of the monitor devices are described. To illustrate
performance of the devices, examples are presented of their first applications at the
quasimonoenergetic neutron beam facility at the Svedberg Laboratory in Uppsala .

[1] Conde, H. "Cross section standards above 20 MeV". In: Proc. Int. Conference of
Nuclear Data for Science and Technology., Gatlinburg, USA, May 9-13, 1994, Editor
J.K. Dickens, USA, Hlinois, 1994, V. 1, p.p. 53-59.

(2] Fleischer, R.L., Price, P.B. and Walker, R.M. "Nuclear tracks in solids. Principles
and Application”. University of California Press, Ltd, Berkeley, Los Angelles, London,
1975,Ch. 9, p.p. 528-561.

(3] Eismont, V. P., Prokofyev, A.V. and Smimov, A. N. "Thin-film breakdown counters
and their application (review)". Radiat. Meas., 25, Nos 14, (1995) 151-156.




18 1h INTERNATIONAL CONFERENCE

ON NUCLEAR TRACKS IN S0LIDS %
1-5 Sept 1396 Calro - Egypt -
INTS

RESPONSE OF CONVERTER SEMICONDUCTOR DETECTORS ON NEUTRON
RADIATION

G. Fchrenbachcr”, J. Biersackz), E. Cordes" and W. wah!"

1) GSF-Forschungszentrum fiir Umwelt und Gesundheit, Institut fiir Strahlenschutz,
D-85758 Neuherberg, Germany
2) Hahn-Meitner-Institut, Glienicker StraBe 100, D-14109 Berlin

For the dosimetry in neutron fields active detectors based on Si semiconductors are being
developed. These dosemeters are constructed as combined converter semiconductor
detectors where the incident neutrons interact with the converter isotopes and produce
charged particles which can migrate into the semiconductor and cause a signal,

The aim of this work is the determination of the response of such detectors to incident
neutrons by experiment and by computation. The response is here defined as the
distribution of energy depositions in the active layer per neutron fluence. Due to the
detection principle the computational model consists on two parts: 1. Simulation of the
interaction of neutrons with passive and active layers of the detector and in consequence
of the scattering or reaction process the creation of recoil particles, the energy and
direction of the particles and is based on the ENDF/B - €ross sections.
2. This part of the model simulates the migration of the ions in the detector layers and
the energy loss to the lattice and to the electrons of the semiconductor, which can
approximately be identified with the recorded signal of the dosemeter. The jon transport
is simulated by the application of a version of the program TRIM (TRansport of Ions in
Matter, Biersack - 1995).

Comparisons of measured and computed pulse height distributions are performed. An
analysis of pulse height distributions and an outline for the spectroscopic interpretation
with respect to the energy of the incident neutrons is presented.
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SCME. DATA ON RADIATION ASSESSMENT
AOARD TRANSATLANTIC FLIGHTS

A.B._Akopova, H.M.Arutjunyan, L.V.Melkumian, K.M.Ovnanian,
H.K.Sharsbian

(Yerevan Physics Institute, Yerewvarn 375036,
Atmenia)

V.E.Duckin and

Tu.V,Potapov {(Research ¢
Radiation Safer

entre for Spacecrafr
Y, Shchukinskaja Sc.

40, Moscow 12318z, Russia)

is paid to measuring total cosmic ray particle
recorded 1in these conditions
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Spatial dosimetry and spectometry with neutron activation of re maining Ag from nuclear emubsion.

B.baican®, C.Heilmann?, E.Schopper®
*Institut fir Kernphysik der Johann Wolfgang Goethe Universitin, August Euler-Sir. 6,
D-60486 Frankfurt ML Germany
¥ Centre de Recherches Nucleaires, Rue du Loess 62, F-67084 Strasbourg, France

Abstract

Centain characteristies of nuclear emubsion male 1 sunable 11 desimetnie measurements in space It senes
integrating medum of all wmaing efects 1¢ the wial dose absorbed wathin the detector. which I
developable grains Therr number of the mass of sther respectialy remaming aler processing can be deterrin
Reutron-uctiv ation ol the Ag nuclides

Using emulsions with differem sensitnaty thresholds ( Hiord K3-Ka Y allows 1o differentiate LET- { hnear
transfer ) thresholds and LET-classes of the whtzing radanon. and w chiun a rough composition af the flux.
The results of the calibration with rameid ravs. protens and Csvgen For emulsions of different sensitijtig
given Results trom diilerent space expenmizais ( Kesmos 10 DILL ERA MR, D2, EURCM IR, DMLY)
presented too
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SPECTROMETRY OF LINEAR ENERGY TRANSFER WITH A
TRACK ETCH DETECTOR?”

Frantiek SPURNY, Jiti BEDNAR
Department of Radiation Dosimetry, Nuclear Physics Institute, Academy of
Sciences of Czech Republic, 180 86 Prague 8, Czech Republic

ABSTRACT

Etchable track formation in a track etch detector is a process directly
related to the density of energy deposition by a charged particle in the detector.
It is known that the V, the ratio of etch rates inside and outside of a track is, at
least in a partially limited region, proportional or directly related to the linear
energy transfer (LET) of a particle, resp. to some restricted values of it. The
analysis of track pammetérs would therefore permit to determine the LET of a
particle and theirs spectra in exposed track detectors.

| The contribution describes the method of LET spectrometry based on the

analysis of parameters of tracks created in chemically etched
polyallyldiglycolcarbonate (CR 39). It is based on the etch rates ratios
determination, the calibration was performed in beams of heavy charged
particles. The V-values between > 1 and < 15 can be established by means of
this method, it corresponds to LET in tissue between 100 and 6000 MeV.cm? g
", The method was tested in the field of a 22Cf neutron source, dose and dose
equivalent distributions in LET obtained have been found out in quite good
agreement with LET spectra measured with microdosimetric tissue equivalent
proportional counter. |

‘Aavantages and limitations of the method are discussed, some exemples
of ?ﬁplications are designed.

Ve

" Partially supported through the Project of the Grant Agency of Czech Academy of Sciences
No. 335402 (1993-95)
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'STUDY OF RADIOBIOLOGICAL EFFECTIVENESS
WITH TRACK ETCH DETECTORS

A. Waheed', R. Cherubini and G. Moschini

INFN Nuclear Laboratories of Legnaro, Via Romea 4,
35020 Legnaro (Padova), Italy

Study of the killing effects of radiations on biological cells is an important
area of research in the biomedical sciences. The Legnaro Laboratorics group
has been investigating over the years the effectiveness of radiations on
Chinese hamster cells making use of the active electronic devices. Experience
has shown that electronic devices fail to give correct answer to the estimation
of low energy deposition on cells due to their decreasing signal to noisc ratjo,
Moreover, simultaneous measurements of the given dose and determination of
the beam energy of particles impinging upon the cells is extremely difTicult. In
this experiment we have utilized for the first time the CR39 track etch
detectors for survival fraction (S.F) studies of Chinese hamster V79-75313 -
cells with the low energy proton beams. The incoming fluence & beam
energy as well as energy of the beam impinging upon the biological cells have
been corrcctly determined. Results from S.F studies have been compared with
the model calculations.

*Permanent address: Physics Department, Gomal University, D.LKhan,
. Pakistan.
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- Studying the Reéponse of some Selected Neutron
Dosimeters in the light of ICRP-60 Recommendations.

Matiullah', Nasir Ahmad1 and Ahmad J. A. H. Khatibeh?

1 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakistan.
2 - Nuclear Energy Department, MEMR, Amman, Jordan.

Abstract

. The International Commission on Radiological Protection (ICRP)
made recommendations in their Report No. ICRP-60 which have serious
consequences for many operational neutron dosimetry services. The new
recommendations include the reduction in dose limits from 50 mSv to 20
mSv per year, change in the quality factors and the dose estimation in some
circumstances down to a few mSv per year. The overall effect of the ICRP-
60 recommendations is to reduce the detection threshold in order to account
for the reduction in the dose equivalent limit. We have studied the impact of
ICRP-60 recommendations on the response of cubical neutron dosimeter
and BD-100R bubble detector. The results of this study are presented in this
article.
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THE USE OF NUCLEAR TRACK DETECTORS AS A
PERSONAL UV SOLAR RADIATION DOSIMETER

F. ABU-JARAD, M.EL HADIDY, M I. AL-JARALLAH*
AND K. ANNAHDI

Energy Resources Division - Research Institute
* Department of Physics
King Fahd University of petroleum and Minerals
Dhahran -31261, Saudi Arabia

ABSTRACT

Investigation of using CR-39 nuclear track detectors as 8 personal
monitoring tool for measuring exposure to ultra violet (u.v.) solar radiation
was studied. The track etch diameters were calibrated with the total
exposure to w.v. solar radiation. The nuclear track detectors were
irradiated with Cf-252 (alpha and fission fragments) before exposure to sun
light. The exposure of nuclear track detectors to u.v. solar radiation were
carried out in two different conditions (i) movable position: where the
detectors fixed on the metal body of the solar sensor which always rotate
towards the sun, and in (ii) fixed position. The measurements were
performed for different periods extended from one to 8 weeks continuously
in Dhahran- Saudi Arabia. The period extended from the middle of July to
middle of September: the hottest months in Saudi Arabia, The weekly
integrated u.v. solar radiation measured by Eppley u.v. solar radiation
sensor was from 2400 kW. m? for one weel: to 21000 kW. m™? for 8 weeks.
The results indicate good correlation between the track diameters of alpha
' and fission fragment with the total exposure to u.v. solar radiation. Also,
good correlation between the bulk and track efch rates with w.v. solar
radiation was found. Based on the nbtain.ed results, it is possible to use the
nuclear track detectors as a personal monitoring tool for the exposure to

u.v. solar radiation especially in hot country like Saudi Arabia.
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Threshold Measurements of the Energy Dependence of Response of the NRPB Neutron
Personal Dosemeter and its Response to Workplace Neutron Spectra

R J Tanner, D T Bartleu, L G Hager and ) Lavelle

National Radiological Protection Board, Chilion, Didcot, Oxon, GB 0X11 ORQ UK

It is common practicc to measure the energy dependence of response of neutron personal
ters using a combinalion of monocnergetic neutrons from accelerators and radionuclide sources.
resultant response function can then be folded with measured workplace spectra to determine the
able biases which would be experienced when making measurements in such fields. This process
reliant upon good interpolation between the data points for different encrgies, and would hence be

proved by a greater understanding of the precisc naturc of the energy dependence of the response
acleristic.

For most ncutron encrgy ranges the interpolation between data points is relatively simple using
1 four point Lagrangian, but problems result at the low encrgy threshold for most neutron personal
fosemeters: this corresponds to the 100-300 keV range for most PADC (poly allyl diglycol carbonate or
(R-39) based systems. Consequently a greater knowledge of the nature of the response in this region
would help explain the readings obtaincd on dosemeters in known fields, particluarly those which have
isignificant component in this cnergy range.

A facility now exists at the National Physical Laboratory for the simultaneous irradiation of
emelers with ncutrons in the range from 100 to 250 keV. Results from such an irradiation have been
ken along with monoenergetic data to cover the whole relevant energy range, to produce a more
urate folding of measured spectra with the dosemeter response. These results arc discussed for two
(Terent etch processcs in terms of their implications for the accuracy of dosimetry and the relevance of
fis low energy threshold for personal dosimetry.
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Geoscience

A.S. Sandhu, S. Singh, H.S. Virk and J.A. Westigate
Annealing studies of fission tracks in natural glasses

B.S. Bajwa, S. Singh and HS. Virk
Application of fission track techniques for U estimation, isotopic equilibrium/disequilibrium and
uranium distribution. Study in some geological samples

A.A. Qureshi, N.U. Khattak, M. Akram, K. Mehmood, C.A. Majid, S_A. Durrani, A. Haleem, 1.E.
Qureshi and H A. Khan
Applications of solid state nuclear track detection techniques in the study of fossil bones

S.-L. Guo, Y.-L. Wang and C.-Q Tu
Detailed study of fission track annealing behaviors in minerals

P. Zhai and Y. Zhao

Response characteristics of domestic dosimeter glass to recording fission tracks
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ALING STUDIES OF FISSION TRACKS IN NATURAL GLASSES

» -
. S. SANDHU, SURINDER SINGH, H. S. VIRK and J. A. WESTGATE'"
* Department of Physics, Guru Nanak Dev University, AMRITSAR-
143005, INDIA.
t Department of Geology, University of Toronto, TORONTO,M5S 3B1,
CANADA .

The correlation between reduced track-diameter and reduced
areal track density, during isothermal annealing, has been stud-
ied for moldavite and tektite glass with varying chemical etching
conditions. The samples containing induced tracks are heated for
various times ranging from 1 to 30 days at 150 C. The heated
sanples are etched in 25% HF at 25 C for various etching times.
Bach of these samples is etched along with the parent unannealed
control sample. The mean track diameter and areal track density
are determined for each heating event. A graph showing the rela-
tionship between percentage reduction in mean track diameter
versus .percentage reduction in areal track density is plotted
for various etching durations. A nearly 1:1 linear relationship
is observed for adeguately etched tracks having track diameter in
the range of 6 to 8 micrometer. However, for underetched tracks
the curve diverges from 1:1 relationship and the reduction in
diameter becomes much larger than the reduction in areal track
density. The experimental results support a better fit to the 1:1
relationship of track density to reduced track diameter, which
makes it wuseful to apply the correction to thermally lowered
fission-track age of natural glass, on the basis of the differ-
ence between mean track diameter’ of induced and spontaneous
tracks [1].

References:

(1] Amanjit S. Sandhu and J. A. Westgate.
The correlation between reduction in fission-track diameter
and areal track density in volcanic glass shards and its
application in dating tephra beds. Earth. Planet. Sci. Lett.,
Vol. 131, 1995, pp. 289-299.
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Applications of Fisslon Track Techniques for U aatlmatiun.
Isotopic Fqullibrlum/Dlsequllibrlum and Uranjum distribution
Study in some Geological sanples -
B.S. Bajwa. Surinder Singh and H.s. virk
Department of Physics, Guru Nanak Dev University,
Amritsar-143005 ( INDIA)
ABSTRACT
The alpha-sutoradiography of the geological samplas permits
the determination of their uranium contents ,which isg done. by
counting the number of alpha/cm2/sec on a solid state nuclear
track detector and by substituting, the obtaijned number in the
dppropriate equations.
However, the darived equations for this Purpose ere based on

the assumption of thr axistence of A radionctive aquilibrium. 1In’
other words, they fake into account Lthe eminzinon of alght ' alpha
ray; in 238 U series. fAut if ona of the decay membérs or more of
this merjes are totally or partislly miscing, the aequlvalant
uraninm contants found by this meLhad will he remarkably lower
than the true ones. Thus a comparison betueen the contents
determined by auvtoradiography and thoss ‘by other mathod;. e.90.
homogenized flssion track technique, allows the indication of the
existonce of radiocactive disequilibrium.

The results of uranium content, 8s detarmined by fission
track analysls, are distinctly different from those of Autoradi-
ography, Indicatina the existence of radioantive dikequillbrlum_
In some fossil bons samples,

Tﬂr fission and alpha auto-radicaraph~ nf nome of the =sam-
p]eS"are clearly alvina their renlica. uhich nllows positive,

rapld lacatrinn of uranjum bearing phases.
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APPLICATIONS OF SOLID STATE NUCLEAR

TRACK DETECTION TECHNIQUES IN THE
STUDY OF FOSSIL BONES '

=
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A A, Qureshi, N, U, Khattak, M. Akram, K, Mehmood, C, A. Majid o
S. A, Durrani“‘, A. Haleem***, L E. Qureshj and H. A. Khan

ts
by Radiation Physics Division. PINSTECH. P.O. Nilore, lslamnbad, Pakistan
*Nuclear Materials Division, PINSTECH. P.O. Nilore, Islnmnbnd, Pakistan
n **Department of Physics, Birmingham University, England, U.K
***Islamabad Museum, E-7, Islamabad, Pakistan
e
n ABSTRACT
=

Mammalian fossi) bones have been discovered in the rocks of Siwalik System at
Chakwal ( PAKISTAN ). These bones, possibly belonging 1o an animal similar 1o a

present days rhinoceros, have been studied using petrography, Y-Spectrometry, fission
track dating, fission track mapping and @-autoradiography techniques. Two mineral

middle zone js composed of fluorapatite ang calcite in equal Proportion, while the inner
most is composed of the mineral calcjte (= 100% ).

- paleomagnetic ageof 10 to 14 my.,

Inlercsting!y, the petrified bones still contain wel] Preserved bone cells and blood
vessels in their original shape and red blood colour, perhaps due to the sudden burial of
the animal in an anaerobic atmosphere.
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DETAILED STUDY OF FISSION TRACK ANNEALING
BEHAVIORS IN MI.NERALS

Shi—Lun Guo, Yu—Lan Wang, Cai—Qing Tu,
China Institufe of Atomic Energy, P. 0. Box 275(96),
Beijing 102413, China.

Fission tracks in minerals are successf{ully applied in geologi-
cal and archaeological dating and geothermal history studies.
Track annealing plays basic roles in both su.bjects. The effect of
track annealing is double-edged on these applications. If track
annealing occurred during the geological history of the minerals is
negligible, then age determination is straightforward, but
- geothermal history information is less retrieved. Partial fading
gives more informations on thermal history, but it makes dating
more difficult. In order to describe the annealing process of fis-
sion tracks in minerals more precisely and give more systematic
and analytical formulation in dating and study of geothermal his-
- tory, it is necessary to study track an'nealing behaviors in more
details. Various apatites from different sources and with different
‘compositions have been éxposed to thermal neutrons in nuclear
reactor and heavy ions at accelerators. Some of them are annealed
in laboratory. Confined and projected track lengths are measured
and activation energies for track annealing are analysed. The re-

sults of measurements and their implications are discussed.
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RESPONSE CHARACTERISTICS OF DOMESTIC DOSIHEIL J
GLASS TO RECORDING FISSION TRACKS

ZHAl PENGII
Institute of High Energy Physlcs, Academlia Sinlca,
Beljing, PR CHINA

ZHAD YUNLOKG
Beljing Research Institute of Uranium Geol ogy,
Beljing, PR CHINA

Response ch:rlclerlstlcs of domestlc dosimeler glass o
recording fisslon tracks and Lhe homogenelly of track distribullon were
studled and compared wilh dosimeler glass MBS SRK6I2. The results
shoved thal characteristics of domeslic dosimeler glass come up and
even belter to that of dosimeler glass NBS SRNé6I2. Using a domestic
dosimeler glass In fIssion Lrock daling the relalive error Is less than
5%.
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M. Balcazar, A. Chavez, L. Tavera and M E. Camacho
Anomalous indoor radon in a research reactor
RH. Mahat, Y.M. Amin, P. Mathiyalagan, S. Rajan, B.M. Said and Z. M. Nor
Climatic and temporal variation of radon concentration in Malaysia
S. Djeffal, Z. Lounis and M. Allab
Design of a personal radon dosemeter based on the diffusion principle of gas through a filter
membrane
K.M. Abumurad, M. Atallah, M K. Kullab and A M. Ismail
Determination of radon activity density in the soil gas in northem parnt of Jordan
M.M. Dhawan, S.C. Wadhwa and Y.K. Arora
Estimation of radon and uranium trace in building materials using track detectors
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ANOMALOUS INDOOR RADON IN A RESEARCH REACTOR

M. Balcézar, A. Chavez, L. Tavera and M. E. Camacho

Instituto Nacional de Investigaciones Nucleares
Apartado Poslal 18-1027,
11801, México, D.F. MEXICO

Major repair activities were performed to the Triga Mark Ill research nuclear reactor
at the Nuclear Centre of Mexico, during which the air exiraction system was put out of
order for several weeks. ~

Some electronic detection system showed radiation signals well above the expected
values. After careful analysis of the problem, it was idgnliﬁed that indoor radon build up
was the reason of those radiation signals.
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Climatic and Temporal Variation of
Radon Conccntration in Malaysia

R H.Mahat, Y M Amin, P. Mathiyalagan, S. Rajan, HM Said & Z.M. Nor

Applied Radiation Research Laboratory
Physics Department, Universily of Malaya
50603 Kuala Lumpur, Malaysia

Indoor and outdoor radon concentration werc measured for diurnal, weekly
and seasonal variations. Togeather with these measurements, climatic
conditions such as temparature, rainfall, pressure and dust condition were also
recorded  Three radon detectors were used viz. surface barrier detector,
scintillation detector and nuclear track detector.
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DESIGN OF A PERSONAL RADCN DOSEMETER BASED ON THE
DIFFUSION PRINCIPLE OF GAS THROUH A FILTER MEMBRANE

S. DjefMal™, Z. Lounis®™, and M. Allab®

1. Laboratoire de Dosimétrie, Centre de Radioprotection et de
Sireté, 2 Bd, Frantz Fanon, BP 1017, Alger, Algeria

2. Institut de Physique, Université des Sciences et de la
Technologie, El-Alia BP 32, Bab Ezzouar, Alger, Algenia

ABSTRACT

A passive intergrating radon personal dosemeter based on the diffusion principle and using a
nuclear track detector has been developped for use in atmospheres where high humidity is
present such as in mines'. This dosemeter consists of an enclosed small sized chamber into
which radon gas diffuses through a filter membrane and which contains a nuclear track
detector for registration of alpha particle tracks from radon and its decay products present
inside the chamber volume. The sensitivity of this passive dosemeter depends on different
parameters such as the diffusion chamber geometry and dimensions, the charateristics of the
filter membrane and the nature of the track detector.

Theoritical studies were undertaken to determine the optimum dimensions of the diffusion
chamber and the membrane thickness which is sufficient to permit the rapid establishment
equilibium betweeen radon concentration outside and inside the chamber volume, using the
LR-115 nuclear track detector™. The design and the characteristics of the dosemeter as well as
the results of the optimisation studies are reported and discussed.
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Determination  of Radon Activity Density in the Soil Gas in Northern
Part of Jordan

K. M. Abumurad, M. Atallah*, M. K. Kullab
and A. M. Ismail

Physics Department, Yarmouk University,
211-63 Irbid, Jordan
Fax. 962-2-247983

* Earth Sciences Department, Yarmouk University, 211-63
Irbid, Jordan

Abétract

Radon isotopes occur in the natural radioactive decay
series of uranium (***U and U) and thorium (*2Th), which exist
in the earth’s crust with varying concentrations in different
locations. It is believed that underlying soil is the main
source of radon in the atmosphere of dwellings, offices and
public places. In view of the risk presented by high
concentrations of radon and its progeny indoors, this work was
carried out during winter months to measure radon concentration
in different types of soil in the northern part of Jordan at
different depths (0, 25, 50, 75 and 100 cm). The prepared time-
integrated passive dosimeters were distributed among eight
stations located in the governorates of Irbid, Jarash and
Ajloun. The results of this study show that the radon levels at
a given depth vary significantly from one type of soil to
ancther. For example, at 100 cm depth radon levels range from
4000 Bg/m®> (in limestone) to 4 x 10° Bg/m> (in chalky marl).
Moreover, we found that the radon concentration increases
exponentially with depth, which is in a good agreement with the
nathematicgl model of Magro-Campero et al. (1980). Therefore,
it is sffongly recommended that houses should not be
constructed on such soil if U/Th-rich bedrock lies underground.

-

Vg




18 th INTERNATIONAL CONFERENCE .
ON NUCLEAR TRACKS IN SOLIDS

1-5Sept 1996 Cairo - Egypt g
: INTS

ESTIMATION OF RADON AND URANIUM TRACE IN BUILDING
MATERIALS USING TRACK DETECTORS

\ * *x e
M/M, Dhawan , S,C, Wadhwa and YJK; Arora"

*
Department of Physics, Kurukshetra University,
Kurukshetra-132 119 {INDIA),

‘Department of Physics, S.,D, College,
Ambala Cantt =133 001 (INDIA)

*

Absgtract

Building materials commonly consist of sand, cement,
bricks, soil etc. which contain traces of uranium, radfium
and potassium. Radon-222 is produced by alpha decay of
radium-226 which 1ig a member of U-238 decay chain., It means
that building materials are potential source of raden emi-
esion. The half life of radon-222 is 3.82 daye and it is
long enough for a part of it to diffuse f£from the building
to the indoor environment of the dwellings. Long exposures
©f large population to low level of radon is a possible
health hazard., It {is, therefore, desirable to measure both
radon and uranium concentration in building materials. It
is possible to measure the radon and uranium concentration
in building materials using track etch technique. In the
Present paper, the use of track etch detectors in the
estimation of radon and uranium trace content in building
materials shall be presented and results obtained shall be
discusged,
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ROUND WATER RADON AMD CHEMICAL SPECIES FLUCTUATIONS ON
ASALTIC AQUIFERS

.Scgovia*, E. Tamez*, P. Pak*, S. Sslazar®*. M. Mcna®**, J.L. Seide]****,
M. Monnin****,

'ININ, Ap. Post. 18-1027. 11891 dMexico D.F., Mexico.

"PNLY, Ap. Post, 53, Ciudad Cardel Ver., Mexico.

"** IGFUNAM Ciudad Universilaria, 04510 Mexico D.F., Mexico.

***CNRS. USTLD, Laboratdire Geblluides-Bassins-Eau, Montpellier, France

Surveys of radon, short lived radon davghiers and trace elements in ground water
belonging to confined and free acuifess tosated mainly on basaltic bedrock, have been
reently performed in Mexica. The studied sites are located along the Pacific coast,
where very intense seismic .mhit) vccurs, due 1o the subduction of the Cocos Plate
inder the North America Plale, and, in opposition, at the Gulf of Mcmco Coast where
taly sporadic. low level seismicity is ohservel.

Radon delenuinations are peifonped easentially with tuck detectors LR 115 type 11
Rcccntly automatic radon probess were also installed at several wells. The two arrays
prmit to obtain long and shori tern1 veriation assessment.

The major chemical components of the wuter samples are determined by conventional
oiical analyais while trace cancemration levels of acveral clements are measured
wilh an Inductively Coupled Plasima Mast Spesticmeter.

The results indicate differcoces in the geochemical components behaviour as a function
of the characteristics and recharge paticms of’ cach specific aquifer. An analysis
tonceming the variation of the different species with the local seismicity is intended.
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INDOOR RADON AND ITS PROGENY CONCENTRATION IR
ARCHAELOGICAL PLACES IN ALEXANDRIA » EGYPT

A. F. HAFEZ, M, A, KOTE*and G. I, KHALIL
Physics Department, Faculty of Science
¥ Biophysics Department, Medical Research Institute
Alexandria University , Egypt .

ABSTRACT

Starting from August 1993 until July 1994, continuous
radon-222 activity concentrations have beenAmonthlj
measured in the air of two archaeological places namely,
Kom El-Shoqafa Catacombs and Serapis Temple, in Pompy’s _
Piller area in Alexandria city. The radon activity conce-
trations were measured using the diffusion cup technique
and using LR-115 nuclear track detector inside and out
side each-cup , Mothly variation of radon acitivity con-
centrations were observed in the two places. The average
monthly value of radon activity concentrations ranged
from 34 - 267 Bq.n™> in Kom -El-Shogafa Catecombs and
from 22 - 1234 Bq.m"3 in the Serapis Temple, The avera-
ge inhelled radon dose equivalent for workers and vigi-
tors were discussed.
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INDOOR RADON MEASUREMENTS IN SOHME INDIAN CITIES

K. K. Dwivedi, S. Ghosh, D. Sinha and §. Singh
Department of Chemistry,
North-Eastern Hill University, Shillong-793003, India.

A. Srivastava and J. Prasad
Department of Chemistry,
Allahabad University, Allahabad-211002, India.

: G. S. HMurthy
Centre for Nuclear Techniques, School of Chemistry,
Andhra University, Vishakapatnam-530003, India.

The detrimental effects of radon exposure on the health of human

beings are well known and an appreciable correlation has already

been established between radon exposure and various diseases of

the 1lung, skin and the kidney. Radon monitoring in India has’
however been very sparse, due to its large area and geographical’
considerations. In the present work, the potential alpha energy

exposure (PAEE) due to radon and its progenies has been measured

in dwellings of three different cities in India namely Shillong

(in north-eastern region), Allahabad (in north-central region)

and Vishakapatnam (in south-eastern region). The measurements

were carried out by a passive time integrated method, using LR-

115 (Type I1) detector in bare mode. The detectors were installed

for a period ranging between 60-80 days in dwellings of different

types of construction. These detectors were dried for one hour in
hot alr oven maintained at 50°C and then +transfered to
desiccator. A suitable chemical etching was performed to develop
alpha tracks as holes. Both optical microscope and spark counters

were used to measure the pore density. The values of PAEE due to

radon &and its progenies were determined for each location by
using &  sensitivity factor derived from a separate calibration
experiment.

The results'bbtained for these three locations were compared with
national average for India and also discussed under the light of
exposure limits set by ICRP.
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INDOOR RADON MEASUREMENTS IN THE TOWN OF
PODGORICA - MONTENEGRO

P.VUKOTIC®, S.DAPCEVIC®, N.SAVELIIC®, V.V.UVAROV* and
V.M.KULAKOV*

* Faculty of Sciences, University of Montenegro, 81001 Podgorica, P.O.Box 211, Yugoslavia
* Russian Research Centre *Kurchatov Institute®, Moscow, Russia

ABSTRACT

A study of indoor radon in the town of Podgorica, capital of Montenegro,
commenced in 1994. For this purpose, the town houses were categorised in 4 distinct
1ypes, on basis of their construction characteristics and building material. Selection of the
houses for indoor radon measurements was also based on the geological characteristics of
the Podgorica region and the results of soil radon measurements in the town arca.

Indoor radon concentrations are measured by integral method, with etched track
detectors. Passive radiometers of the Research Centre of Spacecraft Radiation Safety,
Moscow, arc used. The radiometer is a plastic cylinder, with two cellulose nitrate
detectors fixed in its central part. Its sensitivity is 2.8 + 0.8 (tracklcmz)’(kthfm3) for
lower delector, and 3.4 + 0.8 (trzck/cmz)/(kBq}v'm?‘) for upper deteclor. Afier exposure,
detectors are etched with 5 N NaOH solution at 50°C. Etching time of 90 min was
chosen because of a good standard deviation of a spark counter reading (below 20%) and
a quite reasonable background (30 + 15 track/em?2). Mean error of radon measurement
by this method is about 25% for radon concentrations in 20-20000 Bg/m3 range.

Measurements are performed in 110 diwellings, mainly on ground floors.
Detectors are located in living-rooms, and exposed about 90 days in the winter season
1994/95. Results are reported as equivalent equilibium concentrations (EEC), adopting
as equilibrium factor 0.5 value. Obtained redon EEC-values span 4 to 453 Bq:‘m-” ranye,
and belong to a log-normal distribution, with geometric mean value 21.8 Bg/m3 and
geometric standard deviaion 2.20 Bg/m3. The median value is 26.4 Bg/m3.
Concentrations higher than 100 Bq/m3 are found on five measurement sites, and two of
them where higher than 200 Bg/m3.

" The highest average radon levels (median ‘value 44.5 Bg/m3) are found in
detached family houses, built of bricks, and the lowest (median value 16.6 Bqlm3) in
multistoried apartment houses, made of concrete and bricks, with mortar on the walls,

The obtained results represent the highest indoor radon concentrations all the year
round, because the measurements arc performed during winter scason, when doors and
windows are usually all tightly closed and dwellings are seldom and poorly ventilated.
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LONG TERM RADON SURVEY IN MEXICO CITY AND OTHER DIFFERENT REGIONS
IN THE COUNTRY SITES. oy
G.Espinosa* and R.B.Gammage**

*Instituto de Fisica, UNAM. Apdo.Postal 20-364, Mexico 01000, D.F. Mexico
**0Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge TN 37831-6379

ABSTRACT

A long-term radon survey is ongoing in Mexico City, (Ciudad Netzahualcoyotl and Tecamachalco)
and in the towns of Toluca, Pachuca, Tula, Tlaxcala, Queretaro, Puebla, Tehuacan, Guadalajara, and
Zacatecas. Monitoring is done with a passive alpha-track detectors.

* Measurement started 6 years ago. We are gathering radon data for a natjonal evaluation of indoor

radon problems in the non-tropical regions of Mexico.

Information is also gathered on geology, topography, building materials, architecture and ventilation
systems. Each of these factors can have significant effect factors on the indoor radon concentrations.
The passive radon detector is a chip of CR-39 polymer in a closed end cup. This inexpensive devise
provides high detection efficiency, easy of handling and does not require highly skilled training for
those people engaged in the deployment and retrieval of the devices. The overall costs of a national
survey of indoor radon can therefore be kept relatively low.

Some of the results shown radon levels which are of moderate concern for radon related health
effects. The fews measurements taken to date are only the first steps in the conduct of a
comprehensive survey of mexican indoor radon problems.

KEYWORDS

Indoor Radon, Nuclear Track Detectors, CR-39

) Research sponsored By the U.S. Department of Energy under Contract DE-AC05-840121400 with

Lookheed Martin Energy Systems, Inc.
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Measurement of Radon Concentration Levels in Some
Cities of Jordan

Ahmad J. A. H. Khatibeh', Nasir Ahmad? and Matiullah? -

1 - Nuclear Energy Department, MEMR, Amman, Jordan.
2 - Centre for Nuclear Studies, P.O. Nilore, Islamabad, Pakistan.

Abstract

Preliminary studies concerning determination of radon concentration
levels have been carried out in a number of cities in Jordan. CR-39
detectors were installed in different houses and were allowed to expose to
radon for 4 months. The exposed detectors were then etched in 6M NaOH
at 70 °C and track densities in each detector were measured under an optical
microscope. Measured track densities were then related to the radon
working level. These studies showed that radon concentration level ranges
from 7.1 to 122.8 Bq/m’ in the house surveyed.
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HERSUREMENT OF RADON EXHALATION RATE IN CEMENT SAMPLES BY PLASTIC TRACK
DETECTORS

Ajay Kumar Singh und Pajendra Prasad .
Depertment of Applied Physics, Z. H. College of Engineering and Technology
Aligarh Muslim University, Aligarh-202002, INDIA.

Radon-222, alpha radioactive gas and its daughters are associated
With the presence of radium and its ultimate precursor wuranium in the
ground. Being an almost chemically inert gas, it can move through solid
materials such as rocks, clays, gravels, sand, brick and concrete etc.
until it reaches the pore space. Hacroscopic transport s then possible
either by molecular diffussion or by fluid flow in the pore space.
Building materials are the main sources of radon inside houses . Cement
is one of the main constituents used widely in construclion materials as
building material, plastering material and in concrete bricks etc.
Recently wvarious waste materials produced by Thermal power plants,
chemical and metallurgical industry are being used as building materials.
Some of them may contain appreciable amount of natural radionuclides from
the uranium series. In the present study radon exhalation rates have been
measured in different brands 05 cement samples collected from the market
using etch track Can technique

Collected samples were dried and placed in the Cans up to the level
such that_it leaves a sensitive volume equal to one used in calibration
experiment ( dia. 7.0 cm. and height 4.5 e¢m. ). Each Can was equipped with
8 LR-115 type-II plastic track detector ( 2 cm. x 2 cm. ) fixed at the top
inside of the Can. Radon and its daughters will reach an equilibrium
concentration after a week or more. Samples placed in sealed Cans were
left for exposure for 90 days. After exposure the detectors from all Cans
were retrieved. For the revelation of the tracks, the detectors were
etched Iin 2.5N NaOH at 60°C for 80 min in a constant temperature water
bath. The resulting alpha tracks in the detector ‘were scanned wunder
optical research microscope at 400X magnification. The activity was
nbEgiTed frog the track density using the calibration fgctor (0.056 Tracks
cm. d /Bq m. ) obtained from the calibration experiment . The exhalation
raete has been computed using the expression given in ref.2. ~g sy

The track density was found to vary from 5.24 to 10.84 Tracks cm. d,
the radon activity was found tlo vary from 93.53 Lo 183.57 Bg m and the
exhalation rafe vary from 0.76 to 1.85 m Bq Eg 'h '. The experiments show
that the radon exhalation of cement is slightly low as compared to coal
and flyash etc. ’

-
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Modelling of Solid State Nuclear Track Detector Devices
for Radon Measurements

R Andriamanatena!, T Kleis!, R. Ghose!, W. Enge!, G. Jénsson2,
K Freyer?, H.-C. Treutler® and G.U. Bacmeister!

! Ingtitut f. Reine u. Angewandte Kemphysik, OlhausenstraBe 40-60, D-24118 Kiel (Germany)
2 | und Institut of Technology, PO Box 118, S-22100 Lund, (Sweden)

3 Umweltforschungszentrum Leipzig-Halle, Sektion Analytik, D-04318 Leipzig (Germany)

4 Universidad Auténoma Barcelona, Depart. de Fisica, E-089193 Bellaterra-Barcelona (Spain)

Theoretical analytical calculations of the Radon registration have been performed for the 5o’
state nuclear track detectors (SSNTD) LR 115 Type I1 (peliculable) produced by Kodak (Franc::
Known and measured properties of LR 115 together with the well established etching theory usin;
"Huygens" principle were used to carry out these detailed calculations for different types o
exposure devices for indoor room and outdoor soil measurements.

The results of these modelling calculations are compared with experimental calibrat.:

measurements and show good agreement.
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New microsystem based monitoring systems SARAD for the
measurement of radon and thoron and his progeny in indoor air and
soil gas in mining areas

T. Streil and W, Birkholz*

SARAD GmbH , Dorfplatz 1, D-01705 Pesterwitz bei Dresden; Germany;
* Innenministerium Mecklenburg-Vorpommemn, Wismarsche Strasse 133,
19053 Schwerin, Germany

The natural content and distribution of radon and thoron in rocks and soils and their
relations to soil gas and ground water are a very important knowledge understanding
some geophysical and geochemical processes in the earths crust. Time series about the
ratio between radon isotopes are the basic material for the description of the migration
paths of the radioactive noble gases in the deeper parts of the crust.

Also in the case of a secondary contamination of soils with uranium, radium and thorium
a good monitoring system is very important to declare an anthropogenic factor in the
natural environment.

Therefore we developed a monitorsystem using a alpha spectroscopic microsystem. The
monitor SARAD RTM 2010 is a full spectrometric system. A 2 cm” PIN-diode for the
alpha detection with integrated preamplifier is the heart of the system. An internal pump
has a pumping rate of 3 Vmin and the measuring chamber has a volume 260 ml. With this
equipment we get a detection limit of about 0.3 Bg/m’ in 10 hours. The efficiency for
thoron gas detection is only 10% lower than for radon gas. Concentrations up to 10
MBg/m’ can be measured. For continuouse measurement the intemnal intergation time
can changed from 6 minutes up to | day. In the monitor system can also intergratet up to
B sensors for meteorological parameters like air pressure, temperature and humidity.

For good description of migration paths in the ground and the interpretation of time
series of soil gas measurements the correlation analysis with meteorological parameters
may be found geophysical informations.

In an other case the efficiency of the SARAD radon and progeny monitoring Systems
was further proved in various applications like the quality control of mitigation actions
in houses with high radon levels in Germany. In Dresden and Freital, Saxonia, and in
some mining areas of the Ore Mountains in the past our epuipments worked in a high
radon risk area. *
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PARALLEL TRACK ETCH DETECTOR
ARRANGEMENT :
FOR RN MEASUREMENT IN SOIL

K.Turek', J. Bednat' and M.Neznal?

'Nuclear Research Institute of the Czech Acad. of Sci., Dept. of
Radiation Dosimetry, Na Truhldrce 39/64, CZ-180 86
Praha 8, Czech Republic ‘

*Radon corp., Za koncem 1380, 289 22 Lysé nad Labem, Czech
Republic

ABSTRACT

A new arrangement using two sheets of parallel track etch
detectors in the open metalic holder for Rn measurement in soil is
described. The formula for the response of the system was derived
and experimentally proved as the linear function of the gap width
between the sheets within the limits 0 - 5 mm. The proper choice
of the gap width allows to optimise the measuring conditions with
respect both to the period of application and the expected radon
concentration. The firmness, small size (outer volume less than 5
cm®), simple and compact construction as well as low cosis
provide this method as the complementary one to the commonly
used cup-technique. The preliminary calibrations are described and

the results of several pilot field measurements are presented.
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RADON A8 A PRECURBOR OF MICROBEISMIC ACTIVITY IN N-W HIMALAYA

H.8. Virk and Anand K. Sharma
Department of Physics,Guru Nanak Dev University,
Amritsar =-143005 (India)

Radon is established as one of the useful precursors for
earthquake studies in India. Radon monitoring work was
started in 1989 at Palampur in Kangra valley,Himachal Pradesh
in N-W Himalaya using emanometry and track-etch plastic
detectors. Time series radon data in soil gas and groundwater
show that 60 percent of radon anomalies are correlatable with
micro-seismic events of 2-4 M which occurred in the
region.The correlation index varies from station to station
depending upon the geological conditions, geophysical and
meteorological parameters operating at the monitoring
site.Uttarkashi earthquake of Ms 7.0 recorded its signals at
five stations using track etch method and at Palampur using
emanometry,almost a week before the event.

During 1992, six more stations viz. Kotla, Pathankot,
Jawalamukhi, Dharamsala,Dalhousie and Chamba were set up under
Himalayan Seismicity Programme of N-W Himalaya to monitor the
seismicity along the main boundary fault (MBF) of Himalaya.
Radon was monitored continuously in soil-gas using alpha
logger probes and discrete measurements were recorded in
gsoil-gass and groundwater at Palampur and Dalhousie using
emanometry.Chamba earthquake of Ms 5.1 which occurred on 24th
March 1995 was recorded in at both the Chamba and Dalhousie
stations. Analysis of radon data shows the rising trend in
seismicity along the MBF of N-W Himalaya.It is observed that
radon emanation shows spike-like phenomenon corresponding to
seismic events. Postdiction of several microseismic events in
N-H Himalaya puts a premier on radon as a useful precursor
of earthquakes,

\y
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Radon Concentration-determination in some
Dwelling of Doha city of Qatar

W.Arafa' and E.EL-Karadawi?

1-Faculty of women, Ain shamns university, Cairo, Egypt
2- Faculty of science, Qatra university, P.0.box 2713 Dhah, Qatar

Yearly average exposure levels from radon and its
airborne daughters have not been reported yet in Qatar. Only
few surveys on indoor radon concentrations have been
conducted by one (W. A)) of us during the Autumn season in
1992. In this context, a determination of radon concentration in
some chosen houses of various locations has been carried out
over the whole year. Charcoal canisters were installed at

~different places of the houses under investigation and a check
for reproducibility was performed. Results show that the indoor
radon concentration in some dwellings of Doha city varies from
11 to 23 Bg/m’. Data is compared with our previously
preliminary radon concentration measurements and led to the
conclusion that the radon concentration in Doha is relativily low
not to be shared in any serious environmental radiation problem
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RADON CONCENTRATIONS IN GROUND WATER IN SWAZILAND
S.M.FARID and Z. A. TAYYEB

Nuclear Engg, Department King Abdulaziz University, Jeddah, Saudi Arabia

ABSTRACT

- WELL water can be a significant source of 222Rn in room air. Ground
waler carries Rn from its 226Ra precursor in soil and rock into the home, where
the radon gas escapes into the air, especially when the water is heated, sprayed or
agitated. Examination of exposure pathways indicates that the radiation dose to
the lungs due to inhaling 222Ry that escaped from the water used in a home
generally is much higher than the dose to the GI tract due to drinking the Rn-
containing water. Currently, the 222Rn concentration in drinking water is not yet
regulated, but the U.S. Environmental Protection Agency ( EPA) has proposed a
maximum contaminant leve] (MCL) of 11 Bq L-1 (300 pCi L-1).

Several methods have been developed over the years for measuring
dissolved 222Rn in water. Bubbling air through water and subsequent
measurement of the radon concentration in the gas phase by SSNTD is an easy
way to determine radon in water. CR-39 plastic track detector was employed to
measure the concentration of 222Rn in ground water in Swaziland. A total of 100
water samples were collected from wells at 10 different towns. Following the
procedure available in literature, the CR-39 detector samples were exposed for 15
days. After exposure all the detectors were etched in 6M NaOH solution at 70° C
for 8 hrs and were scanned under an optical microscope for recording the alpha
track density. The track density (tr/cm2) was converted into radon activity in
BqL-! by using a calibration constant (1 Bq L-! corresponds to 66.8 tracks/cm?2.d)
which was experimentally determined in our laboratory. The radon values in
water samples are found to vary from 1.8 + 0.1 to 1520 + 4.8 BqL-!. The
water samples from Mbabane area have shown maximum radon content. The
arithmetic mean 222Rn concentration ir. ground water is 25.2 Bq L-1 and the
© geometric mean is 13.5 Bq L-!. The data shows that 54% of the wells has 222Rp
Water concentration in excess of the EPA's limit of 1 1 Bq L-L. Fifteen percent of
the well water concentrations are above 37 Bq L-! while none exceeds 370BqL-1.
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RADON CONCENTRATIONS IN THE TEOTIHUACAN SUN PYRAMID (1)
G.Espinosa*, L.Manzanilla** and.R.B.Gammagc‘**

*Instituto de Fisica, UNAM. Apdo.Postal 20-364, Mexico 01000 D.F. Mexico
**Instituto de Investigaciones Antropologicas, UNAM. Circuito Exterior C.U, Mexico D.F.
***Health Sciences Research Division, Oak Ridge National Laboratory. PO Box 2008, Qak
Ridge TN 37831-6379, USA.

" ABSTRACT

Measurements of radon were taken inside the Sun Pyramid and in adjoining tunnels, of Teotihuacan
site in Mexico. There are no burial chambers inside the Teotihuacan Pyramids. Beneath the Sun
Pyramid however, there is a prehispanic tunnel that was used for ritual ceremonies. We evaluated
the radon levels inside this prehispanic tunnel below the Pyramid as well as in tunnels excavated for
research purposes by archeologists and in some locations at the eastern end of its site. Passive
Nuclear Track detectors were used to monitor radon. Measurements were made in winter away from
the rain season that will not allow measurements to be made.

The Pyramids and surrounding buildings are open to the public for the exhibitions of murals and
paintings. Access to the tunnels and chambers is restricted to the arqueological staff.

KEYWORDS

Radon exhalation, Radon Concentration, Solid State Nuclear Track Methodology, Teotihuacan
Pyramids.

11) Research sponsored by the U.S. Department of Energy under contract DE-AC05- 840R21400 with
Lockheed Martin Energy Systems, Inc.
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RADON DIFUSSION EXPERIMENTS IN A CONTROLED CHAMBER

B. Cervantes* and M. Balcazar

* Departmamento de Fislca, Unlversidad de Sonora

Apartado Postal 1306,
83000, Hermosilllo, Son Mexlco

Instituto Nacional de Investigaciones Nucleares

Apartado Postal 18 - 1027,
11801, Mexico, D.F. Mexico

Radon difussion experiments were psrformed in a controlled radon chamber, Radon
and ita radon decay products wers regisiered as a function of time by means of a surfscn

barrler detector.

The pradicted performance by a model match with the experimantal resuits. -
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RADON IN MINES AND DWELLINGS
IN KOSOYO AND METOHIA

B. Jakurl 1), G. KRsTi¢ U, M. Tonié © anD R. ILi¢ 23

) Faculty of Nawral Sciences and Mathematics, University of Pritiina, 38000 Priftina,
Yugoslavia

2 J. Stefan Institute, University of Ljubljana, POB 100, 1000 Ljubljana, Slovenia

3 Faculty of Civil Engincering University of Maribor, Smeianova 17, 2000 Maribor, Slovenia

The first systcmatic indoor radon survey in Kosovo and Metohia,
Yugoslavia, was performed with a passive radon dosimeter of the J. Stefan
Institute utilizing CR-39 detector. Some regions (village of Gornja Stubla)
could be classificd as radon pronc arcas (Table below).

Town/village Radon concentration Radon concentration

Arithmetic mcan (Bg/m3) Maximum (Bg/m3)
Pridtina 54 119
Brczovica 56 111
Gusterica 137 180
Gracanica 278 472
Kosovo Poljc 292 511
Dobrotin 446 652
Gornja_Stubla® 806 (250) 1010

* The results relate to houses built from stone with a relatively high uranium
concentration (of the order of 10° gfg) and of concrete or bricks (in brackets),
respectively.

With the same dosimeter the radon concentration was measured in
various levels of thc Trepa lead and zinc mines (Table below). In general
the average radon concentration was found to be relatively low (200 - 800
Bg/m?), and practically independent of the depth (level) in the mine.

Mine Radon concentration Radon concentration
Arithmetic mecan (Bg/m?) Maximum (Bg/m?)
Trepfa (Stari Trg) 330 1360
Novo Brdo 767 2815
Ajvalija 526 602
-Badivac 230 360
Kisnica 210 345

The main results of this study arc presented and correlated with
local cnviromental and geological conditions.
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Radon levels measured at building sites and in sub-soil in Delta

A.F.Maged, F.A Ashrafl and A.Z.El Behay
National Center for Radiation Rescarch and Technology, Atomic Encrpy Authority
’ P.0.Box 29 i!asr City, Cairo, Egypt.

Abstract

The concentration of radon in the open air and interiors and in sub-soil of
west Delta sites was determined by using the solid state nuclear track detectors
(SSNTDs). Radon concentration measurements in air in west Delta, north Cairo,
were performed by open and filtered defectors, with volume of 8.6 cm®
and CR-3% plastic film. The equilibrium factor F and the dose equivalent were
calculate by using the track densities of open and filtered SSNTDs.
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RADON MEASUREMENTS IN SOILS OF SOME REGIONS
OF TADJIKISTAN AND EUROPEAN RUSSIA

[.G.Abdullaev, G.V.Abdullacva, Ch.Murtazaev, N.Rustamova
Khudjant State University, 735700, Khudjant, Tadjikistan

R.L.Petrova, V.P.Perelygin
Jomt Institute for Nuclear Rescarch, 141980, Dubna, Russia

The measurements of Rn concentrations in some scisinically active re-
gions of Tadjikistan and more quiet platform in European Russia were per-
formed during 1995 year.

The alpha-scnsitive CR-39 plastics were exposed during 30 days in stan-
dard Rn collectors-100mm high and 60mm in diameter. The organic meni-
brancs, wich prevents the regisration of short-lived alpha-decaying nuclei of
Th row of radioactive decay were placed at the open sides of Rn collectors.

The preliminary data on Rn measurements are presented.
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Radon Migration Study in Venezuelan Caves Using SSNTDs
L. Saj6-Bohus’, E.D. Greaves', G. Merlo', F. Urbani® and J. Palfalvi®

1 Universidad Simon Bolivar, Physics Dept. Caracas, Venezuela
2 Sociedad Venezolana de Espeleologia, Caracas, Venezuela
3 Atomic Energy Research Inst. P.O.B. 49, H-1525, Budapest, Hungary

ABSTRACT

Venezuelan karstic caves of the Andes have been studied to determine the -
radon concentrations using LR115 (Kodak-Pathé, France) and CR-39
" (TASTRAK, Bristol, U.K.) passive track-elch deteclors.

The detectors were exposed to the cave environment for a month in different
seasons covering a period of several years.

The results indicated a wide range of values between 40 and 80 kBg/m®. The
highest radon concentration was observed in the Guaramacal Cave (Trujillo
State), and in the Guacharo Cave (Monagas State) a concentration gradient of a
factor of 10 was measured. In this cave there are large rooms, halls, where the
ventilation rates are quite different. An attempt has been made to correlate
between the concentration gradient and the ventilation.

The deteclor calibrations were made in the radon chamber of the National Air
and Radiation Environmental Laboratory and the following conversion factors
were obtained: 0.434 and 60 Bq/m® per month of exposition per track/m? for the
'CR-39 and LR115, respectively.

To conclude this study the dose for a typical journey of a speleologycal
expedition was calculated to determine the possible risk for a person. Values
varying between 5.7 and 100 mSv/year were obtained depending on the caves,
the maxir‘pum is roughly equivalent, in term of respiratory cancer, to a probability
of 16+107,

This work was supported by the Venezuelan Council for Science, CONICIT,
project RPVII 260076 and |AEA-VEN/9/005. '
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Radon Monitoring for Health Studies in the Caracas Subway Using SSNTDs
J. Liendo', L. Sajé-Bohus?, J. Palfalvi®, E.D. Greaves® and N. Gomez"*

1 Instituto Venezolano de Investigaciones Cientificas, Caracas, Venezuela
2 Universidad Simon Bolivar, Physics Dept. Caracas, Venezuela
3 Atomic Energy Research Inst. P.O.B. 48, H-1525, Budapest, Hungary
4 C.A. Metro de Caracas, Venezuela

ABSTRACT

The underground transportation system (Metro) of Caracas City has been
monitored for radon concentration by use of passive frack detectors and the
radon concentration gradient has been determined. It is possible o establish a
correlation between the depth of the metro station and the radon concentration
for a particular geological boundary condition.

The radon monitoring method used is a well known technique which consist of
the exposure of an LR-115 type detector (Kodak-Pathé) in a cup for a given
period of time. This type of passive dosimeter has a low detection limit and an
adequate time stability. In addition, this detector is relatively inexpensive to be
used for long term radon monitoring.

The radon concentration was measured at the most of the underground stations
of Caracas obtaining a mean value of 43 Bq/m’.

The maximum effective doses for the metro workers and the passengers were
determined to be 1 mSvfyear and 10 pSviyear, respeclively.

This work was supported by the Venezuelan Council for Science,
project RPVII 260076.
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Rn-222 Measurements in Different Types
of Natural Water in Jordan

~ B.A Al-Bataina, A M. Ismail, M.K. Kullab, K.M. Abumurad
Physics Department, Yarmouk University, Irbid - Jordan
Fax. 962-02-247983

and H. Mustafa

Earth Sciences Department, Yarmouk University, Irbid - Jordan

Abstract

In this work, the results of Rn-222  concentration for different natural water
resources (cold and hot spring; well and sea water), are presented. Sites were chosen
from different aquifers, namely, Irbid - Ramtha, Madaba-Ma'in, Dead Sea and Aqaba
gulf, which represent different hydrogeological areas in Jordan. The measurements
ﬁere carried out using time-integrated passive sealed dosimeters containing supergrade
quality CR-39 plastic detectors. The activity concentration of Rn-222 ranges from
3.3-10.7 Bq/1 (cold spring water), 3.2-5.5 Bq/1 (hot spring water), 3.1-5.7 Bg/1 (well
water), 2.5-4.7 Bq/l (home drinking water) and 4.3-6.3 Bq/1 (sea water) , The
average concemranon in all different types of water was 4. 5 Bg/1. No unusual radon

levelsin Jordaman water were, therefore, observed.
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Sensitivity Computation of Solid State Nuclear Track Detectors
Using Variable Etch-Rate Ratio

Oclavian Sima
Physics Department, Bucharest University, Bucharest-Magurele
P.0.Box MG-11, R-76900, Romania

Previous work (Sima, 1995 a; Sima, 1995 b) aiming at modelling the SSNTD
measurcments applicd in environmental studics are extended in this paper. A rather general
Monte Carlo simulation package, intended to supplement the experimental calibration
procedures of the SSNT dctcctors, has been developed. All routine measurement
arrangements used in environmental studies can be described (filiered or unfiltered LR-115
or CR-39 detectors; bare detectors, cup type monifors, etc.). Various etching and counting
condilions can be simulated.

Latent track parameters are compuled on the basis of the ASTAR program
(Berger, 1992). Varable cich-rate ratio is used, cither in the parametric form of the type
proposcd by Somogyi (Somogyi 1990), or in the form of a numcrical function given in the
input. The case of perforated tracks in LR-115 detectors — etched on the exposed side or
on both sides —, as well as the case of obscrvable tracks, developed after etching out a
detector layer of a given thickness, are explicitly described. In the last case, various criteria
required for track counling can be applicd.

The following alpha particle sources are considered: **Rn and ™ Rn, together with
their progenics, measured in free air or inside of a measuring cup; alpha emitting nuclides
in solid matrices; surface contamination. In the case of *Rn, the source distribution is
assumed to be uniform, but in the case of the daughters, the plate-out phenomenon is taken
into account. For ®Rn, a distorted spatial distribution can be used, which in turn affccts
the distribution of the daughter nuclides. In the case of radioactive nuclides distributed in
soiid matrices, a uniform distribution is assumed.

The equilibrium factor and the fractions of the activity deposiled on surfaces,
required for the analysis of radon measurements, can be given in the input of the program
or can be estimated independently, using a model relying on the values of the deposition
velocity and attachment rate.

REFERENCES
Berger, M.1. (1990). ESTAR, PSTAR, and ASTAR: Computer Programs for Calculating
. Stopping-Power and Range Tables for Electrons, Protons, and Helium Tons, NIST
Report NISTIR 4999.

Sima, Q. (1995 a). Computation of the Calibration Factor for the Cup Type SSNTD
Radon Monitor, Radiat. Meas., 25, 603-606.

Sima, O. (1995 b). Measurement of alpha emitting nuclei in the environment by nuclcar
track detectors. Contributions to the evaluation of the calibration factor, VI-th Int.
Symposium on the Natural Radiation Emvironment, Montrcal, Junc 5 - 9, 1995.

Somogyi, G. (1990). Mcthods for measuring radium isotopes: Track detection. In: The
environmental behaviour of radium, IAEA Technical Report Scrics 310, pp.225-
256, IAEA, Vienna
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SENSITIVITY OF LR 115 DETECTOR FOR RADON MEASUREMENTS -AN
EXPERIMENTAL STUDY-

D. Nikezi¢, D. Kosti¢ and C. Boixeras*

Faculty of Sciences, 34000 Kragujevac, Yugoslovia
*Universitat Autonoma de Borcelona, Departamento de Fisico, Barcelong, Spain

ABSTRACT

Recently, a theoretical analyses of LR 115 delector sensitivity was published(!). This
analyses, performed for o deteclor in eylindrical diffusion chamber, was done by using Monte
Carlo Method. In the present work on experimenlal study was performed in order fo verify the
theoretical predictions. The experimenls were conducted in the following manner. Cylindrical
diffusion chambers by radii 1, 2, 3, and 4 cm ond heights 1, 2, 3, 4, 5, and 6 ecm, with
SSNTD LR 115 type Il on the botiom, were irradicled in the box with high radon
conceniration. Five chambers of each type were used (lofally 120 samples). Afier the
irrodiation, the detectors were eiched in the standard elching conditions 10 % solution of
NaOH, T=600C, t=120 min. An opficol microscope wos used for track density determination.
Sensitivity dependence on the chomber radius and height was studied in this way.

The resulis of this experiment confirmed the theorelical prediclion of sensitivity behaving
with the chamber dimensions. The sensilivity increases with the chamber radius and height,
ond achieves the saturation.

References.
D. Nikezi¢, C. Baixeras. accepted in Nuclear Instruments and Methods A (1995)
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BOME PERFORMANCES OF A LR115 DETECTOR RELEVANT FOR RADO
HMEASUREMENT .

Aco Janicijevic and Dragoslav Nikezic"

Faculty of Technology and Metallurgy, Belgrade
'Faculty of Sciences, Kragujevac, Serbia, Yugoslavia

ABSTRACT

In this paper some relevant performances of an strippable
LR115 detector for radon and its short lived pProgeny were
investigated. The thickness of removed layer by etching was
measured with high gquality device and data acquired are
pPresented in the paper. The removed layer increases linearly with
the time of the etching; the slopes of these lines depend on the

temperature of the etchant. The bulk etch rate of LR115 detector
is as follows:

Temperature Etching rate

degrees pm/hour
T=50 1.74
T=60 3.38
T=70 8.22

Before the etching the detectors were irradiated in the box
with high radon concentration. Track density increases linearly
with the removed layer; for 2 micro meters of removed layer the
track density increases approximately 100 %.
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Spatial distribution of radon content of soil gases and well waters
measured with etched track radon monitors.

-A. Viasirhelyi, L. Csige, J. Hak! and 1. Hunyadi

Institute of Nuclear Research of the Hungarian Academy of Sciences, H-4001 Debrecen POB 51, Hungary

Enhanced geogas (containing mostly CO;) upflows were reported in the beginning of
1992 at Matraderecske, a village situated at the northern foreground of the Matra mountain, in
Hungary, where a few km wide seismically active zone crosses the North Hungarian Central
Range. Since the upflowing CO; is expected to have higher yields along geological faults, and
it carries with itself the radon accumulated in the soil pore space, radon level of soil gases
may be an indicator of high CQ; exhalation sites, and of faults in the underlaying geological
structure.

In our survey during the summers of 1993 and 1994 we have measured spatial
distribution of radon in the ground water and in soil gas at Matraderecske. We have used
small volume etched track radon monitors, placed 80 cm beneath the water level in draw
wells, and in 30 cm deep holes drilled in the vicinity of the wells. The 200 sampling sites were
chosen within an area of approximately 1.5 km?, selecting houses where draw wells were
found. Results for the two investigated years indicate no significant change of radon levels
from 1993 to 1994. The faults revealed by elevated radon zones in the maps of radon in well
water and in soil gas match well the geological structure of the area. The two maps are in good
agreement with each other, as well as with the carbon dioxide exhalation rate map and also
with clevated indoor radon levels measured by other authors.
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STUDY OF RADON CONCENTRATION WITH SOIL

DEPTH

A.H. KHAYRAT', M. OLIVER’, 0. G. BOWDER', B. AL-BATAINA' AND S. A. DURRANI'

! School of Physics & Space Rescarch, University of Birmingham, Birmingham
BI152TT, UK.
2 Department of Soil Science, The University of Reading, Whiteknights, Reading
RG6 6DW, UK.
} Physics Department, Yarmouk University, Irbid, Jordan

Abstract

The spatial variation of radon concentration is controlled strongly by geological
conditions. However, our recent radon survey near to Biggin in Debyshire on a single
lithological unit indicated that there was spatial correlation in the radon values, and when
mapped there was a strong pattemn in its variation. Hence there must be factors other than
underlying geology that affect the variation of radon concentration in the soil. One
possibility is that radon concentration is related lo— the thickness of soil, and another is
that it is related 1o its bulk density. To gain further insight into this, radon and other soil
properties were measured along a 2 km transect in the same area but at a more intensive
sampling interval of 20 m. Soil thickness and composition were determined by measuring
the electrical resistivity and electromagnetic characleristics of the soil. A systematic
varialion was observed in the depth to the bedrock in relation to elevation, and this also

showed a relation with radon concentration, albeit weak.




18 th INTERNATIONAL CONFERENCE
ON NUCLEAR TRACKS IN SOLIDS _
1-5 Sept 1996 Cairo - Egypt o ==
INTS

STUDY OF RADON LEVELS IN THE DWELLINGS OF HIMACHAL PRADESH USING TRACK
ETCH TECHNIQUE.

Ajay Kumar Singh, A. J. Khan.. A B Varshney" and HaJend;n Prasad.
partment of Applied Physies, Z. H. Colllege of Engincering and
chnology, Aligarh Muslim University, Aligarh-202002, INDIA.

Depurtment of Physics, Aligarh Husltim University Aligarh-202002, INDIA.
bepartment of Physics, G.G.D.S.D. College, Baijnath, (H.P.), INDIA.

Radon is naturally occuring radioactive gas in our environment.
igher incidences of lung cencer in various mining populations have been
sserved due to high concentration of radon in uranium and other mines. In
¢ open, radon is readily diluled due lo large volume of almosphere where

Lhe dwellings have reslriclted venlilation and thus its
ncentration may build up to many Limes more Lhan in the open. Recently,
! has also become clear that high levels of radon may occur in dwellings.

LR-115 type-I1 detectors in “Bare'’ mode were exposed in the
ellings of the cities of Palampur and Baijnath in Himachal Pradesh
1.P.). Thesc places are supposed lo be high background areas situated in
e hills of the northern Indian stale of H.P.which are close Lo Himalaya,
e life style and building construction of this part is much different
rom the other part of Lhe counlry. The measurements were carried
tin living rooms as well as in bedrooms in aboul 30 dwellings. In some

wses, the deteclors were also fixed in hitchens. The houses selected
" the present study were the typical houses of Lhe region. The detectors
re exposed for a period of 3 to 4 months. The exposed detectors
re etched in 2.5N NaOH at SOOC for 90 minutes in a constant temperature
ler bath. For obtaining the radon activily from the track density
tectors were calibrated in conlrolled condilions simulating the
imosphere as found in from which the estimation of Potential Apha
ergy Concentration (PAEC) in working level (¥L) was made. Assuping the
vilibrium factor (F) as 0.45 for a Lypical Indian bdwellings™, radon
ncentration was estimated.. =
_The radon concenlraltions in living rooms vary Isom 94 Bq.m to 360

q.m and in bedrooms from 77 Bg.m to 271 Bq.m . In kitchens, EHE
tden concentrations are found to vary from 123 Bg.m to 272 Bgq.m

e radon concentrations found in Lthese dwellings seem high as compared
0 the other’ parts of the Country. The results will be discussed in
letail.

' ‘ REFERENCES
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etched Lrack detectors and microanalysis of  wuranium, Ph.D. Thesis,
A. M. U,, Aligarh, India.
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Stud‘r of Radon-222 Concentration Levels inside
Kindergartens in Amman

M. K. Kullab, B. A. Al-Bataina, A. M. Ismail, K. M. Abupurad
and A. Ghaith

Physics Department, Yarmouk University, Irbid, Jordan.
: Fax. 962-2-247983

Abstract

In this work, measurements of the indoor radon concentration
levels were carried out for 74 kindergartens in Amman (the
capital of Jordan). The ‘number of children (4 to 6 years 61d)'
attending these kindergartens are nearly 15,000. This study was
performed during winter season by using time-integrated passive
dosimeters, containing CR-39 solid state nuclear track
detectors of supergrade quality. We found that the radon
concentrations were below 50 Bg/m' in 16 kindergartens (21.6%),
range between 50-100 Bg/m’ in 42 kindergartens (56.8%), range
between. 100-150 Bq/m’ in 13 kindergartens (17.6%), and over 150
Bg/m* in 3 kindergartens (4%). The variation of radon
concentrations among the kindergartens under study can be
attributed to many aspects such as heating system and
ventilation, geological structure of the sites, the various
types of building materials used for the construction of the
kindergartens and aging effect on the buildings. Overall, the
results ranged from 40.7 to 193.5 Bg/m' with an average of 76.79
Bg/m'. This average 1is relatively higher than the radon
concentration average in Amman’s dwellings (about 40 Bg/m')
found in a previous study (Abumurad et al., 1994). This is
because the studied kindergartens are closed most of the time
(75tf for the purposes of children’s safety and conservation
of heating energy, which allow the radon level to build up.
Better ventilation is therefore recommended.
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THE DETERMINATION OF THE QUANTITY OF RADON
GAS IN THE RADIOACTIVE DEPOSIT AREAS

KH. Murtnzacv#, 1.G. Abdullaev®, A. Abduvaliev®, N.I. Bezzubov*, V.P.
Perelygin**, M. Roustamova®*, R. Tajiboev*

*Khujund Stare University, 735700 Khujand, Tajikistan
**Joini Institure for Nuclear Research, 141980 Dubna, Russia

Tajikistan was a main supplier of Uranium for the first atomic units of the
former USSR, In post-war years the uranium deposits here werc exploited
intensely. Tt resulted in the increasing of the radionuclide contamination at places
of ore mining, at the road edges and the territory around the corresponding
industrial areas. Besides there appeared the places of interment with solid and
fluid radioactive agents. Some intennents are just within the boundaries of the
towns, Khujand, for example, others are in seulements. In summer time, when
the soil full of fluid mdicactive agents dries up, radioactive dust is carried away
by wind along considcrable distances. The dusty storm is vividly seen from the
windows of our houses, causing worry, trouble and apprehensions for mature,
biosphere and the inhabitants of the nearest space. There have been formed a lot
of “dangerous” places of this sort about Northern Tajikistan.

That's why we conduct the jobs on registration of e -particles from radon
gas, B and v rays. For the registration of a - particles we used the film of CR- 39
mark. The detector was etched in the 6,25 N NaOH solituon at temperature 60° C
during 30 - 90 minutes.

According to the results of measurements one can say that around fluid
radioactive agents, behind the protected zone, the quantity of radon gas exceeds
the normal one by factor two times. And in some places, for instance, the right

bank territory of Khujand, the excees reach five and even more times the normal
tevel.

INTS
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The Measurement of Radon Levels in the Environs of Himachal

Pradezh India. An Application of Solid <State MNuclear Track

Detectors.
Surinder Singh, Jatinder Kumar, Rajeev Malhotra and Jaspal Singh.

Department of Physics,.G.N.D. University, Amritsar, India.

LR-115 plastic track detector has been used to record alpha
activity due to radon in dweliings and building materials of some
arcas in Himachal Pradecsh. The radon valuez recorded in some
dwellings are quite high compared to the acticn level recommended
by various radiation protection agsencies. The seasonal variations
of radon have alzo been obzerved in the area. The high radon
values in dwellingz may be due to the enrichincnt of uranium in
the soil and vocks of the area. The presence of uranium deposits
in scme areas in Himachal Pradesh have alrcady been reported by

some workers.
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The nuclear track detector - a tool in radon measurements

Gilbert Jonsson
Depantment of Physics, University of Lund
Box 118, S-221 00 Lund, Sweden

The nuclear track detector is an excellent tool as well in large scale radon surveys as in
single measurements indoors or in soil.

[n this report there is a discussion concerning radon measurements, where the detectors
are based on the plastic film LR 115-11. The detectors have been used in radon measure-
ments indoors and in soil by the Physics Depaniment at Lund University since about 1970.
The laboratory is accredited for indoor radon measurements by SWEDAC (The Swedish
Board for technical accreditation) according to SS-EN 45001,

There are discussions concerning the following items in this reponi:
* the properties of the detectors

* the calibration of the detectors

* the use of the detectors and interpretation of measured radon levels

* Number
40

luul-u:Iurr‘llnlnrr
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Soil radon level (kBg:m3)

The Figure shows the distribution of soil radon levels from 196 points of measurements in
a south Swedish community. The measurements are included in a large scale survey in
order to classify the soil from the point of view of soil radon risk. The radon delectors are
based on LR115-1l plastic film.
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USING PASSIVE DETECTORS IN SOIL AND INDOORS IN TWO
MEDITERRANEAN LOCATIONS FOR RADON CONCENTRATION
MEASUREMENTS

C. Baixeras!, H. Climent!, LI. FontZ, D. Albarracin! and M.M. Monnin2

' Grup de Fisica de les Radiationes. Edifici Cc. Universitat Autonoma de Barcelona.
E-08193 Bellaterra, Spain.
? Groupe GBE UM 11, cc057, 2, Place E. Bataillon, F-34995 Montpellier Cedex 05,

France

In the frame of an European Project, measurements of radon in the soil and
indoors have bccn. carried out using SSNTD's detectors. Two of the involved
laboratories have the same climatic conditions and are geographically close: Barcelona
(Spain) and Montpellier (France). Montpellier group uses an open-type dosimeter for soil
measurements and an closed-type for indoor measurements, both based on LR-115
detector material, while Barcelona group uses a LR-115 based closed-type dosimeter for
soil measurements and a Makrofol based closed-type for indoors. The dosimeters have
been calibrated respectively in the SRP? (Swedish Radiation Protection Institute,
Stockholm) and the ENEA (Ente per ie Nuove Tecnologie, IEnergia e I'Am.biente,
Rorma) radon rooms, and a description of the dosimeters (geometry, sensitivity,
background and detection limit) is given. Some results of these measurements are
presented with the comparison of the calculation of the ratio indoor / soil radon

concentration for the two regions.
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Variation of Radon Concentration in Different Sites in
‘ Syrian Typical House

Otluuan, I, ITushard. M, Raju. C, Sawaf. A

Abstract ;

The concentrations of radon and radon daughter in Syrian homes were
studied science 1994 . The data oblained of this study indicated that the
radon and radon deughters concentrations depend strongly on the
geological oharacteristic of tho soil , indoor radon characteristics,

home design , the inhabitant life style, ventilation, ....... and Radium
_aantont in building matanials

Wo teiod in this work to study the relahinnship hetween the  house
paramctors and radon ,radon daughters concentration . For this work the
Syrian homes were classified into five types depending mainly on the
homes design , building material and inbabitant culture . The radon
concentrations mecasurements were carried out in different places of the
homes ( slecping room, guest room, sitting room , kitchcn and bathroom)
using solid state nuclear track detectors. The measurement period was
about four months tho lower limit of detection was about 5 Bg/m3 .

On the other hand , the scintillation technique was applied for grab
samples in some typical homes , Sampling were carricd out between
06:00 moming and next 04:00 morning . The persornel “vara asked to do
their daily habit during taking the measurements , 'h» aguilibrnum factor
way culeululed by measunng radon und radon duughlers oy mean of Glter
paper , also at the same time the electret detectors (short term ) were
used to confirm the other results .The results of long term NTD showed
that tho highest radon concentration was in the guest room , while the
lowest concentration was in sleeping room .

The iims table measurement indizate that the highest radon concontration
was at 23:00 , ung the calculated average cquilibrium mo'or was 0.57 .
. .ho tota! dose of inhabiiants was celcr ™ i2 1.
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THE INVESTIGATION OF SUBSOIL RADON DYNAMICS IN THE
KOPETDAG REGION OF TURKMENISTAN

J.Ishankulieul. S.P.Tretyakovaz. €.T.Annakova I

Linstitute of Seiswology AST, Ashkhabad
“Joint Institute of Nuclear Research Works, Dubna

fis 1t is known, natural radon actively reacts to geological
and geodynamical processes in bowels of the earth. Besides,
changes in radon content of the subsoil atmosphere in area can
reflect heterogeneousness of rock’s physical properties and its
concentrations changes in time can reflect the dynamics of
tektonical processes in the region.

The present paper is devoted to the analysis of the dynanics
of subsoil radon in the Kopetdag scismic active region of
Turkmenistan characterized by complicated geological and
tektonical structure and high seismic activity of bowels of the
earth.

For subsoil radon’s activity registration we use track
detectors LR-115-11. Results of our investigation shows the
unevenness of disribution of radon concentrations {n area and
also extreme non-stability of its content in time. Besides, over
zones of tectonical disturbances and geodynamical active
structures increased concentrations of radon are observed.
Intensification of geodynamic activity causes great changes its
concentrations in time, Dbesides,grantity and duration of

anomalous variations dependon invensity of geodynamical processes
in the region. )
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Filters & Other Applications

N.C. Tam, K. Baricza and L. Lakosi
Application of CR-39 detectors in spent reactor fuel assay
M. Sasada, T. Saito, M. Fujii and N.I. Zelentchikov
Application of CR-39 detectors in studying the radiation damage of CCD cameras on board the Mir
space station
V. Hnatowicz, J. Vacik, J. Cerveni, V. Svor&k, V. Rybka. D. Fink and R. Klett
Doping of polyethylene-terephtalate modified by 150 keV Ar® bombardement with anorganic agents
L.I. Kravets and P.Yu. Apel
. Heavy ion track sensibilization in polypropylene
C.-D. Zhao, T-C. Zhu and J.-J. Wu
Nuclear track membranes and their clinical practice
S K. Chakarvarti, S.A. Kaur and H.S. Virk
On the technique of template growth of nano/micro ensembles
8.K. Chakarvarti and 5.A. Kaur
Profile characterization of track-filter-grown copper-selenium microstructures
N.I. Shtanko :
Radiation-induced graft polymerization track membranes with small pores
H.S. Virk, A. Kaur and §.K. Chakarvarti
Solute concentration determination using ion track filters
S. Singh, D. Sinha, A. Srivastava and K.K. Dwivedi
Some chemical applications of nuclear track microfilters
M.1. Al-Jarallah, F. Abu-Jarad, I. Abu-Abdoun and M. A. El-Hadidy
Variation of U.V. solar absorption with dressing
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Application of CR-39 detectors in spent reactor fuel assay

N.C. Tam, K. Baricza and L. Lakosi
Institute of Isotopes of the Hungarian Academy of Sciences
P.0.Box 77, H-1525 Budapest, Hungary

Fast neutron emission from spent reactor fuel was studied
as a possible nondestructive toocl by means of CR-39 etched
track detectors. The detectors were irradiated in a steel
container placed on the top of fuel assemblies vertically
stored under water in a spent fuel pond. Hanging on a steel
wire, the container was 1lowered down to the headpiece of
assemblies of various burnup and cooling time. The easy-to-use
method allows close access to fuel assemblies. In-field tests
were carried out in a VVER-440 type nuclear power plant.

Exposure times were optimized for providing acceptable
statistics in number of tracks, and keeping gamma-dose low
enough to prevent the material from drastic changes in bulk
etch rate due to the huge intensity gamma-background. A kind of
energy discrimination performed by means of shape selection -
with etching time dependent threshold level - allowed reduction
of disturbing events. The effect of the adjacent assemblies-in
a hexagonal lattice of 160 or 225 mm storage distance proved to
be 70-80 % or 10-20 %, respectively. The method seems to be a
" promising tool in nondestructive issay of nuclear material.
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APPLICATION OF CR-39 DETECTORS IN STUDYING
THE RADIATION DAMAGE OF CCD CAMERAS
ON BOARD THE MIR SPACE STATION

M. Sasada*, T. Saito**, M. Fujii*** and N. |. Zelentchikov****

* Tokyo Broadcasting System Inc. (TBS)
Akasaka, Minato-ku, Tokyo, 107-06 Japan
Institute for Cosmic Ray Research, Univ. of Tokyo
3-2-1 Midori-cho, Tanashi, Tokyo, 188 Japan
*** Aomori University, Faculty of Engineering
2-3-1 Kobata, Aomori, 030 Japan
**** Rocket Space Corporation ENERGIA
Kalininglad, Moscow region, 141070 Russia

a4

A CCD-based TV camera for broadcasting was modified for
space use and successfully operated in the MIR Space Station by T.
~Akiyama of TBS in 1990. Later on it was found that the number of
white defects in CCD pixels due to the radiation was increasing
with time. :
' To investigate radiation effects on CCD imagers we exposed
test samples of CCD to several kinds of ion beams from the SF
cyclotron at the ICRR. We also designed test stacks of CCD
sandwiched between sheets of CR-39 and exposed them to the
radiation in the MIR space station.

Results from the analysis of these stacks will be presented
at the time of the conference.
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DOPING OF PQLYETIIYLENE-TEREPIF\'ALATE MODIFIED
I'Y 150 keV Ar BUMBARDEMENT WITH ANORGANIC AGENTS

V.Hnatowlcz, J.Vacik, J.Cervena
Nuclear Physics Institute, 250 68 flez, CR.
V.8voréik, V.Rybka,
institule of Chemical Technology, 166 28 Prague, CR
D.Fink, R.Klett
llahn-Meltner Institut GmbH, D-141D9 Berlin, Germany

Polyethylene-terephatalate 1‘.PET)+ folls, 10 pm thick,
were lrraqllated with 150, keV Ar" lons to the fluences
from 5x10 "= 1x10 cm and after several days they
were exposed to (the temperature and the time of
treatlng are given In brackets): 0.5 M (CHacOO)an

water solution (24, 80°C, 20min -30 d), 5 M LIC1 water
solutlon (100 "C, 15 s - 8 h), lodine vapour (90 °c,

3h) and mercury vapour (24 C, 7-30 d). The depth.

proflles of the intorporated dopant atoms were
determined using Rutherford back-scattering technlque
(Pb, I and Hg) and QFutson depth proflling technique
based on the Ll(nth' He) "H nuclear reactlon.

Preliminary results can be summarized as follows:

2) The lirradiated PET exhiblts enhanced permeabllity
for all dopants with the amount of incorporated atoms
being an Increasing function of the Ar  ion fluence and
the time of doping. : ’

b) ‘the depth profiles of L1, I and Hg atoms exhibit
anomalous shapes with most atoms belng trapped in the
radiation damaged surflace layer, whose thickness is
close to the TRIM estimated projected range of the 150
kev Ar’ lons (R,=215 nm). With increasing lon fluence

the profiles evolve from those copylng tpe depth
profile of the total energy losses of the Ar lons to
those characterized by a surface depletion. These
findlngs are in general agreement with our previous
results obtalned In similar experiments on PE and PP
[1].

c) .The Pb depth profliles exhibit structureless nearly
Fickian form in most cases and after long treatment

Lhey extent well behind the radiation damaged surface
layer.

(1] V.ilnatowlcz et al.Nucl. Instr. and Meth. B 93 (1994)
282, O.Jankovski] et al. Nucl.Instr. and. Meth. B

95 (1995) 192, V.Hnatowicz et al. J. Appllied Polym.

Science 55 (1995) 451, V.Hnatowicz et al. Radiatlon
Measurements 25 (1995) 71

INTS
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HEAVY ION TRACK SENSIBILIZATION IN
POLYPROPYLENE

L.I.Kravets and P.Yu.Apel

Flerov Laboratory of Nuclear Reactions,
Joint Institute for Nuclear Rasenrch, 141980 Dubna, Russia

The process of sensibilization (of increasing etching selectivity) of
high energy ion tracks in polypropylene by way of treatment of the
solvents dissolving the products of radiolysis in a track zone has been
investigated. The biaxially oriented polypropylene films ” Torayfan”
of types T2372 and T2400 (Japan) thickness 10.0 and 10.2 pm ac-
cordingly were used in experiments. Film samples were irradiated in
vacuum by accelerated xenon jons with the energy 1 MeV/a.u.m. Ion
fluence varied in the range of 107 and 10® cm™~2. The irradiation was
performed on the cyclotron U-300 of Flerov Laboratory of Nuclear
Reactions (JINR). The chemical etching was carried out in chromium-
VI solution [1].

A variety of organic solvents the influence of which leads to the ion
track sensibilization in polypropylene has been determined. It was
found that the next necessary stage of the process is the additional
thermal treatment aimed to remove the adsorbed solvent out from
a polymer matrix which causes its swelling. The optimal procedures
were determined for each stage of the process.

The sensibilization method with solvents for production of the
polypropylene track membranes was used. The results of the per-
formed investigations show that the present sensibilization method
results in substantial increase of selectivity of ion track etching. This
allows to produce the microfiltration membranes with cylindrical
pores of 0.1-0.2 ym in diameter. The advantage of the developed
sensibilization method is that the membranes obtained are charac-
terized by insignificant variations of the pore diameters in size.

References: Y
1. Kravets L.I., Dmitriev S.N., Apel P.Yu. JINR Preprint. No 19-95-
375. Dubna, 1995.
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NUCLEAR TRACK MEMBRANES AND THEIR CLINICAL PRACTICE

C.-D. Zhao, T.-C. Zhu and J.-J. Wu
China Institute of Atomic Energy, Beijing 102413, China

Nuclear track membrane (NTM) is a noble-one in the membrane family. NTM possesses
some particular properties such as regular and uniform shape of pores, smooth surface,
transparency, light weight, negligible moisture absorption, etc. Considering the unique
properties, NTMs have been widely used in a variety of technological applications.
Recently, we have successfully applied NTMs in the clinical pr;alclice. They are made of
PET plastic foil irradiated at H1-13 Tandem (CIAE, Beijing) and subsequently etched in
NaOH solution. As a part of an infusion set, these NTMs are used to retain granules, tiny
fibres, etc., that would cause many diseases if entering the human body through infusion,
The results acquired in practice are much better than those with filters based on fibre
membranes. The filtration rate of the NTM is about 98% for particles sized >0.5um in
the ward air and more than 95% for particles larger than (15+5)um in medical liquids.
The throughput is about 1500 ml/10 min that is large enough to fit various requirements

of intravenous infusion.
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ON THE TECHNIQUE OF TEMPLATE GROWTH OF NANO/MICRO ENSEMBLES

S.K.Chakarvarti,S.Amrita Kaur#* and H.S.Virks
Department of Applied Physics, Regional Enginering College,
Kurukshetra-132 119, India.

* Department of Physics, G.N.D.University, Amritsar,India.

ABSTRACT

Nano/micro materials have extensive range of applications in a
vérlety of fields of science and technology including material
science, electrochemistry , micromechanics, microengineering,
electronic and optoelectronic devices, drug delivery and
bicencapsulation |, conducting polymeric fibrils etc. /1/. 1In
general,there exist a variety of techniques for the production
of nano/microstructures viz., electron and ion-beam micrg-
lithography, optical and x-ray methods, selective electroless
method /72/. The technique of electrodeposition got recognition
eversince Possin/3/ demonstrated successfully its ' yse in
production of 300 - 400 & thick metallic wires. Basically this
is a membrane-based synthetic approach and i{s also called as
"template synthesis" involving the synthesis of required
material within the pores of the membrane. This method is
adorned with simplicitly, ease of operation, can generate
monodispersice nana/microstructures with high aspect ratio and
different geometrical shapes of not only of metals but also of
semiconductors, metal-semiconductor junctions/a/, polymeric
fibrils down to 3 nm size (lithographic techniques would
probably fail here).

The basic instrumentation and related aspects involve the use
of membranes (ion-track filter based or porous alumina,nano-
channel array glass, Xeolites and other nanoporous
5olids),electrolyt| of the desired material with its aptimum
chemical requirements + constant current / voltage power
supplies , pProperly designed electrodeposition cell + SEM/TEM
for revelatiaon of topological and morphological details.

This paper describes in detail the various aspects of this
lechnique and the related problems , factors affecting growth
of the desired structures, besides other relevant information
based wupon the experience of the authors gathered in their
labs.

REFERENCES

/1/. Martin C.R., Science 266, 1961 (1994).
/2/. Overcash D.R.et al., Phys, Rev, Lett, 44, 1348 (1980).
/3/. Passin G.E., Rev, Sci. Instrum, 41, 772 (1970).

/4/. Chakarvarti S.K. and J. Vetter, J.Micromech, Microengq.3,

57(1993).
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PROFILE CHARACTERIZATION oF TRACK-FILTER-GROWN COPPER-
SELENIUM MICROSTRUCTURES

S.K.Chakarvarti and 8.Amrita Kaur#
Department of Applied Physics,Regional Engineering
College, Kurukshetra-132 4119, India.
* Department of Physics , G.N.D University,
Amritsar,India.

ABSTRACT

One of the most potential and technological applications of
Nuclear Track Filters (NTFs) 1lies in their wuse in the
manufacturing of nano / micro-elemental ensembles
structures,whiskers , fibrils,tubules, quantum wires and dots
through electrodeposition of the required metal or
semiconductors in the etched openings or pores of NTFs as
templates for growth. The fabrication of these
nano/microstructures is being considered significant not only
for thelr use in microelectronics and micromechanics but also
in analytical investigations pertaining to behavioural aspects
of materials at nano or submicroscopic scale where tunneling
has its realm and scope. Inspite of the fact that there exist
variety of techniques 1like electron/ion beam 1lithigraphy,
photolithography, selective eleclroless metallic depasition
techniques etc for growing such ensembles, the technique of
electrodeposition is adorned wilh simplicity and ease.

It 1is known that in all electlrodeposited metals, the initial
layer on the substrates normally forms as submicroscopic
crystallites which grows by accertion of the incoming atoms
both horizontally and vertically untill a continuous coating is
formed. The number and distributlion of the crystallites in the
initial nucleation of the surface is strongly affected by the
surface preparation. However, electroplaling process is quite-
complex in nature. In general, the condition describing the
rate of formation of nuclei from which subsequent crystallites
grow, would yield the finer grade deposits.

We have wused this technique n° electrodeposition involving
template growth of micro(home as well as hetero) structures of
metal and metal-semiconductor (Cu -Se) throught the pores of
NTFs of Makrofol. The details of the method actually used arc
given elsewhere /1/.

The profile characterization of these microstructures involving
metal~semiconductor Junctions or interfaces was studied wusing
XRD (Rigaku, Miniflex Japan). The SEM microphotograpgs and XR-
Diffraction peak data indicate the presence of both Cu and Se
in the crystalline form in the microstructures. However,
efforts are on for using other techniques for ascertaining
finer profile distribution.

REFERENCE

/1/.Chakarvarti 5.K.and J.Vetter 3
J.Micromech. Microengg. 3. 57 (19%3).
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RADIATION-INDUCED GRAFT POLYMERIZATION TRACK
MEMBRANES WITH SMALL PORES

Shtanko N. I

Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research,
Dubna, Russia

Radiation-induced graft polymerization from liquid phase is a unique method
for the modification of polymeric materials. Afler such a modification the physico-
chemical properties of the polymer used change significantly. Modification of track
membranes with the aim of improving their flow performance is one of the interesting
applications of radiation-induced graft polymerization for the prcparanon of novel
types of micro- and ultrafiltration membranes on the basis of known ones'”. It was
known that the modification of the surface properties of ultrafiltration mcmbrancs,
leading to the appearence -SO;-, ~COO-, ~C=0 and NH, groups, results in a
dramatic increase both in water flow rates and in the rejection level of poly(ethylene
glycoles).

In this work graing of a hydrophilic polymer onto poly(ethylen
terephthalate) (PET) track membranes with pore size 0.05 pm has been used for
preparation of the modified ones. Grafling was carried out by the method of
preirradiation in air. The membrane was irradiated by y-rays from "'Cs. Influence of
conditions of modification of track membranes with hydrophilic monomers on the
morphology of PET, topochemistry of grafting (on external surface or inside
membranes pores) and surface properties of graft membranes has been studied. The
thickness of PET membranes grows linearly with grafling yield. Water contact angle
on the original and modified membranes has been measured and it was found that it
decreases with increasing grafting yield. Gas flow rate decreases during grafling but
only for grafting yield higher than 2%. It was shown that the modification of PET
membrane with hydrophilic polymer results in growth of water flow rates. The
optimal conditions of modification of PET membranes are obtained when the wetting
capacity of their surface is increased, while the porosiiy and filirating capacity remain
unchanged. It is noteworthy that the properties of grafi PET membranes were
unhanged during their storage under ambient conditions for more than a year,

REFERENCES

1. Shtanko N.I., Zhitariuk N.I. Radiation Measurement, 1995. V.25. 1 :-4. P.721,
2. Zhitariuk N.I,, Shtanko N.I. Polymer. 1991. V.32. P.2406.
3. Zhitariuk N.I, Shtanko N.I. Eur. Polym. J. 1990. V.26. P.847.
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SOLUTE CONCENTRATION DETERMINATION USING ION TRACK FILTERS
. # . # 3
H.S. Virk", 5. Amrita Kaur , S.K. Chakarvarti
# Department of Physicsl Guru Nanak Dev University, Amritsar.
* Deptt. of Applied Physics, Regional Engineering College,
Kurukshetra University, Kurukshetra.

There exist a variety of techniques for understanding the
solute-solvent interaction. We have made microhydrodynamical
flow studies on various fluids (water, alcohol ,acetone) using
ion track filters (ITFs) for the estimation of solute
concentrations in different mixtures with water as the base.
The wvariation of the derivative of volume with respect to
time (dv/dt) versus concentration of the solutes in water at,
constant pressure difference has been studied. It is observed
that .dv/dt decreases with the increase of solute

concentration.
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SOME CHEMICAL APPLICATIONS OF NUCLEAR TRACK MICROFILTERS

Seema Singh.(l) Dipak Sinha.(l) Alok Srivastava.(132)
and
K.K. Dwivedi(1)

' (1) Department of Chemistry, North-Eastern Hill University,
Shillong - 793 003, India.

(2) Department of Chemistry, Allahabad University,
Allahabad -211 002, India.

Nuclear track micro-filters were prepared from Bisphenol-A-
polycarbonate (Makrofol-N) plastic films. The latent tracks were
created by exposing the films to a well collimated beam of Xe
and Dy of 13.0 MeV/A. Optimum etching conditlons were
determined and the pores were developed by etching the irradiated
£ilms 4n 5N NaOH at 55°C. The diameter and density of the pores
were measured using optical and scanning " electron microscope.
Seven filters were then developed with pore diameters ranging
between 1.7 pm to 13.1 pm. The fllters were then characterised in
terms of various parameters -like length of pores; tapering angle,
‘pore shape, and porosity. Rate of filtration and throughput were
also determined. The filters were used for the following chemical
applicetions

(a) deterginafion of viscosity of some liquids.
(b) determination of concentration of ethylene diglygol.

Further, an attempt was made to demonstrate thelr possible
applications in newer areas by studying the surfactant solvent
interactions leading +to the determinatign of critical micelle
concentration {g@c) of the surfactants both with and without ' -%he
presence of a dye.
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'VYARIATION OF U.V.SOLAR ABSORPTION WITH DRESSING

M.I. AL-JARALLAH, F.ABU-JARAD®*, I ABU-ABDOUN**
AND M.A. EL-HADIDY*

Department of Physics, *Energy Resources, Research Institute,
*#Department of Chemistry
King Fahd University of Petroleum and Minerals
Dhahran 31261, Saudi Arabia

Abstract

Nuclear track detectors type CR-39 irradiated with Cf-252, were fixed on two personnel
phantoms and exposured to U.V. Solar radiation for 40 days in Dhahran, Saudi Arabia in
the period starting from Ist August One phantom was rotating continuously and the other
was stationary. Both phantoms had different dressing. The U.V. Solar radiation was
measured using Epply Sensor. The effect of dressing and its color on the absorption of
U.V. Solar radiation was studied by the measurements of alpha and fission fragments
tracks diameters on the nuclear track detectors. Absorption on bare phantom was found
higher than with dressing. More analysis about colour dressing effect and shadow will be

reported.
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Etched heavy ion track membranes as templates for metallic
microstructures

J. Vetter and D.D. Dobrev*
Gesellschaft fiir Schwerionenforschung, Darmstadt FRG
*Gucst from the Phys.-Chem. Inst. of Bu'garian Academy of Sciences in Sofia

Transmission electron images of tracks induced by high energy ion irradiation in
organic foils show damaged areas of 6 to 7 mn diameter. By using different
ctching technics and etching conditions channels with different shapes cun be
obtained. The channels can be filled with mctals by electrochemical deposition.
After galvanic filling, the membrane matrix js separated from the replica by an
organic solvent, The metal ncedles replicate the shape of the channels in the
membrane. In this way it is possible to generate large random whisker arrays with
almost identical individual whiskers with length up to several 100 pm and
diameters down to tenths of jm. A systematic local arrangement of the columus
can be reached by using an ion beam microprobe. Various shapes as small tubules,
pointed needles or different column shapes can be produced. By suitable choice of
electrolyte and working conditions it i porrible 1o grax taatal widakae on arnas
of several square cm. '
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Track Observation and Measurement

A. Mironov, N. Zhatnuev, N. Bugaeva and S. Bulgakov
A computer application for quantitative evaluation of beta radiography images
S. Slavig, J. Skvaré, A. Golovchenko and R. Lli¢ '
A computer program for semiautomatic measurement of geometrical parameters of nuclear tracks
G. Bigazzi, J.C. Hadler, P.J. Junes and S.R. Paulo
A test to analyse the uniformity of tracks in SSNTDs
D.S. Gafitullina
Digital Autoradiography -
AH. Ranjbar, S.A. Durrani and K. Randle
Investigations of the use of electron spin resonance for nuclear track counting and gamma-ray
dosimeter in CR-39
Y.M. Amin, R H. Mahat, M.S. Musa and W.M. Nazri
Lyoluminescence of common salt and sugar
L. Borgonovo, G. Saint-Martin,0.A. Bemaola, I. Nemirovsky and W.F. Kirschbaum
Track replica method applied to CR-39
G. Meesen and P. Van Oostveldt
Use of a CSLM for the analysis of chemical etched tracks in CR-39
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A COMPUTER APPLICATION FOR QUANTITATIVE
EVALUATION OF BETA RADIOGRAPHY IMAGES

A. MIRONOV, N.ZHATNUEV, N.BUGAEVA, SBULGAKOV
Buryat Geological Institute, Ulan —Ude, Russia

The treatment of autoradiograph images is very important for
quantitative evaluation of radionuclide distribution in rocks and
minerals.  Special equipment such as  "Densitron",
microphotometr a.o. are required for autoradiograph study. A
computation technique and program ensuring make possible to
obtain the quantitative information about a radioisotope
distribution without equipment.

Autoradiographs on the photoemulsion film and nuclear
emulsion plate were used under radioisotopes of 195Ay,
H0+10mpg,  63Nj, 3H distribution study in geological
experiments. Autoradiograph were introduced into computer
486DX by a "Mustek Paragon 1200" scanner with transparency
adapter. A resolution of scanning is 600 dpi with 256 gray
scale.

The "Radiograph” program worked out in Buryat Geological
institute and "Aldus Photostyler” standard program were used
for a radiograph analysing with the construction of profile
blackening plots, equal radioisotope contents charts and a
calculation of radioisotopes concentration in any point of
autoradiograph using standard samples. ° :

The distribution of gold (%A} and silver (110+110mpq) jp
sulfide minerals (pyrite, sphal=rite, galena and others) were
studied by such methed. It was established the mechanism of
"unvisible" gold formation. The mapping of the radioisotopes
distribution in glass samples was also obtained by beta
radiography computing evaluation. .
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A COMPUTER PROGRAM FOR SEMIAUTOMATIC
MEASUREMENT OF GEOMETRICAL PARAMETERS
OF NUCLEAR TRACKS

5. Staviz D, J. SkvarE D, A, GOLOVCHENKO 12 aAND R. ILié 13

" J. Stefan Institute, University of Ljubljana, POB 100, 1000 Ljubljana, Slovenia

? Flerov Laboratory of Nuclear Reactions, Joint Institute Jor Nuclear Research, 141980
Dubna, Moscow Region, Russia

¥ Faculty of Civil Engineering, University of Maribor, Smetanova 17, 2000 Maribor,
Siovenia

From experience we leaned that the analysis of skewed tracks in CR-
39 detector resulting, for instance, from target fragmentation, hot particle
decay, neutron-induced charged particles, or simple calibration experiments
with accelerated heavy ions is difficult if not impossible by fully automatic
measuring systems. This was the motivation to develop an interactive
computer program czpable of measuring not only the track coordinates on
the detector foil surface, minor/major track axes and azimuthal track angle,
but also projected track length, diameter of a rounding at the end of a track
hole and track depth {the distance from the foil surface to the track bottom
end). ‘

The entire system consists of an optical microscope, a manually
controlled moving stage, focusing system, CCD camera, video digitizer and
a personal computer. Afler completing the measurements, besides all the
above mentioned track parameters, the number of analyzed individual tracks
and/or number of so-called “stars” of tracks as well as other auxiliary data
are written in an ASCII cutput i::2 which can then be processed with some
other suitable seftwars, e.g -lcctronic tables. From this vrocessing the
distribution of etch rate ratio vs particle residual range (important {qr particle
identification), event multiplicities and the reconstructed point of interaction
in the case of target fragmentation, and the size and activity of the hot

_ particle can be obtained. In this contribution the program is briefly described

and its utilization illustrated by some selected examples.
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A TEST TO ANALYSE THE UNIFORMITY OF TRACKS
IN SSNTDs .

Bigazzi, G.!, J.C Hadler N.2, P.J.Junes? and S.R Paulo’

! Istituto di Geocronologia ¢ Geochimica Isotopica, CNR, 56100 Pisa, ltaly
?Instituto de Flsica, UNICAMP, 13083-970 Campinas-SP, Brazil
¥ Deplo. de Fisica, ICET, UFMT, 78060-900 Cuiabd, MT, Braxil

In this work, 8 suitsble siatistical test for analysis of spatial distributions is presented, This fer
which is based on the Legendre Polynathials, has some advantages over the Pearson’s % test an
the least square fit 10 a polynomial. The application of this fest in the analysis of the homogensi'
of thin uranium filma is showed and its generic reliability is discussed,
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DIGITAL AUTORADIOGRAPHY
D.S.Gafitullina

Institute of Nuclear Physics, Uzbek Academy of Sciences,
Ulugbek,Tashkent, 702132, UZBEKISTAN.
tel.:(3712) 616348, fax:(3712) 642590,
e-mail: crystalepc202.suninp.tashkent.su

Application of the fast-acting digital computers and
the technical means of signals treatment allowed to
Spread the possibilities and the resolution of autoradio-
graphy .

Analysis of autoradigraphic features i1s connected
with the elucidation of the optical density distribution
of the exposed and treated photoemulsion used as of dete-
ctor of the secondary beta-irradiation.

In this report the possibilities of the digital ima-
ge processing (DIP) by the autoradiographic investigations
of Impurity and component distributions in the grynat crys-
tals are shown.

Identification of radionuclides and the qualitative
evaluation of their contents was conducted by gamma-spec-
irum of specimens irradiated by neutrons.

The treatment of autoradiograms was conducted with
the help of the dialogue system, having matrix in 512x512
elements.

For the interpretation of the experimental data
clustering analysis methodology was used. .

Classification of zones on the minimum of the square
mistake was conducted according to the data of histograms
oI the optical densities of the studying autoradiograms.

. It was proposed algorithm of digital treatment for
visualisation of autoradiographic features.

The resolution of autoradiography at minimal cdhtrast
has been enhanced on degree by adaptation of methods and
digital processing algorithms. ' '
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INVESTIGATIONS OF THE USE OF ELECTRON SPIN RESONANCE FOR
NUCLEAR TRACK COUNTING AND GAMMA-RAY DOSIMETRY IN (}‘R-39

A.IL. RANJBAR{, S.A. DURRANI{ and K. RANDLE$

+School of Physics and Space Research, }School of Chemistry,
University of Birmingham, Birmingham B15 2TT, UK

ABSTRACT

CR-19 plastic detectors were exposed to (i) a-particles from an M1 Am source, (ii) fast
neutrons from an accelerator ((d, D) reaction), and (iii) gamma-rays from a ®co
source. The o-particles and neutron-recoils produce “latent tracks” in the CR-39,
which are thought to be accompanied by long-lived free radicals. After irradiation, all
the CR-39 samples were subjected to electron spin resonance (ESR) analysis- even
though gamma-rays are known not to produce latent tracks

Exposure to neutrons of ~ 5.8 MeV with a fluence of ~ 7.6 x 10!1 failed to yield an
abservable ESR signal. The samples were then etched in 6 M NaOH at 70 °C for
different lengths of time (up to 14 h) and a high track density from recoil protons was
revealed. These samples, too, did not show an ESR signal. The samples that had been
sxposed to the **'Am a-particles with different fluences (up to ~ 8.1 x 106) also failed
o produce an observable ESR signal. It is suggested that either the polymer chain
lissociation by ionising particles (i.e. protons, alphas, elc.) does not end up with long-
ived free radicals, or the minimum detectable dose for ESR requires a higher fluence-
ind hence a greater concentration of free radicals- than used in these experiments.
such high doses, however, havc little relevance to normal environmental dosimetry.

n the case of the wCo-i;radialcd samples, an ESR signal (3 scans accumulated at room
emperature) was observed at doses 2 100 Gy. The dose response.gurve exhibits good
inearity between ~ 100 Gy and the maximum dose used of ~ 1.3 x 10* Gy. It was aisoy.
ound that the ESR signal decays to unobservable intensities in ~ 6 days if, the
madiated samples are stored at room temperature, but in ~ 20 days if stored in a
efrigerator at ~ 4 O

Jur original hope that it might be possible to use ESR in place of track counting as a
neans of detecting and measuring moderate doses of both alphas and,fast neutrons in
ZR-39 must obviously be abandoned. Consequently, these results suggest that nuclear

itched-track counting in CR-39 remains the only feasible method, at present, in these
ields.
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Lyoluminescence Of Common Salt and Sugar

Y.M. Amin,R.H.Mahat, M.S. Musa and W.M.Nami
Department Of Physics
University of Malaya
50603 Kuala Lumpur
Malaysia

Abstract
Lyoluminescence of the above chemicals afler exposure 1o gamma dose of up to 45 kGray

were studicd. The solvent used was distilled water. The lyoluminescence(LL) response for
sugar was lincar with dosc up to 0.5kGray and then slarlcd. 1o saturatc up to the dose of 2kGray
after which the response drop rapidly. For salt, the LL response was linear up ~10 kGray, after
which the response drop. The effect of bleaching with UV light and anncaling immediately
afier irradiation were also studicd. .

Keywords

Lyolumincncence, salt,sugar,anncaling
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TRACK REPLICA METHOD APPLIED TO CR-39

L. Borgonovo, G. Saint-Martin, O.A. Bernaola, 1. Nemirovsky and W_F. Kirschbaum
National Atomic Energy Commission. Av.Libertador 8250. Bs.As, 1429. Argentina

ABSTRACT

The replica method has been applied previously to detector materials which can be easily
removed by specific solvents. Taking into account that CR-39, one of the most sensitive
ion track detectors, can not be removed by any solvent without altering the replica
materials, the technique had to be adapted for using with this material. Replicas for

normal and grazing angle ion incidence on CR-39 were obtained and observed with a
transmission electron microscope.
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