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Pref acé

This issue of annual report is a summary of the main scientific
and technical developments achieved at IAE in 1982,
Nuclear Physics In theoretical nuclear research, some achieve-

ments have been obtained in the calculation of angular distribution for

pre—equilibrium emission by using exciton model, in the systematic -

investigation on fission dynamics by means of Fokker-Planck equation
and the direct simulation of deep inelastic collision of heavy ions,
Researches were continued on few body problems, cluster phenomena
and the quark degree of freedom in nuclei, particularly the A-N inter-
action. Moreover, some quite well results were obtained in calculat-
ing the microscopic optical potential by the use of Skyrme force.

The experimental researches were continued on the mechanism of
nuclear reactions, nuclear fission and nuclear structure, and the mea-
surement of neutron data. Some new results were acquired for the
even-odd effect in pre-equilibrium emission of (a,p) reaction and the
mechanism of the anomalous large angle scattering of a-particles, Study
on the three-nucleon transfer reaction (a,p) was initiated, A Doppler-
shift attenuation method for measuring the lifetime of excited states
was established in the study of in-beam y-ray spectroscopy. Study on
the spontaneous fission of 23?Cf was pursued, In the investigation of
3MeV neutron induced fission of 238U, the yields of five kinds of fission
products, such as 3’Kr etc,, were obtained for the first time. The result
of 14 MeV neutron flux by using Nb/Zr as the transfer sample was
compared internationally and the data was only 0.6% different from
the average value, Some good results were achieved in the measurement
of neutron intensity for Am-Be neutron sources, ‘

In order to measure the rest mass of electron antineutrino, a av 2
double-focussing electromagnetic separator was successfully reconstruc-
ted into a P spectrometer with weak field,

Nuclear Data Evaluation The evaluation of the cross section of
fast neutron induced fission for some transplutonium nuclides was
completed, The neutron data of natural V, Cr, Zr and Hf, the neutron




cross section as well as the secondary neutron spectra of 235U, 238U,
*3°Pu and ?*°Pu were calculated. For the neutron resonance parameters,
systematic investigation on the average total radiation width (I"8) and
(T"§> was initiated, The macroscopic examination for the neutron
cross section of Fe, O and Na was undertaken, KQCS——a computer
code of group constants for fast reactor was programmed The equip-
ment and experiment for fast critical benchmark assembly were inves-
tigated with this code. The nuclear data evaluation system based on
the computer ACOS-500 was put into operation.

Mathematics and Applications of computer The structure of neu-
tron transport equation was analysed by means of specific operator
approximation theory and perturbation theory, Quite good results were
obtained in the qualitative studies on the basic breeding ratio o, the

breeding factor v and the effective neutron breeding factor u. Study

~on the Monte-Carlo method and the method of numerical caleulation

were further developed, and the calculation of many practical problems
was carried out, A data acquisition and processing system based on
TRS-80 microcomputer with 8192 channel ADC and 8192 channel buffer-
display set-up was accomplished and the popularization of the applica-
tions of some other types of microcomputer was initiated.
Accelerator Technology and Charged Particle Transportation The
pulse width of the high current short pulsed electron LINAC was
improved to 2 5 ns, The technological preparing of 100 MeV electron
LINAC was initiated. The repetition frequency of the 56 MW pulsed
modulator was raised to 300 Hz/s. The peak power of the beam of a
modified Klystron came up to 15 MW without self-driving. The high
power travelling wave oscillation loop, the metal-sealed flange and the
exit window of the Klystron all reached a quite high level : peak
power=20MW, average power>10kW_  The tank of the tandem was put
to its right position and the principal parts of the four experimental
halls were constructed. The Q3D magnetic spectrometer was technical-
ly appraised and its ion-beam optical property was preliminarily
tested by using ?'°Po source, In addition to the beam stations which
were being performed, the designs of an electrostatic analyzer for super-
sensitive mass spectroscopy and a lamb-shift polarization source
were initiated. The high current pulsed electron accelerator for inertial
confinement fusion research reached its designed goal in quality——the
voltage at the diode was 1 MV, the beam current was 81 3 kA, the
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output energy was 5.1 kJ and the beam spot at the target was 2mm in
diameter. The beam diagnosis and the preliminary physical research
were started. Besides, the physical design of an electron accelerator
used for irradiation and the preparation of its accelerating tube were
made, Some progresses were also made in the preparation of ion sources,
the étudy of ion optics and beam dynamics,

Nuclear Detection Technique and Nuclear Electronics In order
to meet the requirements of production and scientific research, a '33Xe
determination set-up using Si(Li) detector, a multiwire proportional
chamber with delay-line read-out system and a fast promptly-digitized
measuring apparatus with systematic calibration, a digitized equipment
for measuring the position in the magnetic field of an accelerator, the
“electronic circuits for fluorinehydrogen fluoride analyzer, a multi-
dimensional stochastic pulse spectra generator for simulating radioactive
source, etc., were developed. The large high purity Ge and high reso-
lution position sensitive silicon detectors were successfully promoted,

Radiochemistry and Radiochemical Engineering The study of io-
dine elimination technology in the dissolving process of UO, pellets
was completed, The recovery for medium level radioactive wastes in
Purex process and the purification of Np, Pu, and U were investigated,
The study of the performances of various extractants was going on,
Some progress in studying the y-radiolysis of organic solvents was made
and the technology for preparing ?*?2Cm was improved, ‘

The study of crown ether-uranium complex compound was in pro-
gress, The extraction behavior of various kinds of crown ether for
treating uranyl chloride and uranium tetrachloride was studied. The
conditions for separating U(IV) and U(VI) by extraction were prelimi-
narily found out, and the study of the separation of uranium isotopes
by ion exchange was under way,

Analytical Chemistry The F-HF analyzer and the ZrO, standard
oxygen generator were successfully developed and a new method for

calibrating ZrO, oxygen analyzer calibration method with systematic
errors in opposite phases was suggested Some methods of high sensiti-
vity and high precision, such as the fluorescence complex titration for
trace thorium and the laser-liquid fluorimetry for trace terbium,

dysprosium and samarium were established. In order to furnish data
for the environmental evaluation of coal,36 trace elements and 41 trace

elements were determined by spark source mass spectrometry and neu-

=
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tron activation analysis, respectively, The analysis of Zr-Nb alloy used
for pressure tube of reactor was performed.

Treatment of Radioactive Wastes A set-up for experiments of
cement solidification was constructed, by which the conditions for
cement solidification were studied, The fixation of radioactive organic
solvent and waste resin with polystyrene was continuously investigated,
The study of the treatment of waste water containing Pu, Am and
fission fragment elements by using the natural inorganic material Y-
377 and synthetic sodium titanate, as well as cellulose reaped the first
fruits,

Applications of Nuclear Technique The new fields developed in
this year were mainly the material modification by ion implantation
and irradiation, and some initial results were obtained A triple-axis
and a four-circle neutron diffractometer, of which the principal compo-
nents were made in France, was installed at the reactor channel and
the spectrometer-autocontrol system based on computer was adjusted as
a whole. Besides, by using the existing neutron scattering spectrometers
and diffractometer,some magnetic materials, superconductors and hydro-
gen-accumulating materials were investigated, and some significant
fruits were achieved, The mechanism of radiation damage induced by
a-particles to Ag was studied using hyperfine interaction technique,
The hydrogen profiling technique based on deuteron scattering, with a
small magnetic spectrometer, was fruitfully applied in the investigation
of the depth distribution in a metal surface layer. Channelling effect
was applied in semiconductor material research, while the tritium in
heavy water was analysed by supersensitive mass spectrometry at the
Van de Graaff accelerator, To meet the requirements in medicine, envi-
ronmental protection, geology and material science, reactor neutron
activation analysis was widely used, e, g, in investigating the relation
between Ke Shan disease and trace elements, in the analysis of the
elements for the standard sample of Beijing rice flour, coal and its
ashes, A group for neutron activation analysis service was organized
and many samples were analysed by means of instrumental analysis,
Moreover, a method for determining trace *?7Ac in rare-earth industrial
products was established for some departments. The performance of the
logging device based on measuring the ratio of carbon to oxygen with
HPGe detector was improved, A production line for NTD silicon was
constructed at the heavy water reactor and the sample for conducti-
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vity standard of silicon monocrystal was fruitfully investigated, More-
over, the preparation of NTD silicon for devices of medium and low
power was initiated at the light water reactor. For measuring the
performance of NTD silicon, a positron life-time ‘spectrometer was
set up.

Production and Preparation of Radioisotopes 189 varieties of ra-
dioisotopes were produced and the total activity was 8995 Ci, more-
over, all the indices were better than the planned ones.

The technology for preparing radioisotopes *2°I and '?5I in the
reactor was impréved. 1231 and 7Co were trial-produced by cyclotron.
The quality of °°Mo for medical use separated from fission products
of 235U met the stipulations of international pharmacopoeia. Some
new iodine labeled compounds, such as the virus antibody IV of Den-
gue fever etc., were prepared by Bolton-Hunter connecting iodide me-
thod., A variety of traditional Chinese medicines were labeled with
tritium for the first time so that these medicines can be deeply inves-
tigated, Some new radioimmunnoassay kits were developed and the
quality control method was initially established, Moreover, the stu-
dies on the detritiation of tritiated water were kept on, and two kinds
of new catalysts were prepared.

~ Separation of Stable Isotopes The stable isotopes of Eu, Sm, Dy
were produced for the first time. Both the quantity and quality of sta-
ble isotopes produced were over the planned targets.

A 255° electromagnetic separator for research purpose was comple-
ted and reached its designed specifications.

Reactor Science and Technology The technological transformation
of the heavy water reactor went on, By using micro-computer and indus-
trial control system, the real-time monitoring of the operation para-
meters, such as thermohydraulics and dosimetry monitoring etc., and
the display analysis of some parameters were accomplished, which was
the first step for power control in closed loop. The strong neutron
source reactor was under construction. In order to improve its safety and
practicability, theoretical and experimental investigations were made
on the original design, and the designs of reactor elements, reactor
physics, thermohydraulics and reactor structures were all improved,

Investigations on the analysis of reactor safety were significantly
pushed on, The computer code MARCH for core melting accident ana-

lysis of light water reactor was imported, mastered and improved,
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The code for transient state analysis of light water reactor, RELAP5/
MOD 1, was transplanted, With reference to FRAP system, a code
RYCH for steady state analysis of fuel behavior inside the reactor
was set up, A physical model for describing the compactness, swelling
and release of gaseous fission products was established, The time-space
dynamics of reactor was studied. The experimental studies were
carried out on the heat transfer under the condition of the bottom
part of the vertical tubular testing section reflooded, on the pressure
drop of the air-water two phase flow in a horizontal tube, on the
fraction of bubbles under the condition of low gas content at horizon-
tal circular tubes and on the effect of the grid used for fixing the
fuel assemblies upon the flux field. The construction of the boiling
heat transfer loop at medium temperature and pressure was being
carried out. The preparation for the test of pressurized water reactor
elements was under way, The physical calculation for element test,

the calculation for thermohydraulics, the design of structure, irradia-
tion set-up and test loop, and the manufacturing of some components
were performed. The physical and mechanical characteristics of zirco-
nium alloy were studied, and some progress in the investigations of
in-core measurement technique, irradiation and corrosion of materials
was made.

Radiation Protection and Environmental Protection As a result of
improving the fabrication technology and strengthening the management,
the personal dose equivalent of -the personnel in this institute, the
amount of discharged **'I and industrial waste water was significantly
reduced in comparison with 1981, and the number of radiation accidents
was also reduced., The comprehensive evaluation of the effect of radia-
tion on environment was initiated, The measurement and evaluation
of the natural penetrating radiation was completed, and the effective
dose rate equivalent suffered by the inhabitants of Beijing in the sex
gland was estimated to be 72.39 mrad/y.

Monitoring Technique The set-up for measuring '°'I in human
thyroid gland has already been put to routine use. According to the
international standard stipulations by ISO, a new sampling system for
the exhausts from the reactor stack was built up. A simple and fast
sampling method for monitoring the vapour of tritium water in the
environment, a continuous monitoring method used for the vapour of

tritium water in air containing “'Ar and a fast method for plutonium
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determination in urine were studied and established. A low background
and large area screen grid ionization chamber for a-particle detection,
a neutron personal dosimeter made of LiF for albedo in a n-y mixed
field, a low background semiconductor system with multi-detectors
used for a particle detection and a scintillation dosimeter of model SG
107 for environmental radiation detection were investigated. In medieal
protection, studies on the anti-absorption effect of brown sodium algi-
nate on strontium taken orally by healthy person and the chromosome
aberration of human lymphocyte induced by tritium achieved satisfac-
tory results, '

The thermal pump evaporation technique used in treating the biack
liquid from papermaking had a significant effect in energy saving,
and passed the formal appraisal. The environmental evaluation on
the siting nuclear power station was carried out, b'y which some inte-
resting reference information was provided.

Academic activities In 1982, there were 51 scientific symposiums
sponsored by the institute, The scientists and engineers of this insti-
tute attended 82 national conferences and symposiums, 5 international
meetings, and 309 papers from this institute were presented at these
meetings, and 327 papers were published. in various journals. Besides,
112 foreign friends visited this institute. Some of them gave lectures
and some coworked with us, 45 lectures were delivered by them.

Shortcomings and mistakes in this issue are unavoidable, any sugges-

tions or criticisms are warmly welcome.

Editor
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