‘ ! ! . UCRL-PROC-207175

LAWRENCE
LIVERMORE

wre | NUCLEAR-OPTICAL
CONVERTERS FOR NEUTRON
DETECTION

A. A. Sinyanskii, S. P. Melnikov, L. E. Dovbysh, G.
L. Johnson

October 12, 2004

American Nuclear Society, Fourth International Topical
Meeting on Nuclear Plant Instrumentation, Control, and
Human Machine Interface Technology

Columbus, OH, United States

September 19, 2004 through September 22, 2004




Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.



Fourth American Nuclear Society International Topical Meeting orlddn®lant Instrumentation, Controls
and HumarMachine Interface Technologies (NPIC&HMIT 2004), Columbus, Ohio, September, 2004

NUCLEAR-OPTICAL CONVERTERS FOR NEUTRON DETECTION

Anatolii A. Sinyanskii, Sergel P. Melnikov, Leonid E. Dovbysh
Russian Federal Nuclear Center,-Rllissia Scientific Research Institute of Experimental Physics
(VNIIEF)
607190 Sarov, Nizhny Novgorod Regidtiyssian Federation,
sinyanskii@expd.vniief.ru

Gary L. Johnson
Energy Technology Division, Lawrence Livermore National Laboratory
P. O. 808, E195, Livermore, CA, USA 94550
johnson27@lInl.gov

Keywords: Neutron detector, fission chamber, luminescence, nuojgaral converter
ABSTRACT

Nuclearoptical converters (NOC) are fission chambers based upon fission fragment energy
conversion to optical radiation in gas luminescent media. Thdrégkia Scientii Research
Institute of Experimental Physics (VNIIEF) has demonstrated that it is possible to construct
nuclearoptical converters with characteristics appropriate for a ‘wadge of measuring
applications including neutron detection in nuclear powertgplarhese detectors may be used a
number of different modes: pulse count, luminescent (equivalent to current mode in ionization
detectors), and lasing (essentially a neutron switch).

NOCs offer a number of potential advantages over ionization detectoesddthctors
require no power supply. Signals are transmitted via-pgbe or fiber optics rather than insulated
electrical cable. The detectors are less sensitive to gamma radiation. NOC can produce larg
signals, obviating the need for paeplifiers nar the detector. It is possible to construct a single
detector which measures flux at many discrete points and at the same time provides total flux alon
a line containing these discrete points.

This paper describes the construction and testing of NOC MNIEW, the range of
characteristics thought to be reasonably attainable with nembdiaal converters, and possible
applications to nuclear power plant instrumentation.

1. INTRODUCTION

Research concerning the possibility of building neutron detectassdbupon nuclear
optical converters was carried out by VNIIEEF under contract to Lawrence Livermore National
Laboratory (LLNL) as part of the US Department of Energy’s Initiatives for Proliferation
Prevention [1]. In VNIEF during about thirty years, intrigations of spectrduminescent
characteristics for various gas media excited by nuclear radiations were carried out in the
framework of program on nuclepumped lasers [2]. The initial work studied the luminescent
characteristics of rare gases andnitigtures under excitation by uranium fission fragments. This
work led to the conclusion that nucleaggtical converters could be built in which the light power



output is a linear function of neutron flux over a range 8fta@d° n/cnf-sec and that carperate
in a pulse mode below that range. In addition, previous work showed that neutron pumped lasers «
similar design may be built to laze at selected fluxes aboVenidrf-sec.

2. DETECTOR CHARACTERISTICS
2.1 Physical Construction

The nucleaopticd neutron detector developed by VNIIEF is a-tjght metal or quartz
capsule, lined with &°U layer on the inner surface, and filled with a radioluminescent gas mixture.
Upon exposure to neutrons, fission fragments fronfihé layer excite atoms of éhgas mixture
and relaxation of the excited atoms produce a light signal. The light signal may be withdrawn using
an optical fiber or a light pipe and sent to a photodetector for conversion to an electrical signa
which in turn may then be processed bywaartional electronics. Figure 1 shows the construction
of a neutron detector based upon a nuebgaical converter. The detector may be of almost any
size from a few cubic millimeters to many cubic centimeters with the sensitivity and total power
output egependent upon size and gas pressure.

I - detector body: 2 — gas medium; 3 - fission fragment source; 4 - fiber: 5 - filter;

6 - photodetector; 7 - wide-range system of neutron flux measuring; 8 — fill nipple.
Fig. 1 PrincipalSchematiof the NucleatOptical Neutron Detector

2.2 Performance Char acteristics

Study of various possible gas media and testing of an experimental detector showed that th
sensitivity of such a dése can be on the order of Y0W per 1 neutron /cfrs. The experimental
device exhibited a useful linear response over the range ®ofol00° n/cnf-s. Sensitivity to
gamma radiation is approximately 1/10,000 of the detector’s sensitivity to neutrons.

The device can operate also in a pulse mode from about 18 tdchi-s. Signal losses in
the optical fiber, however, restrict the use of this mode to situations in which the photodetector car
be located close to the detector.

By adding a mirror on each @mf the capsule the detector can also operate in a lasing mode
as nucleapumped laser [2]. In the lasing mode the detector is a threshold device. The minimal
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threshold of nucleapumped lasers has been found to be approxima#dl§'2n/cnf-s [2]. Above
that level the laser power output is a linear function of input neutron flux density.

2.3 Environmental Char acteristics

Since the detector is made entirely of glass or metal, gas, and uranium the detector i
environmentally very robust. The environmelytalimiting component is the optical fiber.
Radiation induced darkening of fiber limits the use of the system to total doses Uy Above
these levels a light pipe, rather than optical fiber may be used to remove the light signal to an are
of lower radiation exposure.

The lifetime of the NOC based detector has not been tested. The life of the detector is
limited by depletion of thé*U. Analysis of this mechanism predicts that such a detector will
function at least to a burnup of4®/cnt.

2.3 Advantages

When compared to conventional ionization based fission chambers NOC based device:
offer a number of potential advantages.

e The detector requires no power.

« The detector produces a large power output; the output power can easily be in Watts or ten
of Watts in the current mode.

* High timeresolution € 1 ns) in the case of registration of pulse neutron fluxes.

« Wide choice of gas media radiating from UV to IR spectral ranges that allow adjustment of
the NOC output spectrum to match the transparepegtsum of transmission media (e.qg.,
optical fiber) and spectral sensitivity of photodetector.

* The detector system has a very low sensitivity to gamma radiation. The NOC sensitivity to
gamma radiation is about five thousand times less than that of @trablftssion counter.
Furthermore, fibepptic cables and light pipes are much less susceptible to gamma induced
noise than are coaxial cables.

* Sensitive electronic components can be located at a great distance from the detector in
controlled environmen

« Optical signals offer the opportunity for splitting the light signal into multiple channels
without jeopardizing electrical independence.

e A test or calibration source can be readily connected to the signal transmission channel
again without jeopardizgelectrical independence.

* The detector offers the possibility of building instrumentation or control functions which
rely only upon the light output. Such devices would be powered only by the energy
generated by the detector.

3. TESTING

VNIIEF has a urque collection of pulse nuclear reactors [3]. These are used as powerful
sources of penetration radiation in technical, radiochemical, and biophysical investigations. Two of
these reactors, the VIRM and GIR2 were used to investigate the performance of N€ed as
neutron detectors. These reactors operate with pulsevitalbf 3 ms and 30Q@s, respectively.
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Testing was conducted in pulse, guasise, and continuous reactor modes. Some results of NOC
testing in the case of VIRM reactor are shown in Figures 2, 3, and 4. As neutron source we used
the usual fission chamb@t]. Measurementshewed that above $(h/cnf-s the detector response
was a linear function of neutron flux up to at leasf hcnt-s.

1
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Fig.2 Neutron (1, red line) and light (2, blue line) pulsesthe NeKr (1.7 % Kr,
mixture at 0.64 atm pressure (VBB reactor, energy release in reactor core is 55.2 MJ).
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Fig.3 Time dependence of neutron (1, red line) and light (2, blue line) intensity
Ne-Kr (1.7 % Kr) mixture at 0.64 atm pressux#R-2M reactor operates in “quagulse’
mode (peak power is about 1 MW).
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Fig.4 Time dependence of neutron (1, red line) and light (2, blue line) intensity

Ne-Kr (1.7 % Kr) mixture at 0.64 atm pressure. V2RI reactor operates in continu
mode(maximum power is about 1 kW).

4. POSSIBLE APPLICATIONS

The nucleaoptical detector has the potential to replace electraleitectors in many
existing applications. For example, detectors of appropriate size could be developed to replace ir
core detectors for VVER reactors.

The detector design also offers the possibility of developing novel detector or detector
system concept For example, as illustrated in Figure 5 it would be possible to build a single long
detector in which measured both total average flux over the entire length of the detector and loce
axial flux at individual points along the detector. The light sigaptesenting the average total flux
is extracted by a fiber positioned at the end of the detector to view all of the light generated, while
the local flux signals are extracted by individual fibers positioned to view only a the portion of the
light emisson stimulated near a single location.

Another example is an emergency shutdown system designed and tested for the
BIR-2M pulse reactor [5]. In this system, shown in Figure 6, a polyethylene shutdown rod (bullet)
is driven into the core by a very smalgjlexplosive charge. The explosive charge is detonated by
the light output from a nucleaptical converter when it crosses the threshold into the lasing mode.
The construction of the detector is tuned to lase when the emergency actuation threshdidds reac
This system is totally independent of electrical power.

(5)



Total Fluy Axial Flux

Ontical Fibe

Detecto

Axial Windows

Fig. 5 Conceptual axial and total flux detector
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1 - detector body, 2, 4 - resonator mirrors, 3 - source of fission fragments, 5 - fiber
6 - light detonator, 7 - transmission charge, 8 - throwing charge, 9 - polyethylene bullet,

10 - barrel.
Fig. 6 Example of passive emergency shutdown system

5. CONCLUSIONS

The possibility of construction neutron ddtes based upon the principle of nucleatical
converters has been demonstrated. Such detectors may be suitable replacements for existing neut
detectors and offer significant advantages in performance and environmental robustness. Suc

detectors alsoffer the opportunity to build new kinds of instrumentation and control systems that
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are not possible using traditional ionization based detectors. The main problems still to be
overcome involve developing fiber optics or other mechanisms which caarisntitting the light

signal from a high radiation environment without sustaining rapid environmental damage and in
determining the actual lifetime of detectors under application conditions.
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