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There are severa! potential applications in the LMFBR Program for sensitive |
i

neutron detectors that must operate in the pulse-counting mode in regions of high

gamma activity, ln-vessel low-level flux monitors (LLFM's), such as those to be

installed in the Fast Flux Test Facility (FFTF) reactor, require a sensitivity of ~ 1.0

count sec"1 [nv(th)] " ' a t >106 R/hr. In other LMFBR applications the anticipated

gamma dose rate is "only" 10 to 10 R/hr, but the counting sensitivity must be at

least 10 count sec ' [nv(th)]. ' These high-sensitivity applications include failed-

fuel monitors that detect delayed neutrons emitted from the coolant stream, ex-̂ vessel

LLFM's (as proposed for the Clinch River Breeder Reactor), and criticality and assay

monitors for fuel reprocessing plants.

Fission counters are unique in their ability to count neutrons at high gamma

dose rates; nevertheless, they require careful design and optimization to meet the

requirements described above. The capability of a fission counter to reject gamma

background depends on design parameters of the electrodes and fi l l ing gas and also

on the parameters of the electronics channel to which the counter is connected.

Fission counters have been successfully designed for the FFTF LLFM operating

conditions, the basic theory of the gamma irradiation effects has been worked out, ̂
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and some design procedures have been described.6 Nevertheless, there has remained

a need for a systems engineering approach; that is, a theoretically sound, comprehensive

calculation procedure that will enable a designer to specify all of the relevant parameters

of a counter-channel system and obtain a quantitative prediction of its gamma rejection

capability. The objective of this work was to make such a systems approach available

for the first time. This paper summarizes briefly the theory involved, and then describes

the procedure itself

The gamma response of a pulse-mode ionization chamber arises from fluctuations

in the current resulting from pileup of very small, secondary-electron pulses occurring

at a high rate (10 to 10 pulses/sec). Since these pulses occur randomly in time,

the resulting signal is Gaussian noise; its power spectral density (PSD) is proportional

to the product of the average pulse rate and the squared magnitude of the Fourier

transform of an individual pulse.5'8 The neutron (fission fragment) pulses are assumed

to have the same shape as the gamma (secondary electron) pulses but a much larger

magnitude; both propagate through cable to the preamplifier, and then through the

main amplifiers and their filter networds to the discriminator. The forms of the

neutron pulses and of the PSD of gamma noise are altered substantially by the frequency

response functions of the components of the system. Electronic noise is added in the

preamplifier, and its PSD is also altered before it reaches the discriminator. These

alterations are important because it is at the discriminator input that the neutron

pulses are separated from the noise.

If the discriminator is set to pass only pulses of height greater than D, the rate

at which it is triggered by Gaussian noise is5 '8

R(D) = f. exp (~D2/2V*) ,



where V is the rms noise voltage and f is the rms frequency of the PSD distribution j

of the noise. Both V and f must be evaluated at the discriminator input. Solving ]
r r j

this equation for D yields the discriminator setting, D , that limits the counting rate ij

due to gamma and electronic noise to a specified level (usually 1 count/sec). If a

"typical" or "average" fission fragment path in the counter is selected and the height

D j . of the resulting neutron pulse at the discriminator is calculated/ then D../D is

a quantitative figure of merit for the counter-channel system.

The calculation procedure must include a Fourier transform capability to calculate

the PSD of the gamma pileup noise from the postulated counter pulse shape. Once that

capability is available, it is preferable to do virtually the entire calculation in the

frequency domain, since the propagation of a signal through the system can be calculated

simply by multiplying its Fourier transform by the transfer function of each successive

filtering element in the system. The calculation starts with a current pulse having

shape and width determined from the proposed electrode spacing and estimated electron

drift velocity in the counter. The pulse has, however, unit magnitude, and, at first,

it represents either a gamma or a neutron pulse. Its Fourier transform is calculated, and

then it is multiplied successively by all the transfer functions in the proposed counting

channel. The resulting transform is squared to yield the normalized PSD of the gamma

noise. The inverse transform is also calculated to obtain the pulse shape and relative pulse

height at the discriminator input. In a separate calculation, a normalized PSD function

for electronic noise is introduced and subjected to the appropriate successive multiplications.

Following these calculations, absolute magnitude factors (determined by fitting

the results to neutron and gamma irradiation measurements on an actual counter) are

applied so that the neutron pulse height D., can be calculated and the gamma nnd electronic

components of the noise spectral density properly added together. The integrals involved

if



in V and f are generated and D is obtained so that the final result, the figure of merit
r r y

D^/D , can be calculated.

The procedure could be implemented on any computer having Fourier transform

algorithms and sufficient storage fc>f about 32K words); however, it has proved especially

convenient to use a digital Fourier analyzer' that can be programmed to operate in

an interactive mode. With this machine the operator has immediate access, using simple

keyboard commands, to graphic displays of all the pulse shapes, transforms, and PSDs

occurring in the calculations. The required pulse shapes and transfer functions are

generated by a series of programs that run in the analyzer's computer; these programs

also obtain design parameters from the operator via the teleprinter, and provide printed

output.

Using the calculation procedure described above, the designer can specify all

the significant design parameters of a fission counter and of the filters and amplifiers

in its electronics channel. The result is a quantitative prediction of the gamma rejection

capability of the system. The calculation can be repeated, with variations in any of

the parameters, until an optimum design is achieved. The procedure thus provides

the designer with a powerful systems engineering design tool. It is currently being

used to optimize the gamma rejection capability of high-sensitivity fission counter

designs.
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