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Introduction

• Neutron area survey instruments are used to detect 
neutrons with a wide range of energies and directions

• They are used in workplaces where neutrons are present, 
for example nuclear reactors, fuel manufacture and fuel 
reprocessing

• Neutrons can be dangerous to human health wherever 
significant doses are received and therefore these 
workplaces must be monitored
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Introduction

• Most neutron survey instruments that are currently in use 
are based on the Andersson-Braun or Leake moderator 
type designs that date back to the 1960s

• They are designed to have response characteristics that 
are as independent of neutron energy and angle of 
incidence as possible

• However all current designs are deficient to some extent
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Andersson-Braun & Leake 
designs

• Seminal work by Andersson-Braun in 1963 produced a 
practical survey instrument 

• Central thermal neutron detector (BF3 tube) 

• CH2 moderating mass (cylindrical symmetry)

• Paper on a spherical design of neutron survey instrument 
published by Leake in 1966 

• Central spherical 3He thermal neutron detector 

• Spherical CH2 moderating mass

• Both have thermal absorbing layers in moderating mass

• Over-respond in the intermediate energy region
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Modified Andersson-Braun 
design
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Leake design
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Examples of the Leake (left) 
and Andersson-Braun 
designs
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Aims

• To design a neutron survey instrument that has a response 
which is as independent as possible of energy and angle

• The design should also be light, portable and relatively 
cheap to make and use

• It should have a high sensitivity
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Why are neutrons a hazard to 
human health?

• Neutrons do not produce direct ionization

• However, they can produce secondary charged particles 
that can cause ionization

• Principally ionization is caused by elastic and inelastic 
scattering

• Average adult human body is ~60% water (H2O) hence 
hydrogen is most abundant atom

• If a fast neutron collides with a 1H atom the most significant 
reaction is elastic scattering
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Why are neutrons a hazard to 
human health?

• Since m(n) ~ m(1H) the energy transferred by elastic 
scattering can reach almost 100%

• i.e. neutrons can transfer almost all of their energy to the 1H 
nucleus causing the proton to be scattered

• Proton causes ionization within cells along its track through 
interactions with electrons

• Ionization in a cell can kill it or cause it to mutate and divide 
uncontrollably - i.e. become cancerous
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Dose quantities

• Spherical plane-parallel source fluence, F , given by n/A

• Calculate the number of 3He(n, p) events, C

• Fluence Response, RF, given by C/F

• Ambient Dose Equivalent Conversion coefficient, h*(10) –

H*(10)/F

• H*(10) response, RH*(10), given by C/H*(10) or RF/ h*(10)
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Conversion coefficients
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Folding

• The response characteristics of the instrument determined 
by folding fluence response characteristics with fluence-
energy distributions using program developed at NRPB

• Folding used to work out response of instrument in 
workplaces

• Determine ratio of reading of instrument to the true ambient 
dose equivalent

• Values lower than 1 represent underestimates and values 
larger than 1 represent overestimates
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Cross sections & workplace 
fields
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Our novel design

• Unfortunately unable to give exact design details: there 
may be some overlap with existing patent held by BNFL: 
BNFL insist that we do not reveal details at this stage

• The design uses a spherical CH2 moderator surrounding a 
spherical 3He detector at its core

• 11cm in diameter

• Moderating mass weighs ~5 kg

• Changes made to the moderator construction to enhance 
the H*(10) response
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Fluence response 
characteristics
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Ambient dose equivalent 
response characteristics
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Normalization
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Response in workplaces
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Advantages & Disadvantages

• Advantages:

• Light and portable

• Sensitive

• Relatively cheap

• Disadvantages:

• Fast neutron response is slightly underestimated

• Difficult to correlate isotropic and parallel source 
responses in thermal energy range


