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Experimental Neutron Source Facility

Background
An Experimental Neutron Source Facility has been developed. It
consists of a subcritical system driven by an electron accelerator within
the cooperative activity between Argonne National Laboratory (ANL)
and Kharkov Institute of Physics and Technology (KIPT) of Ukraine.

Facility Objectives
Provides capabilities for performing basic and applied research utilizing

the radial neutron beam ports of the subcritical assembly.

Produces medical isotopes and provides neutron source for performing
neutron therapy procedures.

Provides the capabilities to perform reactor physics experiments and to
train young specialists.

Yousry Gohar



Experimental Neutron Source Facility

Main Components

 Electron accelerator and electron beam transport channel

 Solid target assembly for generating neutrons

 Subcritical assembly with low enrichment fuel, carbon reflector,
and water coolant

 Heavy concrete biological shield

 Auxiliary equipments including the target and the subcritical
assembly coolant loops

 Radial neutron channels for basic and applied research

Yousry Gohar



Experimental Neutron Source Facility Overview
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The Biological Shield of the Subcritical Assembly 
and  the Electron Beam Cannel
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The Subcritical Assembly Shield

Top Shielding closed Top Shielding opened
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The Electron Beam Transport Channel
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Movable Top Shielding Open for Service
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Cut-away View of the Subcritical Assembly
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Fuel Handling Machine
Fuel Handling Machine moves Fuel Elements between core, storage rack, 

and transfer station
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Cut-away View of Cold Neutron Sources
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Target Design
Objective:

Define an optimal target configuration that maximize the neutron
production from the available electron beam power.

Performance and Design Parameters:
 Neutron source strength
 Neutron spatial and energy distributions
 Energy deposition in the target materials
 Beam radius relative to the target radius
 Target geometrical configuration
 Thermal hydraulics characteristics
 Thermal stress values
 Target fabrication procedure
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Exploded Assembly View of the Square Uranium Target Design
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Exploded Assembly View of the Circular Uranium Target Design
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Neutron Yields from Electron Interactions
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Uranium Target Energy Deposition and Temperature Distributions 

W/cc °C
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Subcritical Assembly
 The subcritical assembly performance was optimized to

maximize the neutron flux field.

 Main design parameters of the subcritical assembly
configuration:
 Target material – Natural uranium

 Fuel design and uranium enrichment – Low enriched WWR-M2 Fuel
Design

 Fuel material density – 2.7 g/cm3

 Reflector material - Carbon

 Coolant material - Water

 Structure material - Aluminum alloy

 Beam power - 100 KW

 Electron energy - 100 to 200 MeV
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WWR-M2 Fuel Design
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Subcritical Assembly Configuration
Natural uranium target, 35 fuel assemblies,

Carbon Reflector, Water Coolant, keff= 0.98062

Target 
Material

Electron 
energy,

MeV

Averaged Flux over 
target length,

n/s cm3

Averaged Flux 
over fuel length,

n/s cm3

Target Energy 
deposition, kW

Fuel Energy, 
deposition, kW

Reflector Energy 
deposition, kW

Total Energy 
deposition, kW

U
100 3.038E+13 2.470E+13 90.68 245.06 23.79 359.53

200 3.134E+13 2.543E+13 91.31 259.45 23.68 374.44
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Subcritical Assembly Fast (>0.1 MeV) & Total Neutron Flux 
Distributions (R-Z Maps, n/cm2.s)
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Subcritical Assembly Fast (>0.1 MeV) & Total Neutron Flux 
Distributions (X-Y Maps, n/cm2.s)
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Subcritical Assembly Energy Deposition Distributions
(R-Z & X-Y Maps, KW/cm3)
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Biological Shield

Heavy concrete is used with density of 4.8
g/cm3 .

The international guidelines for the biological
dose is <2.5x10-3 rem/h.

The subcritical assembly has a radial shield
thickness of 180 cm, which reduces the
biological dose to 0.5x10-3 rem/h.

Yousry Gohar



Radial Concrete Shield

 Heavy concrete is used with density of 4.8 g/cm3.

 The international guidelines for the biological dose
is <2.5 mrem/h.

 For radial shield thickness of 180 cm, the biological
dose is 0.5 mrem/h.

Shield 
Thickness 

(cm)

Shield  
Radius

cm

Neutron Dose
(mrem/hr)

σ,
%

Photon Dose
(mrem/hr)

σ,
%

152.0 252.0 2.43 12.6 4.59E-04 12.2
162.0 262.0 1.39 12.6 2.50E-04 12.0
172.0 272.0 0.72 11.8 1.58E-04 17.3
182.0 282.0 0.48 11.1 8.32E-05 10.7
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Shield Requirements for the Top Section

• Heavy concrete shield
•The source is the subcritical assembly

rem/hr
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Neutron Irradiation Locations
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Neutron Spectrum of the Irradiation Locations 
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Medical isotopes decay modes and their applications (Continued)

Yousry Gohar



Medical Isotopes Production Main Conclusions

 The study results show that the facility has excellent
capability for producing medical isotopes.

 Generally, the optimal irradiation location lies in the
reflector next to a fuel assembly, where the neutron
flux has a thermal spectrum.

 The axial neutron distribution exhibits a cosine
distribution and the radial one has an exponential
distribution.

 The optimal sample size can have a length up to 30
cm and a radius of 0.1 to 0.3 cm
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Cold Neutron Source Configurations
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Liquid hydrogen, deuterium, or solid methane is the moderator material.

Graphite is used around the cold neutron source to enhance  its performance

Lead is used to attenuate the gamma rays.

Parametric studies defined the design parameters.
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Cold Neutron Source Performance as a Function of the 
Graphite Thickness for Para-Liquid Hydrogen Moderator
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Performance Comparison of Different Cold Neutron 
Source Configurations

Upper 
energy 
limit

Brightness of cold neutron (n/cm2-s-meV-ster)

Single CNS 
and single 

channel

Two CNS and two channels Three CNS and three channels

Channel 1 Channel 2 Channel 1 Channel 2 Channel 3

1  meV 2.08e+08
(±3.06 %)

2.02e+08
(±3.16 %)

1.86e+08
(±3.31 %)

1.95e+08 
(±4.79 %)

1.84e+08 
(±3.23 %)

1.89e+08 
(±3.23 %)

5  meV 5.20e+08
(±2.57 %)

4.95e+08
(±2.21 %)

5.03e+08
(±2.65 %)

4.46e+08
(±2.96 %)

4.71e+08
(±2.62 %)

4.76e+08
(±2.57 %)

10  meV 5.75e+08
(±3.34 %)

4.75e+08
(±2.77 %)

4.95e+08
(±3.05 %)

4.54e+08
(±3.35 %)

5.14e+08
(±3.87 %)

5.11e+08
(±3.48 %)

100  meV 3.70e+07
(±2.84 %)

3.86e+07
(±3.23 %)

3.68e+07
(±3.01 %)

3.25e+07
(±3.45 %)

3.57e+07
(±3.38 %)

3.38e+07
(±3.11 %)
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Main Conclusions

 A neutron source facility has been
successfully developed using electron
accelerator driven subcritical assembly
facility concept with low enriched uranium
fuel.

 The developed concept satisfies the facility
objectives and it has flexibility for future
upgrades and new functions.
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