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McClellan Nuclear Radiation Center (MNRC)

UCD/ MNRC is located within the McClellan industrial park (ex- DOD 
McClellan Air Force Base), 25 miles east from the UC Davis campus.

MNRC operates the newest 2.0 MWt research reactor in the US. The reactor 
began to operate in year 1990and has been re-licensed for 30 years in year 
2000 after transfer from DOD to UCD.

The TRIGA (Training, Research, Isotope production by General Atomics) 
research reactor is designed to be failsafe (passive, no action required to 
maintain safety… due to large negative fuel temperature coefficient). In the event 
of unexpected T � , an instant feedback from fuel/ core design is sufficient to suppress a neutron population/ power/ T 
surge.
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1/2. Neutron Radiography (2D)/ Tomography (3D) for Non-
Destructive Testing (NDT)

Studies of micro-cracking in structural materialsfor civil engineering; QA 
testing of defectsin components (Ti castings for F22 Raptor); inspection 
of electronic components/ assemblies for space project; QA testing of 
uniformity/ attenuationin spent-fuel container coatings, etc.

3. Instrumental Neutron Activation Analysis (INAA)

Elemental assayof water, archaeological, biological, chemical, geological,  
medical materials, etc.

4. Radioisotope Production

Radioactive tracersfor industrial applications such as 41Ar and 24Na used 
in pipeline leakage and distribution testing.
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5. Radiation Tolerance Testing

Fast neutron tolerance/ damagestudies on semiconductor electronics for 
space project, radiation monitors and detectors, and accelerated damage study 
on spent-fuel container coatings, etc.

6. Silicon Neutron Transmutation Doping (NTD)

Applications for electronic industries requiring high quality/ uniform 
resistivityof semiconductor materials, 30Si + n ® [31Si] ® � – + 31P. Resistivity 
level is targeted by controlling P-31 production in single crystal silicon ingots.

7. Pulsing(Video Demo)

Instant power surge up to 400 MW for FWHM � 30 msec with total energy 
release around 15 MW-sec… conditions for explosive related testing and 
benchmark. Instant addition of a positive reactivity (k > 1)… large negative fuel temperature coefficient drives 
the reactor power back down.
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Horizontal c/s viewwith reactor core (21”-D), graphite reflector (13.5”-T), reactor vessel (7’-
D), cooled and moderated by light water through convection, >100 fuel rods, startup neutron 
source Am-Be, PTS location, 6 control rods including 1 transient rod for pulsing operation.

Irradiation facilities (1) central irradiation facility (2) pneumatic transfer system (3) external 
irradiation positions… Si-NTD (4) 4 graphite inserts… 4 tangential NR beams (5) neutron 
irradiation facility (6) AR-41 facility (7) additional in-core irradiation facilities.
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Neutron Cross Section

… equal to the number of collisions per second with one nucleus per unit 
intensity of the neutron beam, concept of interaction probability; unit 1 
barn (b) = 10-24 cm2.

Total neutron cross section (= scattering + absorption)
s t

= s s + sa

= (se + s i) + (sg + sp + sa + s f …) Exp. flux…

“Microscopic” cross section s t Exp. c/s…
… of a material means its unique capability of removing neutrons, especially 
thermal ones, from their tracks.
“Macroscopic” cross section � t

= n (atom density) * s t = (#/ cm3) * cm2 = cm-1

…probability per unit path length that a neutron will interact as it moves about 
in a medium.
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Vertical c/s viewwith reactor core (4.5’ below ground level, supported w/ stand bolted onto 
reactor vessel), graphite reflector, reactor vessel.

Beam tubesstarting from graphite inserts, extending either 20 (1,2,4) or 30 (3) degrees 
upwards to 4 irradiation bays above ground level.
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Vertical c/s viewwith reactor core below ground level, reactor vessel, beam tubes in 
biological shield, heavy shutters, computerized robotic systems for 3D positioning of 
inspected parts, and beam stops.

Reactor room… >20’ of light water from reactor core, spent-fuel storage pits.
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Vertical c/s viewwith graphite insert, removable for beam modifications (filtration/ aperture), 
He circulating inside to assure no water leakage, beam tube in biological shield, heavy shutter, 
fast shutter (w/ boron frit) to control timing for irradiation.

Beam design… (1) intense beam spot (2) restrict beam field w/ aperture (3) eliminate beam 
contaminants (fast neutrons/ gamma rays).

Transmission experiments… samples/ sample holder, BF3 proportional counter for neutron 
counting.
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X-ray : Interact with electrons
Sensitive to heavy elements (Fe, Pb)

Neutrons : Interact with the nuclei
Sensitive to light elements (H, C, Li, B, 
etc. but also Cd, Gd, etc.)

Both techniques complimentary to each other
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F22 Raptor… critical structural parts connecting wings and rudder 
actuators are made of cast titanium, inspected by neutron 
radiography.
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Inspection of interior corrosion, loss of aluminum metal, by 
neutron radiography for US Forest Service’s pressurized container
used in fire retardant dispersion.
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Neutron radiography inspection of SAM (structurally amorphous metal)
coating materials on 1”-thick Ni-based metal plates (corrosion/ 
criticality)… applications used in construction of submarines, farming/ 
construction machinery, nuclear spent-fuel containers, etc. In addition, fast 
neutron damage testing to certify coating’s survivability and neutron 
transmission testing to verify neutron attenuation capability.
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Exp.: Thermal Neutron Cross-Section Measurements by 
Transmission Testing(materials identification)

Location: MNRC bay 4

I t
= Io * e (–� t * n * x)

= Io * e (–SSSSt * x)

3-pg experiment handout


