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McClellan Nuclear Radiation Center (MNRC)

UCD/ MNRC is located within the McClellan industr@ark ex- DOD
McClellan Air Force BaseP5 miles east from the UC Davis campus

MNRC operates the newest 2.0 M¥search reactor in the US. The reactor
began to operate in yedA®90and has been re-licensed for 30 years in year
2000after transfer from DOD to UCD.

The TRIGA (Training, Researchlsotope production b§eneralAtomics)
research reactor is designed to be failsafe (passovaction required to
maintain safety... due terge negative fuel temperature coeffic)efie event

of unexpected T, an instant feedback from fuel/ core design isideht to suppress a neutron population/ power/ T
surge.
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1/2. Neutron Radiography (2D)/ Tomography (3D) folNon-
Destructive Testing (NDT)

Studies ofnicro-cracking in structural materidor civil engineering QA
testing of defectsn components (Ti castings for F22 Raptor); insioect
of electronic components/ assemblies for spacega)A testing of
uniformity/ attenuatiorn spent-fuel container coatings, etc.

3. Instrumental Neutron Activation Analysis (INAA)

Elemental assa@f water, archaeological, biological, chemical, Iggaal,
medical materials, etc.

4. Radioisotope Production

Radioactive tracerf®r industrial applications such &\r and?*Na used
In pipeline leakage and distribution testing. 3
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5. Radiation Tolerance Testing

Fast neutron tolerance/ damastadies on semiconductor electronics for
space project, radiation monitors and detectois aaeelerated damage study
on spent-fuel container coatings, etc.

6. Silicon Neutron Transmutation Doping (NTD)

Applications for electronic industries requirihggh quality/ uniform

resistivityof semiconductor material®Si + n® [3Si|® -~ +31P.
level is targeted by controlling P-31 productiorsingle crystal silicon ingots.

Resistivity

7. Pulsing(Video Demo)

Instant power surge up to 400 MW for FWHNA0O msec with total energy
release around 15 MW-sec... conditionsd@plosive related testing and

ben(’\I,]rnarklnstant addition of a positive reactivity (k > 1).ar¢jle negative fuel temperature coefficient dgves
the reactor power back down.
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Horizontal c/s viewwith reactor core (21"-D), graphite reflector (13’5, reactor vessel (7’-
D), cooled and moderated by light water throughveation, >100 fuel rods, startup neutron
source Am-Be, PTS location, 6 control rods inclgdintransient rod for pulsing operation.

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

... equal to the number of collisions per second with nucleus per unit
intensity of the neutron beam, concept of inteambirobability;, unit 1
barn (b) = 184 cn?.

Total neutron cross section (= scattering + absmpt

St

= SS-I_ Sa

= (SetsS) t(Syts,+s,*+5;...) Exp. flux...
“Microscopic” cross section, Exp. c/s...

... of a material means its unique capability of remgwuneutrons, especially
thermal ones, from their tracks.

“Macroscopic” cross section,
= n (atom density) §,= (#/ cn?) * cm? = cnt

...probability per unit path length that a neutrofii wmiteract as it moves about
in a medium. 6
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Vertical c/s viewwith reactor core (4.5' below ground level, suppdne stand bolted onto
reactor vessel), graphite reflector, reactor vessel

Beam tubesstarting from graphite inserts, extending eithe(2@,4) or 30 (3) degrees
upwards to 4 irradiation bays above ground level.

MNRC REACTOR BEAM TUBES
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Vertical c/s viewwith reactor core below ground level, reactor vesssam tubes in
biological shield, heavy shutters, computerizedtmbsystems for 3D positioning of
inspected parts, and beam stops.

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

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

Transmission experiments.. samples/ sample holder, Bproportional counter for neutron
counting.

REACTOR EXPERIMENTS.
COMPOUND 277
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BORON/CARBIDE
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SAPPHIRE CRYSTAL

GRAPHITE SLEEVE WRAPPED
WITH CADMIUM

BISMUTH CRYSTAL

LEAD RINGS

BAY 4 -- RADIOGRAPHY BEAM TUBE
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Total Cross Sections for Interaction of Several Elements with
Thermal Neutrons (E,,, = 0.0253 ¢V) and 100 keV X-rays.
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X-ray : Interact with electrons
Sensitive to heavy elements (Fe, Phb)

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 andded
actuators are made ofst titaniuminspected by neutron
radiography.
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Inspection of interior corrosion, loss of aluminumetal, by
neutron radiography for US Forest Serviga’sssurized container
used in fire retardant dispersion.
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Neutron radiography inspection 8AM (structurally amorphous metal)
coating materials on 1"-thick Ni-based metal pldtesrosion/
criticality)... applications used in construction of submarinasnitag/
construction machinery, nuclear spent-fuel containetc. In addition, fast
neutron damage testing to certify coating’s sumvivtg and neutron
transmission testing to verify neutron attenuatapability.
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Exp.: Thermal Neutron Cross-Section Measurements by
Transmission Testing(materials identification)

Location: MNRC bay 4

It
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= |O* e (St*Xx)

3-pg experiment handout
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