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One of the most

important

criticisms of

pebble bed

reactor design is

that it is

impossible to

place standard

measurement

equipment in the

pebble bed core.

Dr. Muthanna Al-

Dahhan at

Missouri

University of

Science and

Technology is

working on

solving that

problem, finding

a new ways to
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understand what is happening inside the reactor.

Led by Dr. Muthanna Al-Dahhan, chair and professor of chemical and biochemical engineering and

professor of nuclear engineering, Missouri S&T is developing new approaches to understanding how

nuclear fuel pebbles would behave in what are called “fourth generation” pebble-bed nuclear reactors.

These reactors would house uranium fuel in spheres the size of tennis balls (the “pebbles”) rather than

rods, and the cores would cooled by helium gas instead of water. These reactors also are considered to be

more efficient than water-cooled reactors and would operate at much higher temperatures.

Al-Dahhan is combining a broad array of approaches to measurement, but they fall into two categories:

Techniques related to measuring and tracking nuclear fuel pebbles and imaging the reactor structure via

radioisotopes. A radioisotope is the atom of a chemical that has an unstable nucleus and emits radiation

as it decays.

Techniques that measure other physical properties, such as movement, heat transfer and gas

dispersion.

“These techniques can show us what is going on inside the reactor and can be used to eliminate a lot of

experimental work,” says Al-Dahhan. “All of this is related to the design, operation, risk assessment and

analysis of future pebble-bed reactors.”

Augmenting these techniques with sophisticated mathematical algorithms, Al-Dahhan creates computer-

simulated visualizations that could help engineers plan future nuclear reactors.

Using what he calls “gamma ray chromatography,” Al-Dahhan is able to view what is going on inside a

reactor core, in much the same way that a physician uses ultrasound equipment to view movement within

the human body.

“We can visualize the reactor core and the dynamics of how the nuclear fuel particles behave,” Al-Dahhan

says. From that data—and via computational fluid dynamics—Al-Dahhan can create models that predict

how nuclear fuel pebbles would behave in a pebble-bed nuclear reactor, and how the helium would

disperse heat through the process.

Using these measurement techniques could help the nuclear industry set benchmarks for determining how

to build fourth-generation reactors, Al-Dahhan says. He adds that the techniques could also be used to set

benchmarks for other energy-related projects, such as the design of coal gasification plants, bioenergy

processes or more conventional nuclear plants.

In September 2012, Al-Dahhan presented his research at a conference in Cargese, Corsica, France,

sponsored by Polytechnique Montreal, French nuclear research institutes, and several European

universities and agencies. His presentation was titled “Benchmarking Multiphase CFD (Computational Fluid

Dynamics) Results via Sophisticated Experimental Measurement Techniques and Methodologies.”

While China and South Africa have started building small versions of pebble-bed reactors, the United States

has yet to move forward with constructing such plants. In Missouri, Westinghouse Electric Co. announced

last October that it would work with Missouri S&T, the University of Missouri-Columbia and the University of

Missouri System to explore the feasibility of developing small modular nuclear reactors in the state. The

http://www.nrc.gov/reactors/advanced/pbmr.html
http://kbia.org/post/mu-missouri-st-partner-research-small-modular-nuclear-reactors


effort also involves Ameren Missouri, which operates Missouri’s only nuclear power plant, the Callaway

Energy Center.

In addition to leading the chemical and biochemical engineering department, Al-Dahhan is a member of

Missouri S&T’s nuclear engineering faculty. The nuclear engineering department also manages S&T’s

reactor, which was the first built in Missouri, constructed in 1961. The University of Missouri-Columbia also

has a nuclear reactor.

The pebble bed reactor (PBR) is a graphite-moderated, gas-cooled, nuclear reactor. It is a type of very high

temperature reactor (VHTR), one of the six classes of nuclear reactors in the Generation IV initiative. The

basic design of pebble bed reactors features spherical fuel elements called pebbles. These tennis ball-

sized pebbles are made of pyrolytic graphite (which acts as the moderator), and they contain thousands of

micro fuel particles called TRISO particles. These TRISO fuel particles consist of a fissile material (such as
235

U) surrounded by a coated ceramic layer of silicon carbide for structural integrity and fission product

containment. In the PBR, thousands of pebbles are amassed to create a reactor core, and are cooled by a

gas, such as helium, nitrogen or carbon dioxide, which does not react chemically with the fuel elements.
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