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Study Nuclear Engineering: Save the World



UT has the first NE department in the US
• Offer BS, MS, PhD degrees in two tracks
– Traditional nuclear power engineering
– Radiological engineering

• Relevant BS minors
– Reliability and Maintenance Engineering
– Cybersecurity
– Decommissioning and Environmental Management

• Close collaborations with ORNL, Y-12, Thompson 
Cancer Center

• Strategic Plan and Annual Report are online at 
ne.utk.edu



High Impact Practices
(National Survey of Student Engagement--NSSE)

Study Abroad
(12/yr)

Undergraduate 
Research

(66%)

Internships and 
Co-Op
(55%)

Q: Where are the 
high-impact 
practices located?

A: Experiential co-
curricular

Community 
Based 

Learning
(student society)

George Kuh, High Impact Practices: What 
are they, who has access to them, and 
why they matter. (AAC&U, 2008)

Senior Design
(100%)

Formal 
UTNE 

Curriculum



Nuclear Engineering-Related Minors
Earn a Minor with your BS in Nuclear Engineering and increase your knowledge, expertise, and 
employability.  The following minors are desired by nuclear engineering utilities and industry.

Concepts of Cybersecurity Minor
• ECE 461 - Introduction to Computer Security
• ECE 462 - Cyber-Physical Systems Security
• NE 362 - Numerical Methods and Fortran*
• STAT 251 - Probability and Statistics for Scientists and Engineers*
• NE 351 - Nuclear System Dynamics, Instrumentation, and Controls*
Nuclear Decommissioning and Environmental Management
• NE 404 Nuclear Fuel Cycle
• NE 433 or NE 233 Principles of Health Physics*
• CE 340 Construction Engineering and Management I
• NE 406 Radiation Shielding*
• NE 542 Management of Radioactive Materials
Reliability and Maintainability Engineering Minor
• NE 401 - Radiological Engineering Laboratory*
• NE 483 - Introduction to Reliability Engineering
• NE 484 - Introduction to Maintainability Engineering
• STAT 251 - Probability and Statistics for Scientists and Engineers*
• NE 351 - Nuclear System Dynamics, Instrumentation, and Controls*
Nuclear Safety Minor
• NE 360 - Reactor Systems and Safety
• NE 402 - Nuclear Engineering Laboratory*
• NE 485 - Process System Reliability and Safety
• NE 486 - Nuclear Licensing
• NE 421 - Introduction to Nuclear Criticality Safety

Required for traditional track
*Required for radiological track
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2019 NE Placement and Salary Data
• Employment Status for 2019      2018        2017 

– Employed full time: 50% 33% 27%
– Graduate school: 39% 59% 46%
– Still Seeking: 8% 8% 24%
– Not Looking 3% 0% 6%

• Mean GPAs 2019         2018        2017
– Graduate School: 3.6 3.6 3.7
– Employment: 3.5 3.2 3.5
– Still Looking: 2.9 3.2 3.1

• Salary Data (2018) median range
– BS: $71,000 [56k – 101k]      
– MS (2017): $120,000 [120K]     
– PhD: $93,500 [70k – 117k

Top Employers: Southern Co. (3), NN Shipyard: HII (3), US Navy (3), Dominion (3)
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NAYGN Salary Survey (2016)

Salary Growth

Years Change

0-2 +1.1%

3-5 +7.7%

6-7 +7.5%

8-10 +13.9%

10+ +0.8%



New Engineering Complex



Current Status

https://tickle.utk.edu/new-engineering-complex/



Analysis and design 
to enhance the 
safety, sustainability, 
and flexibility of 
nuclear energy

Prof. Nick Brown
Reactor and Fuel Safety

National Academies Press



What we do!

Accident Tolerant Nuclear Fuel and Cladding: 
Enhancing the safety of existing nuclear reactors

http://dx.doi.org/10.1016/j.anucene.2016.09.033 

Exploring new missions for 
advanced nuclear energy

expected to minimize cost and schedule uncertainty for licensing
and construction while still enabling the engineering demonstra-
tion mission.

2. FHR DR design philosophy

Key features of the FHR DR concept provide flexibility to
address technology choices that would be further addressed with
a subsequent commercial demonstration. Examples include: (1)
the use of hexagonal fuel arrangements with tristructural-
isotropic (TRISO) fuel in compacts within a graphite matrix, (2)
the ability to move and replace fuel structures within the core
and test different fuel forms, and (3) active and passive direct reac-
tor auxiliary cooling systems (DRACS).

The FHR DR is a 100 MWt salt-cooled reactor that uses TRISO
particle fuel within prismatic graphite blocks. FLiBe (2 7LiF –
BeF2) is the primary coolant. The enrichment of 7Li in the salt cool-
ant is 99.995%. However, the FHR DR is potentially capable of test-
ing other candidate salt coolants.

The FHR DR fuel form was selected for its potential for deploy-
ment within 10 years. The fuel form is based on the well-
understood prismatic graphite block with integral coolant chan-
nels and TRISO fuel compacts, which has been developed for gas
reactor applications (Petti et al., 2009, 2010; Grover and Petti,
2014a,b). Several other recent salt-cooled reactor concepts also
employ TRISO fuel particles in various graphite fuel forms. The
UCB Mk1 concept uses fuel pebbles in a packed bed, the SmAHTR
concept assumes TRISO particles in fuel planks, and the MIT FHR
test reactor design uses prismatic fuel blocks similar to HTGR fuel.
The recent successful experience in the advanced gas reactor (AGR)
fuel irradiation program is a key reason for the selection of the FHR
DR fuel form (Petti et al., 2010; Grover and Petti, 2014a,b). The AGR
experience is useful to inform and accelerate the development and
qualification of FHR DR TRISO fuel.

The geometry of the core structure allows simplified construc-
tion, and the vessel and piping materials are selected for their abil-
ity to meet a limited-duration lifetime and the availability of
property information to support safety evaluation. The core is
immersed in salt within a cylindrical vessel fabricated of corrosion
resistant materials. Primary coolant flows into the vessel above the
core, flows downward along the vessel wall into a lower plenum,
and then it flows upward through the core. A core barrel separates
the downcomer and core regions. The vessel is housed in a reactor
silo and is covered with a removable top hatch. The primary heat
transport system is a two-loop system with heat exchange to inde-
pendent intermediate loops each carrying !50 MWt to a common
salt insulated container. The baseline design of the FHR DR is to
couple this salt reservoir to an open-air Brayton power conversion
system, similar to the Mk1 PB-FHR concept.

The FHR DR baseline design provides for the production of elec-
tricity, but it can also demonstrate the ability of an FHR to supply
low-pressure, high-temperature fluid for process heat directly to a
chemical process. Heat from the intermediate salt can be shared
among a number of uses, depending on the desired configuration
of the plant. However, due to its small size and operation as a tech-
nology testbed, the FHR DR is expected to recover less than 50% of
its operating costs via electricity sales.

The FHR DR vessel shares flow characteristics with other FHR
concepts, including a ringed distribution manifold to direct the
cooler inlet primary coolant downward over the vessel’s inner sur-
face to maintain the vessel at minimum coolant temperatures. A
lower core support structure incorporates flow distribution plates
to regulate flow from the lower vessel plenum upward through
the core. Three isolated sections within the downcomer region
on the inner vessel wall house independent heat exchangers

intended to remove decay heat directly from the primary salt
within the vessel and are sized to remove decay heat in the event
of a loss of flow accident. An image of the FHR DR vessel and core is
shown in Fig. 1.

The FHR DR is a loop system in which pumps and heat exchang-
ers are separate and displaced from the reactor vessel and core. The
distributed layout provides physically isolated locations for dis-
tinct technology demonstration activities and facilitates removal
and replacement of tested components. Heat exchangers transfer
heat from the two primary loops to two intermediate heat transfer
loops. Thus, the heat transport system consists of two primary
pumps, two primary-to-intermediate salt-to-salt heat exchangers,
and two intermediate salt pumps. The salt from both intermediate
loops is directed to a single insulated container. Consistent with
the design philosophy, the system is intended to be as simple as
possible, with some reduction in conversion efficiency that might
otherwise be achieved.

The FHR DR 100 MWt thermal power level is similar to the
power of DOE’s operating reactors, the High Flux Isotope Reactor
(HFIR) at ORNL (85 MWt) and the Advanced Test Reactor (ATR) at
Idaho National Laboratory (INL) (250 MWt), and it is similar to
the power level of the SmAHTR design (125 MWt). This power level
is sufficient for fuel irradiation and produces operational character-
istics relevant to large FHR commercial systems. It also represents
power levels being considered for several small modular reactor
concepts.

The material combinations in the FHR DR’s primary system are
those currently considered to be most suitable for a near-term
demonstration. The materials in the FHR DR concept were chosen
based on maturity and availability of data to support licensing
and safety evaluation. The choice to use available materials will
allow the FHR DR to be operational sooner to test commercially
attractive materials in a relevant environment in the shortest time
possible. The mixed mean reactor coolant outlet temperature is
slightly above 700 !C. Fig. 2 shows elevation views of the reactor
with dimensions.

The current FHR DR preconceptual design is intended to be a
representative systemwith sufficient detail to provide data to eval-
uate the design for several potential strategic objectives. The cur-
rent configuration is not a complete design, but provides an
acceptable baseline core arrangement for further FHR DR
development.

Control rods

Decay heat 
removal
heat exchanger

Reactor core

Refueling 
carousel

Irradiation
location

Fig. 1. FHR demonstration reactor: isometric view.
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Reducing the burden of nuclear 
waste for future generations
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The FHR DR core is designed to be reconfigurable, with more
than three possible permutations. The base configuration consists
of two rings of fuel assemblies with a central irradiation zone.
There are nine irradiation thimbles spanning the axial height of

the core, which is 3.5 m. These include four irradiation thimbles
on the periphery of the core, four small irradiation thimbles in
the central thimble, and the large central test position. In another
core configuration, such as a configuration where the central test
thimble is replaced with a fuel block, the irradiation volume avail-
able would be different. The reflector blocks can also be replaced
with blocks containing irradiation thimbles. The available irradia-
tion volumes in the FHR DR base configuration are detailed in
Table 3. These volumes and thimble configurations are preliminary
but indicative, and they assume that 40% of the thimble radii is
available for irradiation volume. The total available irradiation vol-
ume is 30 L, and 3 m of axial height is available for irradiation.

The current configuration is not a final design, but it is an
acceptable baseline core arrangement for further FHR DR study
and development. Other core arrangements are possible, and flex-
ibility in core configuration is a key feature of the FHR DR concept.
In a single-batch fuel management scheme the operating cycle is
12–18 months, assuming availability of a qualified ceramic tie
rod material. An allowed 50-day outage for refueling and mainte-
nance results in an expected availability of approximately 85–
90%. The current core configuration assumes nickel-plated Alloy
800H tie rods for fuel element structural materials. Alloy 800H is
a near-term option with excellent high-temperature strength, but
it has relatively high parasitic neutron absorption. Key reactor
design parameters of the current FHR DR configuration are shown
in Table 4.

3. FHR DR thermal-hydraulic design and core analysis

Several tools were used to perform thermal-hydraulic design
calculations: COMSOL (COMSOL, 2015) and RELAP5-3D (RELAP5-
3D Code Development Team, 2014). COMSOL was used to calculate
assembly-level fuel and graphite temperatures, and the RELAP5-3D
code was used to perform overall system calculations. In addition,
the U.S. Nuclear Regulatory Commission (NRC) tool TRACE (U.S.
NRC, 2012) was used to confirm the RELAP5-3D predictions of
thermal feedback during transients. The PARCS regulatory-grade
core simulator was used to perform analyses of steady-state neu-
tronics and thermal hydraulics. The system layout for the FHR-
DR is described in some detail in Qualls et al. (2016, 2017).

Fig. 7 shows a typical assembly as modeled by COMSOL. Aver-
age values of heat generation in the fuel and of coolant tempera-
ture were employed. Heat generation in the graphite was
assumed to be nil, which is a conservative assumption that predicts
higher fuel temperatures. Some heat generation will occur in the
graphite, which will increase the graphite temperatures and
decrease the predicted fuel temperatures. Conservative values for
a steady-state analysis are assumed for the thermal conductivity
of the fuel compacts and the graphite as well as the heat transfer
coefficients to the coolant.

The RELAP5-3D model of the system is shown in Fig. 8 and
includes two primary loops with two heat exchangers, two pri-
mary pumps, and the two secondary loops. The core nodalization
includes four channels: one for the central hexagonal block, two
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Fig. 4. FHR DR radial thermal flux distribution.
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Fig. 5. FHR DR radial fast flux distribution.
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Fig. 6. FHR DR neutron flux spectrum.

Table 3
Irradiation volumes in the FHR DR baseline configuration.

Irradiation
volume

Number of
locations

Available axial
height (m)

Available
volume (L)

Large central
thimble

1 3 10

Small central
thimbles

4 3 5

Peripheral
thimbles

4 3 15

N.R. Brown et al. / Annals of Nuclear Energy 103 (2017) 49–59 53



Opportunities for Fuel Safety Research

How do advanced fuel and cladding materials behave 
in design basis accidents and beyond?

SATS and Modified Burst Test (ORNL)

TREAT Reactor (INL)



Nuclear System Analysis and Safety

• My groups studies 
accidents and 
accident progression 
in nuclear systems
• Overpower events
• Undercooling events

3.4. Transient demonstration

A key step in safety analysis simulation is to understand the
reactor and system response to an accident scenario. For MSRs,
one of the possible design basis accidents (DBA) is a flow perturba-
tion that leads to a loss-of-flow (LOF). A pump coastdown curve is
applied to the fuel pump component in the SAM model to repre-
sent a pump failure, a possible cause of a LOF. The pump curve used
in this work is derived from Gao et al. (2010). SAM uses this pump
curve as a time dependent function that is triggered at 500 s, after
steady state conditions have been reached. In the SAM model, the
pipe components that represent the core rings are substituted with
channel components to model the graphite stringer that surrounds
the fuel channels. Energy deposition is now divided between the
coolant and graphite. This is an acceptable modeling approach
since channel components are needed to simulate any graphite
related reactivity feedback that might occur during a transient or
accident. It is important to note that this simulation neglects reac-
tivity feedback and impact from a SCRAM event.

Fig. 12 shows the results for the fuel pump coolant velocity fol-
lowing the flow perturbation. The plot of the fuel pump coolant
velocity confirms that the pump trip has been implemented cor-
rectly. This transient response does not reach a natural circulation
state. Plotting the coolant velocity indicates that more information
could be obtained if this work were to be coupled with neutronics

feedback. This infers that delayed neutron precursors can be mon-
itored as they travel around the entire MSRE primary system.

Fig. 13 shows the core coolant inlet and outlet temperature
response to the pump coastdown. Once the transient begins, the
core inlet temperature decreases while the core outlet temperature
increases. The secondary side of the heat exchanger shows a slight
increase in outlet temperature (882 K during steady state to 887 K
during transient response). The change in temperature of the sec-
ondary side coolant has changed by 5 K, a modest difference that
results in a 9.2% increase in the heat exchanger’s heat removal rate.
An increase in the heat removal rate would lead to a decrease in
core inlet coolant temperature. The secondary side of the heat
exchanger has a fixed coolant inlet temperature of 825 K since
the entire secondary loop is not modeled. In reality, the tempera-
ture of the secondary coolant would start increasing and would
not reset to an initial value, which is what is currently assumed
in this model. This simplification is not what occurs physically
but explains the large change in temperature observed in the pri-
mary loop. Additionally, flow stagnation is observed in the four
core rings and primary side of the heat exchanger. The exact reason
for this has not been investigated in this work. Further, when the
fuel pump starts to fail, the mass flow rate of the primary loop
coolant decreases implying that the change in coolant temperature
must increase to conserve power. It is also important to note that
the convective heat transfer coefficients have been approximated

Table 4
Molecular Composition of Different Fuel Salts.

Molecular Composition (%)

LiF BeF2 ZrF4 ThF4 UF4

MSRE 1 70.0 23.6 5.0 1.0 0.4
MSRE 2 66.8 29.0 4.0 0.0 0.2
MSRE 3 65.0 29.1 5.0 0.0 0.9

Fig. 11. Axial Core Coolant Temperature Profile Comparison of Different Fuel Salts.

Table 5
Comparison of Thermophysical Properties between SAM Built-in FLiBe EOS and MSRE
Salts.

Density
(kg/m3)

Viscosity
(kg/m-s)

Specific Heat
Capacity (J/kg-K)

Built-in FLiBe 1963 0.00661 2416
MSRE 1 2243 0.00744 1883
MSRE 2 2082 0.00703 2008
MSRE 3 2146 0.00827 1966

Fig. 12. Coolant Velocity of Fuel Pump following Start of LOF.

Fig. 13. Axial Core Coolant Temperatures following Start of LOF.
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Leandro, A.M., Heidet, F., Hu, R. and Brown, N.R., 
2019. Annals of Nuclear Energy, 126, pp.59-67.

(5) Increase in reactor coolant inventory,
(6) Decrease in reactor coolant inventory, and/or
(7) Radioactive release from a subsystem or component.

Specific example realizations of the events studied included
LOFF with SCRAM, LOFF without SCRAM, overcooling transients,
and reactivity-initiated accidents at hot full power and hot zero
power conditions. Where appropriate, these transients were stud-
ied with neutron kinetics reactivity feedback. Although many
events were considered, only two example events are presented
in this paper: a reactivity accident and a LOFF with SCRAM,
selected because the results of these two events provide a reason-
able illustration of transient response characteristics.

To provide confidence in the models, rod withdrawal simula-
tions were performed using RELAP5-3D and TRACE models of the
FHR DR. A multiple rod withdrawal event at hot full power (HFP)
was simulated with RELAP5-3D and TRACE using point kinetics
feedback to simulate the reactor power over time. A reactivity
worth of 0.58$ was used for the inadvertently withdrawn rods,
and a Doppler reactivity coefficient of !0.0043$/K. These values
were used based on reactor physics calculations for the FHR core.
The pumps operated at 100% flow conditions throughout the event.
Simulation results for the HFP rapid multiple rod withdrawal event
are shown in Fig. 18. RELAP5-3D predicted a peak power of
229.9 MW during the initial power spike versus a predicted peak
power of 219.5 MW in TRACE. Both codes predicted similar behav-
ior and settled to essentially the same asymptotic power level
afterwards, demonstrating good agreement.

Given the nature of the FHR DR (a low pressure system), this
rapid (step insertion) multiple rod withdrawal event is not a cred-
ible scenario as there is no identified mechanism to cause instan-
taneous multiple rod withdrawal. However, this event was

modeled to demonstrate agreement in the reactivity feedback
parameters in the RELAP5-3D and TRACE models. This example
demonstrates the capability of both RELAP5-3D and TRACE to pro-
vide a simulation of postulated safety events for the FHR DR sys-
tem with thermal feedback, and it also illustrates how code-to-
code comparison studies were leveraged to enhance confidence
in the results of the safety analysis. An additional comparison
(which is not included in this paper) was conducted for a hot zero
power super prompt critical reactivity insertion. When compared
to a Nordheim-Fuchs analytical solution, the RELAP5-3D and
TRACE models showed reasonable agreement between models.

The LOFF with SCRAM transient was evaluated using the
RELAP5-3D model, simulated with reactor power falling to decay
heat levels. Two cases were considered: (1) the heat was removed
by only the passive DRACS, and, (2) the heat was removed by the
passive and one active DRACS. A natural convection DRACS flow
of "4 kg/s was calculated. The maximum temperature of the pri-
mary coolant for the case considering only the passive DRACS,
was calculated to be 770 !C in the upper plenum at "10,000 s into
the transient. Coolant temperatures decrease after "36,000 s with
the passive DRACS, and after 15,000 s with the passive and one
active DRACS after the DRACS removes more heat than the core
generates. Calculatedmaximum fuel temperatures are significantly
less than 1600 !C. The results for this transient indicate that the
passive safety features of FHRs could be demonstrated in a LOFF
simulation in the FHR DR. The results of this transient are similar
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Fig. 16. Radially averaged axial fuel temperature distribution in the FHR DR at BOC
and EOC.
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Fig. 17. Radially averaged axial coolant temperature distribution in the FHR DR at
BOC and EOC.

Fig. 18. Comparison of reactor power (top) and reactivity (bottom) calculated by
TRACE and RELAP5-3D for the HFP rapid multiple rod withdrawal event.
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Fig. 19. RELAP5-3D calculated coolant temperatures during a LOFF transient with
SCRAM.
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