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• A finite element, thermo-mechanics code with 
material models and other customizations to analyze 
nuclear fuel
– Accepts user-defined meshes/geometries

• 1D, 2D, or 3D

– Runs on one processor or many
– Analyzes a variety of fuel types
– Couples to other analysis codes

Bison:  What is it?
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Reproduced from Beyer et al., BNWL-1898, PNNL (1975)

Fuel Behavior Modeling - Coupled Multiphysics
• Multiphysics

– Fully-coupled nonlinear thermomechanics
– Mass transport
– Chemistry
– Neutronics
– Thermal-hydraulics

• Multi-space scale
– Important physics operate at level of 

microstructure
– Need real predictions at engineering scale

• Multi-time scale
– Long, steady operation
– Short power ramps
– Rapid transients
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Burnup

• Burnup is a measure of how much fissionable material has been 
used

• Bison uses FIMA (fissions per initial metal atom) as the burnup 
unit

• The fission rate,    , is a function of power, 
axial power factor, and radial power factor

• Axial power factor,     , is supplied as input
• Radial power factor,    , is estimated by Bison

Ḟ

<latexit sha1_base64="7EAjSCq5TZlX+klFfqWrxxAtvqg=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCruiaCMGBbGMYB6QLGF2MpsMmZ0dZu4KYclH2FgoYmHjn9jbiH/j5FFo4oELh3Pu4T5CJbgBz/t2cguLS8sr+VV3bX1jc6uwvVMzSaopq9JEJLoREsMEl6wKHARrKM1IHApWD/tXI79+z7ThibyDgWJBTLqSR5wSsFK91Ukgux62C0Wv5I2B54k/JcWLD/dcvX25lXbh0yZpGjMJVBBjmr6nIMiIBk4FG7qt1DBFaJ90WdNSSWJmgmy87hAfWKWDo0TbkoDH6u9ERmJjBnFoO2MCPTPrjcT/vGYK0VmQcalSYJJOBkWpwJDg0e24wzWjIAaWEKq53RXTHtGEgv2Qa5/gz548T2pHJf+4dHLrFcuXaII82kP76BD56BSV0Q2qoCqiqI8e0BN6dpTz6Lw4r5PWnDPN7KI/cN5/ANWtkuY=</latexit>

fa

<latexit sha1_base64="/GGGzOl58N2fI/CkA0iV+RtjXOA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpEw5oxWJQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJuhnVKNgks8q/dTwhLIJHfGepYpG3PjZ/NwZObPKkISxtqWQzNXfExmNjJlGge2MKI7NspeL/3m9FMMbPxMqSZErtlgUppJgTPLfyVBozlBOLaFMC3srYWOqKUObUB6Ct/zyKmlf1L3L+tXDZa1xW8RRhhM4hXPw4BoacA9NaAGDCTzDK7w5ifPivDsfi9aSU8wcwx84nz8Qy44W</latexit>

f

<latexit sha1_base64="uf5StWWapevMHbSc5hQ6oRlmX2M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxXe63n7g2IlGPOEl5ENOhEpFgFK3kRxWLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmO6nptiMKUaBZN8VullhqeUjemQdy1VNOYmmM6PnZEzqwxIlGhbCslc/T0xpbExkzi0nTHFkVn2cvE/r5thdBNMhUoz5IotFkWZJJiQ/HMyEJozlBNLKNPC3krYiGrK0OaTh+Atv7xKWhd177J+9XBZa9wWcZThBE7hHDy4hgbcQxN8YCDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AJ+ojUI=</latexit>

� =
Ḟ tMw

⇢Nav

Ḟ = faf
˙̄F

<latexit sha1_base64="2DLiG608NuGgQJoNRIz/wCkfuiU="></latexit>
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Radial Power Factor
dN235

d t
= ��a,235N235�
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= ��a,236N236�+ �c,235N235�

dN238

d t
= ��a,238N238�

dN239

d t
= ��a,239N239�+ �c,238N238�

dN240

d t
= ��a,240N240�+ �c,239N239�

dN241

d t
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dN242

d t
= ��a,242N242�+ �c,241N241�

<latexit sha1_base64="J0sBpvN0LwsDJ6fgs4reSGgL96g="></latexit>
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f(r) =
q000(r)

q000av

<latexit sha1_base64="5wrsJCZLyEc/stAQT+m5jbNr954="></latexit>

f(r)

<latexit sha1_base64="YuggKkNQR0jr1kj54+1HuAl27Es=">AAAB7XicbVDLSgNBEOyNr7i+oh69DAlCRAi7ougx6MVjBPOAZAmzk9lkdHZmmZkVlpB/8KAHRbz6P97yN04eB00saCiquunuChPOtPG8sZNbWV1b38hvulvbO7t7hf2DhpapIrROJJeqFWJNORO0bpjhtJUoiuOQ02b4eDPxm09UaSbFvckSGsS4L1jECDZWarhRWZ2gbqHkVbwp0DLx56RULXZOX8bVrNYtfHd6kqQxFYZwrHXb9xITDLEyjHA6cjuppgkmj7hP25YKHFMdDKfXjtCxVXooksqWMGiq/p4Y4ljrLA5tZ4zNQC96E/E/r52a6CoYMpGkhgoyWxSlHBmJJq+jHlOUGJ5Zgoli9lZEBlhhYmxArg3BX3x5mTTOKv555eLOpnENM+ThCIpQBh8uoQq3UIM6EHiAZ3iDd0c6r86H8zlrzTnzmUP4A+frBwtqkRw=</latexit>

See Soba, et al., JNM, 433.
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Auxiliary Radial Power Factor Grid to FE Mesh

Radial power factor auxiliary grid cell

Finite element (fuel)

N4 N3

N2N1

Particular RPF grid cell for a given FE integration point

A quantity N at a finite element integration point is
a weighted sum of N1, N2, N3, and N4
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Thermalhydraulic Boundary Condition

• The thermal boundary condition used by Bison at the outside of 
the cladding may be specified in a variety of ways, including 
setting the temperature directly.

• If desired, a simple one-dimensional enthalpy balance may be 
used to determine the thermal boundary condition

H(z) = Hin +

R Z
0 q

00(z)⇡Dhdz +
R Z
0 fcq

0dz

GA

<latexit sha1_base64="vI8xbZU3oj2aQ0BhuGNrHzASDA4="></latexit>

T (z) = IAPWS(H(z), P )

<latexit sha1_base64="9jvGVQyqg+NOMVxVEAAA3zN59tU=">AAACBnicbVDJSgNBEO2JW4zbqEcRmgQhQQkzouhFiHqJt4jZIAmhp9NJmvQsdNeIccjJix/gT3jxoIhXv8Fb/sbOctDog4LHe1VU1XMCwRVY1tCIzc0vLC7FlxMrq2vrG+bmVln5oaSsRH3hy6pDFBPcYyXgIFg1kIy4jmAVp3c58iu3TCrue0XoB6zhko7H25wS0FLT3E3gYvo+c1YHdgfR1XmhcjNI57VygAuZRNNMWVlrDPyX2FOSyiXr+0/DXL/QNL/qLZ+GLvOACqJUzbYCaEREAqeCDRL1ULGA0B7psJqmHnGZakTjNwZ4Tyst3PalLg/wWP05ERFXqb7r6E6XQFfNeiPxP68WQvu0EXEvCIF5dLKoHQoMPh5lgltcMgqirwmhkutbMe0SSSjo5EYh2LMv/yXlw6x9lD2+1mlcoAniaAclURrZ6ATlUB4VUAlR9ICe0St6Mx6NF+Pd+Ji0xozpzDb6BePzG6/6mQ0=</latexit>

IAPWS -> International Association for the Properties of Water and Steam
P -> assumed constant in z
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Heat Transfer Coefficient Correlations

• A set of correlations is available for single phase liquid forced 
convection, transition boiling, film boiling, saturated boiling, and 
other conditions.

• For single phase forced convection, the Dittus-Boelter correlation 
is used, giving:

• Then,

h =
0.023Re0.8Pr0.4k

Dh

<latexit sha1_base64="QXuHgITZvzYNBpsSuN08u2Fr1V4=">AAACDnicbZDLSsNAFIYn9VbjLerSTbAUXJWkVuxGqRdEXFWxF2hjmEwnzdDJhZmJUEKewI07n8ONgiJuXbvzbZy0XWj1wDAf/38OM+d3Ikq4MIwvJTczOze/kF9Ul5ZXVte09Y0mD2OGcAOFNGRtB3JMSYAbggiK2xHD0HcobjmDk8xv3WLGSRhci2GELR/2A+ISBIWUbK2oegddl0GUGCWjvHuFbyRU0zrL7ko6SJNT20ttrSDtUel/wZxAoXZ4Vnl4Prqo29pntxei2MeBQBRy3jGNSFgJZIIgilO1G3McQTSAfdyRGEAfcysZrZPqRan0dDdk8gRCH6k/JxLocz70HdnpQ+HxaS8T//M6sXCrVkKCKBY4QOOH3JjqItSzbPQeYRgJOpQAESPyrzryoAxHyARVGYI5vfJfaJZLZqW0dynTOAbjyoMtsA12gAn2QQ2cgzpoAATuwCN4Aa/KvfKkvCnv49acMpnZBL9K+fgGINCdPw==</latexit>

h -> heat transfer coefficient
Re -> Reynolds number
Pr -> Prandtl number
k -> thermal conductivity

Tc -> temperature of cladding
-> heat flux�

<latexit sha1_base64="b/GOHezovd3KAH5622liFe2YkCk=">AAAB7HicbVDLSsNAFL2prxpfVZeKDBbBVUmKosuiG5ctmLbQhjKZTtqhk0mYmQgldOnajQtF3PoN/Q53foM/4fSx0NYDFw7n3Mu99wQJZ0o7zpeVW1ldW9/Ib9pb2zu7e4X9g7qKU0moR2Iey2aAFeVMUE8zzWkzkRRHAaeNYHA78RsPVCoWi3s9TKgf4Z5gISNYG8mz20mfdQpFp+RMgZaJOyfFyvG49v14Mq52Cp/tbkzSiApNOFaq5TqJ9jMsNSOcjux2qmiCyQD3aMtQgSOq/Gx67AidGaWLwliaEhpN1d8TGY6UGkaB6Yyw7qtFbyL+57VSHV77GRNJqqkgs0VhypGO0eRz1GWSEs2HhmAimbkVkT6WmGiTj21CcBdfXib1csm9KF3WTBo3MEMejuAUzsGFK6jAHVTBAwIMnuAFXi1hPVtv1vusNWfNZw7hD6yPHzdZkgI=</latexit>

� = h(Tc(z)� T (z))

<latexit sha1_base64="Ea3FJLvYZUvFYDcIbdio/dytG8E=">AAAB/HicbVDLSsNAFJ3UV42vaJduhhahRSyJKLoRim5cVugLmlAm00k7dDIJMxMhhvoV7t24UMStH+Kuf+P0sdDqgXs5nHMvc+f4MaNS2fbEyK2srq1v5DfNre2d3T1r/6Alo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX90M/Xb90RIGvGGSmPihWjAaUAxUlrqWQXTjYf0alhu4PJD5aShW6VnleyqPQP8S5wFKdWK7vHTpJbWe9aX249wEhKuMENSdh07Vl6GhKKYkbHpJpLECI/QgHQ15Sgk0stmx4/hkVb6MIiELq7gTP25kaFQyjT09WSI1FAue1PxP6+bqODSyyiPE0U4nj8UJAyqCE6TgH0qCFYs1QRhQfWtEA+RQFjpvEwdgrP85b+kdVp1zqrndzqNazBHHhyCIigDB1yAGrgFddAEGKTgGbyCN+PReDHejY/5aM5Y7BTALxif38lClec=</latexit>
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Fuel Cracking
• During the initial rise to full power, the 

ceramic UO2 fuel pellets crack.
• This is due to the center of the pellet 

being hotter than the radial edge, 
which creates tensile hoop stresses 
at the radial edge.

• This cracking releases stress and 
allows the pellet to displace slightly in 
the outward radial direction.

• The result is a smaller gap between 
fuel and cladding, which affects the 
temperature of the fuel.

• Options for modeling include:
– Relocation model
– Smeared cracking
– Isotropic softening
– XFEM

R. L. Williamson

Ei =


2

3

2� ⌫

2 + ⌫

1

1� ⌫

�n
E

⌫i =
⌫

2n + (2n � 1) ⌫

<latexit sha1_base64="7YBgTFS0hucffcEK37FWxck9EFA="></latexit>

is number of cracks

Ei =


2

3

2� ⌫

2 + ⌫

1

1� ⌫

�n
E

⌫i =
⌫

2n + (2n � 1) ⌫

<latexit sha1_base64="7YBgTFS0hucffcEK37FWxck9EFA="></latexit>
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Smeared Cracking

Oguma, 1983

• Smeared cracking adjusts the material 
stiffness at individual integration points

• The user has options for how the stiffness is 
reduced
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• Search
– Exterior 

identification
– Nearby nodes
– Contact existence

• More geometric work
• Penetration point

• Enforcement
– Formulation of 

contact force 
(many options)

– Formulation of 
Jacobian

– Interaction with 
other capabilities 
(e.g., kinematic 
boundary 
conditions)

Mechanical Contact
F int(d(t)) + F c(d(t)) = F ext(d(t))

<latexit sha1_base64="1IOhuarA2YQQ8KbJVIxqyW0YWlk=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAILUKZkYouFIqCuKxgL9DWkkkzbWjmQnJGLMO8jBtfxY0LiwiufBXTK9r6w4Gf75xDcn47EFyBaX4ZiaXlldW15HpqY3Nreye9u1dRfigpK1Nf+LJmE8UE91gZOAhWCyQjri1Y1e5dD/vVRyYV97176Aes6ZKOxx1OCWjUSl/cPEQNYE8QcQ/iONvOQi53PIN0ii5nSNcUttIZM2+OhBeNNTEZNFGplR402j4NXeYBFUSpumUG0IyIBE4Fi1ONULGA0B7psLq2HnGZakajK2N8pEkbO77U5QEe0d8bEXGV6ru2nnQJdNV8bwj/69VDcM6b+v4gBObR8UNOKDD4eBgZbnPJKIi+NoRKrv+KaZdIQkEHm9IhWPMnL5rKSd4q5E/vCpni1SSOJDpAhyiLLHSGiugWlVAZUfSMXtE7GhgvxpvxYXyORxPGZGcf/ZHx/QMdF6T/</latexit>
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Mechanical Contact
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g  0

tN � 0
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<latexit sha1_base64="79mDOIF0DS3OBJ/JNHPvI6RrvlI=">AAACEnicbVDLSsNAFJ3UV42vqEs3g0XRTUmkohuh6MaVVLAPaEKYTCfp0MkkzEyEUvoNbvwVNy4UcevKnX/jpA2orQcGzj3nXu7cE6SMSmXbX0ZpYXFpeaW8aq6tb2xuWds7LZlkApMmTlgiOgGShFFOmooqRjqpICgOGGkHg6vcb98TIWnC79QwJV6MIk5DipHSkm8dR/AQuoxAG7quqfybvIx+yty+gLZpmr5Vsav2BHCeOAWpgAIN3/p0ewnOYsIVZkjKrmOnyhshoShmZGy6mSQpwgMUka6mHMVEeqPJSWN4oJUeDBOhH1dwov6eGKFYymEc6M4Yqb6c9XLxP6+bqfDcG1GeZopwPF0UZgyqBOb5wB4VBCs21ARhQfVfIe4jgbDSKeYhOLMnz5PWSdWpVU9va5X6ZRFHGeyBfXAEHHAG6uAaNEATYPAAnsALeDUejWfjzXiftpaMYmYX/IHx8Q3qdZfz</latexit>

Distance of node through opposite surface

Contact force in the normal direction

tN = kg

<latexit sha1_base64="wW9/IwN7qs3xdFModSrYT89MkMg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OJJKtgPaEPZbDft0s0m7E6EUvo3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMvCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG4zv/XEtRGxesRxwv2IDpQIBaNopS727sk1GQ1KFr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QX9CNQom+bTUTQ1PKBvRAe9YqmjEjT+Z3TwlJ1bpkzDWthSSmfp7YkIjY8ZRYDsjikOz6GXif14nxfDKnwiVpMgVmy8KU0kwJlkApC80ZyjHllCmhb2VsCHVlKGNKQvBW3x5mTTPqt559eLhvFK7yeMowhEcwyl4cAk1uIM6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w/KoI+S</latexit>

Contact force is a penalty 
stiffness times the 
distance (e.g.)
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Thermal Contact

Z
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⌘
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<latexit sha1_base64="612vEM1/VcH22lUxggieSZ1ZykE="></latexit>

Node on Face

Quadrature/
symmetric

Contact constraint: 
heat transfer 
between separate 
surfaces

Gap conductance
for axisymmetric 
system

Jump distance
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Advanced Contact

More advanced methods (e.g., mortar) are in development

See
mooseframework.org/bison

for details about the
capabilities of Bison
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www.casl.gov


