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CASE (Cathcart_P:
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thin_burst_zone) THEN
s within the zone

iThk1(k) = (

ake D1 (k) 8l
| Use deformed inner diameter
dr efClID &
IF (dmwl1 = thkoxm) d

chitox (tk1, tk2, d
dlr
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Malik Mamoon, Thesis of
Master degree at the MIT, 2018
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(3 Correlation

The isothermal reaction rates of steam and Zircaloy-4 were deter-
mined at 50°C (90°F) intervals jfrom 900 to 1500°C (1652-2732°F). The
following correlatiors were obiained for oxide, alpha, and Xi layer

growth and for total oxygen cotlsumption:

4W0% §2/2 = 0.01126 exp(—35890/RT) cm?/s for 1000°C < T < 1500°C, YT
82/2 = 0.7615 exp(—48L40/RT) cm?/s for 900°C < T < 1500°C, ™
53:12 = 0.3412 exp(—41700/RT) cm?/s for 1000°C < T < 1500°C, E
62/2 = 0.1811 exp(-39940/RT) (g/cw?)2/s for 1000°C < T < 1500°C, $old

where the 612(12 are the parabolic rate constants (512(,’2 = K dK/dt), ¢,
a, £ refer to oxide, alpha and Xi layer growth, respectively, and T
represents total oxygen congymed. The correlations for ¢, £, and 1
are not valid below ~ 1000°C (1832°F) because below this temperature
the oxide layer growth does not follow parabolic kinetics.
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BISON Workshop, 2022
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Sleim
Q8= siM I
e Multiphysics

* Full coupled nonlinear thermo-mechanics
= Multiple species diffusion (FGR cal.)

= Neutronics (Burnup cal.)

= Thermal-hydraulics (Boundary Con.)

= Chemistry (Corrosion)

e Multi-space scale
= Important physics at the atomistic and micro-structural levels

= Practical engineering simulations require the continuum level

7 I A BISON Workshop, 2022
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e Multi-time scale
= Steady operation (At>1 week)

= Power ramps/accidents (At<0.1 s)
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EVENT CATAGORIZATION SCHEMES
FREQUENCY U.S. NRC ANS
RANGE
NUREG-0800 RG 1.70(rev.2) ANSI- N18.2
Planned CONDITION-I
Operation R Normal (Planed Operation)
. AOO i
( Anticipated
101 /RY Operational Moderatg CONDITION-II
Occurrences ) Frequency Incidents (Once a Year)
: CONDITION-III
-2
10-< /RY Infrequent Incidents (e el Bla: )
Accidents CONDITION-1IV
< 102 /RY Limiting Faults (Not Occur
during Plant Life)

NRC : National Regulatory Commission

ANS : America Nuclear Society

RY : Reactor Year
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U Steady / Transient / Accident state

e Steady state : Normal operation [ Reactivity Inftiated J
e Transient state : Power ramp, Slow ) e
transient g
e Accident state (Design Based Accident) :
LOCA, RIA
-
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Power
Power
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Power
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J CONDITION | & 1i
e =L =8 & I E : FRAPCON, ROPER

¢ 79 N4 U BY

Material properties of pellet and cladding model
Steady state Heat transfer

Pellet swelling and densification

Gap conductance model

Fission gas release

Rod internal pressure

Cladding irradiation growth

Cladding corrosion

Cladding deformation (elastic, plastic, creep)
Hydrogen pickup in cladding

etc... (Thermal hydraulic model..)

Nuclear Fuel Safety Research Division

JJJJJJ



e &5 (@)
2 AR s Mo| Y
d CONDITION Il & IV
e 2L 8 [E I E : FRAPTRAN, MERCURY, FROST

¢ Fo HA Y BY

Material properties of pellet and cladding
Transient Heat transfer

Pellet thermal expansion

Gap conductance

Cladding ballooning

Cladding rupture

Cladding oxidation at high temperature
Fuel fragmentation, Relocation and Dispersal
Transient Fission Gas Release model

Axial Gas flow model

etc....
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* Fuel performance uncertainty v
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*  Models  (combining uncertainty)
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K.A.Gamble et. al, CASL-U-2019-1870-000 REV.0, 2019
Multiscale Investigation of Fission Gas for development of
fuel performance materials models, INL/LANL

J. Yu et al., Computer physics communications
238, 2019

g= nX B2

Multiscale Materials Modeling Approach

Modeling Approach: Physics-based materials models
are developed using a hierarchical multiscale
approach ranging from the atomistic to
the macroscale

1* Principles 4
Simulations [‘
. Fuel
+ Identify important Performance
bulk mechanisms Code (BISON)
+ Determine bulk m;;::g;‘, Simulations . pragict fuel
material parameter . Predict and define performance
alues i
Ve u microstructure state gu:?:“on and
variable evolution a:cndenl
+ Determine effect of i
conditions

evolution on material

properties

‘Molecular Dynamics Simulations
Investigate role of idealized

interfaces
+ Determine interface properties

0\

G

Effects of Gaseous Fission Products
+ We demonstrate our multiscale approach by focusing on fission gas behavior,
due to its large impact on the fuel performance.

+ Gaseous fission products and point defects are constantly generated within the
fuel during reactor operation

Fission gas effects fuel performance by:
« Fission product swelling
« Degradation of thermal conductivity

5’ < L % 3 2
. ; P « Fission gas release (increases plenum
o y pressure and decreases gap thermal
=y ¢ / conductivity)
-
-m@

(}m{'g‘.-
AV <

Nucleation
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