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Analysis of a PWR-type SMR 
using SEANAP system
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 INGENIA/NUCLEAR-2021/22 is focused on:
o Neutronic Design of Small Modular Reactors PWR-type: NuScale – 160 MWth

 Simulation PWR Core Analysis: System “SEANAP” ⇒ “Updated” SEANAP to SMRs

INGENIA-NUCLEAR 2021/22: 
Scope
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1. Testing ATFs 
- cladding materials

 ATF – Accident Tolerant Fuels - Cladding Materials /INGENIA 2019/2020
https://ceiden.com/programas/grupo-siren-simulacion-de-reactores-nucleares/segunda-jornada-ceiden-upm-accident-tolerant-fuels-for-lwrs/

o Zr+Coatings: Cr-20 microns coating, 𝜌𝜌𝐶𝐶𝐶𝐶 = 7.15 𝑔𝑔/𝑐𝑐𝑚𝑚3

o FeCrAl- clad: Fe 80.80 wt%, Cr 13 wt%, Al 6.20 wt%, clad thickness: 300µ𝑚𝑚

 Boron letdown

 Simulations with SEANAP
o Changes in clad only in fuel rods

o NuSCALE core

o Nuclear Data: ENDF/B-VII.1

https://ceiden.com/programas/grupo-siren-simulacion-de-reactores-nucleares/segunda-jornada-ceiden-upm-accident-tolerant-fuels-for-lwrs/
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𝐹𝐹𝑄𝑄 =
𝑚𝑚𝑚𝑚𝑚𝑚. 𝑙𝑙𝑙𝑙𝑐𝑐𝑚𝑚𝑙𝑙 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑔𝑔𝑎𝑎 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

= max[𝑄𝑄(𝑧𝑧)]

LHGR is Linear Heat Generation Rate (W/cm)

Q(z) is the maximum linear power at elevation-z

 Heat Flux Hot Channel Factor (FQ)  Enthalpy Peaking factor (F∆H)

𝐹𝐹Δ𝐻𝐻 =
𝑚𝑚𝑚𝑚𝑚𝑚. 𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑎𝑎𝑙𝑙 𝑎𝑎𝑐𝑐𝑒𝑒𝑐𝑚𝑚𝑙𝑙𝑒𝑒𝑒𝑒 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎
𝑐𝑐𝑙𝑙𝑎𝑎𝑎𝑎 𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑔𝑔𝑎𝑎 𝑎𝑎𝑐𝑐𝑒𝑒𝑚𝑚𝑙𝑙𝑒𝑒𝑐𝑒𝑒 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎

= max[
Δ𝐿𝐿

𝑚𝑚𝑎𝑎𝑔𝑔 Δ𝐿𝐿
]

1. Testing ATFs 
- cladding materials
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1. Testing ATFs:
“Equivalent Cycle Length”

 “linear reactivity” approach in
“Boron concentration” at EOC

 … lower/higher enrichment in
order to meet the cycle length

 RESULTS
 20mmCr-coating: +0.08 w/o

 300mm FeCrAl-clad:+0.40 w/o

Cycle length 
~ 11.16 GWd/MTU
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2.Impact of Nuclear Data in 
Simulations

SEANAP: 
o WIMS-D5 (Lattice code) + COBAYA + SIMULA

Nuclear Data: 
o JEF-2.2, JEFF-3.1 and ENDF/B-VII.1: https://www-nds.iaea.org/wimsd/
o JEFF-3.3 and ENDF/B-VIII.0: INGENIA 2018/2019

Ref: https://www-nds.iaea.org/wimsd/

 IAEA-WIMS Library Update Project
 Upgraded SEANAP with WIMSD5:

INGENIA 2018/2019
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2.Impact of Nuclear Data in 
Simulations

 Boron letdown in NuScale

 Simulations with SEANAP
o Reference: ENDF/B-VII.1
o Changes only ND library

o ND libraries (Decay Data,
Fission Yields and Neutron
Interaction):
 JEF-2.2, JEFF-3.1 and JEFF-3.3

 ENDF/B-VII.1, ENDF/B-VIII.0

 Impact of ND libraries:
o Significant changes in JEFF-3.3
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2.Impact of Nuclear Data in 
Simulations

 Heat Flux Hot Channel Factor (FQ)  Axial Offset (A.O.)

 Impact of ND libraries:
o Small differences in power peaking and axial distribution
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2.Impact of Nuclear Data in 
Simulations

 Temperature Reactivity Coefficients  Power Reactivity Coefficient

MTC-EOC (14GWd/MTU) - 0ppm (pcm/C)

MTC-BOL - 1100ppm (pcm/C) Power C-BOL - 1100ppm (pcm/C)

Power C-EOC (14GWd/MTU) - 0ppm (pcm/C)
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3. Operational Maneuvering in 
SMRs

 Operational Manoeuvring: “Technical Specifications”
o Control Rod Insertion Limit

o Constant Axial Offset Control (CAOC) is implemented in SEANAP

 Example of operational manoeuvres using SEANAP
o Power Maneuvering

 Flexible operation, return to power after a short shutdown, etc …

 As a function of burnup: BOC, MOC, EOC

o Analysis of simulations
 Xenon Level versus time

 Boron Concentration versus time

 Control Rod position versus Relative Power

 Axial Flux Difference (AO·Prel) versus Relative Power

 P·FQ versus time
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Figure. Control Rod insertion limit

Control Rod insertion limit will allow to:
 reduce the decrement of reactivity worth
 limit F∆H*P
 secure shutdown margin

Full Withdrawall

3.1 Control Rod Insertion Limit

 Control Rod Insertion : Limiting Condition
for Operation
Rod Cluster Control Assemblies (RCCAs) are uniformly
located in the core

o Regulating group (RE1+RE2) for power control

o Shutdown group (SH3+SH4)

o Control Rod “Groups” are divided into “banks” to :
 avoid the effect on the power distribution
 avoid large reactivity change in control insertion

Ref: Fig4.3-18 at https://www.nrc.gov/docs/ML2022/ML20224A492.pdf

Ref: Fig4.3.2 at https://www.nrc.gov/docs/ML2022/ML20224A492.pdf
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Figure. Axial Flux Difference (AFD) Limits as a
functions of rated thermal power

 Axial Flux Difference : Limiting Condition
for Operation
Axial power distribution can be controlled by the
Constant Axial Offset Control (CAOC)

o Axial Flux Difference (AFD)

o ∆I Range: ±5% to:
 ensure peaking factor limits: Low ∆I ⇒ low FQ

 reduce 135Xe/135I axial oscillations

o Relaxation in CAOC restrictions will allow to:

 enhance load follow capability by allowing
control strategies that minimize
dilution/boration

 increase the ability to return to power after
shutdown

Δ𝐼𝐼 % = 𝐴𝐴𝐴𝐴 · 𝑃𝑃𝐶𝐶𝑟𝑟𝑟𝑟 (%)

3.2 Constant Axial Offset Control (CAOC)  
is implemented in SEANAP

P> 90% • AFD outside of target band, within 15 min. restore 
the AFD to within the target band or P < 90%

50% < P < 90% • AFD outside of target band <1h in 24h. AFD within 
limits ⇒ P>90%

• AFD outside of target band > 1h ⇒ P<50% within 
30min.

15% < P < 50% • AFD outside of target band < 2h in 24h ⇒P>50%

P < 15% • No restrictions

∆I Target

±5% ∆I Target range > 1h in 24h ⇒ P < 50%

< 2h in 24h ⇒ P > 50%

> 15min ⇒ P < 90%
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3.3 Example of operational 
maneuvers in NuScale
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3.3 Example of maneuvers: 
48h-50%-BOC: CAOC vs OPTIM
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3.3 Example of maneuvers: 
48h-50%-CAOC: BOC vs EOC
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 The SEANAP 3-D Core analysis system has been used to carry out this work:

o Testing ATFs (Accident Tolerant Fuels) cladding materials

 Cr- 20 µm coating

 FeCrAl- clad with 300 µm thickness

o The impact of different nuclear data libraries

 JEF-2.2, JEFF-3.1 and JEFF-3.3

 ENDF/B-VII.1 and ENDF/B-VIII.0

o Simulation of Maneuvers/Operation in NuScale with SEANAP system
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