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High Conversion Water Reactors

& Parfait core

& Axial blankets are used to achieve BR~1.01

& Blankets: Depleted or Natural Uranium

s Fissile zones: TRU (Pu+MA) MOX e
& Examples: E=5.-=5=5=5=5=§=§=§=§=§=5=5{,§=§

e Hitachi — Resource Renewable Boiling :::. S BGRHGE :
Water Reactor (RBWR) Bt MRS

IRy gp gy g N
e JAEA — Reduced Moderation Boiling Water
Reactor (RMWR)

Blanket
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Hitachi RBWR

& Assemblies are axially heterogeneous

Upper Reflector

& Core average void fraction ~60%
e Vs. typical BWR ~40%

Upper Blanket

Upper Fissile

& Fissile zones produce neutrons while
blanket zones absorb them

Internal Blanket

Lower Fissile

Lower Blanket

& Significant axial streaming of neutrons

Lower Reflector
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Cross Section Homogenization

Nn #  Get basic cross-sections
. #  Generate multi-group library
r B-VILD . #  Unit-cell Calculations _
) #  Fuel Assembly/ Lattice Calculations
Basic data base: “a # Whole Core Calculations
Multi-group

- cross-sections

cross sections |

- decay chains "
- energy perint. Q
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- fission yields
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1D transport of
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Obtaining Homogenized XS

¢ PARCS solves multi-group diffusion eq.:

— % — —h—-g X =
~V DUy +Tag by + VEegdy = ) sy + s, D> Vb
L) ) IR ’
Y Y ! !

leakage interactions  scattering production  fission
w/ (n,xn) production production

& macroscopic cross sections are flux weighted:

- fEZg‘l dE [, d3r 2,(F, E)$ (7, E)

Yoo [Regp | ddr (@ E)
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Monte Carlo Estimation of D

¢ Diffusion coefficient must be current-weighted

e Usually it is just flux-weighted and a B, calculation
IS performed to adjust it

¢ For RBWR we would like to have directional
diffusion coefficients

¢ Instead we use discontinuity factors to
preserve neutron balance
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PARCS Overall Methodology

Serpent

Depletion Node-wise
Calculation Power

Lattice Code External T/H

Code

RELAPS or

History for Each Neutronics
TRACE

Region Calculation

GenPMAXS

Cross Section Node-wise Cross

Module Sections RS

SerpentXS
P PARCS




Branch Cases

¢ Must account for a range of operating conditions
e unknown beforehand

& Cross sections are therefore parameterized over
Instantaneous values and time-averaged (history)
operating conditions

& Instantaneous conditions — control rod, poison conc.,
coolant density, fuel temp, coolant temp

& Histories — burnup, control rod, density ...
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SerpentXS Code

Begin
Get input files

Build Reference Case
Execute Reference Case
Wait until finish

Process reference
output
into datastructure

Process Materials for
instantaneous cases

Create branch case
structure
build input files

Run Branch 1 Run Branch 1 Run Branch N Run Branch N

Burnup step 1 Burnup step M Burnup step 1 Burnup step M

Wait until all
branches finish

Process all output

Write PMAXS file for each
homogenization region




PWR Test Problem
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Reference Case
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Fuel Temperature Branch
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2-D vs. 3-D Generated XS

& Strong axial material discontinuities

¢ ODbtain XSs generated in conventional 2-D
geometry (denoted as 2-D XSs)

e Surrounded by zero-net current boundaries

¢ Compare to XSs generated for axial zones
surrounded by neighbors (denoted as 3-D
XSs)

& Serpent makes this relatively simple
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2-D vs. 3-D XS

Homogenize

Homogenize l
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Fissile-Fissile Two-Zone Results
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Fissile-Blanket Two-Zone Results

Serpent
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Axial Discontinuity Factors

UB2

m—)

UF2

; Upper Fissile Zone 2 lZJ(f::rzBlanket é K_eff: 1 36620

Two-Zone Problem
Get Homogeneous Flux

PARCS (NO ADFS) ; Upper Fissile Zone 2
K-eff: 1.38312 °‘




Discontinuity factors: Background

& Real flux has to be continuous
& Homogeneous flux does not

& ADF: Ratio of heterogeneous-to-homogeneous surface flux

+
+ _ 'i’g,hﬁ
g.hom

¢ Conventional process: 2D reflected assembly
e Homogeneous surface flux = nodal flux

e Surface currentis zero

e NOT the case in RBWR



Procedure for toy problems

& ObDbtain the heterogeneous solution with Serpent
e Global reflective boundaries,

& Extract homogenized parameters from Serpent

& Compute interface currents using neutron balance

& Perform fixed source 1D diffusion calculation for each coarse
region

& Compute discontinuity factors using surface fluxes:

e Heterogeneous (Serpent)
e Homogeneous (Fine mesh 1D diffusion)

& Run the entire homogeneous geometry (1D diffusion + ADFS)
e To verify that homogeneous and heterogeneous setups are equivalent
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Axial Discontinuity Factors
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The need for surface current
tallies...

& To generate the exact discontinuity factors (e.g. in
reflector) surface currents are needed

¢ Homogeneous flux is determined from fixed source
diffusion equation with current boundary conditions

¢ Currently we use global reflective boundary
conditions to back out surface currents using neutron
balance
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2-G Single Assembly
Calculations
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12-G Single Assembly
Calculations
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Approximation of ADFs

¢ Can we get away with just homogenizing over
two-zone problems
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Conclusions

& Observed large differences between Serpent and
PARCS calculations using conventional approach

& Need to treat axial discontinuity for RBWR core
e Current methods are not appropriate

& Developed methodology to generate cross section
database for PARCS

& Showed applicability of axial discontinuity factors
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Future Work

& Finish developing methodology for axial discontinuity
factors

& Study sensitivity of discontinuity factors for different
operating conditions

& Approximate discontinuity factors with:
e Single Assembly - Full Core



&

Serpent “Wish List”

Surface current tallies (a must)

A parallel calculation method that reproduces
answers w/ arbitrary number of CPUs

Built-in method to restart calculations and perturb
conditions (like in CASMO)

Output fission product yields (I, Xe, Pm)

Pin power and flux distribution per energy group
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