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Avalilable Burn-up Chain Models

Type of burn-up chain
models
(main purpose)

Name of chain model
(=file name of burn-up chain data)

for thermal reactors for fast reactors

Standard chain model
(nuclear calculations)

u4cmo6fp50bpl6T udcmo6fp50bpl6F
th2cm6fp50bp 16T th2cm6fp50bp 16F

General-purpose chain
model
(PIE analyses, etc.)

u4cmo6fpl04bpl12T

Detailed chain model
(validation of other
chain models)

th2cm6fp193bp6T th2cm6fpl193bp6F

Chain models are common for SRAC and MVP-BURN
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Chain Model for Heavy Nuclides

U234 €> U235 €> U236 €> JJ237 €> U238 —>,0

N\

\ N\ N\ \ N\
Cm242 €> Cm243 €> Cm244 €>Cm245€>Cm246

An example of burn-up chain model for actinides

@ (model : U4CMB6)



Chain Model for Fission Products

(model : FP50)

N fission B*decay, EC )
Tc99 . A Kr83
Rul03 N
Rh103 / Rh105
N N N ‘/ Nb95
N Pd105 Pd107->>Pd10257O N
Pr143 < T Mo95
N e 3 Ag107 Ag109
Nd143 Nd145 N
N N / | 135
Nd147-> Nd148 —, N\ N N\
3 Xeldl Xel33 Xe135
Pm148m N A\ A\ / N}

e \t > g0 Cs133 Cs134 > Cs135 Cs137
N
/ Pm148 / |
SN N N NN J Bal40

SM147>Sm1483Sm149>Sm150Sm 151'>’Sm15§70 &La140

N N
Eul53-; Eu154-3 Eu155-3 Eu1563,°

A

27050 (Pseudo FP) N A/u / AA N N

. Gd154->Gd155->Gd156->Gd157->Gd158 Gd160
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Time Steps during Burn-up

Power
initial fuel composition Pn+1
for n-th step P1J cal. | | \/
N/ Pn ?
m-th sub-step period |
Pl1J cal. | | 7 || \/ no PI1J cal.
|
< n-th burn-up step period ,
tn tn tma th+1 Burn-up tlme

* Power is assumed to be constant during a time step
e It i1s assumed that relative reaction rate does not change during a time step

@



Depletion Equation

Poweiand c are constant

4 A
— &+ ¢
t, tH_tJ 41l
m "m
Broad time step V
for lattice calculation sub-step to solve the following depletion equation

(o is updated)

dNIZ t Z z Z Z Z
dt( ) ZE fj_>i/1ij (t)+g; pm{gk—>ick +7iFe W }Nk(t)

— | z w2 HINZ( Bateman’s method or 2
[ i pm{A, T }] (O = Matrix exponential method = Ni()

where

k- depleting nuclide F microscopic fission reaction rate
) - depieting A microscopic absorption reaction rate
4 . burn-up zone : : :
N . atomic number densit C microscopic capture reaction rate
' y : W microscopic (n,2n) reaction rate
A, f . decay constant and branch ratio -
P normalization factor to power

L. . : m
g, 7 h : yield fraction of each transmutation (constant in each sub-step)
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Cell Burn-up Calculation by SRAC

Fuel Type Name :
MATI1

ss@ss

Burn-up (MWd/t)

MACRO
PDS File

@

No macro XS

Possible upper
burn-up in the core

Burn-up step tags



Macroscopic Cross-section Table

Burn-up Step 0 1 2 | 10 11 |
Burn-up(MWd/t) 0 100 500 | - 30000 35000 | -
Member Name | caseAOXp | caseAlxp|caseAZxp| caseAAxp|caseABxp| -
2 g
VX g
Rule of Burn-up-tag: —
2
4.9 0,1,2,3,...9, (0~9 step) B
Zq AB,C,.....Z (10~35 step)
a,b,c,....z 36~61 ste
D, . p)

The Cygwin can not use these steps,

because file names with capital and small letters are not distinguished.



Member Name: caseDNXT

Atomic Number Density Table

Burn-up Step 0 1 2 | 10 11 | -
Burn-up(MWd/t) 0 100 500 | - 30000 | 35000 | -

U-235 (n/cm?) | |

U-236

U-238 > Nuclides in the burn-up chain

Pu-238

@
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Multi-dimensional Cross-section Table

Axial temperature distribution
-

@

Two-dimensional table

Ey

E,

~ E5

Burn-up

(Mwadr)
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Functions of HIST Code

1. Conversion of MACRO (PDS) file into the PS file

2. Registration and update of the history file
The history file keeps the following information:
- Core geometry and material (i.e. XS-table)
- Fuel element type (i.e. Fuel assembly type)
- non-fuel element type (e.g. Control rods)
- Individual fuel element (burn-up, composition,
- Operating record

3. Print out information stored in the history file
(e.g. burn-up degree, atomic number densities, etc)
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Functions of COREBN Code

g (1)

*Time (or burn-up)

E(rito)
t

At t

0 new

1. Read necessary information from the history file:
Core geometry, loading positions of fuel / non-fuel
elements, burn-up degree of each fuel elements
— 2. Prepare macroscopic cross-sections by the interpolation
on burn-up degree and other two parameters
. Execute Diffusion calculation = ¢(r,t,)
4. Power distribution = q'"'(r,ty) =c¢, - Z; (I, t,)a(T,1,)
— 5. Update burn-up distribution

E(F,t. ) =E(F,t)+c,- [ ™q™(F.t,)dt

to

@ ~E(r,ty)+c,-q"'(r,t))At 3

next
step 3

new



Interpolation Scheme of Cross-sections

Two-dimensional interpolation on
arbitrary two core parameters

f i
|(:X31. Y,) Fixz (xz,. 3|/:2) except for burn-up
‘ R = X_Xl R — y_ yl
______________________ ‘F(xy) t XX T Y-y
i FXi=F + (Fz ~ Fl)Rx
Fo | o™
(X1, y1) FX, (v FX, = Fy +(F, - Fy)R,
a

F=FX, +(FX, - FX,)R,

Finally, the value F(x,y,z) is obtained by the liner interpolation between
F(x,y,z,) and F(x,y,z,), where burn-up z lies between z, and z,.

@
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Xe-135 Correction

The COREBN has an option to correct absorption cross-sections
upon assuming Xe-135 concentration is in equilibrium condition at
each burn-up step. This correction is performed by

(yXe Y )Z{zf,gq)g}

NXeoo: ’
| Axe + Z{GXe,gq)g}
g

_(yXe + yl )Z{zf,gq)g}
:ZO n g

Xe,g Xe,Q { }
Axe +Z O'XG’gCDg
g

Local Xe-135 concentration in équilibrium

/

Interpolated absorption cross-section before correction

Saq =29 +(NXe,OO ~ Ny,

0
- N Xe |9 Xe,g

Interpolated Xe-135 concentration before correction
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Procedure of Core

SRAC
[Cell burn-up calculation] Bu rn_up Calculatlon
MACRO
(PDS) Cell burn-up calculation step
with SRAC
v Core burn-up calculation step
aIST with HIST and COREBN

[MACRO Conversion from PDS to PS]

v

— HIST
MACRO / [Init_ializati_on of
(PS) S history file]
e
History file k-eff
(BO1C) B0108
N \Q\
LA .
S— £OIC  time
COREBN History file
L » Y HIST
[BO1C~EOIC] (EOIC) [Registration of new
N
fuel elements]
S—
History file f BQ\ZC
(BO2C) . e
—_— ® . ®EO2C
° ° '
\ 4 © P time
COREBN ‘ p| History file N HIST
[BO2C~EO2C] (EO2C) [Print burn-up history]
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1-Dimensional Slab Core Problem (Sample-1)

10cm (2 meshes)
10cm (2 meshes)
10cm (2 meshes)
10cm (3 meshes)

10cm (3 meshes)

25cm (5 meshes)

10cm (2 meshes)

Light water reflector

Core tank

Upper nozzle

Upper gas plenum

10cm (2 meshei
10cm (2 meshes)

Core _
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Lower nozzle
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Light water reflector

Division on X-direction
can not be treated as node
but fuel element

7 Fuel elements

nodes

(Planesin
] CITATION)
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2-Dimensional Triangular Mesh Problem (Sample-2)

=

D e
g 051, S0 g 52

N

Sumbataimlatia
N8y

WA mC i e o C

N2 22 N

Refueling: C—=B—A

LA oo
EANNAN \
NN NN NN % %
AVVVVVVVV\
NVVVVVVVVV\ % %
~/\N/VVVVVVVVV
~AVVVVVVVVVV\
A/NVVVVVVVVVVVV\
Y\/VVVVVVVV\/\/

VVV%
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Core calculation model registration of fuel elements
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3-Dimensional Problem (Sample-3)

21.5 cm (5 meshes) *11 Regions = 236.5 cm

Light water reflector

A2 BTAL /
q
A4|Aq| B2 ||A5 |AL0
A7| A3 | B3} B4 ¢B’5/A18 AL2
B6 |'B7 | B8 | B9 |B10 Bldslz
A 4 e
a6 [A19 B13|B14/B15|A15/A11
/ [~
A8 |A13 B16|A20/A14
—
A17|B17|A16

Stainless steel reflecto \

<

10cm (2 meshes)
10cm (2 meshes)
10cm (2 meshes)
10cm (3 meshes)

10cm (3 meshes)

25cm (5 meshes)
10cm (2 meshes)

Light water reflector

Core tank

Upper nozzle

Upper Gas plenu

Core

140cm core height
14 regions, 2 meshes by region)

Lower nozzle

10109J3. 93]S SSajulelS

Core tank

<
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