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I Neutronics Equations for Flowing Fuel

2 With the Multi-group diffusion theory, the time-dependent neutron equation for molten salt reactor can be written as

L%ﬁg (F.0)=V-D (F, 0OV §,(F,1) - %, (F,0), (F,t)+§G]2qug (7,09, (F,1)
% g=1

g

G K
22, (F)Y VS (F )Py (F) + Y. Z (Fr D) ACo (1)
/=1 k=1

> Delayed neutron precursor concentration equation for a flowing fuel

G
%Ck(faf)JrV'[ﬁ(faf)ck(ﬂl‘)]+/1ka(?,1) =D Va2 o (708, (F,1), k=12,---,K
g'=1

I For an axial velocity field #(7,¢) = u(r, z, 1)e. .
the time-dependent equation for the delayed neutron precursor concentration is reduced to

%Ck(r,z,t)+§[u(r, z,)C (r,z,) |+ AL,C. (r,z,t) = Ay (r,z,t), k=12,--- K
74

G
Wk(l",Z,t) — Zvdszg’(razat)¢g’(r9Zat)
g'=1
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I Precursor Boundary Condition

2 Inlet boundary condition for precursor concentration

I Allthe precursors existing the core are mixed and flow back to the core except for decayed ones in the outside of core
I The precursor concentration at the core inlet can be written in terms of the precursor concentration at the core outlet

L dAu(r,H,t—7)C,(r,H,t —7)e**
dAu(r,0,t
|, dAu(r.0.0

Ck(raoat) =

A, = Core inlet flow area

1

A4, ,, =Core outlet flow area
H =Core height

v = Time spent outside of the core
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I Steady-State Solution for MSR

> The steady-state equations for axial velocity field can be written as

—V-D, (F)\Ve (1) +2, (r)g,(r) - Z_ngqg (7)¢,(r)

=/1ng('7)va & M@y (1”)+Zldkg(f”)ﬂ~ G (r)

%[u(r, z2)C (r,2)]+A,C,.(r,z)= Ay, (r,2), k=12,---,K

> Delayed neutron precursor concentration equation can be solved analytically

Av[ou(rz) »[Zou(izl)

ulrz) (ryz)+

Cilrz)=e u(r,z) u(r Z)

j dz'y (r,z")e
> The precursor concentration at the core inlet can be determined in a discretized from as

1 J — At — A (b +7-1;)
2o Ao 20y L A)(A =€y e
Z Z A (1 +7)
i=1 " Tin,i lO i=1 " “out,i lOe

Ck,iO =1
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I Kinetics Parameters

2 Using the steady-state adjoint flux, the effective delayed neutron fraction and the prompt neutron generation time for a
stationary and flowing fuels are calculated as

V; g:1 k=1 g'=1 circ g=1 1
'Beﬁ' G G 'Beﬁ‘ G K
;Kzl¢gzlgzlvzfg¢g i ;V;Z¢g,1;1dkgﬂ'kckl+;Vlz¢gzxpgzvp fg¢gl
F= g= Z= =
L1 |
ZKZ@,[VJ@,i ZV,Z@Z[V]@,
A £ _ g=l . g ACi — _ _ Vi g=l g 2 _
ZV12¢; ngZVZJg ¢g i ZVZZ%TJZdegﬂ“kaI b ZVIZ¢; lZngVpig ¢g i
1z g=1 g'=1 v, g=1 k=1 v, g=1 g'=1
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I Batemann Equation

> Depletion Equation w/o considering the fuel salt reprocessing process

%N(F,t)JrV'[ﬁ(V)N(fJ)]:A(F,f)N(faf)+F

I N(#,t) :Nuclide density vector
[ F : External nuclide feeding rate
] U : Fuel salt velocity
I A(¥,7) :Nuclide transmutation matrix
W j:’ 1(F, E (7, E,0dE + y, 2, (i # J)
A, (F,t)=9 * )

-, oL ENG(F E.NE ~ 4 i =)
| o/(7,E,t) :Microscopic cross section of reaction x (Nm )tmp Vo4 (Ni )V
[ Vi : Yield of nuclide i when nuclide j undergoes reaction x NS’;) — core in ex /" out
] A : Decay constant of nuclide i Vm + Vout
I ¢(#,E,t) :Neutron flux
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I Transient Fixed Source Problem
> Time discretization of flux equation with fully implicit scheme

@ (F)— ¢, (F)
v, At

=V D (F)V g, (F)+ X (F)g, ()
= Zzs g0s O (P)+ 223, (P 2 v, 2 (YL (F) + szkg (AAC ()

> Transient fixed source problem for given precursor concentrations

—V-D,(F)V, () + 2, (7P, (r)=—"—— [¢” (F) = ¢, (F)]

+22~W <r>¢;(f>+zz;g<f>z_vp o ()] (r)+szkg<rM C;(7)

I This transient fixed source problem can be solved iteratively with the precursor concentration equations.

10
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I OpenMC_MSR

> OpenMC : MIT, Uchicago Argonne LLC Oj]A X[ X ISt QEAA & 2EHZZ I

e
OpenMC Ul launcher w
> AA _J'k_x-l /xl-kl 2 _ :
D WYl E
I 27 simulation.cpp, pugixml.hpp, pugixml.cpp, pugiconfig.hpp, physics.cpp, initialize.cpp| =2u= #:# oo 5% i (wsea | [wi o
Input Python Code | VAR Script | Cases
I 4l7t: delay_neutron_flow.h, delay_neutron_flow.cpp S
ol = ro) =] o HF —
ua—1 I'klgw -*-Iigl'ﬁ TI?_I' Ui 7I'I = —
o E nl _|. E-I # of T‘rm‘ 10
> I:IJ:“ le I-*H = —|—71| Ilo_ —3 EE E|I‘*°-| Case #2 [2623-01-16 2% 5:05:20] ~ATE
[/ SetUCI3MolFrac(#1)
Param No. #1
> SWV&V H11A =hd ’é‘ Q [x\in 1@ 2 [s] 5 [s] 10(s]  |200s] |50 (s] _ |100 [s] fo @
1 [s] 1.35248] 135299 1.35377| 1.35389| 1.35396| 1.35433| 1.35438 im)
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135184 135261 1.35309| 1.35376| 1.35408| 1.3542
135174 1.35255 1353 1.35339] 1.35389] 1.35391
135186 1.35233| 1.35297| 1.35351| 1.35406] 1.35419
140
1.16
56084027 T— - - - - - - : : : : : : : —e—All Drums Out 130
5.40E+027 U-235 ~ 2 18E4028 | 114
5.20E+027 - 4 1.12 120
5.00E+027 + - — e e —
| | 2resazs 11 2110
g 4.80E+027 1 E 1.08 8
'C:, 4.60E+027 | 4 E P— = 5400
2 4.40E+027 i % @.06 %
4.20E+027 ] = e mmn 1.04 <90
4.00E+027 - (N):)iz((;:arlitical b B —— NonCritical ] 1.02 S 80
3.80E+027 \ i R Critical .
3.60E+027 T T T T T T T ST 1 70
0 5 10 15 20 25 30 T - - - - - - 0.98
Time [y] 0 5 a 5 20 25 0 1 3 0 5 10 15 20 25 30
Time [v] 0 10 20 30 ERRY

EFPY
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Time outside of core (sec)

2 4

- - - - Group 6 of Flowing Fuel

0.0

T T T
04 0.8 12 16
Importance

14

Time in core
(sec)

-134.3

-168.3 -193.1

-207.1

-94.1

-126.6 -156.1

-176.1

-61.8

-86.0 -113.2

-136.3

-39.4

-53.8 -73.2

-93.5
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| CAPP_MSR

> VHTRE CAPP ZE= MSR sjA120 2 &hxt

> I 9l 7 34 K2l J|E SHH K2 Wore SX[sI0] M2

> HO{EA 2 In/Out LS SHEMH A ME 25 FH|

> QAAAS - Al/i A Q| PESI0| B |2 B4 & O} T 4L

> CAPP_MSR/GAMMA+ S1A[HA H|H| 2=(X)

}

Transient Time Fast Fluence
Fast Fluence Power
Power

CAPP GAMMA+

Conversion tool
for ISOTXS to XSL (CAPP)

(thermo-fluid

(neutronics code) system code)
Temperature Temperature
H, O, N # density H, O, N # density
Fuel Velocity Fuel Velocity (NH‘l )tmp V 4+ (N )
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e V. +V
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15 Copyright 2025. FNC Technology Co., Ltd. all rights reserved.



FNC/KAERI MSR LA G 8HO12250 | A 1| JHet it

HF &3 £
-Iq—E 7H EF ?—%} (6/10) ENGElechnology.Co.

FAMER Platform

XS library
(ISOTXS, DLAYXS)

| FAMER . oo

*  KAERI(MC2-3 &-8)
I

) 4
. Y
E E H OHO Ex I H*ig I * q [ ( I- -II HHl' FAMER [Fortran] Execution
Neutronics Solver
. ke e -t st
> xl.o (@) oH z.x."j.l OH = *7'. (°H I n1 I.II;.IR o x."j.l Er = O 7 I° I) Deterministic Monte Carlo
T1 - 10 =O T =10 O/ =, o o= H i b CAPP (KAERI) b Modified OpenMC (FNC)
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S Storage (KAERI)
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w|="0
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» <
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> Eekaion 120 DLAYXS and DLAYXS Library
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| MUSAD/TANUA/CAPP_MSR

> MUSAD ENDF/B Library
I Processing covariance data for XS uncertainty
i i XS Librar Manufacturing
I Handling manufacturing tolerance ov. Data

I Structure geometry, material density
I Perturbation of molten fuel density
I Random correlated sampling

NJOY

Vv

Cov. Matrix

MUSAD

> TANUA
I Pre&post-processing for CAPP inputs&outputs

XS Uncertainty &
Density
Random Sampled

Preprocessing Random

> CAPP_MSR TANUA | Sampled XS Setsand

CAPP input
. . Automatic Core Simulation
I 3D core simulation
Random Sampled
XS sets & Input
CAPP | 3D Core Simulation
with Sampled XS sets

Y
Core Parameter
Uncertainty

17
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| openmc_msr/cupiD

> 2FUELS S8 0penMC-CUPID (kLH) Of[H] 1| 2tz
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Receive
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Calculate

e sy >
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Terminate
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NK data

v

Calculate

Terminate

OpenMC-CUPID 91| i =M=
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I OpenMC_MSR/Thermochimica

> D2t 88U 20| Exlist= 2|4, A, DM 2H0Is17] /8 OpenMC/ThermochimicaE Loosely Q14| £

N Xel37 )
. ]

Xe110 ~——t
Xe124 ’ Xe110
Xel37 X Xe Xel24
‘ e
Neutronics o * ‘
B = Xe
Thermochemistry

Code
O R N L_ C E E S/ (ex OpenMC) e ’~ Zr ~ <
- - z7e\ W Zr e"ﬁ’_____ ng21r85
Zr85 .~ 7178 \‘
thermochimica
{\ Zr9 /"
Computational library for chemical
thermodynamics and phase equilibrium L
calculation. Multiphysics and standalone Ew
estimations of chemical state and constitutive and °°
transport... £ 0
Ay 10 9 56 31 § o | |
- .. G) - ﬁ - ts? — . O - 0 IIII- - II'I - Illl [ ] III L] |II n
mUC4 mZrCl4 = Nda3 u (PuCBB)d uCeCl3

Fortran-based code with ¢ and .
c++ components for coupling ' | | | . | |
L. Il.. || L

ds

compouds
omp

0.001

0.0001

4 5

0.00001

Mole number of Gases fission
Mole number of Gases fission c

5 I
0 m
EFDY

EFDY
1 9 mXe WK WAr WHe mZ2Cl4 WUCH  mNaCl Jhts reserved.
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| openmc_msr/mcnp

> 2XIZ2 2Y & Neutron Map/Gamma Map : MCNP &£
> 717| ¥ H| S HIALSE : OpenMC_MSR &£

> 717] ¥ H|E giAlelof| 2 Gamma Map : MCNP &8

HOMXIE 2 T2 AR HOMXt= =2 O A

OF

B2 2| E 38X 2 oAl 2191 ALt 2]

b0 2 oAl

r

20 Copyright 2025. FNC Technology Co., Ltd. allrights reserved.
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