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SMR-Core Analysis at pin-level using PARCS-SP3

Motivation: Pin-wise TH Feedback
Pin-wise Simulation with “ASSY_TYPE”
Pin-wise XS Optimization

Development: Function Extension of PARCS V331
Verification: Steady State pin-by-pin Simulation for KIT-SMR

Sumarry and Outlook: Transient Simulation
Implementation to PARCS-ICoCo
Coupling with TH code
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Motivation: pin-wise Simulation, XS Optimization, TH Feedback ﬂ(IT

Karlsruhe Institute of Technology

The discussion in this slide only concern Cartesian geometry
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I'oo0 + Nodal + Pin power reconstruction
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0.990 T TN
0975 ! ! Advantage:
0030 i i «  Fast running.
0.915 | , o
0990 >~ Limitation:
Pin-wise results are important / « No Pin-wise TH coupling.
_ i | « No Pin-wise XS optimization.
In KIT, we would like to do: < | »

* Pin-by-pin simulation in core- .
scale with “ASSY_TYPE”.

+ Enable pin-wise XS N\ Advantage:
optimization and TH feedback. «  SP3 Pin-wise simulation.
PARCS V331 can not do this ~ Limitation:
. .. . « Use “PLANAR_REG”, no
Function extension is required “ASSY TYPE".
~ PLANAR_REG PLANAR_LAT D, -
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evelopment: Function Extension of PARCS V 331

The discussion in this slide only concern Cartesian geometry

For pin-by-pin SP3 simulation with “ASSY_TYPE” activated:
» the most straightforward way is to compose the input files as cases using traditional nodal solvers.
« PARCS V331 has problems dealing with “big data”.

Workflow of PARCS V331:
For example

* Input processing
Memory
problems

» Calculation
» Output processing

In GEOM, the problem in
« “RAD_CONF”
« “BANK_CONF”

Function extension:

v

Input blocks:
« CNTL
PARAM

20 files related to input and output processing were modified.
PARCS V331 now works well with “big data”.

AT

Karlsruhe Institute of Technology

T 2z 3 4 5 € 7 8 & 1o 11
000 000 000 103 102 101 110 108 000 000 000 ! 1

000 000 108 104 011 020 011 108 107 000 000 ! 2

000 107 10é o0l2 031 040 031 012 106 105 o000 13

109 108 012 040 042 042 042 040 012 104 103 L4

110 011 031 042 040 050 040 042 031 011 102 ''s "

101 020 040 042 050 060 050 042 040 020 101 ! & Sma" Matrlx OK

102 011 031 042 040 050 040 042 031 011 110 ! 7

103 104 012 040 042 042 042 040 012 108 108 ! 8

000 105 106 012 031 040 031 012 106 107 000 ! 9

000 000 107 108 011 020 011 104 105 000 000 ! 10

000 000 000 109 110 101 102 103 000 000 000 ' 11

e Large Matrix KO
20€20€ 11225€ 112257 11 58 1. 59 1122€0 1122€1 112262 112263 112264 1122€5 1122€€ 1 €7 €8 1 €9 70 112271 72 13125€ 131257 131258
0€20 112273 112274 1 75 1 7€ 112277 112278 112275 112280 112281 112282 3 84 5 8€ 1 7 112288 85 131273 131274 13127%

4-4
17 1 2 3 4 5 € 7 -] S 10 11 12 13 14 15 1€ 17 1 2 3
112017 144001 144002 144003 144004 144005 14400€ 144007 144008 144005 144010 144011 144012 144013 144014 144015 14401€ 144017 142001 142002 142003
112034 144012 144015 144020 144021 144022 144023 144024 144025 14402€ 144027 144028 144025 144030 144031 144032 144033 144034 142018 14201% 142020
112081 144035 14403€ 144037 144032 144039 144040 144041 144042 144043 144044 1449045 144904€ 144047 144049 144049 144050 144051 142035 14203€ 142037
1120€8 144052 144053 144054 144055 14405€ 144057 144058 1440595 144060 1440€1 144062 144063 1440€4 144065 1440€€ 1440€7 1440€8 142052 142053 142054
112088 144065 144070 144071 144072 144073 144074 144075 14407€ 144077 144078 144075 144080 144081 144082 144083 144084 144085 1420€5 142070 142071
112102 14402€ 144027 144022 144085 144090 144051 144052 144053 144054 144055 14405€ 144057 144052 144055 144100 144101 144102 14208€ 142087 142083
112119 144103 144104 144105 14410€ 144107 144102 144109 144110 144111 144112 144113 144114 144115 14411€ 144117 144119 144119 142103 142104 142105
11213€ 144120 144121 144122 144123 144124 144125 144126 144127 144128 144125 144130 144131 144132 144133 144134 144135 14413¢ 142120 142121 142122
112183 144137 144132 144135 144140 144141 144142 144143 144144 144145 14414€ 144147 144142 144145 144150 144151 144152 144153 142137 1421338 14213%
112170 144154 144155 14415€ 144157 144152 144159 1441€0 1441€l 1441€2 1441€3 1441€4 1441€5 1441€€ 1441€7 1441€2 1441€9 144170 142154 142155 l421%¢
112187 144171 144172 144173 144174 144175 14417€ 144177 144178 144179 144180 144181 144182 144183 144184 144185 14418€ 144187 142171 142172 142173
112204 1441838 144185 144150 144151 144152 144153 144154 144155 14415€ 144157 144158 144155 144200 144201 144202 144203 144204 142188 142185 142190
112221 144205 14420€ 144207 144202 144205 144210 144211 144212 144213 144214 144215 14421€ 144217 144212 144215 144220 144221 142205 14220€ 142207
112238 144222 144223 144224 144225 14422€ 144227 144229 144229 144230 144231 144232 144233 144234 144235 14423€ 144237 1442309 142222 142223 142224
1122885 144239 144240 144241 144242 144243 144244 144245 144246 144247 144242 144245 144250 144251 144252 144253 144254 144255 142239 142240 142241
112272 14425€ 144257 144252 144255 144260 1442€1 1442€2 1442€3 144264 144265 1442€€ 144267 1442€2 1442€5 144270 144271 144272 14225€ 142257 142282
112289 144273 144274 144275 14427€ 144277 144272 144275 144220 144221 144222 144293 144294 144295 14429€ 1442897 144288 144289 142273 142274 142278
5-4

17 1 2 3 4 5 € 7 8 L] 10 11 12 13 14 15 1€ 17 1 2 3
131017 142001 142002 142003 142004 142005 14200€ 142007 142008 142005 142010 142011 142012 142013 142014 142015 14201€ 142017 145001 145002 145003
131034 142012 142019 142020 142021 142022 142023 142024 142025 14202€ 142027 142022 142029 142030 142031 142032 142033 142034 145012 145019 145020
131051 142035 14203€ 142037 142032 1420395 142040 142041 142042 142043 142044 142045 14204€ 142047 142048 142049 142050 142051 145035 14503¢ 145037
1310€8 142082 142053 142054 142055 14205€ 142057 142058 142055 142060 1420€1 142062 142063 1420€4 1420€5 1420€€ 1420€7 1420€8 145052 145053 145054
131088 1420€% 142070 142071 142072 142073 142074 142075 14207€ 142077 142072 1420795 142080 142081 142082 142083 142084 142085 1450€% 145070 145071
131102 14208€ 142087 142099 142089 142090 142091 142092 142093 142094 142095 14209€ 142097 142099 142099 142100 142101 142102 14508€ 145087 1450988
131119 142103 142104 142105 14210€ 142107 142108 142105 142110 142111 142112 142113 142114 142115 14211¢€ 142117 142118 142115 145103 145104 145105
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Verification: steady State pin-by-pin Simulation for KIT-SMR

Case Specification — KIT-SMR — assembly configuration:

5 =—— 40 radial reflectors

57 fuel assembilies, 6 types, 2 poison types

236.5 cm

P1 — Type A 20 poison rods

Radial configuration P2 — Type B 24 poison rods

AT

Karlsruhe Institute of Technology

Assembly Type

4 5 6

Active
200 cm

B B B
Burnable Poison Rod: A-20, B-24

Axial configuration
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Verification: Steady State pin-by-pin Simulation for KIT-SMR &!(IT

Karlsruhe Institute of Technology

Case Specification — KIT-SMR — control rod configuration:

a a i 0 0
b | a c | a b
b b|b|b b i
a a b | e e e b | a a ¢} 0
c|b|e| fle|b]|c AEIICB4C
a|la|b|le|le|e|b]a]a 0 0
b|d|b|b|b|d]|b
cdiAIC
a a | R AIC 0 0
Radial configuration Axial configuration Critical configuration
+ 6types + AIC —AgInCd + | —fully inserted
+ SS - Stainless Steel + O — fully withdraw
- B4C
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Verification: Steady State pin-by-pin Simulation

Modeling — KIT-SMR — PARCS:

for KIT-SMR

AT

Karlsruhe Institute of Technology

6 fuel assembly types: 8 enrichments

[ 6948 XS definition corresponding to PMAXS files ]

6 control rod types: 3 absorber materials

2 poison rod configurations: 2 materials

}

[35 material configurations for fuel assemblies ]
Inputs for Inputs for

35*n_branch l 35*n_branch l

SERPENT Bemmmsdll PARCS
 SERPENT Bempmed]  PARCS _

To be verified:

Pin-by-pin multi-physics coupling system
A

4 187*187 pin matrix for:\

Core radial geometry
Core radial control rod configuration
Optional — Reflector rotation definition

2900 definition of ASSY_TYPE/

A

I\\\\~ +
------------- + SPH system

Optimized pin-wise XS |

N

pin-wise
—p
feedback

TH code

4

A

4 v
Reflector |I Fuel I Cf:\lleT L
PMAXS PMAXS

A
N
.PARAM .FDBK .TH .GEOM .DEPL
file file file file file
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Verification: Steady State pin-by-pin Simulation for KIT-SMR

First Results — uniform fuel assembly (enrichment 2.0%, no CR):

Normalized Power - ParcsPin-wise without SPH

12.5 1 ey

10.0 1

7.5 - k s

5.0 1

2.5 1
2202

0.0 1

04 06 0.8 10 12 14

Axial power Radial power
distribution distribution

AT

Karlsruhe Institute of Technology

Normalized Power - ParcsPin-wise without SPH 2.8

Spatial power
distribution
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Verification: steady State pin-by-pin Simulation for KIT-SMR S(IT

Karlsruhe Institute of Technology

First Results — KIT-SMR — All Rods Out (AlO) — radial relative power distribution:

Normalized Power - ParcsPin-wise without SPH Normalized Power - Parcs Pin-wise with SPH
16 1.6
1.5 15
14 1.4
13 13
1.2 1.2
r11 11

.
o

"' Local safety parameters 3y

Original pin-wise XS SPH optimized
from Serpent pin-wise XS
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Verification: steady State pin-by-pin Simulation for KIT-SMR ﬂ(IT

Karlsruhe Institute of Technology

First Results — KIT-SMR — All Rods Out (AlO) — spatial relative power distribution:

Normalized Power - ParcsPin-wise without SPH

Normalized Power - ParcsPin-wise without SPH Normalized Power - ParcsPin-wise without SPH

Original pin-wise XS from Serpent
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Verification: steady State pin-by-pin Simulation for KIT-SMR ﬂ(IT

Karlsruhe Institute of Technology

First Results — KIT-SMR — All Rods Out (AlO) — spatial relative power distribution:

26 26
Normalized Power - Parcs Pin-wise with SPH Normalized Power - Parcs Pin-wise with SPH T Normalized Power - Parcs Pin-wise with SPH 50
2.2 2.2
20 2.0 2.0
19
18
17 L
e 18 18
15
14
13 e 16
12
1
10 rl4 14
9
8
7 L
2 1.2 1.2
5
4
3 - 1.0
2
1
08
0.6
0.4
0.2
1
8 4
0.0

SPH optimized pin-wise XS
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Summary and Outlook

Pin-by-Pin Pin-by-Pin

Multi-physics System * Parcs
Parcs-TH Simulation

Development With
20 files related to input and ASSY_TYPE
output processing modified enabled

A'A Motivation 2
+

Problem XS
Parcs V331 can not Optimization
process “big data” possible

Motivation 3

12

AT

Karlsruhe Institute of Technology

Steady State Verification
KIT-SMR large data size

4

Transient Verification
KIT-SMR Rod Ejection Accident

Outlook 1

4

Implementation to
PARCS-ICOCO
Within the McSAFER package

4

ad
|
|

Pin-by-Pin Coupling
with TH code
SubChanFlow / TwoPorFlow

Outlook 3

|
|
|
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Questions and Problems _\\J(IT

Karlsruhe Institute of Technology

1. PARCS V331 crash due to illegal operation when do the 3 nodal update:
* The reflector XS relates to the problem.
* When the neutron leakage is not significant, PARCS runs well.
« When the neutron leakage is significant, PARCS crash at the 3" nodal updating.

2. How to merge two PMAXS files into one single PMAXS file.
* One file contain the XS data without CR, the other contain the XS with XR.
+ Use GenPMAXS to combine the two PMAXS files?
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