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I ntroduction

e Systemsto becalculated are asfollows: Absorbers (BA) rods (UGd);

Profiled MOX fuel assembly with 12 U-Gd Burnable Absorber (BA) rods (MOXGd) and

rhodium self-powered neutron detector ( SP
e Uniform LEU fuel assembly with 12 U-Gd Burnable ND)

e Modd SPND with prescribed neutron capture rate distribution inside Rh emitter.

Resultsto be provided arein thetwo computer files:

1. EXCEL file with numerical results;
2. WORD file with information about the cal culational scheme used.

All the results obtained with the MCU code after the Draft Specification of this benchmark was issued are

available to participantsin Appendix 4. Please provide any comments using the following e-mail:

Sergey Gorodkov: ssg@adis.vwver .kiae.ru
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1. Material specification

Table 1 Material description

Materid

Comment Isotopic content, (atoms/barn cm3)
Name

Fuedl materials, T=1027K

U1 LEU fuel of 3.7 w/o enrichment ] 8.6264E-4 150 4.6063E-2
=8y 2.2169E-2
PU1 MOX fuel with 2.0 w/o of fissile Pu 235 4.2672E-5 Py A4.2414E-4

Z8Yy 2.1025E-2 #%py 2.7250E-5
%0 4.3047E-2 Py 4.5228E-6

PU2 MOX fuel with 3.0 w/o of fissile Pu 235 4.2200E-5 2¥py 6.3621E-4

Z8Yy 2.0797E-2 *py 4.0875E-5
%0 4.3045E-2 Py 6.7842E-6

PU3 MOX fud with 4.2 w/o of fissile Pu 235 4.1652E-5 2Py 8.9071E-4

28y 2.0522E-2 *°py 5.7225E-5
%0 4.3043E-2 Py 9.4980E-6

GD1 LEU fuel of 3.6 w/o of “*U containing 4 | 235, 7.2875E-4 155Gd 1.8541E-4

wlo of Gd;0; 28y 10068E2 ¥Gd  25602E-4
%0 4.1854E-2 'Gd 1.9480E-4
%2Gd  25159E-6 *Gd 3.0715E-4
™Gd  2.7303E-5 ®Gd 2.6706E-4

Non-fud materials

CL1 Zirconium alloy Zr 4.259E-2 Hf 6.597E-6
T=575K Nb  4.225E-4

MOD Moderator, 0.6 g/kg of boron, T,=575K, | H 4.843E-2 B 4.794E-6
7= 0.7235 glem® 16 242262 1B 1.942E-5
in operating poisoned state

RH SPND rhodium wire, 3R, 7.257E-02
T=575K, y= 12.4 g/lem®

INS Aluminium oxide SPND insulator Al Al 4607E-02 O 6.911E-02
T=575K, 5= 3.9 g/cm’

COL SPND nickel collector (shesth) Ni 8.936E-02

T=575K, = 8.71g/cm®

*) The information in this column is given only as a comment. For the calculations the data from the
“Isotopic content” column should be used.
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2. Geometry description
L et us specify the following geometric objects:

. Cn - n-zones elementary cell;
° K1 - uniform assembly with 12 Gd pins (331 elementary cells of 4 types)
° K2 - profiled assembly with 12 Gd pins (331 e ementary cells of 6 types)

n-zones elementary cell Cninside K1/ K2 Assembly:
1-stzone - Cyl(ro,ry) ;
j-thzone - Cyl(ro,ry) \ Cyl(ro,r14) , j=1,..n-1;

n-thzone - Hex(ro,h=1.275cm)\ Cyl(ro,rn1) ;

where Cyl(ro,r;) - cylinder of radius r; with center at point r;
Hex(ro,h=1.275 cm) - hexagon with center at point roand
across flats dimension h=1.275 cm.

Assembly K1 ((uniform assembly containing 12 Gd BA rods) :
Itisa“container” Hex(ro,H=23.6 cm), which contains 331 elementary cells Cn of 4 types (see Figure 1).

Assembly K2 ( profiled assembly containing 12 Gd BA rods) :
It is a “geometric container” Hex(ro,H=23.6 cm), which contains 331 elementary cells Cn of 6 types (see
Figure 2).

Table 2 Description of cell types geometry

Cell geometry Comment Tota zones | Cylindrical zones outer radius (cm)
number

Cn Fuel cell 3 R; =0.386
R, = 0.4582

Cn Central tube cdl with 16 R, = 7.9056937E-03

SPND R, = 1.1180339E-02

R; = 1.3693063E-02
R, = 1.5811387E-02
Rs = 1.7677668E-02
Rs = 1.9364916E-02
R; = 2.0916499E-02
Rs = 2.2360679E-02
Ry = 2.3717081E-02
Rj_o = 0.025
Ry, =0.03679
Ry =0.05
Ri3=0.075
R14 =0.48
R15 = 0.5626

Cn Guide tube cell 3 R; =0.545
R, = 0.6323

All cells of dl types have the same outer dimension h=1.275 cm. Fud cell may contain one of the
following materials: PUL, PU2, PU3 or GD1
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3. Neutronic calculations

3.1 K1 and K2 assemblies state to be calculated

Cdculations of the assembly neutronic parameters should be performed for single state, with fuel
temperature at 1027 K and all other material temperatures at 575 K.

135X e and ***Sm concentrations in fuel zones in zero burnup point (B=0) are equal to 0, and in the others
burnup points are equal to equilibrium values.

Burnup calculation (with power density equaled to 108 MWt/m? or 0.3567 kW/cm?® fuel ) should be
performed. All calculations should be performed with zero current on assembly side and zero axial leakage
(infinite lattice of assemblies).

3.2 Assemblies material structure (Table 4)

General geometry type Cell type Zone number Zone material
1 — Central tube cell with SPND 1-10 RH
11-12 INS
13 COL
14 MOD
15 CL1
MOD
Ul
CL1
MOD
MOD
CL1
MOD
GD1
CL1
MOD
1 — Central tube cell with SPND Same as in K1 assembly
2 —Fud cdl (with PU3) PU3
CL1
MOD
MOD
CL1
MOD
PU2
CL1
MOD
PU1
CL1
MOD
GD1
CL1
MOD

=
(o))

2 — Fuel cal (with U1)

K1

3 — Guide tube cell

4—Fue cdl (with GD1)

WIN(FPWINFPIWIN|F-

3 — Guide tube cell

4—Fud cdl (with PU2)

K2

5—Fud cdl (with PU1)

6 — Fud cell (with GD1)

WINFPIWINIFRP[WINFRP[WINFPIWIN|F
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Figure1 Cartogram of the Uniform LEU fuel assembly with 12 Gd BA rods
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Cell types:
1. Central tube cell
2. Fuel cell (with U1)
3. Guide tube cell

4. Fuel cell (with GD1)

1322.20 g of fissile metal per 1 cm height segment of assembly
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Figure 2. Cartogram of the Profiled MOX fuel assembly with 12 Gd BA rods.
Assembly type K2. Variant MOXGd

Cdl types:

Central tube cell

Fuel cell (with PU3)
Guide tube cell

Fuel cell (with PU2)
Fuel cell (with PU1)
6. Fuel cell (with GD1)

ar wDd PR

1239.16 g of fissile metal per 1 cm height segment of assembly

7
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3.3 Functionals to be calcul ated

In the course of the neutronic calculations the following parameters should be calculated as a function of
assembly average burnup for the following burnup points. 0, 10, 20, 30, 40, 50, 60 MWd/kg HM:

e power of the 6 centra pins surrounding the detector.
o distributions of neutron absorption rate through ten equivolume concentric zones of the emitter.

o didtributions of Rh nuclear density through ten equivolume concentric zones of the emitter.
Tables and forms for submitting the results are presented in Appendix 1.

It should be noted, that **X e and ***Sm concentrations in the fuel zones at zero burnup (B=0) are equal to
0, and at the others burnup points are equal to equilibrium values.

4. Electron-photon calculations.

4.1 Model detector problem

Only electrons and photons from rhodium neutron capture must be considered. The in-core photons
contribution to the detector signal is to be neglected.

The electric charge absorbed in the insulator is assumed to have uniform spatial distribution. So the radius
of the cylindrical surface, splitting the insulator into two parts, is chosen in such a way, that the electric
charge absorbed in the inner part of the insulator will flow to the emitter.

The SPND surfaceis considered to be black for al outcoming particles.

This and the previous approximation may be verified in the course of benchmark solution.

4.2 Model detector material structure (Table 5)

Genera geometry type Cdl type Zone Zone
number | materia

RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
INS
INS
COL

MD Model SPND

IR
KlE|Blo|o|~N|jo|a|s|w|N|-

=
w
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4.3 Functionals to be calculated
In the course of the electron-photon cal culations the following parameters should be calculated :

o Partid detector signalsJ (i) (i=1,2,. . .10) , dueto single neutron absorption, uniformly distributed
inside i-th emitter zone, are to be calcul ated.

o After that SPND electrical signal J can be calculated at each emitter burnup step using the formula:
10
N ma
J=2 J(i) Ry (i)
i=1

where RSh (l) is neutron absorption rate distribution through the emitter zones.

When using this formula, we assume, that depleted '*Rh is replaced by '*Pd, which has practicaly the
same properties with respect to electrons and photons, as *®Rh.

Tablesand formsfor resultsare presented in Appendix 1.



NEA/NSC/DOC(2005)31

Appendix 1

Results to be reported

Preferred format is EXCEL

The file with the results should be an EXCEL Workbook containing 18 sheets. Each shee to contain
onetable.

Table 6. '®Rh nuclide concentrations (in atoms/barn* cm) in the radial zones of the emitter versus
K1 assembly burnup

Zone Assembly burnup, MWd/kgHM
No |0 10 |20 |30 |40 |50 |60

Blo|o|Njo|u|s~wih e

Table 7. *Rh neutron absorption rate in radial zones of a1 cm long emitter segment
(in abs/sec/cm) versus K1 assembly burnup

Zone Assembly burnup, MWd/kgHM
No |0 10 |20 |30 |40 |50 |60

Blo|o|~Njo|u|swih e

10
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Table 8. Power of the 6 central pins and the SPND electrical signal (per 1 cm height
of assembly) versus K1 assembly burnup.

Assembly burnup Pins power SPND current
MWad/kgHM KW/cm pA/cm
0
10
20
30
40
50
60

Tables9— 11 for K2 assembly are similar to those for the K1 assembly

Table 12. Partial detector signals due to single neutron absorption, uniformly distributed
inside i-th emitter zone (per 1 cm long emitter segment)

Emitter zone No Partial detector signal in Coulomb/cm

Slo|o|N|o|u|s~w(n(e

Appendix 2

Detailsto be provided about the calculational scheme used.
Preferred format is WORD.

name of participant;

establishment of participant;

name of computer code(s) used including reference and short description of method;
basic data library version;

data processing code/method used to obtain the cross-section data used;

spectral calculations and data reduction methods used;

number of groups(fast, thermal)/continuous energy;

assumptions made for some cross-sections such as (n,2n);

self-shielding and mutual resonance shielding applied to which nuclides;

cell, lattice, etc. ca culation methods used;

. other information that would be helpful to identify possible sources of discrepancies, especially
deviations (possibly none) from the specification.

© © N o g s~ wDdhPRE

e =
= O

11



NEA/NSC/DOC(2005)31

Appendix 3

Schedule

September 2004 Distribution of the draft specification
End of November 2005 Distribution of the final specification

Gathering of first results from participants by RRC KI:

Month before the next meeting Sergey Gorodkov: ssg@adis.vver .kiae.ru

Next meeting Presentation of the results and preliminary analysis

Appendix 4
SPND benchmark results obtained with MCU code

These results were obtained quite recently after thorough recalculation. The difference with those
presented in Paris in June 2005 is of minor significance. Their presentation is intended for those
participants, who intend to solve only one part of this benchmark problem, either the one relative to
neutronics or to el ectron-photon.

Table 13. Partial detector signals due to single neutron absorption, uniformly distributed
inside i-th emitter zone (per 1 cm long emitter segment)

Emitter zone No Partial detector signal in Coulomb/cm
-3.843E-14
-4,290E-14
-4, 763E-14
-5.248E-14
-5.780E-14
-6.347E-14
-6.941E-14
-7.610E-14
-8.338E-14
-9.183E-14

Blolo|Njojalsw e

12



€T

OT+3aTv0’'s 0T+3ar/09 0T+36.69 oT+3ar8.L’.L 0T+3699'8 0T+3d0v9'6 TT+3¢cT'T ot
0T+3k0¢’s | O0T+39.T9 | OT+3/T0°L | OT+3a¥8L’. | OT+3S.T8 | OT+3ATESS | OT+3IAVIS'6 6
OT+30T€'S | OT+3dey29 | OT+3SS69 | O0T+3/0S°. | OT+3S0L°L | OT+3206°. | OT+3AVEL'S 8
0T+3ESY'S 0T+3actv’9 0T+3€699 0T+36/.€2 oT+3/¢ce’L 0T+38.€2 0T+3.2T'8 L
0T+3999'S | OT+360€9 | OT+3aV9F'9 | O0T+49969 | OT+30/.0°L | OT+3C0T’. | OT+3CS6°. 9
0T+38/9'S | OT+3r0€9 | OT+3A0KY'9 | O0T+38/89 | OT+3ATZ8'9 | OT+3SC89 | OT+3aV9S'L S
0T+38/S'S | OT+3dSET9 | OT+3ZTZ9 | OT+36899 | OT+3ACTLO | OT+3IESS9 | OT+30EC’. 14
0T+3¢C9'S | OT+30T6'S | OT+3aF/09 | OT+3dELE9Q | OT+36.F9 | OT+3S9C9 | OT+3ATI0°L €
0T+3¢€/9'S | 0T+36£8'S | OT+3d8809 | OT+30EKF9 | OT+3aATTY'9 | OT+3/9T9 | OT+3/20°L Z
0T+3S¢/.'S | OT+3006'S | OT+3CTT9 | OT+d6TC9 | OT+3E0F'9 | OT+36909 | OT+AEV99 T
09 0S ov 0¢ (074 0T 0 ON
IWHDBY/PMIA ‘dnuing Ajquisssy auoz
dnuung Ajquissse Ty snsieA (Lo/oassae Ul )
JuswBss Jeniwe Buo| wo T e Josauoz [eipel ulaes uondiosge uoinsu Yo, ‘ST a|qe.L
8/6T0°0 809200 0€EL00 09100 G60S0°0 Z¢TT900 1G2/00 0T
02200 688200 929¢00 65700 9€30°0 GG290°0 1G2/00 6
817200 06000 €8€0°0 GS90°'0 6/.¥50°0 9€€90°0 152100 8
GT920°0 0/2€00 886£0°0 T6/170°0 /18500 €6£90°0 152100 L
256200 60%7€0°0 80T10°0 /8700 919500 TEYO0'0 1S52/00 9
118200 €TSE00 #0200 €35610°0 90/50°0 29900 1G2/00 S
1G620°0 ¥29€00 ¥82v0°0 9T0S0°0 Tv/.S0°0 €8t90°0 1G2/00 14
0E0E00 69€0°0 8EE00 090500 ¢//S0°0 96%90°0 1S52/00 €
#60£0°0 7€/€0°0 98¢10'0 0TTS00 €T850°0 8739900 1S52/00 4
ZrTe00 ¥6/€0°0 0Si70°0 LETS00 2€850°0 €€3990°0 1G2/00 T
09 0S ov 0¢ (074 o] 0 ON
IWHDBY/PMIA ‘dnuing Ajquuisssy auoz

SNSJeA JOYI IS 8U) JO SBUOZ [e 1Pl 8U) Ul (WD 4Ueq/SWOTe UT) SUOITIUSOUOD 8P 1oNU Uy, T 9[0e L

1£(5002)00A/OSN/VAN

dnuing Ajquissse TH




14"

0T+388.'S | OT+3arvk'9 | OT+3IETEL | OT+3IET9L | OT+30S6°'L | OT+I6TT8 | OT+386C'8 ot
0T+38009 | OT+3S9%'9 | OT+dTPE'9 | OT+30TT'L | OT+3I6LT'L | OT+32E69 | 0T+362L9 6
0T+3/88'S | OT+38ES'9 | OT+3EEL9 | OT+3EBS'9 | OT+3ATCL9 | OT+A9TT9 | OT+3C0'9 8
0T+3eS6'S | OT+IAETF'9 | OT+398€9 | 0T+399C'9 | OT+dT8C'9 | 0T+3S/9S | OT+306S'S L
0T+39¢6'S | OT+3TSC'9 | OT+3ETC9 | OT+3aAVTO'9 | OT+39E6'S | OT+3aY'S | OT+3IVIE'S 9
0T+3S08'S | OT+329T9 | OT+3690'9 | OT+3206'S | OT+IESS'S | 0T+32CC’S | OT+ITVO'S )
0T+3629'S | OT+39YT9 | 0T+3L0L'S | OT+3ATTL'S | OT+3609'S | OT+3S0C'S | OT+IATI8Y 14
0T+3809'S | OT+3ATYT9 | OT+30OVP'S | OT+3IESS'S | OT+3dC6V'S | OT+dCEQS | OT+39CLY €
0T+3969'S | 0T+3¢S0'9 | OT+dTLE'S | OT+3ASKP'S | OT+3I6EC'S | OT+d0E8Y | OT+3IV.9Y [
OT+3TS9'S | OT+IEV8'S | O0T+39.€'S | OT+3609'S | OT+IVET'S | OT+3I8B8Y | OT+ILLSY T

09 0S or 0g 02 0] 0 ON

IWHBY/PMIA ‘dnuing Ajquiessy auo7
dnuing Ajquisssezy snsieA (Wo/oessae Ul )
JusWBss Jeniwe Buo| Wo T e JO SauoZ [elpel 8y} Ul 8rel uondioste uonnsu Y, */T a|qe L

129200 L92€00 ¥.6€0°0 Ev.00 7€550°0 99€90°0 15200 0]
996200 TZ9€00 0ger00 80500 99/500 705900 15200 6
L6TE00 8¥78€0°0 GeSY0'0 602500 968500 115900 1S¢/00 8
€8€e00 8T00°0 T6970°0 TVES0'0 866500 629900 1S¢/00 L
TZSE0'0 85T10°0 61870°0 6E1750°0 290900 999900 1S¢/00 9
2€9e00 9420’0 606100 8TSS00 €TT900 969900 15200 )
G200 €SEr00 9.61¥0°0 95500 TST900 67,900 15200 14
818€0°0 8Ei70'0 7€0S0°0 €T950°0 G8T790°0 ¥€.90°0 1S¢/00 €
LT6E0°0 TESK0'0 /60500 899500 12900 TS/90°0 1S¢/00 [
L16€00 995100 0€TS00 L0500 ¥€290°0 92900 15200 T

09 0S or 0g 02 0] 0 ON

IWHDBY/PMIA ‘dnuing Ajquuisssy auoz

SNSJeA JOYI IS 8U) JO SBUOZ [e1pel 8U) Ul (WD ,Ueq/SWOTe UT) SUOITIUSOUOD 8P 1oNU Uy, *9T 9|0 L

dnuung Ajquissse gy

1£(5002)00A/OSN/VAN




K1 assembly burnup.
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Table 18. . Power of the 6 central pins and the SPND electrical signal (per 1 cm height of assembly) versus

Assembly burnup Pins power SPND current
MWd/kgHM KW/cm pAlcm
0 1.072 0.05213
10 1.047 0.04643
20 1.042 0.04546
30 1.036 0.04407
40 1.030 0.04068
50 1.026 0.03797
60 1.022 0.03346

K2 assembly burnup.

Table 19 Power of the 6 central pins and the SPND electrical signal (per 1 cm height of assembly) versus

Assembly burnup Pins power SPND current
MWd/kgHM KW/cm pAlcm
0 1.130 0.03615
10 1.119 0.03698
20 1.110 0.03907
30 1.107 0.03920
40 1.098 0.03902
50 1.089 0.03882
60 1.074 0.03590
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