JAERI-Research Jroosozzo -
2000-017

FCAZ AW -Z(LHFASRIFD
KRR S S UHh

2000%3H

LIREE - S - MGRRE - B & - KIFIPEL

BEXEFODHRRPR
Japan Atomic Energy Research Institute




AVF— ML, BREFDHERHGARERICAT L TV AFEREE TS,

AFOMELEE, BAREF LTS RS ME (T319-1195 KR
HHEM) T, BHLBLIAS W, 28, ZoECHFEAETDILFEEEH X
= (T319-1195 FRWBAEEH B A AR T HRITN) CHEIZX 2EENA 4 B
IhoTEHIT,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research Information

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 2000
MR T FEAT HARL |- A 7EmT




JAERI-Research 2000-017

FCA% H 7z &b m AR DR SR B X U AT

HARBE T IR FE T i 7E T = 2 L F — 2 X7 AWFZEER
THE BB B G- IB O - B R KRN

(2000%F- 2 B 7 HH)

FRIBREL R W7o EHEIE OM7ED —B e LT, ELWBRE SR T O KOS B T
fix BHY L L 7obidd e 4 & IrER REREE (FCA) THVTUT- 2. AMRTIE, 2
(LB Bl 5 3 % B L 72 XIX-20F s BV TRIE L 2B R, WERUCEES & O'NaK
A FRICEMAICE LT, FCADBEFRMNT IARENIZAC OGN TV LB FEE A
BB RO, FOFHHEIZOWTRE Lz, BITOHK R, BREDOMITTIR, kD
FCAREALY BR8P A O C O ERN RIS T 5 TR R & IZIZFARDCENEL R
720 MCRYDE BUCEEM EO AT Tid. PulICEMEDE H Mo IZB L TZPLH LA 5
EEDPDICON TAKEMOMEM AT - 72, 72, Nak A FRICEMRE DT Tid. 4
LA L BRI BV THI0~20%D @ KFHI & 7% ) . IREIEATSCACHY 2 4808 LR IZ BV T C/E
BEANIED & VI BRI S N7z, FERMIE I S E&M EEVP P LRICBNT
bAREL, HEMEYr EOFERBEOHEREICMENrHLEEZ LN S,

WRFZEAT @ T319-1195 RIREIRE R R B B 4 B1R2-4
+ TR Y & —



JAERI-Research 2000-017

Critical Experiment and Analysis for Nitride Fuel Fast Reactor Using FCA

Masaki ANDOH, Susumu IIJIMA, Shigeaki OKAJIMA,
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 7, 2000)

As a research on FBR with new types of fuel, a series of experiments on a nitride fuel fast reactor
was carried out at Fast Critical Assembly (FCA) to evaluate the calculation accuracy on the neutronic
characteristics of the reactor. In this report, criticality, sample reactivity worth and sodium void
reactivity worth were measured in the FCA XIX-2 core simulating a nitride fuel fast reactor and were
analyzed using the standard analysis method for FCA fast reactor cores. The accuracy of the analysis
on the effective multiplication factor was the same as those of the other FCA cores. For the plate
sample reactivity worth, analysis on the radial distribution of plutonium plate reactivity worth
overestimated the measurement depending on the distance from the center of the core. For the
sodium void reactivity worth, the calculation overestimated the experimental value 10 to 20% at the
core center, while the overestimation was improved as the voided position was located at the core
boundary. It was found that the transport effect was considerable even at the center of the core. It
was considered that the calculation accuracy on the non-leakage term of the void reactivity worth and

transport correction should be improved.

Keywords: Nitride Fuel, Fast Reactor, Fast Critical Assembly, Criticality, Sample Worth, Sodium
Void Reactivity Worth

+ Center for Neutron Science
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Table 2-2 Criticality data for measurement of p_, at infinite power

Power Level Rod position Core

Ch. 5 Ch. 6 CR#1 CR#2 SR#4 temperature
(W) (A) (A) (mm) (mm) (mm) ()
2.5  0.5050E-7" 0.5005E-7  65.51 58.00 30.04 29.56
25  0.5039E-6 0.4999E-6 61.19 58.00 30.04 29.58
oo 60.60 58.00 30.04 29.58

* Read as 0.5050X 107,

** 0o means that the reactor power was extrapolated to infinite power using two
power levels; 2.5 (W) and 25 (W).

Table 2-3 Experimental results of kg in the XIX-2 assembly

Date of criticality JUN/4/1996
P., as built (p,) 5.096+0.002°
Corrections (p,)

Pr 0.95+0.01

P brawer -2.22+0.04

P 5.72+0.97

Psus -0.53+0.03
Corrected p,, (Py) 9.02+0.97

(107°Ak/K) 3.08+0.33
K. 1.00310.0003

* Experimental error.
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Table 2-4 Experimental results of the radial
distribution of the plutonium plate sample worth

Position” Reactivity worth
(mm) o)
0.0 -1.321 £0.008™
5.52 -1.269
11.04 -1.134
16.56 -0.943
22.08 -0.731
27.60 -0.521
33.12 -0.332

* Distance from the core center in R-direction.

** Experimental error.

Table 2-5 Experimental results of the plutonium
plate sample worth

Item Reactivity worth
(Py)

Pu(75) -0.100 +0.008"

Pu(81) 0.432

Pux4 -2.580

PuXx2 -1.327

EU93 -0.844

* Experimental error.

Table 2-6 Experimental results of the plate sample
reactivity worth measurements

Item Reactivity worth
(Py)
20%'°B,C -0.580 + 0.008"
90%'°B,C -2.160
EU19 0.670
DUO, -0.064
NU -0.116

* Experimental error.
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Table 2-7  Experimental results of the sodium void reactivity
worth (step void measurements)

Void region Distance from the Void reactivity worth
(Position ID) core center (mm) (Py)

Iz 2.54 0.102 +0.008"

2z 7.62 0.050

3z 12.70 -0.081

4z 17.78 -0.250

5z 22.86 -0.407

6z 27.94 -0.542

7z 33.02 -0.480

8z 38.10 -0.261

* Experimental error.

Table 2-8 Experimental results of the sodium void reactivity
worth (volume dependence measurements)

Void region Void reactivity worth
Py)
1z+2z 0.151 £0.008
1z~4z -0.172
1z~6z -1.193

* Experimental error.
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Fig. 2-1 Cell patterns of the FCA XIX-2 core
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Fig. 2-4 RZ-model of the FCA XIX-2 core
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Fig. 2-5 Comparison of the neutron spectrum at the core center between the FCA XVII-1 (MOX
FBR) and FCA XIX-2 cores
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Fig.2-6 Comparison of the adjoint neutron spectrum at the core center between the FCA XVII-1
(MOX FBR) and FCA XIX-2 cores
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Table 3-1 Comparison of the effective multiplication factor(k,,) between the
experiment and calculation.

K C/E
Experiment 1.0031+0.0003
Calculation’ 0.99952
0.9964

* XYZ 25group calculation (keff=0.98647) corrected with the transport effect:
Ratio between k_,’s calculated by the TWOTRAN-II and POPLARS codes with
RZ geometry 25 group; 1.01040/0.99721=1.01323.

Table 3-2  Comparison of the radial distribution of the plutonium plate sample
reactivity worth between the calculated and experimental values.

Position Expt. Calc. C/E

(mm) (10°Ak/k) (10*Ak/k)

0.0 451 +0.7%" -4.650 1.031

5.52 -4.33+0.8% -4.495 1.038
11.04 -3.87 +0.8% -4.054 1.048
16.56 322+ 09% -3.399 1.056
22.08 249+ 1% -2.632 1.057
27.60 -1.78 1% -1.872 1.052
33.12 -1.13 +2% -1.212 1.073

* Experimental error(relative error).

Table 3-3 Comparison of the plutonium plate sample reactivity worth
between the calculated and experimental values.

Item Expt. Calc. C/E
(10*Ak/k) (10*Ak/k)
Pu(75) -034+6% -0.257 0.756
Pu(81) 147 +1% 1.619 1.101
PuXx4 -8.80 +0.7% -9.227 1.049
Pux?2 -452+0.7% -4.625 1.023
EU93 -2.88 +0.9% -2.795 0.970

*Experimental error(relative error).
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Table 3-4  Comparison of the plate sample reactivity worths between the
calculated and experimental values.

Item Expt. Calc. C/E
(10*Ak/k) (10°Ak/k)
20%'°B,C -1.98+ 1% -1.898 0.959
90%'°B,C 736 £0.7% -7.240 0.984
EU19 2.28+ 1% 2.315 1.015
DUO, -0.22+9.6% -0.240 1.09
NU -0.40+ 5% -0.431 1.08

* Experimental error(relative error).

Table 3-5 Comparison of the step sodium void reactivity worth between the
calculated and experimental values.

Void region Distance from the Expt. Calc. C/E
(Position ID) core center (cm) (10*Ak/K) (10*Ak/k)

1z 2.54 035+6% 0.427 1.23
2z 7.62 0.17+ 12 0.193 1.12
3z 12.70 0.28+7 -0.252 0.91
4z 17.78 -0.85+2 -0.848 0.99
52 22.86 -1.39+2 -1.497 1.08
6z 27.94 -1.85+1 -2.085 1.13
7z 33.02 -1.64+1 -1.670 1.02
8z 38.10 -0.89+2 -0.9017 1.01

* Experimental error(relative error).
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Table 3-6  Transport effect for the leakage and non-leakage term of the
step sodium void reactivity worth.

Void region  Distance from the Transport effect”

(Position ID) core center (cm)  Leakage term  Non-leakage term

1z 2.54 1.354 0.566
2z 7.62 1.344 0.698
3z - 12,70 1.321 0.763
4z 17.78 1.267 0.791
5z 22.86 1.202 0.805
6z 27.94 1.084 0.812
7z 33.02 0.940 0.788
8z 38.10 0.926 0.762

* Ratio between the transport and diffusion calculation.

Table 3-7 Comparison of the volume dependency of sodium void
reactivity worth between the calculated and experimental

values.
Void region Expt. Calc. C/E
(Position ID) (10°*Ak/k) (10°*Ak/k)
1z+2z 052+ 6% 0.770 1.48
1z~4z -0.59 + 5% -0.281 0.48
1z~6z -4.07+1% -4.108 1.01

* Experimental error(relative error).
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EHIHEDOAME L ZRICWIET 5 UCEDE4 mx Ay, flHESEFEARELREE &
L7z 3RME 55, SEWROBEAECEMBR BEMB) O 3 KA DFEH (M3, m2,ml
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B RAETILA ORE BT M & L2 IKETO REM BB ENEL 72, A
D F FERRIC BT A GIHERMAE, FOmRE . B TIEROZEMEL. RERICEE K
D5, FLHH0.5X10%A). CR#IDNE 1X, 60.00(mm)iZFE%E LCR#2% HE Kl X 0 E
RAMFE L7, 2B, BIRESGROPLHPRBORL 23 MICTRELRE L, 516 50D
IR OFERE A PR L LTHRE Lz, 2B RBHO IF.GIREDE IS b5 H X
BEOELAEMII T4 v T4 7L, BohHE R IREMERK £ (p,/C) & L7z, i
HAEDFEFALE ¥ Table A-3 1R T BB, EAEIEE L 2IFEIL950TH - 72,

I/, SERBENEOBIISBEEOBREL ) HE OREMEREIIOVTLRD
FECIVRELL, 5 EERENS 4 AF»TTHRLRELZHSTEAIEZLED
SFIRCE DAL & REMERE £, (p, /C) E L7ze FLHTI05X10%A). 0.5X107
(A). 0.5X10°%A)D 3 HIZBWTENETIRERKE ROFY 2 W - 72, BEEAFIRIZE
VT A Hil iR O B AL E % Table A-4 127K T,

PEOBEEOMER . RAROBEMEGBKEILTOLY Ik LNz, b 200
CEHEIIBEOHAN TR LTS, AFEFTIE, FICREDO2VIRY) | BAIRETH
LA O BEE LA B EE LI KB CORERM AL (-0.0989+1.5%) *FAT 5,

£, (py/C)
T IR -0.0989+ 1.5 %
SBEEAE -0.0961+9.3 %

B, HENEET. BERETCOBRETII T4 v T4 v TEEISY B L, DHE®E
ETOHETIE, BEOHIEEELMEFIZ£005CE L REEIIZ+007T) . &F
FOSRE DM A7 & e I £ 0.028 p, L IRE L THEH L 72,

3) %A MR EREOHE
st FoFREXBLRICL, IRESKBOMMEIEEEE % 1.2mm, 0.8mm, 0.4mm, 0.0mm
PEAL S BOROER UCEDEY HIE L 72, FEHOHEMEICIZ, BETO M

PEICRBLTHAMMEA— FORRELFH L OOERALL, KHERTORERIE
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FEVImPBERGIE 7 it L 7o %54 T R BT IEAR BOHISE RS DB SR 77— & % Table A-5 12/R$
ﬁﬁﬂﬁ%ﬁﬂfm\%%%%T®ﬁ%@ﬁW®WW%MEL%@ﬁWW‘ IS FE #if 1E
ERTOT, HBONZEBBBICAT 2RE UCE ORIES 4 A0 ) b AFIREEIZE W2 &8
THOCTHON LM E 2 BH EMBEAIERE f, & L7

fo=-2.726%£9.2 % (p,/mm)

BERREIL, MEEHEORNERZL L T20.0lmmy, RECEOBEMREL LT
+0.028p, TN EHRE L THIL L7,

4) FEERICE 1 p,DHIE

FESUCEE 1p, % EEM DL EHE Nod (SR#4 ) D 30.04 mm 2> 5541H A (0.04 mm)
ITRE S, HOEMEER T, 2V FERE (U4 F) 2RkobZ Li2XVlIEL,
HIDRERERE I T, ORIEAS R % Table A-6 12777

HDEERE DS KD 72~ F F EFHEIZ LY KD - EBRIKFR DT rh 78
RARNICA L, BERISE 1 p, 215372

o

% i

1p,=3411061% (X10*Ak/K)

M%f%u ALy Tod v FIZLD T, DEBERAEE LT 20.5 sec B & UHIHEME
WEDBMARICEDRAL LTHREED A Fu— 730mmicxt LT+0.05SmmT % b b

Qn%%ﬁmLfﬁmLto

AWFFETid, Tomlinson'\Z & VEFMi SNz 7F— % (P HTHE FRY) BX O
Saphier D., et al’lZ & ) M S NABBEPHTANRY PV F— % (G@EPHTIC L 205
R, BEPETFEESE RO, pHTHREFEEPEFFIZ, 3K XYZ AR TRV
F25SEHLBGHEIC L VRO, FHHEOEREEO N-FERBRTHFES 1T 0@y T
H5b,

ERER N FEE B,=3.637X107

' Tomlinson L. : AERE-R 6993, "Delayed Neutron from Fission,”(1972).

* Saphier D., et al: Nucl. Sci. Eng., 62, 660, "Evaluated Delayed Neutron Spectra and Their Importance in
Reactor Calculations,”(1987).
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BTGPy 3T O & S ik st

Pprawer = ~2-22 £ 0.04 (py)

2) 51w i o R B S BE Al 1

1ESRNEE LIREETIE, BERICBWTHE LT 5 E &M & BEEl o5 Bile
Bk, £6AKOHEL, 05403 mm OB H Y. 72, FIHEEHIZIIES 0.8 mm O
S8 (A7 LVR) Bdbb, Ldo> T, WIRESKRIFEEREIH L L &, TAIOKH
OB I3, Gap=2.1+03mmDEEA H 5 Z LIl b, €I T, %A MEMMHIEREKLEH
VT Gap#0.0mmiZ L 22 BRICENIN S % SRR pg,, & KO Do Ll HEHRER, O
EO2% % ER LT,
Poap = Gap X,
=2.1(mm) x2.726(p0imm)
=5.72£097(p)

3) BIHAIREO AT » L ARG IE

Bk & B HEERETIREEH & BHMO5 I HANERIZES 0.8 mm X 2DAT Y LA
(F 20573g/em?) HibbH, TITRINDAT ¥ L ADRILEAMfpg %KD D, KBTI,
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BRI Lpgs& T 50 WEDHER, BIMCEpgugd A FTO L) ITKRD LN, 4B,
MERREE, ERBEICEDNERZE (£0.006p,) ZHE L TR,

Psus = -0.53 £0.03 (p,)

Table A-1 Criticality data for the reactivity calibration of the control rods

Rod position Temperature Gap
Step No. SR#4 CR#1 CR#2
(mm) (mm) (mm) ©) (10°mm)

1 0.04 151.48 0.07 29.63 -0.438
2 30.04 122.41 0.07 29.62 -0.398
3 0.04 122.41 29.75 29.61 -0.401
4 30.04 94.22 29.75 29.60 -0.428
5 0.04 94.22 58.00 29.61 -0.395
6 30.04 66.33 58.00 29.60 -0.433
7 0.04 66.33 86.08 29.60 -0.472
8 30.04 38.35 86.08 29.59 -0.439
9 0.04 38.35 114.27 29.58 -0.395
10 30.04 9.51 114.27 29.58 -0.440
11 0.04 9.51 143.23 29.56 -0.405
12 30.04 0.04 123.04 29.55 -0.446
13 0.04 0.04 152.17 29.56 -0.468
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Table A-2 Calibration curve of the control rods

Coefficients’ Control rod position (mm)

CR# | 0-20 20-80 80-110 110-150
m3 -7.1314E-7" -2.2009E-7  -8.8195E-8  -1.2936E-7
m2 1.0089E-4  4.4589E-5  1.8355E-5  3.0003E-5
ml 3.1176E-2  3.2921E-2  3.4558E-2  3.3491E-2
m0 -1.2472E-3  -1.3175E-2  -44786E-2  -1.3296E-2

CR#2 0-40 40-70 70-130 130-150
m3 -2.5573E-7  -1.0594E-7  -1.4619E-7 7.9715E-8
m2 5.0121E-5  2.4084E-5  3.4482E-5  -4.3133E-5
ml 3.2461E-2  3.3851E-2  3.2987E-2  4.1692E-2
mo0 -22725E-3  -24520E-2  -1.5595E-3  -3.1982E-1

* Coefficients are used as follows: Reactivity (p,)= m3X x*+m2 X x*+m1 X x+m0,
where x means the control rod position (mm).
** Read as -7.1314X 107,

Table A-3 Criticality data for the temperature coefficient measurement
(for the fitting procedure)

Step No. Time CR#2 position Temperature Gap Reactivity

(H:M:S) (mm) 9 (mm) excess(p,)’
1 11:50:00 91.709 24.44 -0.02220 5.2155
2 11:54:01 91.742 24.43 -0.02128 5.2192
3 12:00:00 91.779 2441 -0.02175 5.2192
4 12:05:00 91.804 24.39 -0.02104 5.2220
5 12:10:00 91.894 24.39 -0.02103 5.2253
6 12:15:00 91.868 24.37 -0.02162 5.2227
7 12:19:01 91.849 24.36 -0.02101 5.2237
8 12:25:14 91.940 2434 -0.02107 5.2268
9 12:30:01 91.954 24.33 -0.02107 5.2273
10 12:36:00 92.022 24 .31 -0.02142 5.2288
11 12:40:00 92.024 24.31 -0.02038 5.2317
12 12:45:01 92.068 24.29 -0.02108 5.2313

*  Gap is corrected to 0.0 mm.
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Table A-4 Criticality data for the temperature coefficient measurement

Power Core Control rod position Gap Reactivity
Date Lin #6 temperature CR#1] CR#2 excess
(A) () (mm) (mm) (10°mm) (Py)

531 0.5%X10°® 25.67 120.00 96.61 -0.02250 7.5282
0.5%107 25.64 120.00 4474 -0.02255 5.6814
0.5%X10° 25.56 120.00 39.65 -0.02237 5.5008

6/4 05%10® 30.28 120.00 82.76 -0.00216 7.0901
0.5X107 30.12 120.00 30.85 -0.00276 5.2460
0.5X10° 29.99 120.00 25.96 -0.00297 5.0758

* Gap is corrected to 0.0 mm.

Table A-5 Criticality data for the gap effect measurement

b)

Gap Gap Control rod position Core Reactivity
indicator” CR#1 CR#2 temperature excess”
(mm) (mm) (mm) (mm) (0) (Po)
1.20 1.00457 30.00 20.40 29.70 2.6429
0.80 0.61835 30.00 53.03 29.71 3.7878
0.37 0.21922 30.00 85.31 29.69 4.9361
0.04 -0.00037 30.00 102.19 29.67 5.5348

a) Indicated by the position indicator on the control panel.
b) Measured at each corner of the assembly and averaged.
¢) Temperature is corrected to 20.00 C.
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Table A-6 Measured doubling time (T},) and Period

Power level of Lin#6 T, Period
(A) (sec) (sec)
0.3X10° — 0.6X107 62.4
04X10°— 0.8X10°  62.6 and 62.8
Average 62.6 90.3

Table A-7 Criticality data for the measurement of pp....

The number of  Control rod position Core Gap Per P Drawer
MN drawers CR#1 CR#2  temperature
(FM) (mm) (mm) (C) (mm) (Po) (o)
123.5/123.5 60.00 90.85 24.14 -0.01856  5.5925£0.028
123/123 30.00 57.30 24.55 -0.01886  3.3686 +0.028
-2.224 £0.040

* Temperature is corrected to 20.00 ‘C and gap is corrected to 0.0 mm.
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RFBUGEE (p,) 1&. B - % AHEIf ALLR A & BB EM#RE I v TR | IS
L EHE BROZAL LTHIER A 50 o TREMEEOMERE Gp,) 1213,

SR GERIRINT BEEE TR TEET BLEND 2.

1) #l# - REEOMERREIOERT 527k

—

B #EREDFTHETAHE

HEREOT IRBUCEFHE T 554, K 4eWNo3 (SR#3) ~No.8 (SR#8) 13HIC
LIEARETH L, ZOLEOEEHEFAMBEBORZEIL, TEELIHIZOZ 2001 mmZ IR
ET b, M. HHENo. 1 (CR#1) . No.2 (CR#2) X2V Tid, BRASEEEICHA
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B - AMEO KISEMEY 1p, / 30mm & L. $l# - R EICRET 2555 (5p,,,
) BUFOLI ko bhs,

OpProg =0.07mm X 1 p,/30mm =0.0023 p,

B SHEEYERVELTHERITIHE

SUERETRVE L TGUERT) HEICIE., TEBFAMEDOREL, ¥k 1/l
& +0.02mm% KET b, HIHHE No. 1 (CR#1) . No2 (CR#2) ZD2WTid, it 14z
DX $0.10 mm 2 KET A, Lo T, &Lk (64) RUEHEE (24) Tid,
HEEHEONBERNMADBREIULTOL IR S,
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B - SO SUSEEMME S 1 p,/30mm & L. B - ZAHREICERT 252 (8p,,
) RUTFoX)ITkDLENE,
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B HEELRIRELTHEZIT)HE
BEMERE () % f,=-00961p,/C & LHa. REMRISERN S 2375 dp 13U
DEHIKDOLND,

8py= 0.05 T X 0.0961 p, /'C =+0.0048 p,

3) TAEMBEMIEIER T 5%

B EZEREBEOIIWETLHE

FERED T FHE L -BEBEROBRELY £0.000l mm LIRET S, ZDGE. BAE
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dpg =0.001 mm X 2.726 p, /mm = £ 0.0027 p,

M SEEELRIVELTNELT I SHE

DEMEEEBRVELTHUELT ) BECHEAEBRE K S (RS ELEEIE, 78
TEIED BATMBOBREL LT 2001 mm #KRET 5. ZOHA. %&HEBRHIEICE
R4 53855 dp 1. HA TR ERE (f;) % f;=-2726p,/mm & LT, LLFD X H Ik
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4) ¥

PEXy, AERICEOMESRZG, FHREOL TWETLHE,. —RORFKCE
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gz &

8p,, = /(0.0023)" +(0.0049)’ +(0.0027)’
= +0.0060p,

EY 5,
I, DEEEEREVELTHELIT)HEILR., —EORFKISEREIZD S

8p,, =+/(0.0050)" +(0.0048)" +(0.027)
= +0.028p,

E9 5,
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