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Doppler Effect Measurement in FCA Assembly XII-1

Shigeaki OKAJIMA and Takehiko MUKATYAMA

Department of Reactor Engineering

Tokai Research Establishment, JAERI

( Received December 23, 1985 }

Doppler reactivity worths of 238y and structural materials (iron and
nickel) were measured at the internal blanket and the core region in FCA
assembly XTT-1 which is the mock-up of a large axially heterogeneous core.
The measurements were also performed in sodium-voided core. The
experiments were carried out using the heated sample oscillation technique
with an accuracy of 1 x 10_7Ak/k. The range of temperature change was
from the room temperature up to 800°C. The analysis was made using the 70
group JFS-3-J2 data set and compared with the measured results. In the
internal blanket and the core region the calculation agrees well with the
measured values, on the other hand, in the socdium-veided core the

calculation for 238U underestimates the measurement by 10%.

Keywords: Doppler Effect Measurement, Large Axially Heterogeneous Core,

Fast Reactor, FCA Assembly XII-1, ZSSU, Structural Material, JES-3-J2
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I Xp

AMEICHE Loy v 7k, KRB o7 vt (NUO,), €EX#R Y5 (NUXEBLUP
OHEEMTEHE L (Fe), = o4 (Ni) THB, NUO, ENUH ¥ 7uvld, £ LHNUO,
Ny FENUSRLy 24 SUS 3048+ + 72 i L 76D THL, THHF v 7 it &
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HisgiclE Lo+ v 70k, BE8% 4 Table 2 1ITRT,

Table 2.1  Doppler Samples
Sample Material Frnrichment Diameter and length {Total U mass
(mm) (g)
NUQ»-25¢ Uo, Nat.U 25.0 x 150.0 604.8
NUO,—-209 U0 Nat.U 20.0 x 150.0 376.7
NU-254¢ U{metal) Nat.U 24,8 % 150.0 1346.7
Fe Fe - 25.7 x 158.0 647.5(Fe)
Ni Ni - 26.1 = 158.0 754 .6 (Ni)
2.2 ASEAHR

B AT o fo KT FCA M— 1 EaHTH Y, coX~ | REKI}, —EOFCAKSH
4 RFEHED B mIEE R B ERICE N TRE LS AELTH D, HamicE, PLicEE
Wem@DWI 7T V7 v SOFEEL, FAEBREELHIKES 3B ecm DAL, & oicZ OAAHCE
S35 cmDUAE TS Yy b BB, 7o, BAREICE, R0 cm @ RRE ORI
B AN L SRR E D B LS, RREERCHERTALOO N T4~ —HE (A
BOES 13em®d 7t =96 K745 —GAHEAUDES 10ecmD 95 ¥ F 74 ~—GHEMG
5B RS B &SI EFOSMNE, EX 23 amOBAN T 5 VA w P BB, PRITICNER
TS5 vy NRETEG Ao, RBEBICERE T S v o b SIELERO 200K E (R
TR~y FVESEE L, BEEENENTON v 75 - ROBEEPLE LI S, AlE

4..2_



JAERI—M 85— 218

BB, REOAS S « BT 2R7 P u~OfOfERs SOREDE M, + ¥ T v DR E Pl
HE ANy T T RIGEEEORE SEZELT, AT 7 vy PREETRBLIESVT, 4P
CBAIR T il E s A B 5 8 26 cmBE - oA I B W TRIE AT - 7.

X0, HEEEITETA K 7 - HROBEEAELT, F YT LFA FRBICETSF
Y75 A EIE L, HEME R, HESESNL I ICPLEETOMTEMELEL L L,
F ) AR FEROKNS SORFIC Y - Tid, Fo 77 —#hRAEDDHOERLAL
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Fig. 2 1ICR o O, ZAZNEERE (F ) 9 oK 4 FREEV) TORTHERL
Lt LD, K4 SEESAELLAICH0NT, BRRESLUF v 77 —RIGEEORE
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5T 5FE LTe
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Fig. 2.1 Effect of volume of sodium-voided region
on reaction rate and Doppler effect
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Fig. 2.2  Vertical cross sections of FCA assembly Xll-1 for Doppler experiment




Table 2.2

Dopple
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worth measurement in FCA assembly XII-1

r reactivity
Internal blanket {(IB.} ( Pos. 0.0m*)
Sample T('C) Experiment
EOE I IS R
NU0,-25¢ 20 -16.3 x 2.7
(U 604.8g) 20— 550 - 0.658 * ¢.015
20— B0OO - 0D.888 = 0.009
NUO,-200 20 - 7.5 + 2.7
(U 376.7g) 20~ 550 - 0.437 = 0.0L9
20~ B0O - 0.585 + 0.018
RU-250 20 -18.5 x 2.7
(U 1346.2g) | 20~ 550 - 1.37 + 0.017
20— 800 - 1.78 + 0.009
Fe 20 - 4.0 + 2.7
{ 547.5g) 20— 55¢C - 0.104 £ 0.017
20— 800 - 0.126 £ 0.008%
Ni 20 - 9.4 + 2.7
( 754.6g) 20— 55¢ _
20— 800 - 0.146 £ 0.018
Core ( Pes. 262.0m* )
Sample T('C) Experiment
X i¢" s o**
NUO.-25¢ 20 -15.3 + 2.7
(U 604. 8g) 20— 550 - 0.734 £ 0.018
20— BoO - 0.974 £ 0.011
HUO,.~200 20 - 6.8 + 2.7
(U 376.7g) 20— 550 - 0.454 £ 0.019
20— 800 - 0.611 £ @0.01t1
NU-25¢ 210 -18.6 + 2.7
(U 1346.2g) 20— 550 - 1.401 £ 0.020
20— 8040 - 1.818 + 0.4¢10
Fe 20 - 3.6 + 2.7
{ B47.5g} 20— 550 - 0.099 % 0.020
20— 380 - 0.135 = 0.016
Ni 20 - 6.8 + 2.7
{ 754.6g) 20— 550
20— 800
Na voided core { Pos. 262.0m*)
Sample T (c) Experiment
X 10° %5 *°
NUo,-25¢ 20 -10.8 + 2.7
(U 604, 8g) 20— 550 - 0.655 % 0.013
20— 8040 - 0.848 £ 0.015
Fe 20 - 3.5 + 2.7
{ 647.5g) 20— 550 - 0,115 = 0.012
20— 800 - 0.155 = 0.013

* W

distsnce from the center
2 .=0.0452 XA k/k

of the internal blanket
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WERNARDEDA S (Fy 75— r 7uEIGRY 5% O 2Egicol, 7w
ANUO, 373 NU T 554, REIFEEYREEEST H7DIFig 3 1ITRTLITES fifl
BoOMBELR—i—RvEFTITSD w2 WEHE AR Y, COR—N—kEFNMITLD
EAHBIEBCT, Fy 73— YTk iEh T v OAMBICE P LRI EE v s LTS
AR ZFOEROAR XS, BEEROKES T TREEHBITESEZELT, *
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% 2 EHEERE AR o, # 7w oofRG, AEICER L 7 e EREETRIETFRDE
LDNEES S T s LTHDIRY, e SEEREEE RS 1, # b U9 LKA FIREET DA
b FEEOEIHCL - TELrETAVEETE LI

S L SR OB TREE S Table 3 110, i BERTHS 2MTRE €7 1E
Fig. 3 2R g,
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Table 3.1

Atomic number densities used for calculation

{a} FCA assembly XII-1

JAERI - M

856 —218

(x 10**#/cm®)

Region | @ Core | @ IBRAB | @PD(92) | @PD(81) | ©®CRD | ®PWD | @EUD
Pu-239 | 0.10455 -— | 0.2091 | 0.2080 —— | 0.1568 —
Pu-240 | 0.00922 —— | 0.01843 |0.02564 | —— |0.01382 | ——
Pu-241 | 0.00048 —— | 0.00097 |0.00171 | — [0.00073 | —
Pu-242 | — 0. 00028

Am-241 | 0.00038 — 10.00076 |0.00150 | —— 10.00057 | —
U-235 | 0.00140 | 0.00316 | 0.00140 | 0.00140 | 0.4521 | 0.1144 | 0.2845
U-238 | 0.6869 | 0.9307 |0.6869 |0.6869 |0.03420.6954 | 0.6892
0 1.7038 | 1.7038 |1.3762 |1.3762 1.3762 | 1.3623
Na 0.7656 | 0.7656 | 0.7656 | 0.7656 —— | 0.7656 —
Al 0.2319 | 0.2169 | 0.0300 |0.0307 |1.8364|0.0225 |0.9082
Cr 0.3347 |0.3079 | 0.3615 |0.3624 |0.2936|0.3481 |0.1772
Fe 1.2351 |1.1304 |1.3397 |1.3431 |1.0684|1.2873 |0.6452
Ni 0.1530 - | 0.1396 :0.1664 |0.1666 |0.52750.1597 | 0.0772
C — — _— | — 3. 5969
Region | ®ABBL | @RBBL | @DU0O2 | (DMAIRIX

Pu-239 | — | — — —

Pu-240 | — | — — —

Pu-241 | — | — e —

Pu-242 | — | —— — —

Am241 | — | —— — —

U-235 | 0.0289{ 0.00840 | 0.00372 | ——

U~238 |3.9889 |4.0174 | 1.8317 -—

0 A R _ -

Na e — —_— _—

Al _ — e —

Cr 0.1846 | 0.1846 1 0.1772 | 0.1228

Fe 0.6722 ] 0.6722 1 0.6452 | 0.4473

Ni 0.0804 | 0.0804 | 0.0772 | 0.0535

C | - -

— 10




Table 3.1{continued)
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calculation

(b) Doppler samples,Empty Cans and Capsules

Atomic number densities used for

(x 10**#/cm®)
Sample | NUO.-25¢ | NUO.-20¢ | NU-204 Fe Ni
U-235 0.0150 0.0146 0. 0341 — —
U-238 2. 063 2.008 4, 667 — —
0 4.157 4. 045 —
Fe e —_— —_— 9. 483 —_—
Cr E— _— ——
Ni E— —_— 10. 51
Sample | Empty Can | Empty Can | Capsule 25 | Capsule 20
25 ¢ 20¢
U-235 — —_— —_— —
U-238 — —_ — —_—
0 r——— [ —_— —_—
Fe 0. 8485 1.114 1. 888 1.794
Cr 0. 2368 0.3109 0. 5185 0.4929
Ni 0.1105 0.1451 0. 3496 0.4198

ill —
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Sample Capsule Core
0 1.25 3.1 " 30.00
Fig. 3.1 Cell model for doppler reactivity worth
calculation
Z
(crn)n
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81.28 ®
(6
@
4572
39.20 —
33.70 ©\© ®
' :' 0] @@
18.70 ®le| @
13.20 t
b
10.16 (i ,
i @
oL - R
t3 114 } t 50577 75327 87258
1.250 29.381 42.360
@ Core @ EUCD
@ 1BxAB ABBL
@ PD (92) (8 RBBL
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& CRD @D MATRIX
® PUD

Fig. 32 RZ model of FCA assembly XII-1 for doppler
reactivity worth cafculation



JAERI-M 85 —218

3.2 HEERIFR

By o -y aliifan, BELIR LABSICAE SN A RINEELE, RELFITX
BROBEZEA(L (Ko 77 —%R) LRELFICHE Y Y 7 o0RBIRICE MU LUERCE
fbiz L ARIGEEL BREEDR) LOMTHS, Bk FCATHEINALY 77 -8R
LB TOBEDATH Y, COBREGCEAMBMMZIENREERICY oltd L L Hiy v
Sk, b TEEY B AEOREDLD T, FLEOHADEATH, F v T NOH T
NTEDEERCRLT A0, FRO LA ¥ oicd 2L HUWERERIENTEL G, £4T,
FTRICK D BB R A KT,

L NUO, — 25 ¢ % v 7 ATEZL S, D4 ¥ T OTARDS 25 mm ¢ X 150 mm L & HkaE
RIzEy, DEAFROBEEG, @AM XTEOMUIhsw, QFFEOPFRELT
GEekrhE T A v i DEic it L THIF TR D, 4 v TATDENSONHRPNEIETE
WTHD, BEOEHLY, BEIRCLIMERGEIHIMOSEELL LTI, TC
T 20°C~800°C ETHRELFLALBEO VY S aliBmoM 4L 13, REBERFRE o=
g.9x 107% °C™" AHVT,

dh=afy+ 4T
=99 % 107% x 150 x (800 — 20)
=116 (mm)
ThHh, e TiAREOEILE S 4V,
rx(125)% % 151.16

4V = — 1= 00077
% (125)2 % [5)

L0, 0OTTHOEERINTHL, L -T, COYY7VvORFEFEED, 0TT%RLT 5. ¥
v T RS E M & ARIBEZL (<1 X107 4k k) & FFEEER (LI LB RIGEA
f (~ax 1077 4k k) #RET3E, BECLARICEE{LOABREL, €T, TC
CHETHEETICL ARBEELEHEL Y RY, ThsBERDRE L, —RETHE
i kAL, NUOQ,— 25 ¢ # v 7or, 20 °C ~ 800 °C OiREE{Lic & 2 AL ¢ oa IR E
id, 38X 1077 4k k Thotie CNEFy 75 —ROFEMEICHT 5 BERIFRICL 2
Ffi & Lico FEEEC LT, 20°C~550°C, %50 NUO, —20 ¢ L UFNU— 25 ¢ iCx L
THREENRAERD, T, F RN TAEA FERTONUO, — 25 ¢+ 7t 20 Th
EEIES R A sk i, 106, MEMBEEICH LTHE, 209 ¥ 77— ZAHNUO, mEIiTh~T
INEOTEMS, BEIEMEE LTSS, AEREOHMREE L TFHsNLOT, &
TIRELERITHEL -7

3.3 EIEHERIER

A EEEA Table 3 200R L, EBREE BB L BT, v 7 vRIBEMELLT F o7
F-FBEENTHIEHSVTHNT 5,
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Table 3.2 Comparison of calculated and measured Doppler reactivity werths
in FCA assembly XII1-1

Internal blanket

- Sample T (*c) Experiment Calculation C/E
x 10"°Ak/k x 10°*Ak/k
NUO,-25¢ 20 -73.6 x12. 4 -60. 52 0.822
(U 604. 8g) 20— 550 - 2.897 + 0.07 - 3.173 1.07
20— 800 - 4,01 £ n.05 - 4.092 1.02
NUO,-200 20 -34.0 £12.4 -38. 38 1.129
(U 376.7g) 20— 550 -~ 1.98 = 0.09 - 2.03%6 1.03
20— 8040 - 2.689 £ 0.009 - 2.624 ¢.8758
NU-25¢ 20 -83.5 12.4 -93. 39 1.118
(U 1346.2g) | 20— 550 - 6.17 & 0.08 - 6.153 0.997
20— 800 - 8.02 £ 0.05 - 7.832 0.98%
Fe 20 -18.1 =%12.4 -24.01 1.327
{ 647.5g) 20— 550 - 0.47 £ 0.08 - 0.514 1.09
20— 800 - 0.57 £ 0.05 - 0.673 1.18
Ni 20 -42.4 £12.4 -52. 54 1.239
{( 754.8g) 20— 550 —_— - 0.3%80 —
20— 8090 - 0.66 £ 0.09 - 0.499 0.76
Core
Calculatien
Sample T Experiment® Doppler Expansicn C/E
(°c) effect effect
x 10°°Ak/k] x 107" Ak/k x 107*Ak/k
NUQ.-25¢ 20 -69.3 12.4 ~51. 55 0.744
{U 604.8g) | 20— 550 - 3.32 £ 0.09 - 3.058 - 0. 265 1.000
20— 800 - 4.40 £ 0.05 - 3.924 - 0. 386 0.980
NUQ,~20 20 -30.5 *12.4 -33.06 1.084
(U 376.7g) | 20— 550 - 2.05 + 0.09 - 1.933 - 0.175 1.028
. 20— 800 - 2.76 £ 0.05 - 2,479 - 0.285 0.981
NU-250, 20 -33.9 *£12.4 -91, 84 1.095
(U1346.2g) | 20—550 | - 6.33 £ 0.10 - 6.179 - 0.791 1.101
20— 800 - 8.22 £ 0.05 - 7.926 - 1.166 1.106
Fe 20 -16.2 *12.4 -21.12 1.304
( 647.5g) | 20— 580 - 0.45 = ¢.10 - 0,557 1.24
20— 800 - 0.61 £ 0.08 - 0._728 1.18
Ni 20 -30.7 =x12.4 - 44.92 1.463
{ 754.6g) | 20— 550 —_— _
20— 800 —_— —
Na voided core
Calculation
Sample T Experiment® Doppler Expansion C/E
{"Cc) effect effect
x 10°*Ak/k x 107 *Ak/k x 107%A%k/k
NU0.-25d 20 -48.7 =x12.14 -49. 26 1.011
(U 604.8g) | 20-550 | - 2.96 = 0.06 - 2.388 - Q.259 0.894
20— 800 - 3.83 = 0.07 - 3.0486 - 0.377 0.894
Fe 20 -15.6 *12.4 -22.37 1.434
{ 647.5g) | 20— 550 - 0.52 = 0.06 - 0,405 0.78
20— 800 - 0.70 = 0.06 - 0,527 0.75 i

* The measured values include the reactivity contribution of thermsl
expansion effect.
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Table 3.3 Comparison of the method of neutron spectrum calculation
for Doppler reactivity worths in the sodium voided core

C/E for Doppler reactivity worths

Sample
single region model devided region model
T(°C) for the Na voided core | for the Na voided core
NUO, —25¢
20°C 1.011 1.011
20—-550 °C 0.894 0. 906
20—3800 °C 0. 894 0.906
Fe
20°C 1.437 1.433
20—550 °C 0.78 0.78
20—800 °C 0.75 0.76
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Table A.1 F/R Calibration by substituticn method

Corrected
Step F/R Pos. C/R #2 Pos. C/R #2 Pos.
(mm) {mm) (tm)

1 0.15 144.60 144.60
2 40,00 140.97 140,86
3 79.99 137.19 136.97
4 120.00 133.15 132.84
5 159.99 129.14 128.72
6 0.15 145.16 144.60
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