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Report on Result of Special test of
Fast Experimental Reactor 'JOYO"

Isothermal Reactivity Coefficient and
Flow Rate Reactivity Coefficient

Makoto SASAKI*, Soju SUZUKI*
and Akira SHONO*

Abstract

The isothermal reactivity coefficient and the flow rate reactivity
coefficieﬁt of the Fast‘Breeder Reactor "JOYO" were meésured during
the power ascension.test of 50 Mw. After 4 years operation, the core
configuration of ”JOYO" was increased to 79 from 70 subassemblies.

The present experiment was intended to search the age effect for
the above reactivity coefficients.

The results obtained were as follows.
< Isothermal reactivity coefficient >
(1) The present value measured ((-3.85 + 0.17) x 10—3° % Ak/k/°C)
shows good agreement with the design value and the value
measured previously. _ ‘ :
(2) The age effect and the effect caused by the anomaly of the
- power reactivity coeffecient are not found.
< Coolant flow rate reactivity coefficient >
(1) The reactivity change caused by changing of the flow rates
in primary sodium loop (100% to 20%) was (-8.2710.7) x 10~ /Ak/k
This value is about 1/10 of the design value and 1/3 of the

measured value before the 75 MW power ascension test.

(2) The detailed analysis is needed to eearch‘the relation between

the anomaly of the power reactivity coefficient and the above
change of this coefficient..

* Technology Section, Fast Experimental Reactor Div., OEC
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Fig. 2.2 Horizontal Cross Sectional View of Reactor Core
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Table 3.1 Process for Measurement of Isothermal

Reactivity Coefficient
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630 o.::usem:-oa 0.17397041E20 0.33238750E-02 0.17135334E+0
540 0.32422048E-02 0. 17728491E+0 0.31801870€-02 0.17461033E+0
§50 0.30950273E-02 6. 18045378E+0! . 1813€-02 €. 1777I058E 40
$60 0.29445060E-02 0.18347368E+0 «29103868E-02 0.39071165E+0
$70 0.27013440E-02 0.18634195E+0 0.37674271E-82 0. 18I55084E+0
£80 0.26262224E-02 0.180056582E+0 . aeum-u 0.18624583E+0
$90 0.24798403E-02 0.19161306E+8 0.24774005E-02 0.18879614C48
600 0.23228945€~¢ .. "!ﬁﬁ“ 0.2318664E-02 - 0.1932602
610 0.21661378E-02 .. 0.21850832€6-02___ 0. 19345932E+0
620 0.20102520E-02 © 0.1883478SE4D 0.804130156-02 0.10657257E 49
630 .1856063 0. +8 ©.18981200E-02 0.15764200E 01
640 0.17042758E-02 0.20206060E +8 0.17670963E-02 +18836972E 48
650 €.15856061E-02 0.20369053E+0 +16183ST6E-0 0.20105686E+0
669 0.14110687E~02 0.20517340E40 +14840066E-02 0.202608E8E+0
&7 0.12712197E-02 0.20651407€+0 0.13531670E~02 0.20402632€ 40
S biEmmed | Ramasd sheesn e
700 0.888R7280E-€I  0.2097379TE 0.091012008-03 .

Table 3.2

Fitting Result of DIF & ROD Worth
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‘Table 3 3 Calibration Result of Thermocouples

1K 2REGEFRAEMEXRLESLR

(1981 £ 10.4 31 B LIK)

| | RIEMRE R - EHE)
i) 5 £ (8 RIBES | WEKS | EALHH 8 | o8 | W o=
: 231.9°C | 327.5°C | 419.6°C
: (A) ‘ 1980. 12 | + 0.9 -01 0.0 |
FFHAOA |TE3L1I-TA 034359 : K @ 3)
, (B) - + 1.0 0.0 | +0.1
TN 1980.12 |+ 13 | +01 | +0.4
FF4FEADOB |TE31.1-7B | 034360 : G 3)
‘ (B) ! + 1.0 00 | +03 E
(A 1980. 12 + 1.9 +0.8 + 1.1
FEFFEHOA [TE3L1-1A 034357 ‘ GE3)
(B) ! + 1.1 00| +03
‘ A 1980.12 | + 2.1 +1.1 | +15
FFHFEHOB |TE3L1-1B 034358 \ GE3)
B) ! +12 | +02 | +03 ‘
IHXA 2RAD | TE312-4A | 034361 | 1980.12 | + 10 | ~01 | +02 (3)
IHX(B) 22k AQ | TE31.2 - 4B 034362 1989- 12 | +16 | +03 | +0.5
IHX(A) 240 | TE31.2-5A | 034363 1989- 12 1 +16 | +07] +0.38
IHX(B) 22k 0 | TE31.2 - 5B 034364 | 1980.12 | + 18 [ +0.7 [ +038
DHX(A AD |[TE31.2-1A | ABS846505 197912 [ + 19 [ +11[ +14
DHX (B AO | TE31.2-1B | AB846506 197?- 12| +19 | +09] +1.2
DHX(1A) D)) TE31.2-2A-1| AB846502 | 1979.12 | + 33 | +26| +27 )
DHX(2A) tHO| TE31.2-2A-2| AB846501 197?- 121 +20 | +13| +1.2
DHX (1B ) 40| TE31.2-2B-1{ AB8/4503 197%'. 12| +38 | +32[ +32
DHX (2B ) t40| TE31.2~2B-2| AB 846504 19739. 121 +34 | +27| +26
DHX(A) 0 | TE31.2~3A | AB 846507 ,197?. 12/ +13 [ +04] +05
DHX(B) 0 | TE31.2-3B | AB846508| 1979.12 | + 15 | +05] +0.7
(F) 1. RFFEHAD, THX HADRHAES, DHX tHA DL 1979 4 12 B I U /- @y,

ﬁ%ﬁmADm,2E@¢.

2. #HHDOR%0.3 C’F:ﬁiﬂibto
3. TEHEE4, WE5BWizicks N 7 PAEMIEL:, {HL, 250 Cf‘hﬁ:’C‘@b yz l\i’i’%)ﬁlc

L7

(1981.10.31)
4. ESHUHUBHREEIC L 282428 EEBICMEL 720 ( 1981 10.31)

(A) bm‘wmzﬂzm.

(B) 7 ~-4a#h-,
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Fig.3.1 Flow for Measurement
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Fig. 3.1 Flow for Measurement (cont’d)
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Fig. 3.2 Flow for Measurement of Critical Point
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b RB OB

—RFHEM Na BTFHHA O TGEE & E TR BRSE OMFKE Table 4. 1 1077
FFIFTIERED 250 T 5 170 TEOMIT 1415, 170 T 5 250 COMIT 9 MORSE 7 —
2187

4.1 FRRS BRI | |
Table 4. 1 DRIEF — 5 2B LT, FPFATYEE L FLORBKISEOMEEFig. 4 1 i
2 ‘ | o x
 FFFEEE 250 TP 170 CATHRBO ¥~ 5 (R 100 B5) 10855, ChE0F
~ o BRNZREIC L ), FFFTEN ((C) LIFOABRISHE 0 (BAK) OME AR,

KA L1z, B
o (t)‘=--3.888\4><1‘0'a t + 3.054, CVNIL'D) (4.1)
X, FFFFHEE 170 TH 5 250 T ORBISORIE 7 — 5 K120 5, FRICEIF ORI
2518 bh i |
b (1) =—3865 X 107t + 3041, (HAk/K) (4.2)

(41) (4.2) Kb, FREKIEL

delt)

T = T38X 107234 1070 (BAk/k /T) (4.3)
dolt) | - s ‘ |
m =—386; X 107° £ 124, % 107° ($Ak./k/C) (4.4)
%181,
oT, PHOSERIEERK
dd': ) 387, x 107 £ 2650 x 10°° (HLk /k./C)

TEA5N 3,
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L2 mERHAM -
Table 4. 1KRLIHIET -5 2 BEL, —RFNEH Na Hift & IFORBEILHE & OBIR%

Fig. 4. 2 IT5Rd, |
HREME LTH, EICNE OEEER,

o (£) =—101s X107*f + 209, %Ak k %Rk a 250C  (4.5)
0 (f)=— 1240 % 10~ f +240; %Ak k %’ a 170°C  (4.6)

B THORRENE,

0 Lizex 072010107 BAKK/BHE 4T)

%1%‘750 :
100 BB & 0% HREOF ORBRUSEEE, 170 CR 250 CRLEELR, #2¢* ©
&77’30 ‘ . ‘

* 1$ = 05%Akk (1¢ =0005 Ak k)
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4.3 ﬂ@#*ﬁﬁm&ﬁ%%ﬁ‘ _ .

ﬁ?ﬁ~&%»mMNa®¢ﬁﬁﬁrmtazwcmhwr %ﬁﬁl 2EIF e FIy
U, $IH LBRNEMBEAIIC £ 3 FEORISE LR/ L T 5, AR, 1020
' b%c&:ﬁﬂ#lloto (Fig.4.1, Table 4.1)

COBREEML, 41 HTROLSREAMEBRET 5L,

do (t)
df

nonl,

=—2385X 10" £1.66: X 10~* (BAk/k/CT) (4.8)
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Table 4 1 -Summary Data of Critical Point

Nod -1
: E R 7 -y B B :
' 56410 H2H~10A2H

=1 577 L/SONHER | ARBEEMOE | AREHECR [BEEbo0 |FHADFE |FIHAONa | 250CHHL | & & |#ESHH

é MEHE8 |RR1| RR2| RR1|RR2 | RR1 | RR2 |fEIstE  |4Na@m gfﬁfﬁg RBIRGE '

= (mm) | (mm)| (mm) { (mm) | (mm) { (nm) [(BAk k) o =(BAKK) (BAK k) | (#) (MWD )
1-1| 912 14:50| -381 | -381 | 3500 | 461.7 | 3501 | 4618 | 1.7456 2459, | -00153 | 17303 | 20 -
2-1| 9725 20
4-1| 1072 10:26| -373 | -375 | 3500 | 388.3 | 3493 | 3878 | 20736 9522, | +0.0085 2.0821 19.34,

2.0808 +0.0085 2.0893
4-2 11:37) 3500 | 387.6 | 3493 | 387.1 | 20840 2511, | +0.0043 2.0883 49.13,
4-3 12:00 350.0 | 3825 | 349.3 | 3890 | 20753 2515, | +0.0053 20811 | 1037,
4-4|10/2 13:51|-373 | -375 | 3500 | 378.8| 3493 | 3783 | 212454 | 2387 102.92
4-5 14:45 350.0 | 370.2 | 3493 | 3697 | 21643, 229.2 103.52
4-6 15:44 350.0 | 362.9 | 3493 | 3624 | 21981, 219.6 103.42
4-1 16:41 350.0 | 354.5 | 3493 | 3540 | 22371, 210.4 104.15
4-8 17:45 350.0 | 345.9 | 3493 | 3454 | 22770, | 2002 104.07
4-9 18:51 3500 | 337.2 | 3493 | 3367 | 23172, 190.5 _ 104.04 -
SEEN: -3TTX10 Ak & C (Eih HRRSERE) HISEREL - -1.54% 107 % A k/k /MWD |
5 % ¥ L/S ON I % - 38.0 mm iCiR#E4L ' '

(5F 2}

77 b

(5F 2)
SR

8€-2¢8 TV6NL-IONd

-
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Table 4. 1 Summary Data of Critical Point (cont’d )

M4 -2 -
E R v - s B =B -
56F10A28~10A3H
7 | 77L/SONKIE| REMERCR| BEWHERE | BEEHo0 | FUADTE | FHADNa | 170 CHIE| % & | MRSty
i BEHS |RR1 | RR2 [RR1| RRZ | RR1 | RR2 | At | taNadmer g%m AR N
5| mm) | mm) | @mm) | (mm) | mm) | mm) | EAk/K)| (C) |- (BAAW| FBAkK)| (%) (MWD )
4-10(10/2 19:45] -373 | -375 | 3500 | 3289 | 349.3 | 3284 | 23554, | 1797 | 1947 |
4-11 20:48 350.0 | 321.0 | 3493 | 3205 | 23915, | 1701, | +0.000 23921 | 1039,
4-12 21:41 3500 | 3168 | 3493 | 3163 | 24107, | 167.6 -00090 | 24017 | 1837,
4-13 22:30 3500 | 3163 | 3493 | 3158 | 24129, | 1664, | -00133 | 23997 4890,
4-14 23:32 3500 | 3182 | 3493 | 3177 | 24043, | 1664, | -00134 | 23910 1042,
~379 | -380 | 3500 | 3182 | 3499 | 3182 | 23992, | 1664, | -0.0134 | 23858
4-15/10/3 0:37 | -379 |-380 | 3500 | 3232 | 3499 | 3232 | 23764, | 1721, 104.82

SEEH: - 377X 10 B ALk C (EHHRREEHT)
5 5% L/S ON &% - 38.0 mm ici#s{E

ﬁﬁ%ﬁ:;5MX1U*%k/k/MWD

86-78 IvGNL—QNd




P )

7 +F L/S ON fIiE#% -38.0mm Iz 814k

Table 41 Summary Data of Critical Point (cont’d )
No 4 -3
E /& 7 4 g &
S64£10A3H~10838
5 7/7L/SONHIE| REHEAILE | UM ENS | Bedro0| 5 ADE | SHAONa | 20 CHIBIL|ch.17H0E_=mm
;{ # 5E B B RR1{ RR2 | RR1| RR2| RR1 RR 2 ﬁ%ﬁm ¥INa 8B m FBPUE f
5 (mm) ! mm) | um) | (mm){ (mm) | (mm) [(HAk k) «C) -@Ak/k) BAkK)| (eps) § (MWD )
4-16 |1073 1:33] -3791 -380 | 3500 | 3289 | 349.9 | 3289 2.3502, 179.04 104.31 é
4-17 3:04 350.0 | 3382 | 3499 | 3382 2.3074 4 189.5, 103.24 g
4-18 4:40 "350.0 | 3463 | 3499 | 3463 2.2700, 199.5, 104.24
4-19 6:25 350.0 | 3543 | 349.9 | 3543 2.23294 20894 103.45
4-20 8:38 350.0 | 3635 3499 | 3635 2.1902, 220.15 103.38
4-21 10: 40 350.0 | 3706 | 349.9 | 3706 2.1573, 2294, 102.56
4-21-2 12:04| -379 | -380 | 350.0 | 3757 3499 | 375.7 2.1337, 23504 102,39
4-22 13:15 350.0 | 3798 | 349.9 | 3768 21147, 239.8¢ 102.57
4-22-2 14:51 350.0 | 3839 | 3499 | 3839 2.0958, 24494 10274
4-23 17:38 350.0 | 391.3 | 349.9 | 3913 2.0618, 203.3¢ 101.72
-387| -390 | 350.0 | 391.3| 3497 | 3923 2.0582, 253.3¢
FEREH -3 7Tx 10 B Ak k/C UEHARREERIE) MIERE - - 5.54 X 10*FB Ak kMWD

8€-28 TV6NL-ONd

e e = S e e A o S S A T — e . T T —————— ——
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FORMRIGE (% 4k/k )

2.40

2.30

220

$2C

—R%NaBfE —RRKR
250C— 170C  100%
170C —+ 250C  100%
250C, 170C  50%

p(t) = -3.8887"t + 3.054, o 250C, 170C 20%
(% 4k/k )

Plt) =—3.865;°t +3.041,
» & 4k k)

UEH HRER —g—;’- =—3.77 X10°% 4k /k/C)

, 2RE
! ! ! i 1 ! 1 I ' /d§ﬁ§§3ﬁ§%

170 180 190 200 210 220 230 240 250}\\2260

EFFTSEE  (C)

Fig. 4.1 Relation between Sodium Temperature andr Reactivity Worth
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O 250C 7 -
2,005 |- |
\ . A 170C 7 -4
| | | - 2.405
\ 5;:(;) =~1.247 " £+2.404 for 170C
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. 2000 | .
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(=]

® ] S
) A 2.400 -
] o (-]
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] P ~d
- ‘ ) s
8 PUf) = =1017*f +2.003\_ 3
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Fig. 4.2 Relation between Sodium Flow Rate and
Reactivity Worth
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5.1 MEF -5 OEMEL \ o

(HE MAMEIRELD 5, ARREICHE SNBRFRIEE Table 5.1, 6.2 CRd, £
DR, FHREFSORBRAEAMVAEL TS 60, 50 MW FLOHT LR RERBOS
(Rt~ 3.77 X 10° Lk /k /C) TH%, HORBROAMICFLORBRKISEARD, 22
DOBOLBEAMTHY, MEARASDE, W SAMOMEETSD, HEMEL+5
ccﬁbn‘tu\fxu\o | : |

BRICRSTOSED 5, ﬁb@mk&U‘mﬂmﬁﬁoﬁﬁwﬁat%ﬁﬁﬁmﬁﬁﬁ"
fLiRESAE, X, %MwmumﬂhﬁﬁﬁﬁwiLf&hﬁﬁﬁiﬁ&mwot SR
DELLRbOI TN,

Tmmssmm m&%ﬁmowrﬁ&@MEﬂ%%ﬁtoma%ﬁuowru,#mm&ﬁ"
TALEBUS ~& 7~ 5 BMODTHETE MO, TEMWHLOM ERRBAIRT, (A%
V3 INSCR -t ETE B, CORRMMAICES bOMIE, BERETSHS,
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5.2 FITE M ByM (B0 HAE |
FEMMBAHA £ Table 5 4 XU 5. 5 IR, BATIE 150 TH S 250 TOMDHFEFHMIL,
(-365% 1.63) X 10 BAk/k/CTHBHL LARS TV B0 #»T, FRBTOMENM
€385£017) X107 B Ak C RY, Table 5. 1ICRENTOHMEMEE, T OBHED
BRI E - TV Bo X, AHRROMEME BHOAMIL R, 55 BLAT—KLTHS,
Mﬁﬂ&ﬁﬁza?imﬁfﬂ:n:ﬂﬁ5&mf£§:ftgma&§-t-frﬁ>&1‘able 5.6 BRUF 5. TICRY, BaHEIZ, &
EIAIE L 7 EAC P 5 RIGEERALRIC LT, LOMAE 1 C & 5 B
BB, 100 e 50% HROMO RIGEELROBRIHEI ~978 X 10~ BAK /k TH b,
AEDMETE, (-87~=172) X10 *BAk/k Th ko COBODRER, BHHHH
SOMW HiFIRIEEHRIC L1 bDTH B DKL, KMENBHHIRETSEC LI LEDH
L&D, CRLDRMET — 5 b5 S MIHRS L, o
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Table 5.1 Measured Isothermal Reactivity Coefficients

, PR i) E % #
o E B M ' F 8B & ¥ , —
x ¥ i1 S | & K @& B z O {
' & x 107° % Ak/k MW C
50 MW FI8H47.C 64 -3.67 0 170 < 250 HER 20, 100%
i LRAR 70 -3177 0~2 260 — 300
| -3.87 0~ 2 302 — 345
-3.71 0~ 2 342 — 352
-3.77 * 0.02 0 170 « 250 WER 20, 100%
El1v44o0 71 '

_ FB2H4o0 72 _
15MW ) LR 73 -3.7 ~ 2 310—350—370 | fitting 8% <0.3¢
| | -38 ~ 2 370 — 355 |

-40 ~0 270 — 285
BLHAo0 75 -3.17 0~ 2 260 — 370 | fitting B£<0.6 ¢
E2HAon 76 -39 0~ 2 270 — 350
E3VA o0 77 -40 0~ 2 250 — 350
a4 o0 77 -39 0~ 2 - 250 — 320
ES5HA70 78 -4.0 0~ 2 250 — 350
BHEARTI I 79 -385 * 017

170 250

1¢=5x107"%Ak/k

8€-2¢8 TV6NL-ONd
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Table 5.2 Measured Isothermal Reactivity Coefficients

by changing of Inlet Na Temperature (on power )

' ' HELHRE . R i E & #
B OE B M E 8 & ¥
x ® H 51 & E @ @A Z D
, ' & x 107 % Ak/k MW , c
50 MW i ERAE 70 - 35 15 364« 375
A - 3.86 25 364 « 375
75 MW i LRE 73 40 50 270, 275, 280, 285

8€—¢8 TV6NL-ONd




Table 5.3 Measured Reactivity Exchange caused by
Coolant Flow Rate Exchange
L CTRY:3 al iE #
U T REEKZ{& :
x % i wo' & M = o
173 10 % Ak /k MW , %
50 MW £ HR%R 70 - 10 £ 15 0 20— 50
-30 £ 15 0 20— 100
LR 70 - 134 37.6 100~ 77.8
| - 30 0 20— 100
75 MW i LR 73 - 355 0 17.4 = 100
+ 63 50 90> 100
Bly4on 75 + 20t 25 0 20— 50
- 85+t 25 0 57— 100
- 60 %25 0 20— 100
HHEARY 1 70 78 - 8220 0 20— 100 RFFRE 250 C
- ~107 * 2.0 0 20 — 100 »ImT

8¢-28 TV6NL-ONd
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‘Table 5.4 Nominal Value of Isothermal
Reactivity Coéfficients (Design)

" R ¥ & # ¥ (-100°4kk/C)
20 ~ 100 °C  100~250 °C  250~370 °C 370 ~5E 4

T 0.31 0.32 0.34 037
RCRE IR 2.87 1.29 136 1,47
Mo M R 0.14 0.15 0.15 0.16
THEREOEE | 092 0.94 0.98 -
B G MM | 425 2t 2.83 2.00
F 75 -8 128 0.95 073 0.24

@ it 552 3.65 3.56 2.24
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Table 5. 5 Design Value‘ of Isothermal
| Reactivity Coefficient (150 ‘C~ 250 °C)

" R LZHREM (- 1074k 'k /C)
, , 150 ~ 250 °C
- 3 TR S R 057 ~ 014
WO M R R 1.78 ~ 0.75
moE MR 0.20 ~ 0.10
THLHROM R 156 ~ 041
i & & 3t 411 ~ 1.39
Mo 75 ~33 117 ~ 0.63
# it 528 ~ 202
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Table 5,6 Coolant Flow Rate Reactivity
Coetticient ( Design )

(4k/k/dF/F x107*)
W 7
- 50 MW 100 MW |
150 %~ 120 % 5.4 10.0
120 %~ 110 % 6.7 153 , .
110 %~ 100 % 9.3 16.0
100 %~ 90 % 9.4 19.2
90 ¥~ 80 % 16.2 283
80 %~ 50% 24.0 44
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Table 5.7 Reactivity Exchange cansed by

Coolant Flow Rate Change

‘ RIGRE &L dk/k x 107°
it H 7 50 MW 100 MW
150 % 322 61,2
120 % 16,0 311
110 % 9.3 16.0
100 % 0 0
90 % -9.4 -19.2
80 % -256 -47.5
50 % -97.8 -179.7
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) FEAML (-3851017) % 107 % dk Kk CTHY, BWiHEE &£ —BLio

2) HFREMICHIL TIE, HECSHILEZED SR -1,
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