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Reactivity Response Analyses for the Design of
Automatic Power Level Control System of Upgraded JRR-3

*

Taikan HARAMI, Tokunori MATSUZAKI*; Mutsumi UEMURA
Harumichi TSURUTA and Nobuaki ONISHI

Department of Research Reactor Qperation
Tokai Research Establishment, JAERI

( Received June 1, 1984 )

This reports the analytical results of transient responses
to inserted reactivities for the design of the automatic power
level control system of upgraded JRR-3.

The parameters of reactor kinetics, prempt neutron lifetime
and effective delayed neutron fraction, have been calculated
by neutron diffusion theory and perturbation theory using
the SRAC code system. Burn-up processes,reactor temperatures
and configurations of contrcl rods have been taken into account
in the calculation.

The transient responses of the automatic control system to

a step reactivity change of + 7.3 ¥ 10'4 Ak/k and a ramp

4 Ak/k/sec have been obtained

reactivity change of + 3.0 ¥ 107
by analogue computer.“ As the result, when a regulator rod
is used for the automatic power control, its driving velocity
has been designed to be 30 cm/min. It has been confirmed

that this designed control system can quickly respond to the

reactivity perturbations and maintain a desired power level.

Keywords: JRR-3, Automatic Control System, Reactor Kinetics,
Frompt Neutron Lifetime, Effective Delayed Neutron
Fraction, Neutron Diffusion Thecry, Perturbation Theory,
SRAC, Step Reactivity Change, Ramp Reactivity Change,

Analogue Computer, Regulator Rod

* Nihon Kohkan K.K.

** Computer Services Cooperation
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0 |14600-2114463-2/14266-2] 137332
L |32474-2|32474-23.2474-2]3.2474-2
W5 AR ¢ — F |20 |10945-3]1.0945-3 10945-3|1.0945-3
2383 14 3912 - 3|4.3912-3143912-3}43912-3

Al 1a7522-214.7522-2/47522-24.7522-2
YK £ AR EE AL |60038-2/60038-2160038-2160038~2
W R R BE K H |6.6627-2/66001-2:65101-2162671-2
0 [3.3313-2{33000-2/3.2550-2/31335-2
A Ha - 7 BEKL H O [24609-2(21406-221114 -2|20326-2
0 11.0804-2110703-2/1.0557-2{10163-2
AL |40566-2140566-24.0566-2|40566-2
ZAETL=F , gk | H 15635-215488-215277-2| 14707~ 2

A K da-T
0 |78175-3|77440-3176384-3/73533-2

AL 145949-2\4 5949-2J4.5949-2 45948 -2

¥
9 : 10043 X107 2 EHKT S,
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#3272 -4 PLARSEBEESE (Ady -7 3 78EM, 325K)
#OAE| (B BB E (4@ A/barn-cm)
H 67000 - 37
0 23499 - 3
AL 53944 - 2
«) 1 6.7000 X107 A BT 5
#3235 BREHEE (FE . barn+ cm )
=g E (K}
% 4% i
300 325 350 400
H 66627-2 166001-2{65/10t-2162671-2
0 23314-2 | 33000-2132550-2131336-2
#32 — 8 Be KHEFEEEFREFE (Be K EFH

BT L -7 7 el A,

326 K)

% g 8 KR E UBL bam. cm)
AL 4650 — 2

H 10032 -2

0 50160 - 3

Be 74262 - 2
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#3927 BB EE (BEKREE 1009,
% barn * cm)

3 A (K)
300 325 350

0 | 66396-2 65838-2] 6.4970 -2

C 33198-2| 32919-2 3.2485-2

%) :6.6396 X102 EHKT S

#£32 -8 LmBETEAESE (% . barm
cm 325K )

515‘3%1?& B 8 EEA

7K H 6.6001- 2
0 3.3000- 2
INT 2L Hy 4.4873 -2
Mg £ | H 6.6001 - 2
0 3.3000- 2
A KFH2-7"] AL 6.0039 - 2

S B Xy T H 6.6001 -2
0 3.3000-2
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BT (OB ¢ - L 2] - 1 57 |83 W AR (H,0)
Material  No 3 2 ! [ 2 3
Sub- region No. | 2 3 4 5 6
T - region No. I 2 3 4 5 6
R - region No. ! 2 } 3 3 4 5
X - region No. f
00 0114 0152 0190 0228 0266
——0114—0038--0038-+-0038--0Q038~—0.114 —]
mesh %C O Q) ®© @ ® )
B3 2—-1 AR RN S L
e s o' | B kTR
Material  No. | 2 3
T - region No. ! 2 3 4 5
R - region No. I ! ! 2 3
X -region No.[ ! i {
322 EERBHERFTEE 7

0.38

lcm)
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Mat

1,(2),
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(3) ¥R R
(4): 8 K

5): YANTL-F + 8K
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AR HLOPRBAAL] © — FEP) O - b £PRBH AL K ¥ (Ho0)

Material  No 3 2 | 2

Sub - region No. |

DD W

5
5
S

N
R LR [ N - N

2
T -~ regicn No. f 2
R - region No. ] 2

X - region No. i

0.0 o118 0157 0195 0233 0271 0.39

| |
{em)
~—0119 —r= 0.03&*~0.038*‘0.038‘J*0.038+-‘-—-O.I 19 ——J
mesh £ @ @ @ ® ©) ®

B3.2 -4 740 THBMERAE S F

w8 ', | s kT
Material  No. 1 2 3
T-region No. ! 2 3 4 5
R-region No. ! 1 2 3
X - region No. ! t |

R3.2-5 74o00B8HERHRT L
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BER et Be + AL D20 D,0
{Be7Z 7)) {100%BE) (100%& £)
Materigl No. 3 3
Zcne  No. 3 4
X-region No. 3 4
00 3!{.0 380 98.0
|
{cm)
— 26,4941 4506 —(~—7.0 —-——60.0—
mesh & ©) ®
=32 -7 Be, D, OB T E = 7 (MBI ER)
Standard  fuel Standard  fuel
[homogenized fuel] [hormogenized fuel]
7722 loos 536 05-lo12l-05do0s—7.72 -
Material No. ! 4 213 i
Sub-region Noff (2]|3({4|5|6; 7 |8 16{17 19202!2223‘24 25 126271 29’31)[3&233
T- region No/1[2|3|4|5]|6| 7 |8 B 16(7/17[telISH4 (13121111 10 1918 615(4(3(2(1
" ®28e 3(9E o [&[88~ HEERNEBEEERE S Qg7
meshf}’g{cmg@ggggg S |Sislsle 33—-—"50333‘6 c@ E@S—-@"
R - region No f 213 |4 5 6 S 4 |3 |
X-region No.
for CITATION ! 2 3 2 !
X - region No.
for TWOTRAN t 2 4 5 2 !
*)  B{Tcm
K32 -8 HEBEEEE T v
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3.3 FORGELHEEEH (L, 8o

DLORERR, FRCL - TEINEPRTENLLRDBRPUFEHSB o R o
CROEROELNGEE, % 0 MBE, HARCERCFORENOKEEMEL T,

3.3.1 BEEOHE

MmO 5 VRO FA = aDAEEKEEOREC LS RIBRERFERRE, MBS
BEEHSLALLOEEMAL, £3.3 - 1CRT, ROME, BERENRT 7 o 7HAR
CoN T, BREBE KT BB OSRMEEEOHBERERT

FLEE 325K T, HEAEL KRB Cs 2P LCB0T, MR EAOBME 5 0HIT
@Aﬁ%@z&gﬂf%ﬁ33—2m%ﬁ £33 -20EE, POBEESy s )Y IE
11357%x10 7% em®—F & LT, MEEAEA CERIHAEZT-ERTS %0
BOHESEL LT, MERCIH U THAR 7 Y7 ERAEL, k 4=1&8540K
BRI EAT ot TOBEEK3 I ~3TRT

3.32 HFLEEOCLE
0 B BT, BBEERIRsRBCs L, BEhiiL, B OFDLE

BEEEAE 3.3 —4iIT5RT,

3.3.3 HEBRELHEORE

3. 2.4 Talkim LA ;9V,ﬂ@%%%%ﬁ@ﬂ%ﬂﬁm@@ﬁﬁbmﬁwf,m%ﬁﬁ
(TWOTRAN £ 51 8#:iH. 1 SHE L ALY -BEEELZ 1IERT. ) TRD
pEIEEORLEMESERT L Lo, AR (CITATION itk 51 2EiE) O
HMaotmRAEHEEZRDD c12ﬁ®55.%ﬁmﬁmﬁé4ﬁmﬁb,ﬂ§@ﬁ%ﬁ%@%ﬁ
@énC@ﬂﬁfw,a®4o@ﬁmﬁ¢5%ﬁéﬁbb&ﬁibtcﬁ&B-sioﬁﬁﬁ
#ELTO15 %G,
ﬂ&B_lmﬁmﬁmﬁéﬁ%ﬁ%ﬁ?o@$ﬁ%®sanﬁ&srmﬂiﬁﬁﬂ@%?,Rrodm
WREETH D, £33 —6€, ThThoHAEBEDIKE, AN — VIR U TIT » 128
EbEER S RN TS, ENERTHETFHEOEERT CDBE, FORERIZSKT,
ﬁ&@ﬁU—Vﬁ%Kéé&Téoiﬁ.SarMZK%ﬂﬁ%ﬁ%Kéé%émﬁmT%t
BEEOE®EE %33 - TCRT .

33 4 BEFLEETERL, 8, DBHEE~DE
-uim@@ﬁ%f%t%n%n@z,g“f@mmowr HIE~OEE (27 v 7RI
10¢5@§ﬂﬁm§)%ﬁﬁb.%@%%%i&bf§&3~8mm?°ﬁ%uEmmKA
g a k¢ s Eint, 55, BEUREKA-20— FAHLTIT -l BEHR, 4.5 1THEN
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3.35 ¥#FLODL, §

FLOREBREE L, BOC, (E&HFBLIE) T1 8%, EOC. (CEEFELFE) TL26%
Thbd, CNODOBMEECHE ST L NRGETES,

JAERI-M 84-118

EREFEPHTEEEF 3.3~ 2TERL0

%E30BBBRECHILT 2MlLLEBHABTRD, ZO8RE2E3.3 -9 CRT,

UELRBI-BTRDL, §, POEFEFOOEERDDI L, £33 -100L5K
5o £33 -90LEKII -1 0DTNThoLLp ,,, DFLEBE~OBEEBLHANEER
ZRIZI-11ECRT, BAETFEHEACELERME 7 V- Y FLTEPROKRE B8,

E—7 B3 tAEEE 0,

DAYS

MWD

$235-%

1D

NAME

W~ AW —

10

12
]
14
15

DAYS 3.
6.
U235-% L

MWD

10

ugs
uos
yos
PUS
PUO
P
PU2
XES
SM9
F5§
F55
F5R
FSR
F3s
FIR

NAME

L~ NN Bl —

10

uos
uos
uos
PUY
PUC
Pu 1
Ptr2
XES
SM9
F5N
F5s
F5R
FON
F85
FOR

#3311

CBRBEICH S WHEEO AL

R Nt

U235-%

1. 094E-03
0.0

(]
w
m
1
b=
Ot

CLOCO0ODOLo0OO R
COCOOCCoOmOC

. 00QE-03

1. 093E-03
1. 865E-07
4.391E-03
1. 210€E-07
4.780E- 11
4 260E-14
6.480E-18
I. 26CE-08
3 597E-09
1. 409E-06
3. 459E-07
4. 255E-09
1 430E-10
3.738E-11
. 032E-13

. 00Q00CE-03 5. G0000E-03

73 O A

3.44700E-04 1.72369E+00 3.44342E+00 3.52185E+0% 1.09818E+02 1 BY743E+02

6. 89372E+00 3.44594E401 6. B9516E+01 6. 36796E+02 2 14384E+03 3.67909E+03

1. 00000E-02 I 0OCCOE-01 3.00000E-0I 5. 0000CE-0O1
000E-03 1 0D00E-02 1.0C0E-0! 3.000F -0f 5.000E-01
OBYE-03 1.0B4E-03 9.851E-04 7 663E-04 5. 476E-04
JB6BE-OT [ 874E-06 | BG5E-05 5. 494F-05 8. 937E-05
39TE-03 4 390E-03 4 377E-03 4. 345F-03 4. 307E-03
202E-07 1. 241E-06 1. 167E-05 2.931E-05 3.895E-05
235E-09 4,954E-03 4.640F-07 3.457E-06 7. 776E-06
49BE-12 4 432E-11 4.236E-08 9.742E-07 3. 569E-06
185€-15 6 TAGE-14 6.913E-10 5. 734F-08 4. 609E-07
276E-0B [.273E-08 [ 206E-08 1 D2BE-08 8. 062E-09
925E-08 6,228E—0B B.954E-08 7 542E-08 5. 853E-08
042E-06 1 40BE-05 1 40BE-04 4. 226E-04 7.049E-04
T27E-06 3.451E-06 3.403E-05 9.B47E-05 | S64E-04
03BE-08 3.867E-08 | 68TE-07 1. 4B5E-07 1. 044§-07
- 6BSE-09 1 4B85E-08 | 512E-06 1. 4iBE-Q5 4 239E-05
-623€-10 3. 87BE-0% 3.907E~07 3. 568E-06 1. 030E-05
-S41E-12 9. 702E-12 4 325E-10 1 382E-09 I 959E-09
44952E-01 1 72498E+00 3. 45{95E+00 3.52370E+01 | Q9BI3E+)2 1 B960IE+02

83875E+(0
C0000E-03

1. 094E-03
0
91g-03

[cNaNeReRoRoNoRoYalrNal Nl

3
0
4]
0
0
0
0
0
0
o]
0
4]
o]

(=]

3.44850E+01

5. 00GOCE-03

. 000E-02

1. 093E-03
|. 855E~07
4.391€-03
1. 185E-07
4. 630E- 11
4 0ITE-14
6

_.24._

6.97102E+02 2. [4337E+03 3.
3.00000E-01 5.

-000E-01

BTSH5TE+C3

0OQ00E-01

6.90C19E+01
1. 00000E-02 1 OOO0QOE-01
.000g-03 {1 00OE-02 | QOOE-OH
.0B9YE-03 | 0B4E-03 5 851E-04
. 3I7E-07 | B64E-06 | BS5S5E-05
.391E~03 4. 390E-03 4. 37TE-03
CO7{E-07 | 215E-06 1. A43E-0Q5
{96E-09 4. 79BE-09 4. 507E-07
182€-12 4. 17BE-11 4. QQ2E~08
939E~15 6. 386E-14 6 518E-10
269E-08 . 266E-08 §.199E-08
.923E-08 6 220E-08 B, 91BE-08
Q48E-06 | 409%-05 1. 409E~04
728€-06 3. 454E-06 3 407E-05
O3BE-08 3 BG7E-08 . 67 TE-07
. 585E-09 1| 445E-08 | 4TIE-06
- 365E-10 3. 773E-09 3. BO3E-07
. 47I1E~12 9. 429E-12 4. |B3E-10

663E-C4
467 E-Q5
346E-03
876E-05

. 3TIE-06

252 E-07
433 E-08
021E-0B

.502E-08
. 229E-04
. B62E-05
.4T3E-07
. 381E-05
.477E-06
. 334E-09

476E-04

- 900€-05

J09E-03
826E-05
650£-086
41Q0E-06
392€~07

. 998E-09
. 824E-08

054E-04
567E-04
036E-07

- 131E-05
. 005E-05

894E-09
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2332  f, B. OHEEKERE
W %) L (sec)|  Beff ket
0 |1167x0% 7.559x10°] 1.199
i (142x10%| 7546x10°| 1.143
10 (16ax10%| 74340107 1111
30 | 232x1G% | 7 185x10°| 1041
50 1332x10%] 6.917x10°] 0946
’ (325K}
£3.3-3 (. 8. OBBEEKELE
sz Bl%) L (sec) Bett Keff Buckling (cm2)
0 le577x10°|8004x10% 1016 3455107
1 7110x10°%1 7863x10°| 1.015 2.75x107°
10 |7727x10°7692x107% 1.008 2.45x107°
30 |1086x10%7257x10° 1.011 1.50x107
50 1931x10%6.783x10% 1.002 50 x 10°
(325K )
#3314 0, 8. OEREKRTEHE
2 BI(K)| L (sec)| Retf ket
300 | 1164xi1G% 7539x1G° 1202
325 | 1167x10% 7559x10% 1199
350 | 1.184x10% 7566x10° 1.193
400% |1232x10% 7585x10° 1177
(74~ V¥F )

(k5 AEPFT 2 I0EAKIE T b LTwan

IR E v A)
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#£3.3-5 HHBAERASEORE

FE F ORI 2 o2k st £
TWOTRAN 1=z 5 [feft| 1172 1.258 |nksr| 0.0856
+5 & (IBEFE1H)| P |14.70%akk| 20.50%skk|ap | 580%aksk
EEC '
o2
fgfmfkeff t 154 1240 k| 0.086
CITATION = 0.20 | P [13.37%ak/k| 1937%akAK a2 | 6.00%ak/k
SRR EE kett! 1156 .240 k| 0.084
(12z2etmy| 015
: P 113.53%ak/k] 1937%ak/k|aP | 584%ak/k
510 kett| 1159 1240 ks 0.0 81
' P 113.75%ak/k|1937%Ak/klap ! 5.52%ak/k

#3.3-6 R EL & O %

| 4P Fq1L ]

5 R | L (set) Beft Keff Pi%ak/k)

(2#zH|22%)

FOIFOIF.0l1167x10% 7559x103] 1199 16 60

FOIFIIF.I[1197x10% 7654x103] 1034 3.29

FIIFOIFT{1275x10% 7826x103 1019 | 86

FIIFTIFOl1279x10% 7614103 1011 109

FIFIIF 113271079 7607x10% 0917 | -905
(74 4PN 2325K )

(FO: 2511 F 1. .27XN)

#3317 g, B i DBEERE
(Sa rodeslk&EMNE)

moE B L (sec) Bets Kett
0 1197x10% | 7654x10°% 1.034
i 1174 x10%{ 7640x10°] 0987

10 1194x10% | 7528x10°] 0959

30 1255x10% | 7.278x1C0°| 0894

50 |1343x10°| 7012x0%| 0809
(325K )
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£3.35-8 FLOHRBTERLL, 0. OBBEADE
A 4 Bett |0 05speatd)
g ok Al permied 60 103 RERIENL AT
0% | 300K| 23175 | 1.164sec| 7559 |21.B7MK 66mse
325 | £33 | 1167 7559 | 2187 | 66
A7 A | 1327 7607 |2184 | 72
Sa2%3/5%3| 1197 7654 | 21.84 | 67
S 253113 1.275 7626 | 2184 | 71
R 283i%3| 1.279 7614 {2185 | 70
350 | A2 &2 1184 7566 |21.87 | 67
400 | A3l 2| 1232 7586 |21.86 | 69
10 | 325 |4 3173 1.164 7434 2188 | 63
So 2K21AR% 1.194 7528 | 2186 | 64
30 1325 | A& 33 1232 7185 {2196 | T
Sq 28313 1255 7278 2193 | 73
50 | 325 | A 33| 1332 6.912 | 2206 | 86
Sa2431E2| 1343 7012 | 2203 | 86
(%fP : Sa.S ik Rrod 28 o+ 23RN MEHY Mo
455 100 1T REANKEHINE S )
£33-9 TRFLODREUIERSEDERDETHE (£33 -25D)
Epewip e ey #BRFEFTETEAL
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HEGEMCARNCRE SN2 BRI TREEZDLT,
EFRECHIRFHPOREERDIGE, EFRELZERLLT, ThhooFhiFL
WEHKICEBRECE-T, ¥oREBLEDAEZRDNEFIVEICTEIEMNTE S, t =0



JAERI -M 84-118

ke (FDEEdn, C DEEKRAn, C, &FT5) copshe, KLEERNL
rEEoOBEsLOEHE

N = =10, . C. = C.Cy
: 1, C o
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L
o :
£n0:2»lCiU {6)

o 8
- Nte—— +— % C, 6
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BESGEN, C, .t K2WTAY— ¥ TERDESICTI N,
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#4.2.1 B Fc Bl g B BB

mmendlr e | 5 & |BmER LA T e 0Bk
2 ) {sec} (sec} \j {sect) (707 PN FRTLPN AR FETPN R A
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£ (sec) (17 10419 wgt 22 x10°
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e N BERE E RS EEOMBEN 44 -9 CET. H10E DAEEEOBE LR
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MTE S,
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RN E 9F €
73x16% ak 7k
o | 2 3 4 5 6 7 88 9 i0
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0 t 2 3 4 5 6 7 8 910
L 1

i 1 1 | | | |
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