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REARA: Reactor Kinetic Analysis Program for Various Events
of Reactivity Insertion

Satoshi SHIMAKAWA | Toshio TABATA and Bunsaku KOMUKAI

Department of JMTR
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
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The analog computers have been widely adopted for reactor kinetic analysis because of an
advantage on the treatment of simultaneity to solve a reactor behavior with a strong time-dependence.
The analog analysis was generally utilized in stability characterization during reactor operation.
However there are many limitations on the analog computer to solve reactivity insertion events, which
have multiple modes or non-liner time dependence. In addition, the analog computer must be
restructured by changing electrical circuits in the case of parametrical analysis and it takes long time
even for small change of analysis condition. For such reasons, the analog analysis has been genenally
utilized for solving typical and simple reactivity insertion mode.

A digital program, called REARA (REActivity Response Analysis program), has been
developed for easy and quick analysis for complex reactivity insertion events.  This program is based
on the method with one after another solution for a pointkinetic equation with six groups of delayed
neutron precursors. Complex events can be analyzed including the automatic control rod system
and/or reactivity feedback from reactor coolant temperature change. Optional mode is installed to
simulate a reactor response in the pulsed neutron source experiment. The program is useful as an
educational tool in the training of reactor operators, since the outputs can be shown in graphical
display with digital meter.

The calculated results by the digital program agreed well with ones by analog computer.
This program can significantly reduce the preparation time for calculations and give various additional
information on reactor kinetics.

Keywords : Reactor Kinetics, Computer Code, JMTR, Reactivity Insertion, Control Rod, Pulsed
Neutron Source Experiment
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RV FFOFFEFRLRY, Ry 2 77 Ren)@ERMKIND,

A = Log((N(t)+1)-n,)/(N(t-At)+1)-n,) / At

= Log((n(t)/n,-n,)/(n(t-At)/n-n,)) / At
= Log((n(t)-1)/(n(t-At)-1) / At



JAERI—Data/Code 99—045

10:ENRFHFREER ()]s (BREEOMH o« =8 ,/A)
BREAMFETHEOEBIC L 2FHEFEESOFELXHRLI-H D,

(21) Y@ &/ ME
BWiEE AN
A SRR D BAEA 1000 L FTHBH Z &
(22) Y dil D B KAl
BEE AN
A 7 RR C BENETHLH L
(23) Rt
l:

&

PANDAN S Y
T % O3 S oo

7
RO 7ay "NTET—FOEH
QO)EFT
(31) Y&/ ME
QRHERLT
(32) Yl DR KMl
QYHLFET
(33) Rt
23 LR T
40y 7my 57— DK
QROYEFRT
(41) Y #h D R/ME
QDHERT
(42) Y@ DB K&
22)&R LT
(43) B
23k mEL



JAERI—Data/Code 99045

52 HHHHEA

HAE, Bl ECHRRTEETFT—F L7 7ANMIE U TENRBTFT—ERHY, EHEmEHi
A OBEERTRE, BEERE, vy MRECHTEX &M TETENS (ANHEH
OXRTHNL 532 8% BR)

—H, FoTINDT 7 ANEI RV T XX MNERDT7 7 AL THY, 77 A NV4
iIX. DUMP.TXT TH b, 77 A NMVHAAOHNEZLUTIIRT,

HEEZMHE  1~31TH
Beff, A, FUSERAL, FVINBUSE., EUNRIGERRE, ITA E— K
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REACTIVITY RESPONGE ANALYSED PROGEAM  ver. 1.0 P&GE-L
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] f REACTIVITY UNIT < %dle ke 13) REACTIVITY SPEED + Q. 000>
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¢} 8UT) CONTRGL ROD Ton U
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aun need to chanze paramster (v/n) 9

(2) AJJHEE 2 © ECEERTIROT —FHOEMEEANTE 22—

REACTIVITY RESPONGE ANALYSES PROGRAM  ver 1.0 PAGE-2

C&AﬁHICb CONDITIONS DATA PLOT (¥-AXIS) CUNDITIONS

{1} OVER WRITING -ons Pbﬁffl'

{’} WURBER OF PLOT DATA 3 0) DATA NANE < ning ¥

(3} EIGITﬁu HETER ! : (213 MIN. VALIE < < 3. QQOE~1>

(4} X~2XIS MESH S { 2) WAX., VALUE + 1. 300E+00>

(B} Y-4XIS MESH S {23) FLOT COLOR < ¥ >

{8} MAX & MIN SEARCH
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(113 MIN. TINE {s) . Q.00B+00. (32) MAX. VALUE < 1.200E+02>
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h3, 72770, BFFEORSEHMIST 2 RERERITT 5 LT, ZhbolBIIRENE
DT E RIZTH LIRS, £, SEOT VAT ESATIUL, FHAEL
An SIS b IS BRI R EERE OB EOT — Z B HBICBI I LA TE
B END, THa BT TEORETE,

RSA MY v 7 BRFATRERL LT, KH2ICAT v 7RKGEE(CIZR T 5 FEh 1R
BRA)DE B2, M3 ICENBETHETEEPBNHOEEELTT, EHFHEFHARR(A)
12 10X 10" ~1.0X10% &\ o7 1 OfFORBEAOCEENREL TH, RIGCERMERDOH D
MhERYRRERBINTT, BERRE~OEROEMIIEEBERIESR, —F, B
BREPHFEIAP DB EBIIRE L, 7.0X107 ~8.0X10° LW 272§ 15%DEE T, FH
AOBKEEEEMS RS LI EICEL L, EEREBAOEROBERMLOTNTHIMER-
T M &R,
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X 5icAa— RIZ L AR EZTRT, BT TIX, BRE— FOREBIIMKINR2W=D,
AHBEHEPCIZE—EOHUETORENR O D0, PHFEEREKAITERE (Z0BE.
Beff=0.007677, A=4.27X 10-5 72D T, BIFEHFHFHERTEI169s' TH D) Zxt L T, K
LEHINEREERRT, SVADOARIL, Ims THDH O TERFHTF OHFEMITLSTHSH
Bon, BEREREIIEKRE— FOREBEZEND L O ITH-DICAHE (0ms AL 72
v, BIEREEZEET 5 L BRPHFOFMILASTHIICEN LTS VENREIZR-
TW3, 2079, R6 AT LI ICARHBERITZTHRBMELEL 1695 LR>TNBHHD
O, FERR L &L BICERTHTOIRBKRELARY, PHFAEEERATIRPHFRE
DB L FENE LD, —F. PHTEEMREOERPHETFRITEOEELINY RV
T TEEREK, ThbbATn S T ATREIICER L7 EPHFEERK 1T, B
MEEZFRUL 169s' T—E LD, KB EE, PHFAFBRERKALGIRPHTEERK
ERHELUTRIET S EIXRETHS, Al T AL THRONDE T —F0 0, F
ANV ZAD AR BIEFT BRI UETEITEOEMOE, T2bb AR P ERR
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HOMNEERIIBITOIBRIUFORBERARDI LM FAREERD, HIXET, BRFHES1
BEOBAITIT, 1B LI BRBHFFEMOMAH 100ms L7225 b, EARAE— FOX
BEFE 12~25ms TIXEBR—ERE L 20 | ZOFHMEITERME 169 s IZHEVME 1675" &

B, —H. LVEBISEVERML R HBRTHT 6 BEOBREIZIE. BSMHEUE6ROE
R FHEMNEE IR, ERKT— FOMREH TOEEMETERME LY 5 10%/)
X 159s' LB, TOMENEBRFHTOFETHY, ERTHONPHFEEREL
WETAZ2ICL Y, NRPHEFRERKEZRD, ERZEBRME T A —F Beff/ AL HEE

THIENTED,

7. &

U

Hx ORCEMMMER LS CMIT T 5707 F . REARA #HFE L, A7 07T A
BEOZLICE 0, BRI AT O O LELRERYRE KIBICERT S LA AL
5, LEREMHR L, BEFRHEROFEMOMBROEM R HREBLBIIRADIHEY —
BTN B 7T I SRBCRRRE ERBTAEOONETH D, FITEROZY
M, THa @it ORBALBRIE LT, A7 07T A XA RITR I EET — 2 N
OMIZ. FSAATVLVAERECY S 7 4 AIVEBRERBBRST UVINA—F ERRTEHT L
b, BT ERT I -OORFFEGRR AT IaL—YarTu s T8 LTHR
BT&%, 2O/l IL2ERTHILICLY., HROTFa VO DICKNEL S
A EMEEIE L IC B SRR A MBEMNICHNTEX, SHIXEESRRAMERELIREG
THIENTED,

M OB
BhEMEARATICRE LTIk, PR E v ¥ — - FERE K20 RZ ITBHEZ V20
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HE [ BEARMBHERERICTRENEEWE, Uk, BLTHEEZRLET,
BEIM
D EE,. BIIBRF, RESEE, XBFE;"7THe SHER LS JMTR OB&4#ET —ME
UKL E U4Fds—", private communication

2) S.Shimakawa et,al, “Critical Experiment of JMTRC MEU Cores (II)”, Proceedings of 8th International

Meeting of RERTR, (1985)
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PC98 PC-AT Macintosh
Pentium I Pentium 11 PowerPC G3
SR AT IRE REINR AL 300MHz 450MHz 400MHz
A8 77 IR FE AR A8 7) %
50 ms 2 1 16 133
10 ms 5 3 60 522
1 ms 38 21 486 4586

FEHT X R =10s

fRATOXRE LI-FFEIZ. 1 0B TH D,

PC98 & AVVI-35-A . MRATHERMEAS 10ms THAIVLERFM 10s D5 D 55 THFTNET
T35, BHREREIEE Ims IZ LIZ3EMARAT CH, #9 40s THATIZSE T 75, PCI8 & AV HLIT,
+SE ORI TCRITTX B, . 2 M AL Ter— REV 22—V EBERTEZEITLED,
25 0EER ENERTE B,

PC-AT B Tix, MATEFREINE % 50ms 12 L2 R-S I RIS WV E CRITTE 2 b0
D, FEATEERINE 10ms TiX 1 DREOBHTREMZE T 2, 7 X MIAVW = PC-AT E#ET,
PCOSIZLERT ISERED T v vy VAN HHHDD, NSSBASICTI 2L — 3 il &k
HEBELEBFEFICRENI RIS,

Macintosh 1%, FRATEFREIE Z 50ms 2 U T AR TORBATIIARTRE/Z2 D T, [EMEZRIT %
ITHIIARAMETHD, GEE{LOBRERIET S LW o8B RERANRYLEZD
ns,

FRNTIRE DBREEENIT., YRR 7u T ARESEORERICLIALOTH S,
NSSBASIC TEMN7-A7 1 7 F A% Microsoft Visial Basic ZIZBM T IX, PC-AT A ¥
ATt PC98 T NSSBASIC # iV 25/ L RABREDOHITERE X TH LT5ZLBRED D,

¥ 7-. Macintosh D& T, REALbasic(Macintosh i Visial Basic B E 3B ICBHE T
i, WindowsOS T3 =2 b—3 32 & NSSBASIC =X 2 L—a VOmMENLERIND -
B, PCIS TOMMTE F%E S L XFNULDOEELRBTRFRETHDE EELBND,
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EERBAR S &S HEE

xR 1 SIEAH B L OB &2 SIEHH RN %5 SIiEgAE
= % W i 5 C i 5 | HEE | 32 5
& N L m %, %, B | min, h, d 10 x 2 % E
-1 B|+or 5. kg B, 9, B °, " 0%~ 7 P
By fil B s Yoo b |l L 10 5 T
& wil7v v ~ 7 A N vt 10° | ¥ & G
ﬂ/‘]’“{—"(m‘ilﬁ oo v v K EBEF AL b eV 10® A # M
moH R V| mol AR | u O S B
* BlHh v 57 7 cd 10? ~ 7 b h
F @ mls v v rad 1 eV=1.60218x 10"1°J 0|7 #| da
ik A 2FIVTY sr 1 u=1.66054% 10" kg LU I d
10| &£ v F c
107? N D] m
*3 EHEOLHAE & SIHTHL 0| 242a u
x4 SIEHICEENIC .
| 10 + / n
# 5 o |ws | ROSEE H1E L B H O A
B i |~ n~ V| Hz| s %K @5 107 72 &b f
7] = a2 - b v N m-kg/52 1‘77"ZI~D—L\ ;\ 10_” T r a
E h, & BHlv =2 #H | Pa| N/m? ,~ - < b _
Tink— ftH, M| Y 2 - 4| J | Nm ~ = !l bar (i)
THE, KM HERIV » | W| Js #H W Gal 1. #1—5(3 ERHAR] Bo KR EE
E5 8., BNl - o v C A-s £ L0y - Ci ER&R 1985 Hiric k5, 72720, 1eV
&, B, £BH K o | V| WA v v ob oy v R BLU 1 uDffiid CODATA 0 1986 #52
B & & ®B|/7 » 7 F| F C/v 5 IS rad I L 72y
# %A K mjx - 4| Q| V/A % A rem .
2V Fg s8R |Y— R YRS A/V 2. RAWCREBE, /o9 b, TN, ~I %
i oy = — ~| Wb| Vs 1 A=0.1 nm=10"""m —nbEFTNTVEHAFEOEALDNTE
W % ® E|Fy =z 7| T Wb/m? 1 b=100 fm?= 1028 m* ZTREBL I,
A0y s v A N Y ) — 1 WhA | bar—0.1 MPaz10°Pa 3 bari, JISTHHEOENERDTH
vy REBE |[vrvozE] C 1 Gal=1cm/s? =10"2m/s’ AKBRDR20DH 7 ) —ICHHSh T
¥ Riv — A V| Im cd-sr 2
2 1Ci=3.7x10"°B °
" v 7 A x| Im/m A 4 ECHRPHEAISH T bar, barnbk
" &t e |~ 2 L oo Bq g™! 1 R=2.58x10 C/kg‘ . . . .
< A U (e ) mmHg #&2D47 53
w N o ® Bl v A4 Gy J/kg irad=1cGy=10"Gy CRARTLE
w B Y ®B|lv-—-~wtr| Sy J/kg l1rem=1cSv=10 *Sv °
e B *
71| N(=10°dyn) kgf 1bf [t | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 /) 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
5 € 1Pa-s(N.s/m?)=10P(#7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 107 | 1.31579 x 107¢ 1 1.93368 x 1072
FHSE 1m%/s=10°St( 2 b — 7 2) (cm?/s) 6.89476 x 10™* | 7.03070 x 107* | 6.80460 x 10"* 51,7149 1
| J(=107erg) kgfem kW< h cal Gt&#) Btu ft = 1bf eV 1 cal = 4.18605 J (if ft:)
ES
w 1 0.101972 277778 x 1077 0.238889 9.47813 x 107 ¢ 0.737562 6.24150 x 10"® =4.184J (#LF)
e
! 9.80665 1 2.72407 x 10°° 2.34270 9.29487x 10°? 7.23301 6.12082x 10'° =4.1855J (15°C)
% 3.6 x 10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10¢ 2.24694 x 10 =4.1868 J (HBR & T &)
;n 4.18605 0.426858 | 1.16279 x 107 1 3.96759x 107 | 3.08747 | 261272x 10"  fpgik | PS ({AE )
® 1055.06 107.586 2.93072x 107 | 252042 1 778.172 6.58515 x 107! — 75 kgf-m/s
135582 0.138255 | 3766161077 |  0.323890 | 128506 x 10~ 1 846233 x 10'* = 735.499 W
1.60218 x 107'° | 1.63377 x 107%°| 4.45050 x 107%¢} 3.82743 x 10™%°| 1.51857x 107%*| 1.18171 x 107'® 1
hikd Bq Ci e Gy rad 1] C/kg R i Sv rem
o X &t &
1 2.70270 x 107" B 1 100 8 1 3876 e | 1 100
13 " & &8
3.7 x 10" 1 0.01 1 2.58 x 1071 1 0.01 1

(86 F 12 /1 26 HRTE)
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