1186

JAERI

JAERI 1186

SHRHIFREARS P VEERHET-F
NESAP- 2

1969 4 10 H

HARFHHER

Japan  Atomic Energy Research [nstitute



BARFATARE, HRER, BEMRILEZ JAERI L— &L
T, 2¥QLEICHT ENThOBLESZEMHL, REMRAFTLTEY
7.

Lwmms SATREEIE o
2 MERE h. T REORRLZLY JAERI 4001
s & @ TR BRCOHOEBRRL JAERT 5001
4 W B ERoRBmeFsiany JAERI 6001-

D3 BERSI2OTIE TJAERI v~ +—%K] x4 v - BE
EFLHTHRL, TAFAVEA—- R THIEREESE) BATR) T&
EREALTOET.

ZHhoDY A+ - BRBEBEOAF S XUEE BRI L0 CEKRIL,
BARFHHRARAERS (RBEAREBEER) KBLCATL
W,

Japan Atomic Energy Research Institute publishes the nonperiodical
reports with the following classification numbers:

1. JAERI 1001- Research reports

2. JAERI 4001- Survey reports and reviews
3. JAERI 5001- Annual reports

4. JAERI 6001- Manuals etc.

Requests for the above publications, and reproduction and translation
should be addressed to Division of Technical Information, Japan Atomic
Energy Research Insitute, Tokai-mura, Naka-gun, Ibaraki-ken, Japan

HERRT B AEARF H B E B
G Bl FHAREERGIA2H

R



JAERI 1186 Fi%

R = IE
7 T4 51077 oy ke 175
8 (48) REA 2(D,) 2{Dy
9 (60) ﬁ-ﬁ‘aﬁm L(SI) (L(!3)+L(28)/L(1()] L(M) (L(13)+L<28)2 /L(H)]
19 £ 30 Iy (0)given by Eq. (88) I;(w)given by Eq. (89)
" # 31 M,ii(w)given by Eq. (89) M,ii(w)given by Eq. (90)
23 k2B 5FF HRBHK HKEHFK
24 ik 10) FRE FHA
” Tk 12) BAITO §AITO
4 R 25) B IR ErHX
28 AEOBYBENE
29 DBV EDE




JAERI -1186 29X

NOIsE SPECTRA
cPS N=N EF=EF EM-EM SQUARE MODULUS OF TRANSFER FUNCTION
NORMAL 1 ZED AT cps= 7+95772E=03+WHERE /T/##2e 2+40554E 03
TUWI T (=]w) TOCIWI*TO(=1W)

1.591556=04 1.44565c 0O 2,32932€ 00 1.5053VE=-0l 1.33848E 00 1.25044E 03
2.38732F-04 1,42506E Q0 2.32744F 00 1,51748E-01 1,33796C 00 5.56043E 02
3.18309E-04 1,424228 00 2,32481F 0o 1,53449E=-0l 1.33724€ 00 3.12997t 02
4.TT7464F=04 1,42186k 00 2.31733E 00 1.9828%E=01 1.3351BE 00 1.39388t 02
6-36618F=04 1,41857c 00 2.30696E 00 1.64998E=Ql 1,33231E 00 7.86248E 01
T+95TT2F=04 1,4143%E 00 2.29377F 00 1.7352/E=01 1.32868E 00 5.05000t 01
9+54927F=04 1.40936L 00 2.27789E 00 1.8380¢E~0l 1.32430€ Op 3,%2222t 01
1.11408F=0D3 1,40352E 00 2.25943E 0o 1.95730E=01 1,31923E 00 2.60103E Ot
1.27324F-03 1.39090t 00 2.23856F 00 2,09234E~Ul 1.31348¢ 00 2.00311E 01
1043239F=03 1.38957€ 00 2.21543E 09 2.24189E=01 1.30713€E 00 1.59321E 01
1.59155e=03 1.38158E 00 2.19021E 0o 2.40470E=0d 1.30021¢ 00 1.29999t 01
2.38732E=03 1,33374E 00 2.03938F 00 3,37912E-01 1,25903€ 00 6.055%4E 00
3.18309:-03 1,2/809t 00 1,86419E 90 4,50871E=U1 1,21172¢ 00 3.62500E 00
4.TT464F =03 1,16610E 0o 1.%1304E no 6,76307E=01 1.11952€ oo 1.88589E 00
6.36618F=03 1.07200t 00 1,22051E Qo 8.62224F~Ul 1,04769€ 00 1,28125E 00
7.95772F=03 1,00000E 0o 1.00000F o0y 1.00000E Qu 1.00000E 00 1.00v00t 00
9.54927F=03 9.46120L=~01 8.,38808E=-0l 1,09786E wu 9,72736E-01 8.47222¢=01

1.11408F=02 9,05343k~01 7.20949E=01, 1,166<7E Lu 9,61203E~01 7.55102E=01
1.27324k~02 6.73650k=01 6.33598E=01 1,21363E wu 9.61607E-01 6.95310E=01
1.43239F~02 B.45193c-01 5.6T647E=01 1,24591E Qu 9.71208E=-01 6.54320E=01
1.59155F~0¢ 8,27023c=01 5.16836E~01 1,26725E wu 9.88078E~01 6.,24998t=01
2.38732e-0¢ 1,51406E~01 3.78929€~01 1.28380F Qv 1.14441t 00 5432554E=01
3.18309:~02 6.91469E-01 3.17865E-01 1.232U9F vu 1,37238€ 00 5.31247E=01
4.TT464F=0¢ 5.80082k~01 2.54505E~01 1,06454F ou 1,91453€ 00 5.13884E=-01

6.36618F=02 4,774150L-01 2,15195€=-p1 8.84BZ5F~ul 2,45625¢ 00 5.07804t-01
T+95T72F=02 5.59910E=-01 1,86285E=-01 7.25269E=01 2.93108E 00 5.,04987E=01
9.54927E=02 v le94Te=01 1,64244E-01 5.,93820E=ul 3,32290€ 00 5.,03454t-01
1,11408F=01 2,62732E-01 1,47251€=-01 4,88917E=01 3,63851E 00 5.02%26E=-01
1.27324F=01 2.18915k=01 1,34013E=(1 4,06001F=01 3.89165%E 00 5.01921t=-01

1.43239F=-01 1,83068t-01 1.23569F=01 3.40605E=01 4,09604E 00 5.01502E-01
1.5915%F=01 1.56014E=01 1,15204E=01 2.885384F=01 4,26321E 00 5.01200E=-01
2.38732¢=-04 7.91723E~02 9.04608F=02 1,43855E=01 4,78787E 00 5.00443E=01

3.18309E=-01 4,75654L=02 7.76978E=02 8,44419E~u2 5.09502k 00 5.00112E-01
4.77464F=0L ¢.29486L=02 6,17181E=02 3,8660TE-Q2 5.54078E 00 4,99690E~01
6:3661l8t-01L 1.36916t=pn2 4,99821F =2 2.19387€-02 5,90220E 00 4,99280E=01
T7+95772F=~01 9.,16719€-03 4,06182E-02 1,408L6E=02 6.19973E 00 4.,98805E-01
9.54927E=01 6,58851t=-n3 3,31756F=0? 9,78736E=u3 6.43742¢ 00 4,98244E=01
1,11408E Qu 4,90746k=03 2,73111€-92 7.19144E=03 6,62308E 00 4,97592E~01
1.27324F 00 3.87774E=03 2,26991E=02 5.50488E=03 6.76620E 00 4,96846E~01
1.43239E 00 3.10874L=03 1,90589E=02 4,34831E=03 6.87561E 00 4,96005E~01
1.59155F 00 2.54546E=03 1.61648E=02 3,52115E«u3 6.,95866E 0¢ 4,95071E=01
2438732 QU 1,15671E-D3 8,09039€-03 1,56331F=03 7.13756E 00 4,89024E-01
3.18309F Ou L, 48484E=-04 4,76105E~03 8,78901E=04 7.12270€ 0¢ 4,80808E=01
4,7T464F CU 2.77669c=04 2,18704E=p3 3.90455E=04 6,86838E 00 4.,58791E=-01
6:36618F 00 1,47149E=04 1,24390E-03 2,19598E=04 6.47265E 00 4.,31152E-01
T495772F QU 5.,74313E=05 T7.99662F=04 1.40534E=04 6.00956E 00 4,00157E=-01
94549278 00 5,57798kE~05 5.,56343E-04 9.75904E=0% 5,52086& 00 3.67838E~01
1414Q8¢E 01 3.50794E=-05 3.90079FE=04 6.83T92E=05 4,95473E 00 3,30518E=01
1.27324€ 0L 2,59734E~05 3,13147E=04 5.48937E=0> 4,56937E 00 3.05111E-01
1.43239€ 01 1,85774E-05 2,47360E~04 4,33732E-05 4,13572E 00 2,76486E=01
1.59155F 01 1,36060E~05% 2,00277E=04 3,51323E-u) 3,73887E 00 2,50245E-01
2,38732¢ 01 3,71049E~06 8,88098E-05 1.56149E=05 2.29140E 00 1,540%5E=01
3.18309 01 1,35573k=06 4,98775E~05 8,78357E-06 1,48584E 00 1,00157t-01
4.TT1464E 01 2,02079E=07 2,21334E=05 3,90384E=06 7.41239E-01 5.00883E-02
6:36618E 01 1,00549E=07 1.24418E=05 2.19596E=06 4,35615¢-01 2,94662E=02
_7.95172F 01 4,24271E~08 7.96015E=06 1.40542E-06 2,84693E=01 1,92671E-02
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ERACT TONAL CONTHIBUTION OF EACH NOJSE COMPONFNT TO THE TOTAL MOISE SOURCE AT THEt NURMALJZATION POINT OF FREQUENCY
N=N N=C N=FF N=EM c=C C-EF C=EM EF=EF EF=EM EM=EM
FROM  BINARY NESCFISSION)
FROM  RINARY NES(HEAT TrANSFER)
FROM  COOL: KEM
FROM ZND MOMENT
FROM EXTERNAL DISTURBANCE
SuM
3.619E-09  2,553E-11 =1.536F=10 =~0. 8.,990E=14 =Y.815E=11 =0. 1.351E-12 O. 0.
0. 0. =0. -0. 0. =0, -0, 4,052E-02 =6.968E-02 2,998E=02
0. 0. -U. -0 0. =-U. -0, y, Ue 9.992E=01
“5.875E=14 9.919E=16 =4.401F=15 =0, 0. -, =0. 0. 0. 0,
. S 0. u. U. 0. ' 0. 0, 0. 0,
3,619E=09  2,553E-11 -1.53%k-1p =-0. 8.990t-14 =-9.515E-11 =0. 4,052E=02 =6.968E-02 1.029E 00
NOISE SOURCE SPeCTKE EF=EF COMPUNENT NORMALIZED AT 7.95772E-03(CPS)
cPS NOISE SOURCE SPECTRE
NURMALIZEDL  UKNNORMALYZFD
1,59155k-04  1.740t 00 6,213t 1%
2.38732k=04 1.740€ 00 6.210E 1%
3,18309E=04  1+739E 00  6,206E 15
4,T7464E=04  1.736E 00  6.196E 15
LT 40
SPECTRA OF NOISt SUURCE COMPONENT
CPs N=N h=C N=EF N=LM C-C C=EF C-EM EF=EF EF-EM EM=EM ™
1.592E=04 1.055E 00 2,108F 00 1.122E-03 1,600t 00 2.i08BE 00 =7.565E=01 2.,036E 00 B8.433E~04 1.845E~03 1,830E 00+ 6.594E=
2.387E-04 1.054E 00 2.107E 00 2.175E=03 1,600 00 2.10TE 00 ~7.547E=01 2,035E 00 1.896E=03 2.914E-03 1.830E 00« 6.598E~
3.183E-04 1.us54E 00 2,106E VO 3.,647E=03 1,599€ 00 2.l06E 00 =7,521F=~01 2.033E 00 3.369E=03 4,408E=03 1.828E 00, 6.603E~
44775E-04  1,054E 00 2.201F VU 7.841E-03 1.597E 00 2.101E 00 ~7.448E=01 2,029E Q0 7:564E-03 8.663E=03 1.825E 00+ 6,618E~-
Epyrem r
ERACTIONAL CONTHIBULION OF EACH NOISE COMPONENT JQ THE JOTAL NQISF SOURCF AY THE NOMALIZATION POINT OF EREQUENCY
N=N N=C N=FF N=EM c=C C-EF C=EM EF-EF EF=-EM TEM=EM
FROM BINARY NES(FISSION)
FROM RINARY NES(HEAT TRANSFER)
FROM  CoOL: REM
FROM 2NN MOMENT
FROM EXTERNAL DISTHIRBANCF
Sum
3,092E-08 2.181g-10 2.959F=10 -0, 7.681¢=13 =1.088&=13 =0, 1.111E=12 =0, 0.
. 0, 0. -0, 0. 0. -0, 3.332E-02 1.594E=-02 2.769E~02
0. 0. V. -0. 0. -U, -0, 0. =0, 9.230E~01
=5,020€~13  8,476E=-1% 8.478r-15 _0, 0. =0, -0, 0. =0, 0.
0. . . 0. 0. V. 0. 0. [N 0.
3.,092E-08  2,18lE~10 2.9%%E-10 -0. 7.681t=13 =1,088E=13 =0, 3.332E=02 _1.594E-02  9.507E~01
cPS NOI1SE SOURCE SPECTRF
NURMAL 1ZED  UNNORMAL 1 2ED
1,59155e=-04  1,125g-01 T.802E 1g
2,38732E~04  1.134E=01  7.868E 14
3.18309E-04  1.148t-01  7.,961E 16
4,TT464E=04 1,186¢~01 8.275¢ 14
LUT 488
P SPECTRA OF NOlSk SUURCE COMPONENT
&) N=N N=C N=EF - M Cc-C C=EF C EF=EF
. - 71E 2 - G ; . - - EfefM = M,
g 59;5_0z i.ollt 00 g.}ulc 00 1,139£-03  4.054E=01 '2.141E 00 2,141F 00 2,238E 00 8.56%E=04 9.217E~04  1.095E=01, 1,117E ¢
«387E-0 +071E 00 24240E U0 2,208F=03 4.061E-01 2.140E 00 2,140FE 00 2.237E 00 1.926E=03 1.991E-03 1.105E=01, 1,116E ¢
2-%;35:32 i-o71£ 00 z.i;ue 00  3.703e-03 4.070E-01 2.138E 0o 2.138€ 00 2.235 0O 3.421E«03 3.484E~03 1,118E~01. 1.116E 0
. «07T1E 00 2,134F U0 7.963t=03 4.096E=01 2.134E 00 2,134E 00 2.230E 00 T«682E=03 7.747€~03 1.156E=01, 1,116E O
LT &8s
FRACTIONAL CONTKIRUTION OF EACH NOISE COMPONENT TO IHE _TOTAL NOJSE SOURCE AT THE NORMAL JZATION_PQINT OF FREQUENCY
N=N - - - e - _
N=C N=EF N=EM -C C=EF C~EM EF-EF EF=EmM EM=EM~
FROM BINARY NES(FISSION)
FROM RINARY NES(HEAT TRANSFER)
FROM CoOL+ KEM
FROM 2ND MOMENT
FROM ExTERNAL DISTURBANCE
SUM
1:5675-05 3.1055—10 5.4995-10 04 7.784E=13  2.999E-09 ~ 0., “5.627€=-13 0. 0,
o o g g: g. g. 8. _é.oaas-oz =4.383E-02  24991E=02
-3.5435_13 4.294E=15 4,295E-15 0. 0. o 0- 0: g- 3.9715-01
' 0. . - 0. 0. v, 0. o, or H
1,567€=0 - - J ’ 0. 0
«367E=08 1,1056~10  1,499F=10 gq. T.784E=-13  2.999E~09 0. 1,688E=02 <~4.388E-02 1,027€ 00
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NESAP-2: A FORTRAN-IV Code for
Calculation of Noise Spectra
in At-Power Reactors

Summary

The present code obtains neutron and temperature noise spectral densitiy in at-power
reactors on one-space-point model which has a single group of delayed neutrons and
two loops of reactivity feedback via fuel and moderator (including coolant) temperature.
Noise-equivalent sources are determined by the generalized Schottky formula. Extra-
neous noise-equivalent source with the first-order delay effect is also taken into account.

Thermal energies exchanged between fuel and moderater, or removed from coolant
by an elementary stochastic event are, however, unknown statistical parameters. It is
possible, to perform a parametric survey on these unknowns. An auxiliary routine syn-
thesizes theoretical components of the input noise source by the least square method so
as to give the best fit to an experimentally obtained input noise source and determines
the values of the unknowns.

The present code is based on the paper entitld with “Input Noise Sources of At-Power
Reactors with Temperature Feedback Effect”, published in Nucl. Sci. Eng., 37, 380(1969).

May 1969

Keiichi SAITO

Division of Nuclear Engineering
Takai Research Establishment
Japan Atomic Energy Research Institute
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HHABC R A EHANS CRMETRIBBHABROW b¥) O~ FVEEL, EHHFETFMICLD
HER 2y DVEELIIRIRY, FOIFDIRTEIERD 7 A i, B Ls &V 5 RBREENS 0355, P
FoNH (EHE) BECERTEE KABWE L MET L BaBEF-> T FhERiREBIC B B B O
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ﬁ(ﬁHZE&)f%b<%5®k%VX&ybw%%ot%%ﬁﬂﬁETéémaﬁibhb ZOFERE
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B AIMEVD T EREY IR, SRERCEET HERY, Shot Noise & FELE DX LFT I
Flicker Noise &PRIh 5VM#EREOERAFMMEL S /85 EREEE I T D,

EHﬁﬁK%H%Mﬁ@ﬁ%%@B?KOVT@,Tfﬂ,1%3$1hmﬁ’Klblﬁﬁ,174—F-N
ya-w~f-%?meﬁéh,ébm,ﬁ%Fﬁ%kﬁbt274—Foﬂy7-w—f@%ﬁm1%2$
PLuTa® AMEIER I T /8o T A, Lo Licdih, Zh HOREIL, TR ORI EBRE 2 SIRC B Ve b
DTS, LA, FEHED® bEIKT AEORERELRD B L\ ) HHTENIL R b ZTtbh T
0, WE22y MEBEORNERD UL BAVEMEML b DT ER.

—ﬁ,MmM”m,—ﬁﬁ%?Wf,¢ﬁ%&,%ﬁ&ﬁxlﬁﬁ%ﬁﬁﬁ®%ﬁﬁ®ibbG&bO?K%
4 27 Langevin FEAZX®EL, %D Langevin force DA R~ FVEBERY HEEREL, LOHER
B2 CEENIERE IR T 5. it LT, Ursurol® (%, 1966 4+ Harris DEFNER - T,
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E3b B DI ScHOTTKY DARTEHA LT\ 5.
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I vELhBEEEKO Sy A v EDELT, EHINBANMEEFA 27 ML OYEHNE L HECT 5
LT E T, B 3 —% Harris 081010 38055 X 5z, EECE LT AEYEI VWL LR X
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f—ﬁ%@2O@Mﬁbtﬁ%K%HkWOWV%%:kofV6.%ﬁ%ﬁﬁﬁﬁﬁaﬁiéﬁrMB%FL
ﬁﬁ%ﬂ&%%olﬁﬁ%ﬁﬁ%ﬁéh,%®%ﬁm,%Eﬁiﬁﬁlﬁﬁﬁﬁﬁéhbl$W¥~§<M>k
ﬁﬁ@iﬂ%lﬁﬁbmm3hbl*W¥~§Q@Nﬁ%ZWMﬂU&Owﬂﬁ%?bcaﬁ%Bﬁﬂkot
%%®W0ﬁbfu,:@%%1&ﬁibfﬁb,ﬁmﬁOLﬁ&ﬁmthxNamm,%MT6CtM%%
<1, @EOLRLE (MW +—F0Hij). Usturo ef al® OEBL 100kW TfffsbhT\w2%) T, Flicker
Noise 7:Shot Noise 23T b2 L X MHATE L1,

A3, generalized Einstein OFE O 1407, 274~ Koty e =7 (BREMKIREE S LOWMEM

* TSR T LR
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BECLB) EFAADIRAS* a— KELALDTH D, T RAF—t lup/lup HRAOBIZOT, Thik
RS R —HE Lt — <A HENFRCTEDISTRLTH S, T, ANBFRCHETLIERT — 20852

BRTVBES, Chi AHBERBRS Y EAShE THERICHEIL, T 2 —LOEZED B H/h
BN —F v (Subroutine FITING) 4, #7 v 5 v& LTHATES.

HEOBHAFMESI LA L, WEACHTLICHEE LA - oy, BokH%n s  0EROED 1250
EODHEEHBARTHY, AMTRINbATWBLORETFTVEEATACEDHEVCHEHETE 2 dbah i
V. ARBTER LTS X B WERCER T A RTIFET 2 LT, ToFFIMMOR &,
HROIEEICER T AT CHNTERL 238NIV EELHHD .

Nomural® 3, BWR o#EMITEF M E LT, BHEFOSFBRICER T 2#ER L, Lo bEH T
5L0E L, ZEkTEMES Single channel £ F VTR O AN, EHEORA FOLERFKBEREL, EEHPL LT
BB HBEFEL T, FHAODBLEDR LY MVEERXRD TS, K—KEX 2 HRCKT 2 HES &
O X AF —RERD B, P HLECHT% Langevin SEXEHKREULGELICRD, £1 VR, S, REODPDL
FC X BUSEERYREM L, PHEFRODPLE LB 2T T 5.

—J, Orsukal®”, BorewaLDpT® (X, FRHFH, WENL7 4 —F - ANy r, THRABHL= Ve — e
— D5 HERCHE L KSESRI L bh o BEOFEHADEXH L T\5. T, Orsuka & Supal®
1t, Water Boiler ZUFEOBMGFHAITC R % Skinner & Herrick?® O 54T, INEEHEE LTOANHE
T, KIWBRCES (ETHIML DRIEE, HABE X7 MVEECHEOE— 7 PR LIS TD
DI OVBTREIF LR Lo T 5.

EHAEESSEEITC R\ TR, 2T, BSEEFLORE (Wb 5 block diagram OFEH BN, £
DIFE DB A < A 2 7 SRR T 5 - DI BE LD T4y T FEOREBR & Th HoiE ) EFFHBEXORE) %
Bohd ol VDEODOKERBETHD. MERN, BT roRKHRMBITCE UL, I DRFEOME
FEORE X, AEBKEROBIRCHBERB IR TV, Bt AV ORE, #FROMENMBRHOIDIC
12, F5LTH5 2 MY v s RfFbhic—BOERT — & L OBELRJMHACE Zisbikhidie b9, <
DEBCIR -8 — FOBRISEVEL IRETHHH. Fa—Fh, 0L 20RBCUIETH 5.
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2 2 @ R

2.1 BRETIL

Ao — Rkt 5MEE TR LORHERSIET 5.

it Rl
® —8F
@ —BRETR

® BREHEE B 0N (HHHM) RECIORBET 4 —F "y
T N, ST C BEMED L D= A AF — 0 35 JUBHEHM O 2= XX — by PLE 4% T
FORBE R T BRI bVORRTETS.
i %
@ 4-oDREEHL, —ROv L= 7BRICHES.
® KRFfEl, R1eRT.
® hMTRISKERE PHTHEOM 4 1%, KR TEL PR30 LT5.

RN Ac=A4c(8,0)

=Ac1—Tc(0—<0>) =T (0 —<0m). (1)
S Ap=A4s(0)

=Ap—T(0-L0). (2)

(1) BIV (2) REBWT, ), B ik, FThERERRBCIT 2REHET X VX —, BEH= 21X
—OHEER R, BER A 0F 1 7 —BEEK Te, Tm Tr i3, Wb 5 RUSERREEFREE KOBR TRIT

hs.

SBEREC
te=tcrticm. (3)
PREHE B R -
g 00
I 80/C
= thf’}‘thC-
NS TR UC ORERR R
RIS M TR Al U C OMRERE BRI -
_ 1Cy
thC_ <V>Af1. (5)
WHEARERE
1= —P
€m 80,/Cr
— taCn_ (6)

JROZ Y
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Cr,Cp 12, FRENBREHEAR JORBHOBBFRTHS. i, RIGE o B IOFEMHEMGER £ 13, ROLS
RER LT,

k-1

p=""" (7)
DAn

b= —{12 (8)
Af1+ AC]

OO L, ARG IR 2 RPHETEORFHE. 7ods, HPHEROER L LTUL, (8) Rofe,
R OMFSEXYACERO L b DLEL bh b,
{4,N>

T CANY+{ANY
B k2, BERENBEOESOZRE LS. Aa—FClL, o % FABMTA 7y FL, DHEDSH
BEBEH L% HBORDIT b Lk 7Ty FTAL5 R ->TW 5,

k, (9)

TaBLe 1. Elementary events in a point reactor with two loops of reactivity feedback

Net increase in
Nature of elementary events Rate of occurrence
N C [/ O
Source emission of neutrons S 1 0 0 0
Precursor decay C 1 -1 0 0
Fission AeNp(vp, v, nf) vp—1 vd nr 0
Capture AN -1 0 0 0
Heat transfer (Scheme I*) Aer (8/C 5 —0,m/C) D 12) 0 0 —p e
Heat transfer (Scheme II*)
to coolant 6D (p2e) 0 0 —ut He
from coolant Al D () 0 0 Hm — Um
Heat removal in coolant 2 0m P (puy) 0 0 0 — Uy
Taile 1 BT 2551, =AM F—-SE50BGER*CHLIh 2 EBEAOTE L KD X 5 kBRI h 5.
Lupdi= K/Cf~ (15)
$ttm)dm=K/Cp. (16)
Lurpde=1/7y. a7
eryhir=K. (18)
sk, ZZTRDOX ST A—FHERELTEL.
wprrp= 1= B)urdtps> (19)
vattyd =B utrd . (20)
TIT RN, EARTHRHIND 2RETFROFH T 5 TEEOTH O, Tihbb
ey
_ ) 21
8 o (21)
* cof, Ref. (21)
**REHE S LUBEM OTREYRO X SEHT .
{87>=46)/Cy, (10)
<0m>=<0m>l’cm- (11)
ZOR, TRAAXOHESOBEERIT, ROX5KETS,
P—K({8)s~<6m) =0, (12)
Cﬂl ,
K(<B 75— (Ba) ~ 3022 g, (13)
T
P={usX{AsN) : B, (14)

K : MR
Tm | WHW OSEEF NIRRT
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ZZTC,
v=y,+v,. 7 (22)
3
Xor =t [ Vet (23)
Xar=vatts) | vayles). (24)
T HiI
Lrr=Lus2> [ ps?, (25)
A =Lu>[{u?, (26)
Amm =t [{tm)® (27
A=t [ 2 )? (28)
EEL.

T, PHEFEOPLED Ry FEE L RHBHAOP LEDR 2y MVEE L, KABRKRCHKVLZE
X, L<mbhTnb, PHEFOERE (H5WIHT) HEEL BRI, FccaaiRkBSs TR M
bAWIS, —F T xAX— (BE) REBCEWTL, FOREREOARMEY, ERETEERLLWT
HrH5.

A — FCiE, REBHECOWTL, KOOSR EZTL.

@© HEETRESE, RECHERC LEOPHETFEZRIL, frEbic 1EMOBRME (07 v b2 ERH
T ).

@ =axX— (BE) BHEEE, —fFo “ideal detector” & &ict, T, BRHCEDLV, KT
FHES (HaHWE, FRET) =i AX—8]IERT5. REBHAX= XX —DRBIREER
BRELTVA.

ek, BMHFEE, ROELYRs T

el 1)

D PHE (HFHE»LOTH) O3KRE—2 VIR LLLTHTR (v b vy 7 2) ~OFEX, &57
5.

2.2 MBI L U'D#L (Subroutine COVR)

RIBREDE — 2 v MRS B BRAIT, B “hierarchic” 7ehiEs LT\ 5. FEMIL, RS
5 4 >oBER, SickT 5 10 HoBEER, Abe T UEOEST FRERAVBBEND S, HEHE ELOR
EDET LT TR, 3KRE—2AVIOFELLYVChABOEEYERL T, Fa— FTid, #EL
BEEA L. Tihbb, PHETROMSGEAEL LTEL, 852 51000#yFRER, VWhew5
Einstein ODBFXAE <. BOhLOBOEXACT, THFROMFELED D, LORFRY, FIHHEL ik
T5. ERPANTF— 2 Thbh UDHE LCECKERT, KEFhE, HngbhiclyafiEs: L, B
O* Einstein OfER LML, ZoFwEd, SErUDAAT—F & LTE2 bGhNFHESRE HRE IR
% ¥ C#IRT. (cf. Fig.1)

(1) Hf%E
ANT—2 L LTHELOhS F A P B XOHBAEH—BIY Y BHIhZEHOT F X — (up) XHAVT,
¥FTEHOBLEY R, *AHT 5.
Ry=P[{us)(=(4sN}). (29)
DT, RIBROYFHEL ED 5.
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| PRESET ]
——

IT1=IT1+1 —I
¥

I

Calculate Mean Value 1

LCaL Linearized Operator ]

Cal. Noise Source l

¥

Solve Einstein Relation
&

Determine Variance

v

Cal. New Value
of Neutron Density

¥

Output ]

TEST of
CONVERGENCE

YES

Butput of Converged Value-'

Fig. 1 Flow

chart of the subroutine COVR

(C>=L{va)R;/2,
{Om>=Prp,

0>=[P+{0mK/Cyl| (K/Cy).

IT, A, FATEOREER.

PYETFROBRHEL, P/(updp) 2PHMEE LCETHV5.

(2) Linearized Operator Matrix

JAERI 1186

(30)
(31)
(32)

4 o0REBE N,C,0 5XV 0, HRYETHMS2 MV [ %, RFFORBS2 b EFTS.
WFRHE (SO 3, FFRBITCEBIFBRCHED . B, FHEL 0Se™ Zmx icfs, T OREOHIFHE
f =S u—<f)s
i, b L, TR SO AWNITHE, ROBEUL I W ISESHBERCHES &4 T o &M TES.

D a1ty =~ L@f W)y +2Se

ER#TH L i3, ROXOICEEIhD,

L= a, , —4,
—vayAs, 4,
—<Lus)An, 0,

o , 0,

(v — DT —7cINy,
va)TeNis
K/Cr+<uTsNys
-K/Cs ,

Z T, ap iY, EIREPHETEEER Tiobb
ay=Ac1+ A~ (1= Ap.

- Tles

'_K/Cm
K/Cut/Tm

(33)

(34)

(35)

(36)
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(3) Noise-Equivalent Source Matrix
EERBCBITS “PLE”
of ) =f(#) —<SDs 37
i3, Yo Langevin HFERICHES.

s =-Las o+ F). (38)

¥ b E¥% 0 %327 Langevin Force OHiRHEL,

F)>=0 (39)
THY, FTt, FOHEEBEEL, WHLEDIRDE—A v boRErES T, HAaRARY bk,
Ticbb,

CFOF(u))=2(Dd(t—u). (40)
22y MVOKRE ST, KDL EL DS,
X Dyy=LE+ELT+Qp+Q;. (41)
o T
E= <N>) 0 ) 0, 0
0, LG, 0, 0
o, o0, 0 0 (42)
0, 0, 0, 0
05laGa=DXANY, XNy | AN, 0 ]
* ,  va(wa—1){4sN>, vapsy{dsNy, 0
* s * ’ <#!2><AfN>+ —d4BT
4BT (43)
* ’ * ’ * » 4gBT
L +Lu DA L0 m)
K4 i
Q2= 2[ (VD~1)Tf—Tc]<6N30>, <Vd>Tf<3N30>, <ﬂf>Tf<8N60>, 0
* ) 0 E] ’
0 0 (44)
* , * , 0 , 0
* ’ * ) * b 0

750 Qp, Q2 13, WTFRLRATITHS. HARTOEHRI, BT * AV TERLTHS.
Qp D5 (3-3) ERK IVOE (4—4) ERCHLILEIL, KOXS5CERSRD.
uXAsNy=Lp ¥t s Ry (45)
qar =t 1(0/Cs— 8, |Cn)={pXuP ; Scheme 1 OHH
= PO ALO> + Lt Al > =1t 1OV K| C 1+ Lt X umOm> K| C 3 Scheme 11 DHfy (46)
A lOmy =t trrOm> [T 47
550 Q; 3, H1EEOKELTIL, FTFIETS. H2EBURI, MEOHETH LI SN DY
Auvb.

(4) 4 #
ERRIBIC 35U 5 B EOME Ofof> 13, ko5 (Einstein OBRR) OffL L THZ bR 2.
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LBfof>+<0fof YL =2(Dy). (48)
cot, LT3, fERARATH L OB TH 5.
BRI, RO 10 Tl HBRREM 2 LCie s, BIRCREHEY v 2 —HEREROER LIy 71—
v CROUT %A LT\ 52,

( 2Lap 2L a 2 La® 2 Lo 0 0 0 0 0 0
L(Zl) L(22)+L(11) L(23) L(24) L(IZ) L(l3) L(l4) 0 0 0
LGL  LG» [EHpLab  LGoH 0 La» 0 La®»  Law 0
LUb  Lu» LU [uvpran 0 La» 0 La®» Lao

0 2L(21) 0 0 2L(22) 2L(23) 2L(24) 0 O 0
0 L3 Lo 0 LG [Gh e 6o [adh  [eo 0 X
0 L4 0 L@ L4  [ud  Janpren L L
0 0 2L(31) O O 2L(32) 0 2L(33) 2L(34) 0
0 0 LD LGD 0 L4 LG LUd [y [ 68 L6
0 0 0 2 L@ 0 0 2 Lu 0 2LUD 2L ud
3
BN (D)
{ONOC) (D,
{ONOG> (D13
{dNdb,,» (D1
<3(;2> <D2(22)>
wcasy | 2| oy “
(BCo0, Dy
o0 (Do
(8050, (D)
<8 0m2> <D2(44)>

(5) wWHEFEOIHE
(N> © New value N}, X, RO LS5 CHEINRS.

<N>new= [Rf+Tf<3N88>]Afl' (50)
(6) ILHHE
<N>new - <N>ol
Ny 1€ ®D
BIO

|<6N30>new - <6N60>ald
KONGO new

HESRME ¢ &, ANTE2S. &t (B), (52) pRIFFCHR ShigiHiuE
NY01a=NDsew
CONSOYo1a=<BNE6Y .
ERENZLT, (29) RPBOHELHEYET. #) LI IT 25, 560 UDASTH 2ol MIT iz -3
ARIX, <HELHHEEZI X 5.

<e. (52)



JAERI 1186 2.8 @ R 9

2.3 FHAOAMBTARY FILBE (Subroutine PNOIS)

FUIHEE R~ 7 FVEEE Spo(o) X, KA THL BN 2.
Spo(@) =245 | Tiw) 2I(w) +ed <Ny (53)
FHC 2 DOHEFIRINER @, b O AOMOMEMRMEA & 2 HACiy, REBRIC hikT 2 QEEFEIL
)
Spa(@) cc| T(Hw]P I(w) (631

e : BttEags
T(s) : Pk (cf. 2.6 #)
ATVEER (o) X, ThThABBEFEEORLZ 107y ORG1HLTETV5. Tihbb,
I@)= 3 & M (0)(Q% +Q07). 54)
113 Q@ O (i—j) BHFx QP LtXb L. B Mi(0) 1k, KDLICEHRINS.
M (@) =|GrDLiw)|?/|GriViw]? ; if i=j
=2xReal Part of |G, "({w)G, [ —iw]|/|GrY(iw]}? ; otherwise. (55)
175l G,liw) %, 175 (l0U+L) O#fTH)TH 5. Tiebb,
Griio)=(ioU+ L), (56)
feti U, U RHAATSY.
ok, JFEEEEL, Grliel ofF (1-1) BRLE L. Tiobb,
Tliw)=Gri(iw)/l, (67)
L, | BFEHohETER, Thbb,
I=(Ap+ Ac ).
B Mij(0) EDDIDI, T, ROBBRNE HIT prpo s Py BIO po.pu, Pra K3Red B>,

P+ pr= L@ + LU0,

{plpZ:L“”L‘“)—L‘34>L‘43’, 3)
Dyt py=L0@ 4 LUO L (LoD @3 [ AH[ 4D | [ a3,

{p3p4=L(22)[L(44>+ (L(44>L(23>—L‘(14>L(43>)/L<13’]. (59)
Ds+pe=LE@ 4 LB _ [GOLAD /[0

{p5p6=L‘22)[L(33> —LOO (LA [@d][ab] ©0

* RLICAVOR TV BEEF L 2 — FTRVL LR TV B85 & ofbEERE, RO®@Dh.

in Code in Ref. 15 in Code in Ref. 15
b bs b7 P
b Ds Ps D2
ps bs Ds by
Ps Ps Do bo
bs b4 Pu b
bs Ds P12 b
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prtps=LaD L@,
{P7P8=L‘22’EL‘“’+L‘21’J.
Dot po= L@+ LU — [GDL a6/ [ 30,
{pgpoz Le»(Lav ¢ [eL— [GDL LA /[ 66],
pu=pn,
{P12=P8-
¥io, ROBERERLTES
Q= LUD L0 _ [ [ @D
Cra= LOD[LUO LA — LG LW0] [ayg,
d13= L(ZZ)EL(43)L(14) — L(23)L(44)l
ayg=L@HLa®,
clu=LeE(1+ L@/ Lad),
dyy= LD [GO[ LA 4 [ D],
Qgqp=LD+ L@ [ 3D
Qg =L@ LAD L [GH L LD LADLGH — [ A [ G,
Aygo=LEP[LADL G _ [@H[GL _ [ G 4 [ G QDY
BEMREOMEIL L 5T, KDO4 20 LITS.
Case I 1,20 and £.,30.
Case II. ¢,=0 and £,70.
Case III. ¢,50 and ¢,=0.
Case IV. t=tpm=0.

(1) Case I (fs0 53D £.,=0)
Mab(m)y=1,

242
w?+ A2

Ma®(p) = =2 M@ (y),

M9 ()= —2 LODLwt (A+p1+ pa— ps— pa) — 0?A{ P12t psps— (P1+ p2) (P3+ o) }
—2{ (p1+ p2) pspa— (Ps+ pa) prp2} +Ap1p2p3p4)/ BUNBO(w),

(R4
re
A

BUNBO (@) = (02+2%) (¢ + p1?) (0?+ p2?),
M () ==2 L[ (A+ pr+ pa— ps— Ps) —w?A{ prp2 -+ Dspe— (D1t p2) (Ps+ pe) )

—a{ (P1+ D2) Psps— (Ps+ Pe) prp2) + Ap1D2ps 06 )/ BUNBO(w),

[¢73] — L —_ L a2
M) =517 = g M),

M@ ()= —2AL (0t — 2| p1po+ psps— (P11 p2) (D3t ps) } + p1p2psps]/BUNBO(w),

M@ ()= -2 ALt — 2{ p1 po+ pspe— (P11 P2) (Pst be) } + PrP2ps pe)/ BUNBO(w),

(LOOP (bt pi) (0P pi?)
BUNBO(w) ’

MBO=2 LIS LTt — 2{ p3ps+ pspe— (pa+ pa) (ps+ Pe) ) + Pspapspe)/BUNBO (),

LLID (P + ps?) (@ 1 pe’)
BUNBO(w)

MS (@)=

MU () =

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)
(72)

(73)
(74)

(75)
(76)

(77
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(2) Case Il (t,;=0 > t,=+0)
LT, Case I LR A AP {OREBERDLT.
= —aplwt—?{A(p1+ pa—c13) ;

Ma® (o) —c1a(pr+ p2) + pipa} — Ap1puc13)/BUNBO(w) ; aiz+F0 DOFE, (78)
= —do" 02(+ pr+ p2) — Ap1p2/ BUNBO(w) ; a3 =0 OHFA.
=ay3A @2 (p1+ po—€13) + p1pac13)/BUNBO(w) 5 a3 +0 DHE,

M () { (79)
= —dA(@?— p19,) /BUNBO(w) ; a;3=0 DHA.
=a3*(w?+¢15%2) /BUNBO(w) ; ai+0 DFE,

MED () { (80)
=d132/BUNBO((1)) ’ d13=0 @%ﬁ
= —a LI w2 (ps+ ps—cC13) + c13ps 06 )/ BUNBO(w) 5 az+0 DHFA,

MG () { (81)
=d3 L[ w2 —ps pe 1/ BUNBO () ; a13=0 DFAE.

(3) Case I (40 2 tw=0)
= —ayl o' —?{A(p1+ p2— 1)

MY (w) —cu(p1+ p2) + p1pa} — Ap1p2c14)/BUNBO(@) a0 OFE, (82)
= —dy(@?(A+ p1+ p2) —Ap1p2]/BUNBO() ; ay=0 OFA.
=ayuA(@?(p1+ pa—C1a) + p1p2c14)/ BUNBO(w) au+0 OFE,

M2 () { (83)
= —dud(«?— p1p»]/BUNBO(w) ; a1 =0 DFA.
= — ay L[ 02(p3+ pa—c1a) + p3pac1s)/BUNBO(w) 5 ann+0 OHBE,

MG (w) { (84)
=dyL9(e?— p3p4)/BUNBO(w) ; a1, =0 OHE.
=a12(0?+¢142) [ BUNBO () ; au+0 OBA,

M6 () { (85)
=d;/BUNBO(w) ; au=0 DB4.

(4) Case IV (f.,=tn=0)

M9®(w)=Eq. (78),

Ma% () =Eq. (82),

M (@)=Eq. (79),

M2 (w)=Eq. (83),

M3 (w) =Eq. (80),
=a3a14(w?+c15c14) / BUNBO(w) a3 F0 70 au+0 DRE,
=a3¢13d14/ BUNBO (0) a;3F0 72 ay=0 OFF,

MG () (86)
= a14C14d13/BUNBO ((U) a3 = 0 7> a14 #: 0 @%'%7
=d13d14/BUNBO (). Ai3=apu= OID%{J\

MU (w)=Eq. (85).

2.4 REBEMRETARY PILBRE (Subrouvtine TFNOIS)

PRBHRBERET 2 ~ 7 PVEE Sp(w) 13, BEHEOL OB ANX —DOR LEDRA<I PVEECHHIT S D
DERET S, Tishb,
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S,y (@)oo Sww de (60 ()3 (8)Se-io*

XL, FEEEEEACC KD LS ERTE S,
| T (i) 21, (0)
EDHEDANMER L(0) 13, KOL5CKRHIND.

Ij(w)= f; é M, (0)[(Q 549 + Q,697,

i=1j=i

Iy
Y
A

M55 (0) =|GrenCio)2/IGravlioll ; if i=j,

=2xReal Part of Gr@ (iw)Gred[ —iw)/|Gri[iw]]? ; otherwise.

BRABCRERCECERD L 51285,
M, () =[ LD w2+ 2] w2+ [ L412)/ BUNBO (o),
M, () =2 22{ L@V o2+ [ L4721 /BUNBO (),
M99 () = — 2 LEO[ 2 1 [ LRI a( py+ py—A) + A pr ps)/BUNBO (),
M, () =2 LD LEOLf— 02{ 1 (LA — py— p)
— LYY (po+ po) -+ popot + ALMUD pg o1 /BUNBO (w),

Ma(ZZ)(w) - %Mo(IZ)(w)’

My (0) =2 AL+ [ L2}~ pr 5] /BUNBO(w),
My (w) == 2LV LD (LU — pg— pg) — L4 py py]/BUNBO (),
My (0) =[0?+ [ L4 2) [0+ p2)[ 02+ ps?]/BUNBO(w),
M, () = — 2 LA (L4 + po+ po— po— po)
— @ { LYY (pr pg— (pr+ ps) (Po+ po) + Do po)
— prbs( P+ po) + (Pr+ ps) pepo}
+ LYY py ps po po)/ BUNBO (o),
My (@) =[ L1202+ pg? ][ @2+ po?}/ BUNBO (w),

2.5 BEMBEMRTRARY FILBEE (S broutine TMNOIS)

BREFREC OV TE, REHREOHAICEST LR A5, Thbb, 227 MEE

Spam(@)e | dea0,(2100,0)3e-1e

| T(iw]|2 Lyn(w)
ZZTC, ANEEERA 7 FVERE
Lia(@) = 3 5 Mo (@) Q5% + Q37),
eiiL
My, (w0) = |Gr ()2 |Graviw)]? ; if i=j
=2xReal Part of Gr4(iw)Gri4 [ —iw)/|GriV(im)|? ; otherwise.
BRSO AWEKIFL, KDL OB,
M, () = LEDLE2(02+ 22) /BUNBO(w),
M, 92 (0) =2 ALSO[ L3 12/ BUNBO(w),
My, 39 (@) =2 L[ LU 2(w?(X = pr— pg) — A p7 ps1/BUNBO(w),

JAERI 1186

(87)

(88)

(89)

(90)

(9D
(92)
(93)

(94)
(95)

(96)
97)
(98)

(99)
(100)

(101)

(102)

(103)

(104)
(105)
(106)
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Mom(14) (a)) =-2 L‘31)L(43)[a)4 + o? (1(1442 - a441) - 104403;[BUNBO ((l)) ’ (107)
M,, @ () = %Mmm)(w), (108)
M, 2 (0) =2 ALBO[ L4202 — p7— ps) /[BUNBO(w), (109)
M@ (0) =2 ALY LU 02a445 — 440) /BUNBO(w), (110)
M9 (@) =( LU (aP+ pR) 0P+ ) BUNBO (@), (111)

M, 30 (0) = ~2 L9 0*(ag2— p1— Ps)

— 0?(ago— as (Pr+ Ps) + Gaszprps)

+ a0 p7 s )/ BUNBO(w), (112)
My, 4D () = [ (020443 — Aago) >+ (0* — way1) ) /BUNBO (). (113)

2.6 EEMBDH 1 (Subroutine TRANSF)

Eq. (57) CTEHE LBEEEEO S A vk, KO L 5HEAEINS.
[w?+ A2)(@?+ P2 (P +po%)

| T(iw]) 2= (RELI%)12 (114)
Tk
R2+I2=ioU+ L|2={[w*— w?cs+ co )2+ [wic3— wey )2, (115)
C3=LAD 4 LG [ 3D 4 LU, (116)
o= [L(11)+ L(22>] EL(33)+L(44)]+L(1DL(22)
4+ LB UhH _ Janyeh LGBOHT 43 L(lS)L(Sl), (117)

i =[ LA 4 LEDI[LGD[UH . [ BH] 43
+ (LG4 L@ LADLCD _ [aD [ 1]
+ LGOLADLCH _ [AD] @2 [AD] U4 [ AD] U], (118)
Co=[LADLe  [aD [ QD[ [BHLHUH _ [ 3H[ U]
+ LBO LUd[ LA [28) _ [ 43 [ 22
+ Lab @] G 43, (119)
(114) Kyt ¥, KD LS5 HFKbE5D.

Toliow) 2
1~ To(iw) Trliw) |.

o, Tols), Tr(s) i3, TR ZhEHIFGEERE 74— F RNy s v—7OREEKTHD, kO X
SihEx bhb.

| Tiw) 2= (120)

B 1
fis)= s(1+%)+1—k

’ (121)

Py s+K/Cn+l/ty,
Cr (s+p1)(s+p2)
_ o<y Less B> | AT
x[t”’(l 1-A-p)<vy ty * 1-(1-0)vy ty sH)
K/Cy
M s+ K/Cpt+1/t, ]

TFES]=k

+¢ (122)

* ORI, ARESRORHIECL .
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3. O— kO

Fig.2 i~ NESAP Code D% T+

© MAIN

© COVR
- CROUT
© AUTO

- PNOIS

+ TFNOIS
« TMNOIS
« DIST

+ TRANSF
« CARD

©@ CROSS

© FITING

MAIN-
- COVR—CROUT

~ AUTO = pIST

- PNOIS

- TFNOIS
- TMNOIS

— TRANSF

~ CARD

~ CROSS

— FITING
Fig. 2 Tree structure of the NESAP-2 Code

AT — 7 OFHRHK.

Subroutine DFEOH LA k=75,

BRLBIC LY, FHER IUHEOEYEDS.

HY—RHER (49) 0% RD 5.

(HE)A~R2 MEEOHAY ).

6> Subroutine ¥&¥r. Tichb,

(FHAMFE R <7 P VEBEOEH)

(BRRRELEEEE 2 <7 PVEREOEH)

(BHRERET 2 X7 b VEEOEH)

(A X 5HERR 7 MVBECKEORE, & I 3ROC &)

(BEBERO A v D 2 ROEH)

(D LOHBARREE Y~ FTIBLRL, Fry M2 S5 5 NESPL OALH— FEF
%.)

HERR2 PWVEEOHEY ). FEBOFRVNEI RV 0T, BEZ OFHIX
NASAP-2-CROSS & LTSI 8T\ 5.

JFHER 2 < PVEEORNEIE & SRMBOBIHMED 2 it 5 EEOKE LT, AR
BER In(0) BEXORTWAL0 LT 5. i D Iy(w) RGHRLLHELARE S
105 DRRSy Mij(w) Q4P oFfirEL B h 5. QU0 13, Kok {12, () 5 AT
%. FITING Tit, B/MEREXAVCCIADLOROEYED, ERE Iv(o) *HHT
5. kX, FHABEOANTR X2 FVEENE 2 BRIk, Ko x—4 a,
ag, T

I(0) =(a:1<vp (v = 1)D{ANYM W (0) + agly pap{AsNYM 92 (w)
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Faglvyy <A NYM WD () + aglvg(va—1)){4sN>M 45 (o)
+asvan )X AsNYM P (0) +aglpyHANYM @ ()

{2 A0y + ar . Gt A (O] % (M (@) = M () + M0 ()]
Haw 802 4, 0wy M ()| % Wea (120*
L33,
1II
Se=2 Wiy (vi) —1(wi)|? (121)

PRI D X 5105 A —F ay,ap,09 IEED DB, 2 2C, III ZRET — 2 ORETHY, T W, W,
X overflow % X} 575 @ scaling factors TH5. BE
Q=0 =0a3=a4=05=aq5=1

&, BIBLTEE, a6 KXV a #RDD. ZOR, ap BPEITIY, lun /e (=lem[{u) ZFRDL,
as 1T lu [l BFbT. 7td, ay X scaling factor TH5.

HAEBORBARSR Y VO THE, Ok NESFIT o — R (cf. 48 V) & LT E#TED,
FITING v—7 ik, #3I—RLic-TWw5,

Ik, Aa— KTk, #7v 3 NPUNSO(I) % X0, NPUNSP(I) #HuvC, §HEEEL v —Firrt v
FERDHZENTES. TOHNHH— Fix, Graphic Plotter #{§jasg 5D =2 — F NESPL (cf. £ IV)
DAAH—FELTHVWS I ENTES.

* #fr% Scheme I OPATH%. Scheme I 1o\ Ch [FfE, WETX 2.
**ORERRBEMT, MARNRBML OB AL, M(o) B EhTh, Mi(o), Mom(o) k%,
B EREOREIC OV TR (24) ¥ BBIhicue,
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# 01
i 02

# 03

$ 04

# 05

% 06

% 07

¥ 08

% 09
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4. A 1 # R (Input Data)

format (12A6) Problem identification.

format (815)

NP : Number of subproblems.

NCPS: Number of frequency points < 100.

NORM : Normalization point at the frequency region.

MIT : Max. number of iteration in the subroutine COVR.

NTRAN : Option ; If NTRAN =0, the amplitude of the transfer function is given as input

data.
NTV: Option; If NTV = 0, means and covariances are written at each iteration in the

subroutine COVR.
IDIST : Option ; If IDIST =+0, external disturbance to the noise source matrix @ is taken

into account (cf. Appendix HI).
ISCHEM : Option ; Put ISCHEM=1, when the stochastic model (SM) of heat transfer is the

scheme I*.
Put ISCHEM=2 (or 0), when the SM is the scheme II*.

format (E 12.5)
EPSI : Convergence criterion (cf. Eq. (51) & Eq. (52)).

format (2E12.5)

P: Reactor power (arbitrary unit).
SN : Extraneous source strength (sec™).

format (3E12.5)

tgo: Reactivity coefficient of fuel temperature feedback through the capture cross section
(4k/E/C®).

besr Reactivity coefficient of fuel temperature feedback through the fission cross section
(4k/k[C®).

bem * Reactivity coefficient of moderator temperature feedback (4k/k/C°).

format (2E12.5)

Cr: Heat capacity of the fuel (arbitrary unit).

Cn: Heat capacity of the moderator (arbitrary unit).

format (6E12.5)

As: Fission rate per neutron (=vZ;)(sec).

o Reactivity (dollars).

A Decay constant of precursors (sec™l).

K/C,: Relaxation constant of the fuel temperature (sec™l).

K/C, : Relaxation constant of the moderator temperature (sec!).

1ty : Removal rate of the moderator energy (e. g., the coolant speed divided by the cool-

ant channel height) (sec™?).

format (3E12.5)

OX The mean number of secondary particles (neutrons plus precursors) emitted by a
fission,

B: The probable fraction of precursors.

Lupy : The mean energy emitted by a fission (arbitrary unit).

format (3E12.5)
vp(vp— 1)>/<p)?
ey [<v)?
vawa—=1)>/<v)?

* cf. TasLe |
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$ 10

£ 12

%13

¥ 14

£ 15

% 16
%17

format (6E12.5)

Xrr =u[{us?.

X =<u/{upt

Ymm =ttm®) [ttm2.

Xrr =D [utr)?

Xor =<ttt [ (0D<pp) ).
Xar =vare) | (D<us].

format (6E12.5) (CPS(I), I=1, NCPS) Values of frequency.
Only if NTRAN=0, the following # 12 data are necessary.

format (6E12.5) (TRANS(I), i=1, NCPS)
Amplitude of the transfer function.

format (815) (NOPT([), I=1,4) Options for calculation* :

If NOPT(1)=0, only the covariances are calculated.

If NOPT(2)=0, the power noise spectrum is calculated.

If NOPT(3)=0, the fuel temperature noise spectrum is calculated.

If NOPT (4 )20, the moderator temperature noise spectrum is calculated.

format (715) (NPUNSO(I), I=1,4) Options for output by cards*:

If NPUNSO(1)==0, the output data is normalized.

If NPUNSO(2)=0, the input noise source (INS) to the power noise is output by cards.
If NPUNSO(3 )0, the INS to the fuel temperature noise is output by cards.

If NPUNSO(4 )40, the INS to the moderator temperature noise is output by cards.

format (715) (NPUNSP(I), I=1,4)

Options for output by cards* :

If NPUNSP(1)=-0, the square modulus of the transfer function is output by cards.
If NPUNSP(2)==0, the power noise spectrum is output by cards.

If NPUNSP(3)==0, the fuel temperature noise spectrum is output by cards.

If NPUNSP(4)+0, the moderator temperature noise spectrum is output by cards.
The number of sets of the following two cards should be NP.

format (12A6) Subtitle.

format (3E12.5)
RT =<up/lup.
RM =ty [{125).
RR ={u>/{up>.

TABLE 2, NESAP options

NOPT (I)==0 If NPUNSO (1) &=0, If NPUNSO (I) =0
the code the code outputs the code outputs
I calculates the cards of the cards of
1 only the covariances * | TCed P
2 Spas(w) I(w) to Spap(w) Spas(w)
3 Spo(w) I{w) to Sps(w) Spe(w)
4 Sp”m(w) I((I)) to S,e,,,(w) Spﬂm(w)

* If NPUNSP (1) =0, the output cards of I (w) have the normalized data.

* cf, TABLE 2
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# 01

%10

#11

%20

¥21

# 22
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5. HAERK (Output)

DZ b (List)

List of input data such as problem identification, value of <{us>, t.s., tirs, tom Cry Cmy Agy P, A4,
K/Cf1 K/Cfm 1/Tfm <V>y B) <yi)(yi)—1)>/<y>27 <prd>/<y>2r <yd(pd—l)>/<y>21 Xff, xth xmmr xrh xbf’
Xz, name of subtitle, power level, S, {up /s>, {um>/{s> and {u,>/us).

If NTV =0, the following list of data is obtained at every iteration :
« Number of iteration in the subroutine COVR.

« New value of number of neutrons <N ..

« Fractional error={<{N>n.w — <N o1al/[{NDnew-

+ New covariance {NG) ..

+ Fractional error=|<{N@pew —<NOo1a | [N pew.

+ New covariance matrix

Output of converged value of

« Operator matrix, L.

+ Mean <N, <C>, <0, <0n>

« Covariance (N2 —<{N>2, {NCY—~LNYC>, etc.

NZH (N2 ANCY—LNYXCH

« Normal covariance, (NS , (NSCS etc.
+k=1/(1-pB), where p and B are input. (122)
ck,= VX 4sN> (123)

— {ApNYHLAND

If NOPT(2)=0, we have a list of the normalized and the unnormalized values of input noise
source

I(w) given by Eq. (54)

for each point of angular frequency.

If NOPT(2)=0, we have a list of values of

M%) (w) given by Eq. (55)

and the value of

Itm(w) :M(33) (w)QBT(33)+M(34)(w) QBT(34)+M(44)(Q’)QBT(44) (124)
normalized to unity at oy=CPS (NORM).

The matrix @pr will be defined by Eq. (129).

If NOPT(2)=0, we have a list of fractional contribution of each noise source component to
the total noise source I(w) at the normalization point, i. e,

« M9 (wy)Qpr? (wy), (125)

« M9 (on)QprY? [I(wy), (126)

* M2 (wn)Qpr%P/ I{(wy), (127)

« MG (0y) Q99 I(wy), (128)
and

o MG (wn) (Qp41+Qu57) [ I(wy), (129)
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where matrices Qpzr and Qg are given by

0, 0, 0, 0
0, 0, 0, 0
Qpr= (130)
0, 0, qBT, —4BT
{ 0, 0, -gs71, 93T
0’ 0! 07 0 W
0, 0, 0, 0
Qsr= (13D
0, 0, 0, 0
0, 0, 0, qBR
with
gpr=<pyXuP ; for Scheme T *, (132)
=2DAL0> + 22,0y ; for Scheme II*,
qBR:<ﬂrz>Ar<0m>v (133)
while Qpr is defined as follow :
Qpr=Qp—Qpr—Qsr. (134)

¥ 30 If NOPT(3)%0, we have a list of the normalized and the unnormalized values of input
noise source
I, (w) given by Eq. (88)

for each point of angular frequency.

¥ 31 If NOPT(3) « 0, we have a list of values of
M, (w) given by Eq. (89)
and the value of
Lyt (@) = M3 () Qpr® 4+ M3 () Q 13 + M40 (0) Qpr® (135)
normalized to unity at wy=CPS(NORM).

# 32 If NOPT(3)= 0, we have a list of fractional contribution of each noise source component to
the total noise source I,(w), i. e,

« My“9 (wn)Qpr“ [ Is(wn), (136)
« My (on)Qpri? [I5(wn), (137)
« M9 (wx)Qpr%” /I (wn), (138)
s MS9 (wn) Q29 [ 1) (wy), (139)
and
« M99 (o) (QpY+ Q247 [ I(wy). (140)
# 40 If NOPT(4)==0, we have a list of the normalized and the unnormalized values of input noise
source ;

Iy (o) given by Eg. (102)
for each point of angular frequency.

# 41 If NOPT(4)=0, we have a list of values of
M, () given by Eq. (103)
and the value of
Lt (@) = My, (0) Q pr®® + My, 30 (0) Q pr® + M, 4P (0) Q pr¥ (141)

* cf. TasLe |
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normalized to unity at wy=CPS(NORM).
# 42 If NOPT(4)=0, we have a list of fractional contribution of each noise source component to
the total noise source I,,(v), i.e.,

o My, (0n) QprYi? [ I, (wn), (142)
* My (on) QprY9 [ I (), (143)
* My (0n) Qg% [ Ijm(wy), (144)
* My (0n) Q257 Iy (), (145)
and

* My 9 (0y) [Q5490 + Q04 I, (wy). (146)

# 50 Normalized noise spectra and square modulus of source transfer function, i. e,
» Power noise, | T(iw) 2] (w).
« Fuel temperature noise, | T(iw] |2 I,(w).
+ Moderator temperature noise, | T(iw])|2I,(w).
» Transfer function, | T(iw]|2.
« Zero-power transfer function, | To(iw] |2.

5.2. H—F (output by cards)

# 101 If NPUNSO(2)+0, we have a set of cards where the noise source to the power noise is
punched.
a) + FREQUENCY (CPS) ; format (15 H).
+ w;(i=1, NCPS) ; format (6E12.5).
b) «TOTAL NOISE SOURCE TO POWER NOISE ; format (33H).
« I(w;) given by Eq. (54) (normalized at =CPS(NORM) ; format (6E12.5).
c¢) +N-N, N-C AND C-C; format (16H).
» Sum** of v
MAab(y))Qgpab
Ma»(p)Qpri®
and
M (w)Qpr?®, (i=1, NCPS) ; format (6E12.5).
d) -« N-FF AND N-CF ; format (14 H).
« Sum** of
Mad® (wi)QBF(ls)
and
M (0,)Qpr?®,
e) +KAI F-F; format (8H)
« Value** of M3 (w;)Qpr®® ; format (6E12.5),
f) «KAI T-T AND M-M ; format (16 H).
» Sum** of
MO () Q pr3®
M(34) (wi) QBT(34)
and
MU (0)Qpr“® : format (6E12.5).
g) « KAI R-R ; format (8H).
« Value** of M“49(;)Qpr“® ; format (6E12.5).
h) «SECOND MOMENT ; format (14H).

** This data is normalized, if NPUNSO (1) %0
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# 102

a)

b)

c)

d)

e)

f)

g)

h)

# 103

a)

b)

c)

- Value** of

Me

] ﬁ]lM"'”(w,-)Qz‘”) ; format (6E12.5).
Z

[

If NPUNSO(3)0, we have a set of cards where the noise source to the fuel temperature
are punched.
« FREQUENCY (CPS) ; format (15H).
« w;(i=1, NCPS) ; format (6E12.5).
. TOTAL NOISE SOURCE TO FUEL TEMPERATURE NOISE ; format (44H).
« I(w;) given by Eq. (88)
(normalized at @=CPS (NORM)) ; format (6E12.5).
« N-N, N-C AND C-C; format (16 H).
» Sum** of
M,AD () Q gpID
M2 (w;) Qg2
and
M2 (0))Qpr®, i=1, NCPS : format (6 E12.5).

+ N-TF AND N-CF ; format (14H).
« Sum** of
M3 () Qpp1®
and
M, (0)Qpr®® ; format (6E 12.5).
« KAI F-F ; format (8H).
« Value** of M,3(w;)Qpr®® ; format (6 F12.5).
« KAI T-T AND M-M ; format (16H).
» Sum** of
M, (w;) Qg3
M3 () Q pr®®
and
M43 (0,)Qpr¥® ; format (6E12.5).
« KAI R-R ; format (8H).
- Value** of M,“4® (w;)Qpr™® ; format (6E12.5).
« SECOND MOMENT ; format (14H).
« Value** of
i 3: M9 (05) Q47 ; format (6E12.5).

i=1j=1

If NPUNSO(4)#0, we have a set of cards where the noise source to the coolant tempera-
ture noise is punched.
. FREQUENCY (CPS) ; format (15H).
+ w;(i=1, NCPS) ; format (6 E12.5).
. TOTAL NOISE SOURCE TO COOLANT TEMPERATURE NOISE ; format (147 H).
+ I (0;)given by Eq. (102)
(normalized at o=CPS(NORM)) ; format (6E12.5).
« N-N, N-C AND C-C; format (16H).
« Sum** of
M{]m(n)(wi)QBF(u)
Mam(IZ)(wi)QBF(IZ)

and
M, 22 (0;)Qpr®, (i=1, NCPS) ; format (6E12.5).



22 HHAFEER 22 PAFEFHE = — F NESAP-2 JAERI 1186

d) + N-TF AND N-CF ; format (14H).
» Sum** of
M, 93 (0;) Q pp1®
and
M, 2 (0;)Qpr®® ; format (6E12.5).
e) +KAI F-F; format (8H).
- Value** of M, (w;)Qpzr®® ; format (6E12.5).
f) +KAI T-T AND M-M ; format (16 H).
» Sum** of
M, 33 () Q gr3®
M3 (w;) Qg3
and
My (0;)Qpr™® ; format (6E12.5).
g) - KAI R-R; format (8H).
« Value** of M, "% (0;)Qpp® ; format (6E12.5).
h) + SECOND MOMENT ; format (14H).
+ Value** of

Ma

1

# 104 If NPUNSP(1)+0, the square modulus of the transfer function (normalized) is punched
out.
a) « FREQUENCY (CPS) ; format (15H).
« w; (=1, NCPS) ; format (6E12.5).
b) « TRANSFER FUNCTION ; format (30H).
| T(jw;J|2(i=1, NCPS)* ; format (6E12.5).

1l

i‘ My, 59 (0;) Q.47 ; format (6E12.5).
17=1

# 105 If NPUNSP(2)=0, the noise spectrum of the power level is punched out.
a) - Frequency(CPS) ; format (15H).
» w;(i=1, NCPS) ; format (6E12.5).
b) « NOISE SPECTRUM N-N COMPONENT (NORMALIZED) ; format (42H).
| T(jw)2I{w;), (i=1, NCPS) ; format (6E12.5).

# 106 If NPUNSP(3 )0, the noise spectrum of the fuel temperature is punched out.
a) - FREQUENCY(CPS) ; format (15H).
+ w;i(i=1, NCPS) ; format (6E12.5).
b) « NOISE SPECTRUM EF-EF COMPONENT (NORMALIZED) ; format (43H).
A TCjod 2 I(w;), (i=1, NCPS)* ; format (6E12.5).

# 107 If NPUNSP(4)=:0, the noise spectrum of the coolant temperature is punched out.
a) + FREQUENCY (CPS) ; format (15H).
» 0;(i=1, NCPS) ; format (6E12.5).
b) - NOISE SPECTRUM EM-EM COMPONENT (NORMALIZED) ; format (43H).
N T jod 2 Im(w;), (=1, NCPS)* ; format (6E12.5).

*RAE S BIDIC, S TAGTERBYES | ORI 2. Tisb,
i=v'-1
Th%.
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L *

HEE s — WL RS X OEAE— KK OER X hic Subroutine CROUT 3 X0* LOGLG 3, LINER
1, SCLINE %7z — RCER LTS, ¥1, B/NERECXS7 4y bkl NESFIT a— Ptk
S v 7 — /N RS S hi: WESTCOTT = — R4 LT 5. HEREIIEESALERICIL,
> 75 MERE RIS W, FREREBERCL, GEEROHEYREC L. IERE (RIX)
wwit, DIST oa—F 4 v 7 LTwicliuni., HEERLET.
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Appendix | 173l Gr(s) DEZF%

A (56) X TER LIcTH Grio) OF (-7) B# Gridiio) ¥

Gridiw]=g%P(iw]/|Grliv]|

ER L. ek, BETFCOVTE

GrT6d(jw)=gTP({w])/|Grlinw)]

L&, ROBFRIEHS.

T,

g(u) — gT(Jl)'

gWs)=(s+ L) (s+py) (s+ p2),
gIB(s]=(s+ p1) (s+ p2) L,
gIPs]=— (s+p3) (s+ py) L9®  if LID=:0,

=(s+c13)ai3 ; if L99=0 and a;3==0,
=d3 ; if LA¥=gy3=0,

gW(s)=— (s+ ps) (s+ pe) L ; if LA,
=(s+cu)a, ; if L99=0 and @430,
=dyy ; if L9 =ay4=0,

gBD(s)= — (s+ L) (s L4) LBV,
g(SZ)ES]= — ($+ L(44))L(22)L(31)'
g¥(sI=(s+ pr) (s + ps) (s + LUP),
geP(s]=— (s+po) (s+ po) LGP,

gUD[s) = (s+ L&) LD LUD,
gUD(s]= LED[GDLUD,
gUP(s]=— (s+ p11) (s + p12) LU,

gUO(s) =53+ s2ays +5as41 t Gag.
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Appendix |l

Input Data

NESAP Sample Problem

PAGE 1

TEST NO.1 P=10UKN=E+08MILIWATT+TCFam] 5E~05,TCM==8,5F~054GANMFC/GAMEF=045.,

1 56 16 20
0.0001
1.0 €408 1.0 E+05
=5.66 €=05 4416 E-05-8.5 £-05
1.66666E+05 3433333E+06

S5¢4 E+03~1.33333E-04 0.05
2047 0.0075 3.2 £=08
0.784 0.00553 0,0000389%

1.0 1.0 .
0.,000159155 0.000238732 0.000318309
0,000954927 0.00111408 0.u0127324
0,0031.8379 0.00477464 0.00636€18

4.0 0.2

1.0

*02
*03
*04
05
*06
0.2 »07
*08
*09
1.0 *10

1.0

0,LL0D4T7464 0,000636618 0,00079577211
0.u0143259 0,0015915% 0,00238732
0.00795772 0.00954927 0.0111408

0.U127324  (.0143239  0.015915%  N.U238T32  0.0318509  0.U4T7464
3.0636618 0.0795772 0.U954927 n.111408 0.127324 0.143239
0.159153 0.¢38732 G 31830y 0.477464 0.636618 0.795772
0.954927 1.1140% 1.27324 1.43239 1.59155 2.38732
3,18309 4.77464 6.3661¢ 7.95772 9.54927 11,408
12.1324 14.3239 15,9155 23,8732 31.8309 47,1464
63.6618 79.57172
[ 1 1 1 #13
1 1 *14
1 #15
TEST NU.1 KT=RM=1,0k+10+ RR=1.0k+12 #16
1.0 E+lu 1.0 £410 1.0 E+12 *17

Output Data
PROBLEM TDENTIFICATION

MEAN ENERGY RELEASED PER FISSION

FUEL TEMPEKATURE REACTIVITY FEELBACK THKU CAPTURE CROSS SFCTION
FUEL TEMPEKATURE REACTIVITY FEEDBACK THRU FISSION CROSS SECTION

COOLANT
HEAT CAPACITY UF FUFL

HEAT CAPACITY OF COOLANT

F1SS1ON RATE PER NEUTRON

REACTIVITY

CECAY CONSTANT OF PRECURSOR

HEAT THANSFER COEFs DIVIDED BY FUFL HEAT

HEAT TKKANSFER COFFs
COULANT SPEED DIVIDED BY CHANNEL REIGHT

TEMPEFATURE KEACTIVITY FLEDBACK THRU CAPTURE CROSS SECTION

CAPACITY

HIVIDED BY COOLANT HEAT CAPACITY

FEAN NUMBER OF SFCONDARIES EMITTED FER FISSION

FRACTION OF DELAER NFUTRONS

THE SECOND FACTORIAL MOMENTS DIVIDED BY MEAN#MEAN

NUP*{NUP~1)
NUP#HUD
HUD®{NUD=1}
HusML
MUFH#MUFT
MUTM&MUTH
MUR*MUR
MU=NUP

| HUXNUD

REACTOR POWER
EXTRANEOUS SOURCE STRENGTH

PARAMETER SURVEY
RAT10 UF ENERGY TRANSFERFD TO FISSION ENFRGY
MUTF/NU

MUTM/MU
MUR/MU

FIRST MOMENTS ARE COMVERGEL

*

*

TEST NO+1 RT=RM=1.0E+10+ RR=1.0E+12

TEST NO.1 P=100KMN=E+OBMILIWATT+TCF®e1.5E=05TCM==8,5£-054GAMFC/GAMFF=04

3.20000E=08(#*)
=5.66000F=05 (DELTAK/K/C)
4.16000F=05(DELTAK/K/C)

~8,50000E=05(LELTAK/K/C)
1.66666E 05(#»/C)
3433333F 061(#%/C)

5.40000E 03(/SEC)
=9.99997€=07

5400000E=02¢/SEC)
44+00000E 00C/SEC)

2.00000F~01¢/SEC)
2:00000E-01(/SFC)

2,47000€ 00
7+5000CF=03

7.84000E=01
5.53000E=03
3.89500E=05
1,0UN0CE 00
1.00000€ 00
1.00000E 00
1.00000E 00
1.00000E 00
1.00000E 00

JAERI 1186

MEANS UNIT OF ENERGY 'WwHICH DEPENDS ON THE INPUT

1,00000E 08(#*x/SFC)
1+0D000E 05 (NFUTRONS PER SEC)

1.00000E 10
1.00000E 10
1.0000

OE 12
*» MEANS UNIT OF ENERGY »wHICH DEPENDS ON THE INPUT

**LIHEARTZED ROLTZMANN OPERATOR MATRIX

NEUTRONS PRECURSORS
N 1.00048E 02 =5.00600E=02
[ ~1,0003%€ 02 5.00007E=02
EF =1.T72800E~04 O
EM Qs 0.

FIRST MOMENRTS
MEUTRUNS
5.7§704E 11

PRECURSORS
1.15731€ 1%

COVARTARCE MATRIX

NEUTRUMS PRECIRSORS
N 1.17565€ 19 2.75814€ 21
C ke 5,56R88E 24
EF LT axe
EM *an *hw

COVARIACE/ \MEAN®MEAN)

MEUTRUNS PRECHRSORS
N 3451047605 4.116445~06
C *rw 4015424E~06
EF e L2
EM *xk *kx

FULL ENERGY
7.18973E U5
=2.42791E 04
3.93806E 00
=4,00000E 00

FUEL ENERGY
5.00000E 07

FUEL ENERGY
1.39244E 14
1.04347E 17
1.35511E 10

#en

FUEL ENERGY
A B122BE=U6
1,80248E=06
5.42065L-06
I

EFFECTIVE MULTIPLICATIUN FACTORCINFUT) =
EFFECTIVE BWLYIPLICATION FACTOR IH TERMSG OF KEACTION RATIO= 1,0000021 E 00

MODe ENERGY
1.96824F 05

Qe
-2,00000F=ul
4,00000E~v1

MODs ENERGY
5.00000F 0§

MOD. ENERGY
~5.78380F 15
=3163180F 17
~9+21247€E 10

3.19875F 12

HOD» ENERGV
=1.99848l=ud
~6427355€~07
=3168499F=006

1027950F=U5

9,94999900 E=0L
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NOISE SOURLE  SPECTRF (N=MN COMPONENT) NohMALllgn AT 7.95772E=03(CPS)
NOISE SOURCE SPECTKF
URNORMAL TZED

cPs
(Hz)

1.59155E=04
2,38732E~0%
3.18309t-04
4.TT464E=0%
6430618E=0"
1.997726=04
9454927E-0%
1,11408E~03
1,27524£-03
1.43239E=03
1+59155£~03
2,38732E-03
3,183096-03
4477468E=03
636618603
7.95772E~03

9434¢27E=
1,11408E-

03
02

1,27224L-02

1.43239E~
1.59155E=

02
02

2,38732E-02

3.18309E-

02

4.77664E=02

643661EE=

02

7.92772E=02

9,542 7L
1,11408L=
1.271224E-
1,4323% =
1591558 =
2,38732E~
3.,18309€=
4, T1464E
6436818E
T495772E=
9.54¢2TE=

1,11408E
1.27224E
1.43239€
1.59155€
2.38737E
3, 1620%%
4. TTL64E
6.30618E
T+997T12E
9.54427E€

€.36018E
74991726

0z
02

28
ol
01

638
01
ol
01
o
0L
00
o0
00
00
v0
[¢53]
oo
00
ot
9]
0l
01

£ 01

01
01

£ 01
0L

01
ol

SPECTRA OF NOUSE SUURCE COMPOMENT

Crg
1:592E-04
2+387L=04
3:183c=04
4.7758=0%
6.366L~04
74958L~04
9.549=0%
1.114E~03
1.2730=03
14432E~03
14592E-03
24387¢~03
3.,183t-03
4o 1T5E-03
64366E-03
Te988E=03
9.549t.=03
1.1146-02
1.273k-02
1.4328-02
1.592e=02
2:387L=02
3.183c-02
42 TT5Em02
6.366E=02
7.958E-02
9.549E~02
1.114t=01
1,273L-01
1.432t-01
1.592k~01
2.38TL=01
3.183t01
44775E=01
54366E~01
7.958E~01
9.549L=01
1.11aE 00
1.273c 00
1.432c 00
1.592t 00
2:387e 00
3.183¢ 00
4,175 00
6+366L 00
7.958L 00
9+549E U0
1.141E 01
1.273c 01
1.432E 01
1.592¢ 01

T.958t 01

1.00nE

00

.00
Y]
.00

N=C
1.99%E
1.990E
1,997F
1.993F
1.987F
1.980F
L1.772E
1.962F
L.95GE
1.937F
1,923€
1.835E
14724€
1.471F
1,220€
1.00VF
8,1976-
6. T5TE~
5¢bl8F=
4 T1L7E=

3.125F=~

6.,173E=05  1.638E-02
5.00UF=05 1.371k-02
2,222E=U5 6,h78E=03
1,250€=03 3.°8%06-03
5.556F=06 1.743E=03
3,1256-06 9.919E~04
2.000E=-06 6,372E=04
1,389E=06 4.434E-04
9.732E-07 3,111E-04

7.312E~07 2.499E-04
6.173E=07 1,976E~04
5.000E=07 1.603E-04
2,222F~07  7.123E-05
1.250€=07 4.,0N8E~05
5.556E=08 1,782E-05
34125g=08 1,002£~05
2.000E-08 6.415E=06

[¢19)
o)
1]
00
0o
0n
uo
00
)
3]
uy
(3]
vo
00

o1
V1
0l
01

Vs
3

3.hRSE=
2.hhut =01
2,101E=01
1.758E~01
1.53kE=-01
1,332£~01
1.271F=01
1,137-01
9,9572E~02
3.153E=-02
6.329E=02
4.915E=02
Sub=02
3.035E-02
2.234E=D2
1,992£-02

HURMAL1ZED

1.065E 00
1.065€ 00
1.065E 00
t.06%E 00
06%C 00
656 00
L.obsE 00
l.06sk 00
1.064E 00
1,063 00
1.063E 00
1.059E 00
1.055E 00
1.042€ 00
3

S.0alf-01
3.030E=01
1.944t=01
1,3306-01

5.615E=02
4.484E=02
3,£60E-02
3ie58E=02
2.3368-03
4,142

4,043
2,272

1,010E~0%
T.080E=06
51684E=06
4.492E=06
3.63%E=06
L.619E~06
9.124E~07
4,0756=07
2,308E=07
1.490E-07

N-EM
1.068E 00
l.068E 00
1,068E 00
1.067E 0D
1.u67E 00
1,067 00
1,067E 00
1,066E 00
1,066E 00
1.065E 0N
1,045 0N
1L,06tE 00
1.05N on
1.043E 00
1,024E 00
1.000E 00
7.721E=01
9.410E=01
9,077E=01
A, T1TE=0L
8, 351E=-01
6.537E~01
5.005E=01
2, 9RBE=01
1.496E-01
1.281k=01
9.093E-02
6., 7T1LE-02
5,1n4L-02
3.974E=02
3,152E=02
1.172k=02
4,392£=03
5.283E-04

=5,395E=04
«7.743E-04
=T.,062E=0%
«6,495E=04
=hUl3E=04%
=5.194E~04
~4,485E=04
-2,324E-04
=1,380E=-0%
~643RVE-D5
=3.639E-05
=2.344E=05
-1.633i=-05
«1,147k=05
-9,212£=05
«291E=06
«5,310c=-06
=2.531E~06
~1,481E=-06
=6.543E=07
«704E=07
«2,370€E=07

44399E 24

453998 24
44399 20
%4e398E 24
4,393k 26

443978 24

44396E 24
44394E 24
4y393E 24

c-C
1,999€ 00
1.993F 0n
L.997€ U0
1.993€ 00
1.987F 00
1.980F 0n
1.972E 00
1.962F 00
1.950F un
14937E 00
1.923E 00
1.835€ 00
1.724E 0O
1e4T1E 00
1.220E 00
140008 00
8.197F~01
6.157F-01
5.6185-01
4.717E=01
4,UQ0F~01
2,0005 =01
1.176E=01
5.4056=02
3,077F~=y?
1.980F =02
1.379F=02

7.187E=03
6e154E-03
4.987E=03
2L220F-0%
1.249F=u3
5e954F =04
3.125F=04
2.000F-04
1.3890 =04
1.020F=ua
T.dl2E=05%
A.1T3E~05
5.000E=05
2.222E=05
1.450F=u3
54556E=06
3.125F-06
24900E=086
1,389€-06
9.732¢=07
T7.812E=07
5.173E=07
5.000E=07
2+222€E=07
14250E=-07
5.956€=08
3.,125E~08
2.000E=08

C-EF

1.709E
1,708BE
1. 707E
1. T05F
1.701E
1.696F
L1.690E
1.hB3E
1,675E
1,660L%
1.656F
14594E
1.516F
1.337F
1,129
1.00UF

oo
vo
co
oo
00
00
0o
0o
0o
(]
00
0o
0o
00
0o
00

846 126~0L
T,585E=01

6.696F~
5.96TE=
5.360F=

0l
01
01

3e424F-0L
2.385E=01
1.326E-01

B 29TE-

02

5.646E=02

4,08 7E-

G2

3.100E~02
2.440F-02
1.977E=02

8.,190€-03
5.171F=03

2.818F~

03

1.84pF=03
1.314E-03

G.H33E=
I.hlof-
6.058F=
4e923F=
4,074E=
1.913F~

04
04
L4
04
04
04

1,099F=04
4.958E=05
2.8U4E=05
1.799E=05
1.251f=05
8,7T15E=06
T.048F~06

5e5TLIE=

06

4.514E=06
2,007E=06
1.129F=06
5,020E-07
2.824E=07
1,807€=07

1.000E 00
8,707E=pl
T.644E=-01
6.,7T4E=n1
6.056E-01
5.457e=01
3.522E=01
2.,4656=01
1.370E~01
$.526E-02
5.750E=02
4.114E=-02
3.078E-02
2,384E-02
1.89%E-n2
1.546E~02
6.930E~03
3.88Tt=03
1.703E-03
9.436E~04
5.962E=-04
4.099E=-04
2.989E=04
2.275E~04
1.789E-04
1,4644E=04

6.3558E-05

3,563E-05
1.579E=n%
8.872E-06
5.6T5E=06
3.,940E=06
2.760E~06
2.216E-06
1.751E-08
1.418E-06
6.301E-n7
34544E=07
1.575E=n7
B8.R60E=08
5.670E=08

EF=EF
1+061E 00
1.061E 00
1.061t 00
1.061E 00
1.061E 00
1.060E 00
1.060£ 00
1.060E 00
1,060 00
1,059 00

94736t=01
9.436E-01
9,111k~pl
R.766E=01
8.409E=01
A.632E=01
5.128E=01
3ela2E=01
2.,0696=01
1.462E=01
1,095k=01
q,591L-02
6+992E-02
5.BAPE~N2
5.032t=02
2.9561E=02
2.1alk-02
£=0:

1.,0%0E-02
T.609E-03
5:392E=03
4.667E~03
3.768E~03
3.095E-03
2.+5381E=03
1.235E=03
7+143E=-04
3.240E=04
1.836E=04
1.179E-04
R.202E=05
5.755E=03
4.622E=05
3.654E=05
2.961E=0%
1.317E~05
T7.411€~06
3.2948~06
1.853E~06
1.186E=06

EF=EM
1.063E GO
1,063E GO
1,063 00
1.063E 00
1,063E O
1.063E 00
1.063F 00
1.062€ 00
1,062€ 00
1.001€ 00
1.061€ 00
1.058€E 00
1,054E 00
1.0U41E 6O
1.,023€ 00
1.0UNE 00
9. 730€-01
9.425F-01
9.094E~01
8.T44F=-01
A.383F=01
6.535E=01
5.U64E=01
2. 05TF~u1
1,473E=-01
1.361€=01
FIUTE=D2
7.932€6~02
5.926E=12
4.T9%F=02
3.968F~02
1.946F=u2

2

2.447E=03
2,110E=p2
1.624€E=03
1.286E=03
1.042E-03
8,602E=04
4.,015E-04
2.301E~04
1.037€-04
5.863E-05
3.761E=05
2.615F=D8
1.834F=05
1,473F-05
1.164E=0%
9e431E~06
44196E-06
2.360E=06
1,049E=06
5,900E~07
3. TT6E=Q7

EM-fM
1.065F 004
1.065F 00,
1.065F 0
1.065F 004
1,065F 00,
1.065F UU,
L.064F 00,
1.064F QU
1l.n64f VU,
1,063F 0OU,
1,063 00,
1.059F Uuy
1,055F 00,
1+042F 00,
1.023E 00,
1.000F 00,
9.T726E=01,
9.419F=01,
9.085€=01,
6,733E=01+
8.369F-01,
6.565F-014
2,040F=01,
3.027F=014
1,941E=01+
1,327F=01.
9.566F=02,
T.188F=02
24582E~02
4.451E=024
3.626E=024
1,622F=02,
F.043E=03.
34904E~034
2.131F=03.
1.330E=03,
¥.054F=041
6.550E=04.4
4.956F =04,
3,RB0F =04,
3.120E=04 4
1,360E=04+
T.592F=053,
34354E=05
1,883F=05,
1.2n4E=05+
B13556=06+
5.R52F =06+
4.697E=064
3.711F =064
3.005€=064
1.335E=06+
74511€-07,
3.338E-07,
1.878E=074
1.202E=07,

5.174E=01
4.933E=01
4.763E=01
4.635E=01
4.529E-01
4.437£-01
4,052E-01
3.687E=01
2,969E-01
2.341g=01
1.842E=01
1,4626-01
1.175E-01
9.582E=02
T.925k=02
6.642E=02
3,216E-02
1,867E=02
B,495E-03
4.R18E=03
3.096E-03
2,154E-03
1,512E=03
1.214E-03
9,600E=04
1.779E=04
3.461E=04
1,947E=04
B.65TE~05
4,870E=0>
3,117€-05

7
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JAERI 1186

FRACTIONAL CONTRIRUTION OF EACH NOISE COMPONENT TO THE TOTAL MOISE SOURCE AT THE NORMALIZATION POINT OF FREQUENCY

N=N

N=~EF

n=C H-EM C-C C-EF C=FM EF=LF EF-EM EM=EM
FROM  BIHARY NES(FISSION)
FROM  HINARY NES(HEAT TRAMSFER)
FROM  COOL. KEM
FROM  2ND  MOMFNT
Sy
Ja61lYL=0Y9 5. 105E=1l =1l,627E=10 =0 1.797e~13 =1.620L=10" -U. T+433E-12 QO 0.
0. v, “0. 0. 0. =0, -0. 4,299E-02 =T7.410E=02 3.193E-02
O, ) 0. -0, =0, 0. -0, =0, 0. 0. 1.064E 00
=5.875E=14  1,983E-15 =4.661E=15 =0, V. =0, =-0. 'R ‘B 0.
3.619E-09 5,1036=11 =1.627£=20 =0. 1.797£-13 «l.p26E=10 =0, 4.299E=02 =7.410E-02 1.096E 00
HOISE SOURLF SPECTRE FF=ZF CompONENT NOKMALIZFD AT 7.95772E-03(CP5)
cPs . MO1SE SOURCE SPECTREF
NORMAL 1750 UNNORMALTZED
1459155E-04 1.740E 0 4.213F 13
2,38732E=~0%  1.740E Q0 6.210c 15
3,18309E~04  1.739E 00  6.,206E 15
4,77464E=04  1.736E€ 09 €4196E 13
LT AR
PECTRA nF NOISE SOURCE COMPOMENT .
s e h=C N~EF HEH c-c kP GG hemeioy 1.3eeEn03 1aA5GE 004 6.594E-01
55E - 1600E .108€ =7,5650=01 2.036E 00 R.433E04  1.845E=0: . V6 -
é:;:?li:g: i.giz-: 32 ilgi;: gg §i§§5-33 i:ggg 22 3.127§ gg -y.Zﬁ?r-m 2.035E 00 1.896E=03 2.,914E-03 1,830F 00+ b.szgs:gi
3,183t%04 1.U54E 00 2,106E 00 3.647E-03 1,599 00 2.106€ 00 =7.521F=01 2.033E 00 3.363E=03  4.,4UBE-03 1-3285 23' 2'2155-01
4.775E=04 1.054E 00 2,101F 00 7.841E=03 1.3597E 00 2.101E 00 =7.448F=01 2.029E 00 7.564E~03 8.665E=03 1.825 ' 6,
- Py
UT A
FRACTIONAL CONTRIBUTION OF £ACH NOISE COMPONENT TO THE TOTAL NOISE SOURCE AT THE NURMALIZAT]ON POINT OF FREQUENCY
N-N W=C N-EF N~EM c-C C~EF C=EM EF=EF EF~EM FM=-EM
FROM BINARY NES(FISSION)
FROM BINARY NES(HEAT TRANSFER)
FROM  COOL. KEM
FROM 2ND  MOMENT
SuM
3.261E~08  4,596E-10  3,3196~13 =0, 1.619E=12  8,22b8E~14 =0, 9.387E-16 =0, 0.
0, . G. | =0, 0. 0. =0. 2.B10E-05 2.941E=0%  5.069E-02
U, 0. 0. -0, 0. 0y -0, 0. =04 1.690E 00
=5.294t=13  1,787€-14  9.510E~16 =0, 0. 0. =0s 0, =0 D
34261E-08 4,598E=10 3.319g-13 -0, 1.519€=-12 B.228E-14 -0, 2:+81VE=-D5 2+941E-05 1.T740E 00
NOISE SOURCE SPFCTRE Mait COMPUNENT NOWMAL1ZED AT 7.95772F~03(CPS)
cPs NOISE SOURCE SPECTRE
HURMALIZED  UNNORMALTZED
1.59155E=04  1,087E 00  1.430€ 1a
2,36732E~04 1,087E 00 1.430€ 18
3.18309E~04  1.087E 00  1.429€ 18
N 2
BT H R
SPECTRA 0OF NOISE SOURCE COMPONENT
Py Nei NeC N=EF NetM c=C C=kF C~FM EF=EF £F=EM FM=FM ™
1.592e=04 1,071E 00 2.141F 00 1,139E=03 1,072k 00 2.141E 00 2,141F U0 2.163E 00 A.565E=04 1.137E=03 1.072F 00, _2.069.E 00
2.387c~04 1.071E 00 2.140Z 0p 2.200E-03 1.072€ 00 2,140F 00 2,180F 00 2,162E 0U  1.926E=03 2,206E=03 1.072F Ou, 2,068E 00
3:183t~04 1.071€ 00 2.1382 00 3.703E-03 1.072E 00 2.138F 00 2.138F 00 2.160F 06 3.421E-03 3.701€-03 1.072€ 00, 2.066E 00
A 2
BT EK
FRACTIONAL CONTRIBUTION OF EACH NOISE COMPORENT TO THE TOTAL NOISE SOURCF AT THE NURMALIZAT{ON POINT OF FREQUENCY
N-N N-C N-EF N~EM c-C C~EF C=EM EF-EF EF=EM EM=EM
FROM RINARY NES(FISSION)
FROM  BRINARY NES(HEAT TRAMSFER)
FROM  CNOL.. REM
FROM 280 MOMENT
SuH
8.8534£-09  1,249E-10 9.01z¢-14 0, 8.7T74E-13  3,339C~09 0. 2.543E~16 0. O
O, 0 U 0. 0. 0. 0. 7.630E~06 =2.632E=05 3.167E=02
U, O U, 'Ry 0. U, 0. 0. O 1.056E 00
*14437E-13  4,R5zE=15  2.582E-18 0. ['B 0, 0. 0. 0. Q.
84854E=09  1,249E-10  9.012E~-14 0. 8.794E=13  3.389E-09 O, 7.630E-06 =2.632E~05 1.087E 00
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NOISE SPRCTRA
Py NN EF=EF EM~EM SQUARE MODULUS OF THANSFER FUNCTION
NORMALIZED AT Cpse 7.95772E=03WHERE /T/##2= 2+40555€ 03
TUWT(-Iw)  To(lWr*To(=1w)

1,59155E=04 1,42565¢ 00 2.32932E 00 1.45550E 00 1.33R48E Ou 1.25084c D3
2438732E=04 1.42506E 00 2,32744E 00 1.43A86F QU 1.33796E N0 5.56043E 02
341830YE~04 1.42423E 00 2.32481F 00 1.45397F QU 1.33724€ 00 3.12997¢ 02

407 1464E=04 1.42106E 00 2,31733E 00 1445144€ 00 1.33518€ 00 1.3938RE 02
6+36618E-04 L.61657E 00 2,30696E 00 1.44792E 00 1.33232€ 00 7.8624Rk 01
74957 1ck=Un 1.41440E 00 2.29377E 00 1.44344E 00 1.32R68E 00 5.05000t 01
915492 JE=04 1.40936E 00 2,277¢9E 00 1.43805E 00 1.32434E 00 3,52222¢ 01
1.11408E=03 1.40352€ N0 2.25943F 00 1.43179E 00 1.31923E 00 2,60103€ 0%
1427324E-03 1.39690E 00 2,23556E 00 1.42471E Gu 1.31349€ 20 2,00311E 01
1043239E=03 1.38957E 00 2.21543E 00 1441685F 00 1.30713€ 00 1,59321E 0y
159155603 1.,34i58E 00 2,19021E UN 1.40829% 0 1.30021€ 90 1.29997¢ 01
2438732603 1.33374E 00 2,03938F 00 1.35705€ 00 1.25903E 00 6.09552E 30
3418309¢=03 L.27RO%E 00 1.86419€ 00 1.29746E OV 1.21172€ 00 3.62500€ 00

31 TT454E=03 1.16010E 0D 1.51304€ 00 1.17758E Cu 1.11952E 90 1.88489E 00
6+36618E-03 1.07200E 00 1,22051E 00 1,07692E 00 1,04769E 00 1.2812%& 00
7.95TT2E=03 1.00000E 00 1,00000E 00 1,00000F 00 1.U0000E 90 1.,00000E 00
915492TE-03 9,46120E=01 8,38808E=01 9,42551F=01 9.72736E=0L 8,47222E-01
11140802 ¥,0534%E=01 7.20949E=01 8,99210E-01 9,617203E=01 7,55102£=01
1.27324€-02 8.73649E=01 6,33597E=01 B.65648E=01 9.61607E=31 6.95310E=01
1.43239=02 H.4819%b=01 5.6T64TE=01 8,38319F=01 9.71207E-n1 6,54320E~01
1059155t =02 8.27023c=-01 5,16536E=01 8.16631€-01 9.88073¢-31 6.2499RE=01

2.38T32k=0s T.5L405E<01 3,78929E=01 7.3AT045=01 1.14441E 00 5.595554E=01
3.1830vE~De 6.91869E=01 3.17865E=1 5,78797€~0L 1.377238¢ 00 5.31247E=01
BeTI464E=U2 5.8008%e-01 2,54505E=01 5.67879E=01 1.91453F v 5.13384E=01
he36618E=0¢ 4 T78156-01 2,1519%8~p1 45,66591E-01 2.45425E 00 5.07804E=-01
Te95772E-D2 3.89910E=01 1.46285E-01 3.80407E=0L 2.93101E 0O 5,04Y87E=01

9.54927E-02 3.1894k=01 1,64244E=p1 3.10565E-01 3.3228%E 00 5.0345aE=01
1.114088-04 2.527132E-01 1.47250F=-01 2.55262E=-01 3.63850L 00 5,02526E=01
1.27324E=01 2.16518E-01 1.34012E=01 2.11775E=01 3.89164E 00 5.01921E=01
1¢43239E=01 1.836hRE~101 1,23568E-01 44u3603E 00 5.01502E=-01
1+5%155E=0) 1.50016t~01 1.15204E=01 4.26320E 20 5.01200k=01
2.38732€~01 Te917215-02 4, T8786E 0Q 5.00443E=01
3.1830%E~0L 4,75652k=0)2 3.09500E 00 5.00112E=01
4. TT454E=00 2429445E=02 6y 17T180E=02 2,01693E=02 5.54076E U 4.9969NE-0QL
6¢3b618E=0L 1.36914L=02 4.99820E~0? 1.14642E~02 5.90219E 00 4.99280t =01
7.95772E~04 Y9ela71Tt=03 4.36181E-02 T.37043€E=03 6.19971E 00 4,98805E=01
95492 TE=01 6.58849£=03 3.31755E-02 5. 13031E=03 6.43740E 00 4,98244E=-01
1,11408E Ou A 957a5E-0% 2.73110E=02 3.7T392E=03 6.62306E )0 4,97592E=01
1427324€ Qv 387773803 2.26990E=02 2.89150E=03 6.76618E 00 4,9684hE=01
1.43239e Ou 3.1067-03 1,305898~02 2.28570 3 6.,87560E 00 4,96U0%E~-01
1.59135€ Ou 2.54540E=03 1,61o46E=92 6+95865E 00 4,95071E=01
24367326 v 1.15671E=03 8,09038E-03 A3:23539F =04 Ta137552 0 4 ,H9028E-01
3.18309E Ou 6.48482e-04 4.76104E~03 4.63345F=04.  T.12258E 00 4,80808E-01
4.77464E Ou 2,77669E=D4 2,18703F=03  2,0%953E-04 6486R836E 00 4,58791E=01
6+36618E Ou 1,4714a9ka04 1,24390€=03 1,15853E=04 6047264 00 4,31152€=01
7495772E Qu 8.74311k=05 1,99661E=04 Ta41452FE=05 6.0u954E 00 4,00157E=01
9+54927€ Ou 5¢37796L=05 5.56342E=94 5:14929E=05 5.52085E 30 3.67633E-01
1414080 01 3,50793=0% 3.,90078F=04 3.60809 5 4,95472E 00 3.30518E=01
1,27324€ 0L 2.59733L=05 3.13146F =04 2489656 3 4+5693%E 00 3,0511E=-01
1443239€ 01 1.85773k~05 2,47359E-04 2,29869 3 4.13571E u0 2,76486E=-01
1+59155€ 01 1.36060t~05 2,00276E-06 1,85385 5 3.73887E 00 2.50245E=01
2.38732E OL 3.71048E-06 8,88096E-05 B423972F=06 7.29139E 00 1,54055E=01
3.18309€ 0L 1,35573k=06 4,9B774E=05 4.63497F =06 1,485063E 00 1.00157k=01
44T1464E OL 3,02078L=07 2,21333E=05 2,05003E~06 T441237E=01 5.,00383E=02
6+36618E 01 1400548E=07 1,2441BE=05 1,15878E=D6 4,35614E=01 2,94662E=02
74957726 0L 4.242T0E=-08 7,96013E-06 7441623E=07 2.84693E-01 1,926716=02

o



30 JAERI 1186

Appendix lIl Subroutine DIST

FTFRIC BRICHEIET 5 EWRTH Q (cf. Egs. (43) & (44)) HHOANYER I(w) (cf. Egs. (54),
@9) & (102)) ~oFLEOSMC, ROBT, HE1DLOFELLYVRDZ ENTES,

b@hggM%w%W@. (A-3-1)

SELMEFIR @i (w) &L TIE, RKOWOL oMK — FTREZRIATV 3.

1. —RBhBOHMIMRER

2
Qp4ih (w) = ApYdH u)zﬁ'-pgz ; i=j OB,

— A 2Dibi(@PEpip)
P (24 p2) (24 p2)

BB i (sec™) X, AATF—2ELTELB. ¥ Ap LT, RO 4 2OLFhrhEBL- I NTE
5.

i+j OHA. (A-3-2)

1-1H ApidocSinglet. (A-3-3)
4 DORBERDOIIFHE <ND, KCD, L6y, b DVTHEBLEML, AHTF—2 CHEETS.

1-2) ApGdecd F@Y L FU, (A-3-4)
1-3) Apinoc(Bf DFFD, (A-3-5)
1-4) ApiPocConst=c;;. (A-3-6)

(A-3-3) R~(A-3-5) RIeFWTHHHIERK ¢;; L6, Thik, AHF—FLLTHELS. =1L,
Cij = Cjj. (A—3—7)
L35,

2. Morishima EF)L

Morishima? (X, JRFFRICET D 2N X —REORKEY MR E R LERVESVETRL, SHCHH
HoHNHEH AL EL B EWIRAE B s T 5. ZORERIL, FROEFANT, AL LT, KR
OYTREE ML D LY LT3,

22p__ .
@2+ Ap? ’

=0 ; otherwise. (A-3-8)

QoY (0) = (adg;)?

i=j=4 DHE,

fofZL
a;%wﬁl*w¥—m%®@6§®%$ﬁ%(=ig%@%.
d; MO CoOBF oK K.
4o=qi+ P+ (e,+e0,)) (e.g, MW Bifir).
gi s MAB= XX~ (e.g, MW BfD),
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P fEHA (e.g, MW BEfD).
et el s LECERL IR X NVX — (e. g, MW Bifi7).
Ap 3 RFNERK (sec™).
oW T —F DIST #5841k, NESAP AAh5F—# $02 IDIST #%ko X Hicd%.
IDIST =1, if external noise source is the type 1.
=2, if external noise source is the type 2.
=3, for user’s option.
ZOMDOAST—# %, NESAP LE—-FRCHBEL, SORKROT—F 220 M s.
1. IDIST=1 O&H&
#18 format (4E12. 5).
Relaxation constants, p; (i=1,4).
#19 format (6E12. 5) (two cards).
Proportionarity constants, c¢;; for (i,7)=(1,1), (1,2), (1,3), (1,4), 2,2), (2,3), 2,4, G,3),
(3,4) and (4,4).
$20 format (2I5).
IX : Option.
Put IX=1, if Ap%»ccSinglet.
=2, if ApidocfWNfGy,
=3, if ApGiPocldf DEfIY.
=4, if ApYP=const.
IAVE : Option.
Put TAVE=1], if IX=1 and Ap%"’cc{N>.
=2, if IX=1 and Ap¥P>c{C).
=3, if IX=1 and ApY¥cc{f).
=4, if IX=1 and Ap“Pccll).
2. IDIST=2 o8&
#21 format (4E12. 5, I5)
a, e, Ap, € and d.

HEWRS MpS» (0) Qb (0) DI, 7Y b+ 7y FShd. BROMEERC LZANKERA <7 P VEE
I(w) (cf. Egs. (54), 89) & (102)) t4Eic X bbb D Ip(w) Lofui(0) BHHEIH, 7U L7y bEh
5. Xbikc, L) LEEEEOF A D2REOH, Titbh, BERXY VEESHESHR, 7Y M Ty
FEhD.
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Appendix IV NESPL O— K & ZDAAFER

X H B D P MR A Hli g B 7D = — K o3 NESPL ©h 5. 1iOHHIREN, A 10 Ao g
HHLZENTEDS. AHERNL, ROLEED.
$ 300 format (I5).
NSEET : 335 IR DORE.
UFDF—2i3, 7T NSEET MEET 5.
$ 301 format (12A6) ; Title.
# 302 format (3E12.5).
GX; 4% CORRCHT AHFMOME (X-FEE) (mm).
GY ; F.E (Y-E4E) (mm).
WY ; Y 5 oHE S (mm)<280-GY.
# 303 format (2I5).
NP ; —# D FIRMGC Hi v h 5 dhi O#8%% < 10.
NCPS ; % 2o 5 7 — & O#¥k < 200.
# 304 format (6E12.5).
CPS(I),I=1,NCPS ; F—#» 0 X BEiELy S OfE.
UTFDF—~#1, AbeT NP #HAET 5.
# 305 format (12A6).
SUBTIT(J) ; J & B D04 .
# 306 format (6E12.5).
PSPEC(Z, J)I=1,NCPS ; ] ZHOMHi#DO Y WES EOfH.
T /¢, Data Deck D#pkix, ko tdicics.
$ 300 )
# 301
# 302
# 303 NSEET pairs &Eh 5.
# 304
¥ 305
# 306 J
feks, A=~ K, vy 7 —BHEREIC L > TEMEShicy 7 v—5 LOGLG3, LINER1 % k¥
SCLINE %R LT\ 59D,

}NP pairs Hh5

MAIN
CURV
LINER1*
LOGLG 3*

SCLINE*
Fig.3 Tree structure of the NESPL Code

* Developed by T. Fujimura (JAERI)
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NESPLE Sample Problem Input data

2
130
4 5k
D 15916Eels

O, 9a6038 0
0,31 88502
0,327kl
0.63652E=04,
0.25909E 0y
04956458 W0
a3 %e AL
0 7326 N
A6AR 0D

al,

N 11141E

0sJunbll,

021330
04165301
07200
s 0. 4G42TY
0.84G) Yy,

fia

0.bh17“t (9
071227
Ges509uE
043262
NOTSE S
0.14257E
0.340%€
0. L2783E
0, 87360k
Q4 7TH2E OO
0.315601E Ou
005805k
Ota8iyEanls
$425973L-04
0,10085E=00

KUM H=N G
fie (Qe24251y,
ne
01
09

02116610,

0.791728
R4 96751
0 2TTGIE:
0.18577
0442027

TEST 1.3 NEGATIVE CORE gox

56
n, 1soluE-rJ

0111611
2 0447744
Vel4324L

0.11241E 0
0.47746L 0
0414324E
N.79577E ©
c-C

a.100705 0
0.10068F 0
0=10033E O
0+99679E O
0.99311E O
099299L 0
0.99297E O
0499297 0

0.954493E U
0,21831E 01
0.L2732E 02
3662E 02
N=nH=C AMD
0.10070E nl
0,1p068L N1
0.4g051E- 0L
0.93692C 00
0.99319E ni
0V.99301E N0
0.99297E oy
0.99297E NV
0,99297E NY 0.9929
0.9Y297E D0 019929
N=TF AHD C=TF

0.23077E 0l 0.13074E O
0.12996E nl 0.1296
0,12281E 01 0.1152
0,82226k QU 02774608
0.19620E 00 0515132
0,79575E=D1 0.61807E
0.29118E=01
0.,241T0E=02
0,157T03E~03
0.,62072E=05
ral F-F

04106108 0%
OklnﬂozE 0l
11E N1
ETH0”
0,2068% AU
0.50324E=N1
0454%20E=02
00 71634E=00
0446223604
0.18532E-0%
KAl T=T AtD
0,10096E 0l
6,10098E Nl
0,10114E 0l

L0

0

0.40303£«0

0.10599¢
0.10395¢

0466650

036540k

H=M

u.l0l09k O

0.25498E 00
0,28373L 00
0.laslee Ny
0.18673E~nl
n,12143E=-n2
0. 48TO0E=n"
KAl R-R

0.106%2€ nl

0.40525E

0,10639E
U.2054BF 0L
0.9D849E U
0.19407E nu
01, 36264501
0.5053KE=03
0, 15919E=04
0.469TOE=0S
0.18775E~nb
SECOND MOMENT

0873261
001232710

0.37107

n.a77nou

71 77k
HUISF SOUKCE T

010639k
0el046160
.AI?!MF

0414903);
¢ FUSLY IO (HORMALTIED)
3 0.13380E
n.13190¢21
. 0.12393],
Ny 712k,
0.293%00
04787y,
0.06231,
0r686841,
04135 7H
0e 28263t

o2

00 U.99297E

o
-

oo
00 0.
01

0.15322E-01
n‘1u9quf 02
04124240503

0.10610E 01
01
01
0.87658E 00
014619 00
0+29606L01

0+32402E=03 3
04 0.29608E~p4
1+11861E=05

n.Iop%E 01
0.10099L 01

0.94119E 00
051736t 00
00
p.ll750k 0y

0.10651E 01
01
0.10216E O1
00
V)
0.162720L=01
0.65501LE~03
0.33543E=04
0
0+12016E-06

\Ed

OU 0,3233:k

0l 0,03662F
02 0.1L5916F
o

POWER nNToHL
0L 0. 105)0&
03 0,106350E
01 0,1027
0 08370

D00 0,959R0E=0L1 0,
0L 0,93357E=02
5 0.573L1k=03
22724E=D4
05 0,36390L%n5

4 0,2

06

0. 0,13377E
0i 0,13135c

Gu 0,93800L

0L 0,52950L
0L 0.676A7L
01 0,64727k

ou
OMPURENT
0L 0.14242E 0

0+240%5E 03 0,13969 01

0i 0,10720€ ©

N 84PLYE Ou 0,82702E 00
0435941 OU 0,318959¢ OU

0.,47565EC=0
0z 0.38777E=C

on 0,136n0E=-Ga
07

40,0

0023073103 0, 31&316 03 .0, 47T746E=03
02 0.,14324E-02
=02 0,63662E=02 0,79577E=-02
~01 0,15916E=01 0,23873E=01
0+79577k=04 0,95495E=01 0,11141E 00
0 23?7)[ ou n J‘a3lE 00 0A~774bt

~02 0,1273¢

1 0,1273ZE
1 0.63h62E
0.15936E

01
02
2

1 0.1007GE 01
1 0,10067E 0)
1 0.100136
¢ 0,99578E
0 0.99307¢
U 0.99298E
0 0.99297E
U 0.99297E

00
00
o
00
(4]
o
v

1 0.13070E
0.12936€
1 0.10736€
0, 73098E 00
2420E 00
0,52566E=01
G.12671E~01
0,62319E-03
0,106059€-023

ol
01
ol

5

0.10609€ 0L
0,10596E 01
0.10222E 01
0.564091E 00
0.10950E 00
0.21407€-01
2 0.37682E-02
0.18359E€=03

0.1009¢E 01
0,10100E 01
1 0.,10073E 01
0.922n4E 00
0,49325E 00
0,36872E 00
0.958L8E=01
0.48183E=02
0.771793E~03

0.31169L=-04

0.10651E o1
0,10636E 01
0,10232E 0L
0.,63693¢"
0.95661E~01
0.%90432E=02
0.49559E=03
0.18828E=04
5 0.30053E-05
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Appendix V NESFIT 31— F&EZFDAMFR

= OB 2~ FolgtEic o, FITING (p.14) olEA BB Iht- L.

1. AHOERX (nput)

NESAP L EERDOAAFT—F* (015 $17 3 T) OBRTKOFT— 2 %232 5.
# 201 format (12A6) : NESFIT problem idenlification.

% 202 format (815) : (NOPF(I), I=1,4).
WO‘ptions for calculation.

Put NOPF(1)=0.

Put NOPF(2)=0, if experimental data are of the power noise.

Put NOPF(3)=0, if experimental data are of the fuel temperature noise.

Put NOPF(4)=0, if experimental daty are of-the-coolant temperature noise.

If NOPF(5)%0, the frequency, the input and the fitted value of noise source are output
by cards. :

# 203 format(215).
IB4 : Option. - . 0 O SO
If IB4=1, w,,=E(1) and o,,,=EII). :
If 1IB4=2, w,:, and on,x are read by # 206 card, where o,;, and a)ma,;( are the lower"
and the upper end of the fitting range, respectively. ' N
LMAX : Option '
~ Put LMAX=2, when a;=a; in Eq. (120).
=3, when a;==as.

# 204 format (2E12.5).

WWW : scaling factor W.
SCALE : scaling factor W, ~ ~

4 205 format (215, 2E12.5)
IIT: Number of experimental data point (< 100)
IXY : Option. If IXY =0, the exponential transform of the data will be performed.
UX : Distance of a decade in the X-axis of the Log-Log section paper.
UY : Distance of a decade in the Y-axis of the Log-Log section paper.

# 206 format (6E12.5) (E(I),XSECT(I), I=1, III).
‘ E(I):  Frequency point of the I-th data.
XSECT (I) : Input noise source strength of the I-th data.
If IXY=0, E(I), XSECT (/) are transformed as follows :
E(I)=10.**(E(I)/UX)
XSECT (I)=SCALE *10. **(XSECT(I)/UY)
The resultant will be fitted.

* AhH—VF $02 TNPiX1&T%.
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$ 207 format (2E12.5) : Required only if IB4=2.
EMIN s Wmin ‘Dﬁ.
EMAX ; wy.x DfH.

# 208 format (6(E11.4,11)) (AA(I),ICPA(I)I=1, LMAX).
If ICPA(I)=0, AA(I) is an initial guess of a;.
If ICPA(I)=1, AA(I) is the fixed constant of a;.

$ 209 format (4E12.5,15) : Convergence criteria.
EPS1: Convergence of parameter.
51> !a‘.(New) — a‘.(old)l/l ai(NeW)1i

EPS2: Ratio of sum of squares.
2> Sul 2 12 () W.

EPS3: Relative error of pointwise data,
e3> Iy (0;) = I{(0p) |/ Iy ().
NLOOP : Number of iteration,
The iteration continues until one of the above is satisfied.

# 210 format (I5).

IPR : Control to obtain more detailed print out of the héhavior at each iteration. It is
suppressed by setting IPR to zero.
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2. HAFK (Output)

2.1 JRARF (List)

NESAP WA #01,410,#11 oftuz, kOF—&BHAHI 5.
# 201 NESFIT problem identification.

# 202 Input values of AA(I),I=1, LMAX.

# 203 Values of E(J)and XSECT(I),I=1,III.#

# 204 Input values of EPS1, EPS 2, EPS 3, NLOOP.

# 205* Information after each iteration.
« the number of iteration.
« STD, DEV : standard deviation.
«RATIO: the ratio of the sum of squares of the deviations to the sum of
XSECT(I)**2.
« the value of determinant of the normal equation.
+ Only if IPR==0.
a) the number of iteration.
b) the value of % for the iteration.
¢) the weighted sum of squares of the deviations based on the starting values
of the parameters for the iteration.
d) the initial estimates of the parameters, the starting values of the parameters
for that iteration, the corrected values at the end of the iteration, and the
B; given by the solution of the equations for that iteration.

# 206* only if TPR <=0, upon satisfying the convergence criterion,
i) the matrix of the normal equation set up for the final iteration,
ii) the value of the determinant.
iii) the inverse matrix.
iv) the number of iterations.

# 207+ The weighted variance and the unweighted sum of the deviations,

$ 208* The initial estimates, the final value, the standard deviations of the parameters and the
final state of the both sides of the exact least squares equations.

# 209* A matrix of coefficients of correlation between the free(non-constant) parameters is printed
out.

# 210 For each data point,
i) FREQUENCY, E(I).
1) WEIGHT : scaling factor, W.
iii) INPUT NOISE SOURCE, XSECT(I).
iv) DEPENDENT VARIABLE, XSECT(1]).
v) CALCULATED INPUT NOISE SOURCE.
vi) ABS ERROR : absolute error.
vii) REL ERROR : relative error.

* cf. Ref. (24)
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2.2 h—F (Cards)

If NOPF(5 )0, the following data are output by cards (format(6E12.5)) :
# 220 Frequency*, E(I),I=1,1IL
# 221 Input value of the input noise source*, XSECT(I),I=1,IIL

# 222 Calculated value of the input noise source for each data point.

39

* Modified as explained in 206, if IXY 5=0



