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The Thermal Neutron Spectrum in Multi—Region System
(TNS CODE)

Summary

The effective thermal absorption and fission rates in a multi-region system vary
with the position where the rates are measured. Hence it is needed to get the

thermal neutron spectrum at each position, and the effective ‘absorption and fission

rates by averaging over the spectrum.
The TNS CODE is an IBM 7090 FORTRAN CODE which. calculates the thermal

neutron spectrum at each position in the multi-region system and determines the the-
rmal group constants. In order to get the spectrum, we subdivided the energy range
concerned into G groups and applied the P, approximation to calculate the neutron
flux of each group. Finally we replaced the G simultaneous differential equations with
G simultaneous difference equations. The difference equations were solved directly
without any iterations. The scattering kernel used in the code is based on the Brown
model. Whether the region consists either of light water, heavy water, or free gas,
one can use the TNS CODE to get the spectrum.

Examples of calculation are shown on the enriched uranium heavy water homo-

geneous system. The results show significant variations of the effective absorption and
fission rates in the system.
Aug., 1963 SATORU KATSURAGI, REIKO SAITO

Division of Reactor Physics
Japan Atomic Energy Research Institute
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HRCE, BREGHETEICATERS.
@ on |
@ o2
® oars
@ I'y (FRIB)

H—Fz47 THEROCE.
6e DIDDIT, o5 BT, ou(v) L2 LERIC or(v) BEBLNB. 105, F4THCE
WNWTIT 654=0at THBE3HD, 61 i o 2rpxEdbndcLil, HoIHdTALIR

g,
10) H—rz47 10 1~11 #
FcBd 2%
é ® R WBTEOICETE B
® R BFALICET 2 R
V ®@ R:
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3.2 h h E O

(1) Ny (FLUX)
BROKKTFICEY 5 FLUX
(2) D, (DIFF.COEF.D)
ERTAIEBT 2 EERIK
(3) Zu (SIGMA ABS.)
BHETICB T 2 ERTR M E
(4) Zy (SIGMA FISS.)
BT RICBY 3 E3h R
(5) Ny
BT EICB T 3 hikF R
Nu=4vx % Ny
(6) fe (¢ &iﬁlﬂﬁ%)
REFIRIC BT % disadvantage factor

- P
fi Ztl¢z
¢y = X, NuydV,
let
4 V[ = 7‘¢" An‘
(7) 2o (¢ RERES
2EaNudV,
za,=*"T. ki 3543 B
(8> Xy (¢ BEEES
22 nNudV,
Tr= e SRBICE Y 3
(9) D, (¢ RERES)
D =—1 P, fEsicH Y B
—==—NudV,
let D,

a0y 2, X5, D
KRLKRDOFHOEINB, SLUNER THSRK
Zo=2fi Za
2f=2t3f¢ Zre

1
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oy
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4 TNS O—FICKBFHEDH

TNS =— Fizk D, ROLSLENGERCODOT—HOFEEZ B Y, RehikTR, #rhi
FREKRERD TS COBEKGERI, Fbic 20% BEv 7 vo)ﬁ@}}dﬁ?&&mn, VAR
FEICE, EAED BOLTEBYD, ZOEKPICBIERE boron ZAURRORTH 3.

Fiald, A, B, C 03fdb, LALACTIEANE . K&E3T,

75 vy FMBETEDER 150cm
A F D 80cm
FLOERY B F DL 66cm
C H | 53cm

75V oy MRBICRIAE ST ), FLOMEHRESELSYD, hETFROEMEHRZPITHK
2B LEZLNS. TNS KL 35EOHIL LT, FFRLCHLTECRDNILFHEDD 525
45D case [TDONWTRTICIB~RBEC LT 3.

KEF (OF) OBMEES-VOEHEE N &L, FLTORERKSFOY T v-236 RFiCHd

Py “_%25;8)) =Z LLT, 420 case BROEHULHDTH 5.
B |case BF| Z | NewU) | NewUy | Nep) | ERIELZT 20 B
A | 3010 | 1750 | 1.9x10-% | 7.6x10- | 1.0x10* | 25em | 27cm
B 2020 | 950 | 3.5x10° | L4x10-* | 3.8x10- | 23cm | 2 2em
c 322 | 650 | 5.1x10- | 2.0x10-* | 51x107 | 27cm | 25cm
c agz | 550 | 6.0x10 | 2.4x10 | 1.0x10¢ | 27em | 25cm

Mk, & case &b, YT ARF— 0.625eV, BH 35 I, SKFRH 30 ETEHEIh.

A S b TR EROBMETOREE S 570, FlE LT, & case QRMRWIETEL 2o %
TABLE 2 [CRT. JALA/NE {18518, L OMRBHEEEMIE 2 55, BURKEH O 2R
K% {75 5T 3B. Fig. 1 |T, case 342 @ 3, D%, L, 7749 rThZhic200T
B{LLTRT. Fig. 1 HOWESHEESIE FNVBTIE, o iC 20% L LbDEEIND 3.

g5, TNS itk kbbb TFRERE, UGMG Kk Dk iifhiEF HERES B
T, WANDA-6 it X ESEMEREHAL b B FHEROEMEGEZEZRLLBEALLE
VEASETR, ENEERCREE3I%LOEHEET S C LibhD, HPETFREROEBRETHD
FEBLEALUEBNVIESHS LR s BhiEFRIL, &HTL, SBRTFARCECHNIEN .
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Fig. 2 |2, PO, FMEET 5 V7 v FVROBERAR, 77 vy MEOhRo 3 [iBT 5 #
hEFR RS b AERT. Fig.2 HOHLHRE LI, AMIBRIGE SR, #plFR~<7 Pvid
{9 3.

R

[4 TNS a— Fick2EEDH] it Th B dhica—F UGMG, WANDA-6 iZBIL Tk
%o JAERI-Memo Z&ME L7-. .
AR, BOK—, AR : BT ER=—F 7090 UGMG, JAERI-Memo #1025% (1962)
shokicHE - IBM 7090 o 1 ReABTELK 2 — ¥ W2FC, WANDA-6, JAERI-Memo % 1177
= (1963)
F -, EAEEROFERTOEMIC DO, JAERI-Memo & LT, ELHETZTFETH 3.

1) G. I Marcuuk : “Method for Nuclear Reactor Calculation, Translated from Russian” Con-
sultants Bureau Inc. (1959)

2) Epoarpo Amarpr : PH XXX VIII/2, (1959)

3) H. D. Brown, D.S. St Joun : DP-33, (1954)

4) H. D. Brown : DP-64, (1956)

5) Davrson : “Neutron Transport Theory” (1935)

6) G.I MarcHUk, et al : TICG, 16, 359 (1958)
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TABLE 2 Absorption cross section (cm~!) at each mesh point

n (mesh point number)

case
2

3010 2020 322 342

0 0. 010560 0. 017639 0. 024064 0. 027265
1 0. 010560 0. 017639 0. 024064 0. 027265
2 0. 010560 0. 017655 0. 024138 0. 027347
3 0. 010560 0. 017684 0. 024165 0. 027362
4 0. 010562 0. 017731 0. 024319 0. 027527
5 0. 010569 0. 017833 0. 024600 0. 027846
6 0. 010578 0. 018027 0. 025030 0. 028355
7 0. 010589 0.018322 0. 025650 0. 020120
8 0. 010602 0. 018724 0. 026507 0. 030225
9 0. 010617 0. 019176 0. 027650 0. 031749
0| ooms | o | smuw | oo
1 0. 010653 0. 002275 0. 000306 0. 000602
12 0. 010681 0. 002318 0. 000313 0. 000617
13 0. 010727 0. 002354 0. 000318 0. 000628
14 0. 010793 0. 002384 0. 000322 0. 000636
15 0. 010883 0. 002407 0. 000325 0. 000643
16 0. o108 0. 002427 0. 000327 0. 000648
17 0. 006081 0. 002443 0. 000329 0. 000653
18 0. 006137 0. 002457 0. 000331 0. 000857
19 0. 006185 0. 002470 0. 000332 0. 000660
20 0. 006230 0. 002481 0. 000334 0. 000663
21 0. 006273 0. 002490 0. 000335 0. 000665
22 0. 006314 0. 002499 0. 000335 0. 000666
23 0. 006357 0. 002507 0. 000335 0. 000666
24 0. 006396 ©0.002515 0. 000336 0. 000667
25 0. 006428 ' 0.002522 0. 000336 0. 000667
2 0. 006458 0. 002527 0. 000336 0. 000667
27 0. 006483 0. 002531 0. 000335 0. 000666
28 0. 006495 0. 002535 0.000334 0. 000664
29 0. 006487 0. 002537 0. 000333 0. 000661
30 0 0 0 0

17
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L5 Core Reflector
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TABLE 1 Input format
Type | Prob. No. Date Name
1 XXXX|XX e« XX o X XXX
1 7 8 910/11 20 23 46|47 80
¢|R B? g na Gl & dv
2 )l x| Fx e X XE+x x| X|XXX| X X[XX|EX e XXXXXE+XxX
2134|567 12131415 1718192021 2223242526 34353637(38 80
n AT; ng Arz
3 W HIE N XKUY NRRKEE XX XXEX « XXXXXXX EEX X[ XX[EX*» XXXXXXXE+xxX XX|[EX e XXX XXXXE+xXxX
12345 14151617, 19202122 3132 34 363738 48 51| 5354[55 65 6869 80
B A P v¥ 0 v t
4 + X o XXXXXE+xx|X « xx X E+ xX X + X+ X XXX X E+xx +X « XXX XXE+xxXX % X ®
1234 12 15|16 25 303132333435 4243444546 474849 57 6016162636465 7071 80
. o Os3 a I az s t
5 ix-xxinxxix-xxinxxix-xxinxxi—x-xxinxxlix-xxinxxix-xxxE-_i—xx X
12 7 8 91011 17 20121 2223 2425 2627 28293031 37 40|41 47 5051 57 60661 7071 80
4 STR SOXY
w
6 X| X e XXX XEEXX|HEX + XX XX X ExXxX
12|345 12 151617181920 24 2728 80
Ta1 [1f:}] CTa3 Oad vy 13
7 ix-:<:<in>:xi><-x><inxxix-xxxE-_!—xxix-xxinxx X X X X
1 7 1011 2021 3031 401411 6016162636465 666768697071 80
r I, Ve e A 8. v t
8 J_rx-xxinxxix-xxinxxix-xxinxxix-xxinxxix-xxxE—_Fxxix-xxinxx X X % %
1 789 10|11 17 20|21 27 3031 37 40/41 47 5051 57 60 6465 697071 80
or or2 ars Iy vy t
9 |+ o X uHE+RX|EX e XX XEEXX|EX « XX XE&XX|EX e« X XXE+XX X X X X
1 7 1011 17 2021 27 30131 37 40141 60 6465 697071 80
Ro Rl RZ Ra R4
10 £ X o« XXXXXXXE+xX X e X XXX XXXEEXX] X+ XXXXXXXEXXX] XX XXXXXXEXxX +X a X XXX XX XE+XxX
12 12 15|1617 27 303132 42 45/46 47 57 606162 72 75 80
F F, F; Fy F;
11 £ X e XXKXXAXXE£EXX] X+ XXX XXXXE£xX X e XXX XAXXE+EXX £X e XX XXX XXE+EXX] X+ XXXXXXXE£XX
12 12 151617 27 30i3132 42 45|16 47 57 606162 72 75176 80




