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ABSTRACT

SOURCE is a FORTRAN 63 program for determining the energy, the
speed, and the initial spatial distribution of neutrons arising from
fission, The energy distribution within the batch of neutrons, is
obtained by sampling a Maxwellian fission spectrum which depends upon
the energy of the neutrons producing fission. The program locates
the neutrons at a point or distributes them spatially, either uni-
formly or according to a cosine function, Two isotopes producing
fission neutrons having a slightly different energy distribution
can be treated in this program by an approximation (using an average
temperature) giving the correct first moment of the resulting overall
energy distribution.
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SCURCE, A NEUTRON DISTRIBUTION ROUTINE FOR THE OSR
MONTE CARLO CODE

J. T. Mihalczo, G, W, Morrisorn¥ D, Irving
I - INTRODUCTION

SOURCE is & FORTRAN 63 program for determining the energy, the
speed, and the initial spatial distribution of neutrons arising from
fission; these neutrons are then followed and described by the OSR
Monte Carlo transport code.+ The energy distribution within the batch
of neutrons, of preselected size; is obtained by sampling a Maxwellian
fission spectrum which depends upon the energy of the neutrons pro-
ducing fission.

The program locates the neutrons at a'point or distributes thenm
spatially, either uniformly or according to a cosine function., At
present no provision for anisotropic emission is included,

Two isotopes producing fission neutrons having a slightly differ-
ent energy distribution can be treated in this program by an approxi-
mation (using an average temperature) giving the correct first moment
of the resulting overall energy distribution,

IT - THEORY
The spectrum of neutrons from fission in a single isotope 1s
assumed to be Maxwellian:

2 gl/2 e--E/T (1)

£(E) = comSommmo

Vv T3/2

where the nuclear temperature, T, 1s a function of the energy of the
neutron inducing fission and E is the energy of the emitted neutron.
The average energy of the emitted neutrons is related to the nuclear
temperature by the relation

<E> = (3/2)T (2)

The average energy is also related to the average number of neutrons
per fisgion, v, by the relation®

<E> = A + B /v + 1 (3)

where A and B are constants. Thus

T=2/3{A+BVv+1) (1)

1. Coveyou; R. R,y et al., O5R, A General-Purpose Monte Carlo Neutron-
Transport Code, ORNL-3622 (1965).

2, J. Terrell, Phys. Rev. 127, 3, p. 899 (1962),
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The value of the constants for 235U and 238U and some typical nuclear
temperatures are given in Table I. An average nuclear temperature of
a mixture of two isctopes is computed by the relation

T = Jx; (E)T, (E) (5)
i
where the fraction of neutrons emitted by the ith isotope, xj, is
given by
Y Ei
xq = e et U (6)
Llvg 23)

If the average value of the mth moment of the energy of the neutrons
emitted in fission is compared to that calculated from the exact
spectrum, which is a sum of two spectra of the form of Eq.(1), the
following relation is obtained

<E®> Approx - (FXiTi)m . (1)

qn
<EM> Exact x; 7]

For two isotopes this can be written as

<EW ppprox  [x3 + (1-xp) Tp/T1]" (8)
<E™> Exact [xy + (1-xq) (T,/T)™]

This ratio is given for some values of m, To/T; and x in Table II.
The approximetion gives the correct average energy. For the case of
equal number of fissions 1n each isotope and a temperature ratio of
1.1 the moments less than the fourth are smaller than the exact
values by no more than 1%, For the case of 95% of the fissions in
one isotope and T2/Tl = 1,1 moments up to the fifth are less than
0.5% too small, The approximstion, therefore, introduces little
error in the fission neutron spectrum in uranium containing 93.2%
235U, The dependence of the fission neutron yield of 235U on the
incident neutron energy is taken as a quadratic function up to 8 Mev
according to the data of Moat, Mather and Fieldhouse,3

v(235y) = 2,43 + 0,088E + 0,0088E2 (9)

where E is in Mev., The yield is taken to be linear between 8 and 15
Mev having, at the highest energy, a value of 4.41. For 238U the
energy dependence of the fission neutron yield is linear between 1
and 15 Mev with values of 2,48 and 4.58, respectively, corresponding

3. D. S. Mather, P, Fieldhous, and A. Moat, Phys. Rev. 133, B, 1403
(1961)



Table I. Constants and Typical Nuclear Temperatures for
35y ana 238y Expressed in Mev.

2358 . 2380

A 0. Tk 0,80
B 0,653 0.698
T 1.3 -
rd 1.5 1.6

8,

b

da

J. Terrell, Phys. Rev. 127, 3, 899 (1962),

The 238y constants are chosen to match the ratio of Tpog/Tos at 1k.3
Mev measured by Yu A. Vasil'ev et al,, JETP, 11, 3, h§3 (1860) using
their measured values of the number of neutrons produced per fission.

Incident neutrons at thermal energy.

Incident neutrons at 1lL.3 Mev,



Table II. Ratio of the Approximate Moments of Energy to
the Exact Values for Two Fissionable Isotopes.
<E®> Approx/<E’> Exact
Order of x = 0,5 x = 0.95
Moments T2/Tl = 1,1 Tp/Ty = 1.1
m
1 1.0 1.0
2 0.9977 0.9995
3 0.9932 0.9985
I 0.9866 0.9970
5 0.9778 0.9949

a, x is the fraction of fissions occurring in the isotope at
temperature Tl; T2 is the temperature of the other isotope.
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to dv/dE of 0.15 neutrons per Mev,

IIT - GENERAL DESCRIPTION OF THE PROGRAM

SOURCE is a subroutine which calculates the energy, the speed, and
the initial spatial distribution of the neutrons arising from fission in
two fissionable isotopes; these neutrons are then followed and described
by the Monte Carlo calculation., In the following discussion these
neutrons are called "source neutrons." SOURCE transmits the information
concerning the source neutrons to 05R through a list of parameters used
as arguments in the calling statement, These parameters are as follows:

BPDSQ: The square of the speed of the neutron emitted in fission.
The fagtor for converting neutron ener in eV to (neutron
speed) in cm®/sec? is 1.913220092 x 1012 cm?/(sec? ev),

U,V ,W: The directional cosines of the source neutron.
X,Y,2: The coordinates of the source neutron,

WATE:; The weighting factor initially assigned to a source
neutron,

N: An integer associated with a particﬁlar neutron,
NMED: The medium in which X, ¥, and Z lie.

NREG: The region in which X, Y, and Z lie.

NMEM; The number of initial source neutrons.

Certain of the above parameters are not associated with either the
energy or the spatial distribution of the source spectrum and are,
therefore, taken from information furnished in the O5R input data
(Cards G and H). The neutron starting weight (WATE), the number of
initial source neutrons (NMEM), and the name of each source neutron
(M) are examples of information not calculated by SOURCE. At present
the directional cosines (U, V, and W), are those associated with iso-
tropic emission although the routine can be modified to include aniso-
tropic emission,

At the beginning of a batch, SOURCE is entered once for each
neutron until 2ll of the source neutrons (NMEM) have been processed.
The distribution of these neutrons in space is calculated by sampling
from a delta, a uniform, or a cosine function. A uniform function
indicates that all initial coordinates, along each of three axes, with=-
in the whole system are equally probable., The cosine function samples
the initial coordinates (X, Y, Z} of the source neutrons from cosine
functions along each coordinate axis. In the uniform and cosine
distributions each position is checked to insure that no source po=-
sition will be picked which lies in either an internal or an external



void. This check is not made for a point source distribution. The
coordinates (X, Y, Z) of each source neutron are supplied to OSR by
SOURCE. It should be noted that the information calculated in SOURCE
will take precedence over OS5R input date, that is, a value of the start-
ing coordinates, XSTRT, YSTRT, and Z8TRT appearing on card G of the O5R
input data section will establish a starting point for the source neutrons
only if a "1" indicating a point source is placed in the control card in-
put to SOURCE.

A Maxwellian fission spectrum,; with a specified nuclear temperature,
is sampled to give the energies of the neutrons in the first bstch. This
method of sampling is provided in the O5R random number package. The
energy spectrum for the second and succeeding batches of neutrons is also
picked from the Maxwellian spectrum but now information from the previous
batch is used to select the nuclear temperatures in the second and
succeeding batches, In this manner SOURCE iterates on the fission energy
spectrum to obtain a converged spectrum. The nuclear temperature as a
function of energy within each region can be calculated by the cross
gection routine of O5R and put on data cards, These cards, which follow
the source control card specifying the spatial distribution of the first
batch of neutrons, are then read by SOURCE for storage as & table., A
search of this table, which may contain up to 100 values of energy and
their associated temperatures, is used to obtain the nuclear temperature.
This search is easily performed since the value of SPDSQ upon entry into
SOURCE is proportional to the energy of the neutron producing the fission.

In the spplication of SOURCE to one-=velocity problems, the neutron
velocity is set to a constant. The control card specifying the type of
spatial distribution to be given the initial source batch must be
present.,

IV - INPUT SPECIFICATIONS

The cards on which the SOURCE input data are specified are arranged
as follows:

b
Card 1: FORMAT (E18.5, I5)

a, TEMPER: Temperature of the Maxwellian used in the first
bateh.

b. NSORCE: A variable used to indicate the type of spatial
spectrum desired for the first generation néutrons,
A "1" Punched in Column 5 indicates that a point
source is desired and the values of XSTRT, YSTRT,
and ZSTRT on card H os the 05R input data are used
for these coordinates, A "2" punched in Column 5
indicates thet a uniform distribution is to be
sampled, A "3" punched in Column 5 indicates



that a cosine distribution along each of the
coordinate axes iz to be sampled.

8 b c 8 e £
Card 2: FORMAT (El .5, E10.5, E10,5, E10.5, E10.5, E10.5)

&,

Co
d.
€.

T,

XZERO:

XLENTH

YZERO
YLENTH s
ZZERO:

ZLENTH:

The X coordinate corresponding to the center of the
cosine or of the uniform distribution.

The X coordinate at which the source spatial

distrivution becones zero, For the cosine distri-
ZLENTH corresponds to L in the relationship

S5{X) = cos —fem X,

2L
Same as (&) for the Y axis.
Same as (b) for the Y axis.
Same as (a) for the Z axis.

Same as (b) for the Z axis,

b
card 3; FORMAT {(E18.5, E10.5)

8o

b.

E:

TBAR:

The energy in ev, IEnergies are given in decreasing
order.,

The nuclear temperature corresponding to the

. energy specified in (a) for the Maxwellian

distribution,

As many as one hundred values of E and of TBAR may be used with
one pair of values per card.

Card 4: BLANK

A blank card is used to signify the end of the E and the TBAR
Cards 3 and 4 are deleted in the solution of one velocity

input data,

problems.
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The following outline summarizes the arrangement and data necessary
for SOURCE.

A, Multi-Velocity O5R
1. O5R INPUT DATA
2, GEOM INPUT DATA
3. SOURCE INPUT DATA
&, CARD 1
b, CARD 2

c. CARD 3

c. CARD 3

d. CARD 4

B, ONE VELOCITY O5R
1. O5R INPUT DATA
2. GEOM INPUT DATA
3. SOURCE INPUT DATA
3, CARD 1

b. CARD 2
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V - FORTRAN STATEMENTS AND FLOW CHART FOR SOURCE



15
18

2N
2%
28
30

32

SUBROUTINT BOURCELSPDSNsUsVaWeXsYsZ +sDUML s DUM2 9 DUM3 « DUM4 »DUMS )
TYDF INTFACPR UNUSED

DIMENSION ASt2)s LINTs2)s TRAR(INNGZ)
COMMON/SINGLES/BLZONSEBOTsECUT s EGROUPSEINCEMONO YT 50UR
JETAPESETASETATHsETAUSD s ETOPsFONE s FTOTLsFWATESITERSSITSTRY
JLELEMsLF yMARK sMAXGP yMEDTA sMGPREGsMFISTP yMXREGINs NCOLPR
INWPCOL sNCONT I o NCONTZ2 s NCONTP s NEWNMesNFISHsNFONEsNFPT »NGEOM
GNGRQUP s NGWT s NHISMX s NHISTRsNINCHNFINCosNPINCHsNITS o NKILL s
SNLASTyNGLAST sNSIGLsNPLASTsNLEFT ¢ NMEMs NMOST o NOEL s NPCOF s
ENPTAPESNQUITsNROOMINSOUR s NSPLT yNSTAFE ¢NSTRTsNTHERMyNTHRML »
INTYPEsOLDWT yPSTIEs SPOLDy THETMs TNUC U INP UOLDIVINPSVOLD
BWATEFsWINPIWOLDIWTAVRIWTHIRsWTLORSWTREDSWTSTRT»XOLDs XSTRT
OYOLDsYSTRT s ZOLDZSTRTHYUNUSED{1D)

COMMON/ JOMINZ/DUMS (531 9 XPBD s XMBDsYPBDs YMBD s ZPBD»ZMBD
COMMON/GEOM/NOsDAMIS) yNMEDGINZsFUIFE349B83

DATACITEST#0)

UNUSED 1Yy #0

U#0.0

v#0,.0

W#Qd.0

IFLITEST-1)1915915

ITEST#I

READ 5+ TEMPERsNSORCE

FORMATIEIDe5915)

PRINT 6 TEMPERSNSORCE

FORMAT [ JHK s TNUCLLEAR TEMPERATURE #79sF1 1 o4 ITIXs TNSORCE #7s513)
IF(NSORCE-13)154848

READ 1D XZEROWXLENTHsYZERDsYLENTHSZZERQSZLENTH
FORMAT(6EITD45)
PRINTI2sXZERDSYZEROSZZERO s XLENTHs YLENTH» ZLENTH
FORMATUIHO» THXZERO #sE11e495XsTHYZERO #5

1E1 1 o4 s SXsTHZZERQO HoE Il 144/ THD «BHXLENTH #»
2E1 1 o4 p5XeBHYLENTH #¢E110495XsBHZLENTH #sETlea/IHI)
IFINTHRML)Y18s25518

SPDSQ# 1.1

IFLITSTR-1)1B5920s20

RETURN

IFIITEST~1)36928536

L1#D

ITEST#2

LA+

READ 32sFE(L1)yTBARILIY

FORMAT(2E (1045}

ECLIVHELLI ) #14913220092E12

IF{ELL1) 135,435,430
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35 LI#FLI-]
36 IF(ITSTR=-1)38540,40
38 SPDSQ#RNMAXF{TEMPER)
GO TO 85
40 ENERGY#SPDSQ
IF(FENERGYeLE«2467B5E16142943
42 TH2.48635E18
GO TO 53
43 DO4BI#IsLI
IF(ENERGY=E(1))48952+50
48 CONTINUE
CALL ERROR
50 IF(FLTRNFID)—-{ENERGY-ELINI/HELI-1I-EL]1}3))51451952
51 1#1=-1
52 THTBARI(I)

53 SPDSQ#RNMAXF(T)
55 RETURN
85 GO TO{(70s200+300) sNSORCE
70 RETURN

200 XHFLTRNF(NY*XLENTH
X#SIGNF{XsSFLRANFID)) + XZERO
YHFLTRNFI{N)®YLENTH :
Y#SIGNF(YsSFLRANF (D)1 + YZERO
ZEFLTRNF(D)*ZLENTH
ZHSTGNF(Z+SFLRANFID)) + 2ZERO
CALL LOOKZ {XsYs2)
IF(NMEDG+MQe INOD«ORWNMEDGF Qe 0)200¢70

300 Al#2e0/3614159265
X#ASINFIFLTRNFI{DUM) ) %A
X#SIGNF IX*¥XLENTHs SFLRANFID I )+XZERO
Y#ASINFUFLTRNF (DUM) ) %A
Y#SIGNF{YX*YLENTHs SFLRANFI{D 1) +YZEROQ
ZHASINFIFLTRNF{DUM) )y *A
ZHSIGNFIZ*ZLENTHs SFLRANF (D )Y+Z2ERD
CALL LOOKZ{XsYesZ)
IF{NMEDG.EQ. I000+OR«NMEDG«EQ«01300,70
END



STARY

- ——{ DATA {ITEST=0)

1/¢:
1/¢:

ITEST = 1

TEMPER , NSPRCE
XZERD, XLENTH
YZERY, YIENTH
ZZERS, ZLENTH

L2 =11 + 1
I/¢: B(11), TEAR(LL)

- ORNL DWG, §5-8087
40

ENERGY = SPDSQ

E(Ll) = B{L1) *1.91322E12

=

E(m):(o -

1l = 13-

SPDSQ = FIMAXF{TEMPER)

7

T = 2.48653818

I=I-1
)
T = TBAR{I)

SPDSQ = RMMAXF(T)

41



ORNL DWG. 658088

Gf ¥ (70,200,300), NSERCE 70 RETURN

X = FLTRNF(D) * XLENTH Al = 2.0/3.14159265
X = SIGNF[X,SFLRANF(D)] + XZERg X = ASINF%FLTRN‘F(DIM)] *Al( . »
Y = FLTRNF(D) * YLENTH X = SIGNF [X*XLENTH, SFLRANF(D)] + XZE
Y = SIGNF(Y,SFLRANF(D)] + YZERS ¥ = ASINP[FLTRNF(DOM)] *A)

Y = SIGNE[Y*YLENTH,SFLRANF(D)] + YZERJ
Z = FLTRNF(D) *ZIENTH Z = ASINFIFUIRNF{DUM)] *A1
2 = SIGNF[Z,SFLRANF(D)1 + ZZERP Z = SIGNF[Z%ZLENTH,SFLRANF(D)] + ZZER#

CALL I#487(X,Y,2) |
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