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METHODS FOR CALCULATING FAST-NEUTRON LEAKAGE FROM THE
SNAP-TSF REACTOR AND PRELIMINARY RESULTS

R. S. Hubner

ABSTRACT

The O5R Monte Carlo code and associated analysis codes were modified
for use in the analyses of the ORNL SNAP-TSF experiments on the leakage
of fast neutrons from a SNAP reactor. The reactor gecmetry is given in
great detail. Anisotropic elastic scattering, beryllium (n,2n) reactions,
and inelastic scattering processes are treated thoroughly. Importance
information obtained from adjoint Sn calculations was used to construct
biased distributions in O5R for the selection of source neutron parameters
and of neutron track lengths between reactions. Input instructions and
listings for programs and subroutines that were developed are given in
the appendices; flow dlagrams for certaln routines are also glven.
Power distributions, angular leakage flux, and fluxes viewed by collimated
detectors were calculated for some preliminary analyses; O5R source neu-
tron tapes for subsequent O5R calculations on the penetration of neutrons
through a SNAP-2 shield were prepared. Requirements for the final

analyses are given.



INTRODUCTION

A SNAP-TSF program is being conducted at Oak Ridge National ILabora-
tory which will determine, experimentally and analytically, leakage of
fast neutrons from a SNAP-10A reactor and thelr transmission through a
SNAP-2 shield. The proposed experimental program includes measuring the
neutron angular leakage spectra from the bottom face of the reactor with a
tightly collimated detector, determining the fast-neutron doses transmitted
through a SNAP-2 shield with the SNAP-10A reactor used as the source, and,
possibly, studying the transmitted doses from scatter scurces outside the

shield shadow.

The analyses of these experiments require not only an adeguate trans-
port model which adequately handles anisotropic elastic scattering, inelas-
tic scattering, and n,2n reactions but also some way of describing the
geometry in three dimensions and in great detail. Monte Carlo methods are
easily adapted to these requirements and offer the best available means of
doing the work. Problems arise, however, in minimizing computer time or,
in other words, extracting as much information as possible from each neu-
tron history so as to process fewer histories. This can be achieved to
some degree by using bilased distributions in selecting source neutrons
and in governing their paths. The biased distributions can be constructed,
in principle, if the importance of the neutrons to the desired answer is
known as a function of energy, direction, and position. Results of adjoint

Sn calculations can be interpreted as importance functions.?t

The O5R Monte Carlo neutron transport code® was selected for the
analysis of the SNAP-TSF experiments. It has the above advantages and has
had much successful use at ORNL. Adjoint Sn calculations performed with
ANISN® were used to provide importance functions from which biased distri-

butions were determined.

'R. R. Coveyou, V. R. Cain, and K. J. Yost, "Adjoint and Tmportance in
Monte Carlo Application," Nucl. Sci. Eng. 27, 219 (1967).

2D. C. Irving et al., O5R, A General-Purpose Monte Carlo Neutron Transport
Code, ORNL-3662 (1965).

SW. W. Engle, Jr., A User's Manual for ANISN, A One-Dimensional Discrete
Ordinates Transport Code with Anisotropic Scattering, K-1693 (1967).




Since the O05R program must be modified for the user's particular
problem and since it provides only a collision tape* as output, several
programs and subroutines were written to assist in providing input and
source description and in analyzing the output. The analytical work
reported here involved the development of these machine programs for the

CDC 160LA computer and some preliminary calculations using the programs.

There were two separate problems to be analyzed for the SNAP-TSF
reactor. The first (referred to later as the shield source problem) was
to determine the total leakage neutron angular flux spectra to be used as
a source in subsequent O5R calculations of neutron penetration in the
SNAP-2 shield. The second (referred to later as the core mapping problem)
was to determine the angular flux spectra to be measured by collimated
detectors viewing small fractions of the bottom face of the reactor. Each
of these problems required different biasing in order to achieve good

statistics for a reasonable running time.

The O5R source selection subroutines®*

required that the axial and
radial source distributions be separable. A special O5R calculation was

made to determine this source distribution.

For the particular SNAP-10A configuration used (which had the control
drums in) the leakage angular distribution, spectra, and spatial distribu-
tion were determined. As in the proposed core-mapping experiments, the
spectra at several collimated detectors were calculated assuming perfect
collimation. The leakage source for subsequent calculations of neutron

vrenetration in a SNAP-2 shield was determined.

*A collision tape contains a variety of neutron parameters for any or all
of such events as source, collision, escape from system, etc.

L. G. Mooney, A Cylindrical Volume Source Routine for the O5R Monte Carlo
Code, RRA-T53 (June 30, 1965).




I. SNAP-TSF REACTOR MODEL FOR O5R

Reactor Description

The OS5R program that was developed for the CDC-1604A computer dif-
fered from the usual program in that the 8-medium and 8-scatter limitation
was relaxed to accept 16 media and 16 scatterers. The dimensions, atomic
densities, and materials on which the geometric and material model for the
SNAP-TSF reactor was based are given elsewhere.® & An axial cross section
of the reactor as it was described for the O5R geometry input is shown in
Fig. 1. Tigure 2 shows a cross section through the core perpendicular
to the axial direction (% direction) with the control drums in; the surface
numbers are circled and placed on the positive sides of the surfaces. For
the position of the drums out, additional blocks and surfaces were required
as shown in Fig. 3. Zones were defined by % = constant planes; the zone
boundaries are given in Table 1. Note that the direction from top to

bottom of the reactor is positive.

O5R geometry description allows any boundary within the system to be
a plane or a quadratic surface with any orientation. Table 2 lists the
surfaces required in the SNAP-TSF reactor with the control drums rotated
in. TFor the drums-out configuration the same surfaces were used that are
given in Table 2; however, the location zone number was different and can
be found in Table 1. To describe the drums, the region between -35.1150
and -4.0 cm was divided into three zones, numbered 3, L4, and 5. Zone k
contained the drums and had four different surfaces; for this configuration

surface 8 is described by

X(cos6 + sinf) + Y(cos® - sinB) + 29.038 cosé
+ 0,122 sing - 5.5124 = O,

®A. R. Dayes, IIL, SNAP 10A/2 Nuclear Calculational Model, NAA-SR-MEMO-
9248 (Nov. 22, 196%) (Secret RD).

SFuels Quality Control Group, SNAPTRAN V Core-Fuel Element Data Packages,
NAA-SR-MEMO-9946 (May 1k, 1964) (Secret RD).

7A. R. Fallon, Atomics International, internal letter to E. J. Donovan
(Au-g‘ 50) 1965)0

8Atomics TInternational Drawings 7670-12002 through 7670-12007, 7670-1103L,
7670-11059, lOFS-l6002, 10FS-11012, 10FSM2-15002 through 10FSM2-15005,
7611-18001, 7611-18002, and 7580-18010 through 7580-1803%5.




ORNL~-DWG 67-439

A {cm)
-— 0 0 N
¢ 8 f 288 ?
S N I8 ¢
CE ; T :]:H:I: 1? NOT TO SCALE
-39.7455
MEDIUM { - TOP HEAD O ZONE 1
-36.9794
Top MED. 3
MEDIUM 2- GRID | JOF voID ZONE 2
HEXAGON | Epoe
——  -35.450
(:) Qé) -32.5750
L
g | @
p|
S
o T
5l & o g
MEDIUM 4 - CORE z | - 38 w
HEXAGON o o |a £z9 z -
wis a5 N =
= > oo =) -
= | s5o & £
3 |e i i <
N
= |3
g
s -6.54
-4,000
goTTOM | MED.9-
MEDIUM 8~  GRID B@;TSDM ZONE 4
HEXAGON
EDGE -2.5146
ZONE 5
VOID
1.471

Fig. 1.

Axial Geometry of SNAP-TSF Model.



ORNL - DWG 67-440
16.8656

11.2394

y (cm)

T.4730 —
5.6197 —

|
2 |
MEDIUl\lll 6-VESSEL : l

|

Fig. 2. X,Y Cross Section of Core Zone of SNAP-TSF Reactor Model,
Drums In. Dashed lines indicate block boundaries.




ORNL -DWG 67-4414

23,5055 — — —— —— —— — —— g
[ T T NN

16.8656 |— }>—_+ | L

|

y (cm}

FOR GEOMETRY INSIDE
SURFACE 12 SEE FIG. 2

|
|
|
1
|
|

Fig. 3. X,Y Cross Section of Core Zone of SNAP-TSF Reactor Model,
Drums at 30 deg.



10

Table 1. OS5R Axial Zone Boundaries
Drums In Drums Out
Lower Z Lower Z
Zone Boundary Zone Boundary
Number (cm) Numbexr (cm) Description
1 =394 Th55 1 -39.7455 Top head
2 -2%6.9794 2 -36.979k4 Top grid and vessel
3 -35.1150 3 -35,.,1150 Core and stationary
reflectors
L -%2,5750 Core, reflectors, and
drums
5 - 6.54 Core and stationary
reflectors
L - 4.0 6 - 4.0 Bottom grid and vessel
5 - 2.5146 7 - 2.51k46 Bottom NaK and bottom
vessel
1.4710 1l.k710 (Upper boundary)




Table 2. OS5SR Surfaces, Drums In
Location,
Surface Zone
Number Description Equation (cm wnits) Number
1 Cylindrical top head ¥ + Y2 - 130.55782 = O 1
boundary
2 X = 1.73205Y - 19.4672 = 0 2,3,k
3 Hexafjggaioiflgzrai‘gg X + 1.73205Y + 19.4672 = O 2.3 4
L % Lanes) X - 1.7%205Y + 19,4672 = 0 2,%,h
5 P X + 1.73205Y - 19.4672 = 0 2,3,k
6 Vessel inner cylinder XZ + Y? - 127,04108 = © 2,3,4,5
7 Vessel outer cylinder ¥ + ¥ - 129.92010 = 0 2,3
(see also surface 13)
8 Octagonal external X +Y + 23,52820 = 0 3
9 reflector boundaries X =Y + 23.52820 = O 3
10 (planes) X+ 7Y - 23%.52820 = 0 3
11 X =Y - 2%,52820 = 0 3
12 External reflector inner X+ Y2 - 133.74044 = O 3
cylindrical boundary
1% Vessel outer cylinder X + Y% - 13L.29913 = O 4,5
1k Vessel bottom, exterior X2 + Y2 + 2% - 9%.982 =0 5
(sphere)
15 Vessel bottom, internal ¥ + Y2 + 22 - 93,982 - 29.93946 = O 5

(sphere)

1T
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and surface 10 by

X(cos6 + sind) + Y(cos6 - sinb) - 29.038 cosb
- 0.122 sinf + 5.512k = 0

where 6 was the drum rotation angle. The drum cylinder surfaces were

added; the equations were
X2 + Y2 - 29.16X - 28.916Y + 339.7529 = 0
for surface 16 and
X2 4+ Y2 + 29.16X + 28.916Y + 33%9.7529 = O
for surface number 17. Surfaces 18 and 19 were added to describe the

original surfaces 8 and 10 in zones 3 and 5.

The media used in the O5R description of the reactor are given in
Table % along with the atomic densities used in each medium. In the
Code 6 input for the system data tape (CODE 6) for each medium, the atomic
density for the "other" entry in the element column was added to the

atomic density of the element with the asterisk.

The OS5R input for subroutine GEOM is given in Appendix A for the
drums-in configuration and in Appendix B for the drums rotated out 30°
(6 = 30°).

O5R System Data Tape - CODE 6

The parameters and probabilities required by O5R for the running of
a problem are obtained from a data tape prepared by CODE 6 (ref. 2). The
O5R master cross-section library, along with the CODE 6 input - element
identification, cross section identification, atomic densities, and
number of subgroups per super group for each medium - 1s processed, and
the O5R system data tape is written. Appendix C lists the CODE 6 input
for the O5R system data tape used in all O5R runs on the SNAP-TSF reac-
tor. The energy range was from 18 MeV to 0.4 ev. Sixty-four subgroups

per supergroup were used for all media.



Table 3. O5R Media and Atomic Densities

O5R Atomic
Medium Density
Number Description Element (atoms /barn.cm)

1 Top head Ni 0.006469
Type 321 stainless steel, NaK Fex 0.04401
Cr 0.01252
Na 0.001247
K 0.002600
Other 0.00%23
2 Top grid hexagon Ni¥ 0.01881
Type 316 stainless steel, Hastelloy Fe 0.00747
N, NeK Cr 0.00373
Na 0.003006
K 0.006267
Other 0.00%%5
3 Top grid edge , Ni 0.004786
Type 316 stainless steel, Rene k41, Fe* 0.009797
NaK Cr 0.003%964
Na 0.003750
K 0.007818
Other 0.00237
L Core hexagon 235y 0.0010964
Fuel, Be, Hastelloy N, NaK 238y 0.00008247
H 0.049956
7r 0.02715
Be 0.008147
Ni* 0.0026L6
Na 0.00053%11
K 0.001107
Other 0.000989
5 Internal Be reflector Be 0.11348
Be, NaK Na 0.0002742
X 0.0005717
6 Vessel Ni 0.008651
Type 321 stainless steel Fex* 0.05885
Cr 0.0167k
Other 0.004309

7 External Be reflector Be 0.1201h



1k

Table % (cont.)

O5R Atomic
Medium Density
Number Description Element (atoms/barn.cm)

8 Bottom grid hexagon Ni 0.0109%
Type 316 stainless steel, Hastelloy Fe* 0.0157k
N, NaK Cr 0.005163%
Na 0.002967
X 0.006186
Other 0.002527
9 Bottom grid edge Ni 0.006740
Type 316 stainless steel, NaK Fe¥ 0.03666
Cr 0.01027
Na 0.001712
X 0.003570
Other 0.00295
10 Bottom NakK Na 0.0049L5
NaK X 0.0103%10

*See text.



15

In O5R each type of reaction is treated as a separate scattering type;
thus elastic scatter, inelastic scatter, and n,2n reactions in a given ele-
ment would be treated as three separate scatterers. As listed in Appendix C,
each element generally appears twice in a given medium, once for elastic
scatter and once for inelastic scatter; exceptions are hydrogen, which has
only elastic scatter; 238U, for which inelastic scatter was ignored; beryl-
lium, in which inelastic scatter was replaced by the n,2n reaction; and
zirconium, which has three entries in the core medium. For zirconium the
third entry (the n,2n reaction) was a dummy entry and was treated the same

as the second entry (inelastic scatter).

In addition, the f; coefficients for elastic scatter for all ele-
ments except hydrogen were written on the OS5R system data tape; the f; coef-
ficients for beryllium n,2n reactions were also written on the tape. These
are the coefficients for the P; term in the Legendre polynomial expansion

of the angular scattering distributions.

Phi Tape, Anisotropic Angular Scattering -~ CODE 8

The master cross-section library contained the coefficients for the
expansion of anisotropic angular elastic scattering distributions in
Legendre polynomials. For the elements excluding hydrogen used in the
SNAP-TSF reactor the order of the expansion was Pg except for zirconium
and the isotopes of uranium, for which it was Pg and Py, respectively;
hydrogen elastic scattering was isotropic in the center-of-mass system.
O5R used these distributions for the selection of the cosine of the angle
of scatter for an elastic reaction. The parameters required for this selec-
tion were prepared by CODE 8 (ref. 2) and written on the phi tepe. Ap-
pendix C lists the CODE 8 input for the phi tape used in all the O5R rums
on the SNAP-TSF reactor except the fission distribution run. P; scatter-
ing was used for the fission distribution calculation; the data, the f;

coefficients, were obtained from the OSR system data tape.
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Thermal Parameters

The thermal neutron option used in the O5R calculation of the SNAP-
TSF fission distribution was the one-velocity treatment. Thermal cross
sections for the O5R input were obtained from the program QUICKIE;® the
spectrum was calculated at TOO°F.C The averaged thermal microscoplc cross
sections for the elements in the SNAP-10A reactor are given in Table L.

Table 5 lists the macroscopic cross sections for each medium.
O5R Input

For the fission distribution calculation the energy below which neu-
trons were considered to be in the one-velocity thermal group, EBOT, was
Ok eV; NTHRML was equal to l. The LF1l parameters were positive for elas-
tic scattering in order to pick the fl's from the system data tape and to
use the anisotropic distribution fumction P(u) = (1 + 3fiu)/2 for the selec-
tion of u, the cosine of the elastic scattering angle. The LFl's were zero
Tor all inelastic scatter and for elastic scatter in hydrogen in order to
select p from an isotropic distribution function in the center-of-mass
system. Neutrons with weights below 0.005 were subjected to Russian roulette,
with the surviving neutrons given the weight 0.1l. The purpose of this
procedure was to decrease the time spent in following thermal neutrons.

The O5R input for this problem is listed in Appendix D.

The items of interest written on the collision tape were the colli-

sion coordinates and the fission weight at each collision point.

For the shield source and core-mapping O5R calculations, the energy
below which neutrons were ignored, EBOT, was O.1 MeV; NTHRML was equal to
0. The IFl parameters were negative for elastic scattering in order to
pick the cosine of the elastic scattering angle from the ILegendre poly-
nomial expansion of the anisotropic scattering distribution; the constants

were obtained from the phi tape. The LFl's were zero for all inelastic

M. Boling and W. Rhoades, QUICKIE - A Computer Program for Spatially
Independent Multigroup Slowing Down and Thermalization Calculations,
NAA-SR-9233 (Apr. 15, 1964).

*OW. B. Green, Atomics International, private communication.
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Table 4. Thermal Microscopic Cross Sections for the SNAP-10A
Reactor at 700°F from Program QUICKIE

Element o, (barns) o (barns) Vo, (barns)
2357y 334,28 10.0 690.95
esey 1.58% 8.3 0

H 0.17705 59.352 0
zZr 0.09865 6.242 0
Be 0.005337 5.91 0
Ni 2.453 17.5 0
Fe 1.3297 10.87 0
Na 0.27998 3.28 0
K 1.104 2.16 0
Mn* 7.305 2.3 0
Cr 1.617 4,23 0
Mo 1.4k 5.87 0
B ho2.62 3.7 0
Co* 21.0% 7.0 0
C 0.002 L.76 0
0 0.0001054 3.86 0

*Maxwell-Boltzmann averaged at 800°F; not from QUICKIE.
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Table 5. Thermal Macroscopic Parameters for Each
Medium in the SNAP-10A Reactor

Thermal Average Fission
Thermal Mean Nonabsorption Neutrons per

Medium Free Path, Probability, Collision,
Number l/ZT (em) ZS/ZT vZf/ZT

1 1.3025 0.85613 0]

2 1.8396 0.85789 0

3 3,2821 0.80416 0

4 0.27h32 0.89166 0.20781

5 1.4834 0.99806 0

6 0.99001 0.85730 0

7 1.40713 0.99909 0

8 2.0h463 0.85440 0

9 1.4738 0.85558 0

10 19.5099 0.75092 0
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scatter and for elastic scatter in hydrogen in order to select the cosine
of the scattering angle from an isotropic distribution function in the
center-of-mass system. Russian roulette was not used. The O5R input for

these problems is listed in Appendix D.

For the shield source problem the items of interest written on the
collision tape were the coordinates, welght, energy, and direction for
neutrons escaping from the system. For the core-mapping problem the same
paremeters were of interest not only for escapes but also for source and
collision points; additional parameters required by program ACTIFK

(described in a later section) were included.

O5R User Subroutines

In O5R a variety of subroutines must be written for the user's
particular problem. These include subroutine SOURCE for the selection of
source neutron coordinates, direction, and energy, subroutine NONELAS to
control the treatment of inelastic scattering, and subroutine GETETA which

governs the selection of track length between reactions in the system.

In the following discussion the programming pertains to the shield
source and core-mapping problems. The special case for the fission dis-
tribution calculation used the subroutine NONELAS, which allowed only the
evaporation model for the treatment of inelastic scattering, and used the
regular subroutine GETETA (ref. 2) for track length selection. Stubroutine
SOURCE for the fission distribution problem was the same as in the follow-

ing discussion; however, the biasing options were not used.

Source Routines

The neutron source description for O5R allowed the selection of neu-
tron coordinates from a hexagonal volume as in the SNAP-10A core. The
power distribution governing this selection was assumed to be separable in
the radial and axial directions. Source neutron direction and energy were
selected from an isotropic distribution and the 235U fission spectrum
respectively. To enhance the desired quantity to be calculated, biasing
schemes favoring source neutrons which make important contributions to the

answer were avallable.
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The source routine consisted of several subroutines written by
Mooney.* Subroutine SOURCE was the control routine, with subroutine
DATATN supplying source input data, subroutine SPACE selecting source neu-
tron coordinates, and subroutine VECTOR selecting source neutron directions.
Subroutines FISESN and FISSN'' were written for the selection of source
neutron energy. Subroutines SOURCE, DATAIN, SPACE, and VECTOR were modified
to suit the requirements of the problems. IListings of all these subroutines

may be found in Appendix E. Data input sheets are given in Appendix F.

The selection of source neutron coordinates occurred in subroutine
SPACE. Source neutrons were picked from a circular area circumscribing the
hexagonal core boundaries. A rejection technique was used to eliminate

source neutrons from the area outside the hexagonal core.

If the biasing option was omitted, the coordinates were selected from
the normalized cumulative power distributions Iy(r) and T (z); thus, if n;

is a random number and R and 2 are the random values to be selected, then
n1 = I1(R)

Ne = Iz(Z) ’

where
R
I,(R) = L/1 r Pi(r) dr ,
0
Z
I=(z) = fpg(z) dz
ZL
r Pi(r) dr =1 ,

P2(Z) dz = 1 s

Rn
J
5

Z
J
2y,

11E. A. Straker, Ozk Ridge National Leboratory, private communication.
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ZL = lower z boundary of core,
ZU = upper z boundary of core,
Rn = radius of core,

P; and P = power distributions, radial and axial respectively (normalized).

Values of R and Z were obtained using tabulated values of I;(r) and

I=(z) with r® interpolation for Ii{r) and linear interpolation for I_(z).

In the biasing option, the biased distributions were controlled by
the r and z interval size. Source neutrons were selected from each inter-
val with equal probability. The biased distributions, PBl(r) and PBE( z),
were calculated in subroutine DATAIN using the input interval sizes; these
distributions were histograms, constant over each interval. The input
actual distributions, Pi(r) and Po(z), were linear in each interval. A
source neutron with selected coordinates R and Z had its weight adjusted

by the factor

Pl(R) P2(Z)
Ppa(B) Pr(7)

Fp

When using biased distributions combined with rejection techniques,
the total welght assigned to all source neutrons will be in error by a con-
stant factor. The final answer in units per source neutron will not contain
this error; however, in order to make all intermediate calculations correct,
the constant was calculated in subroutine DATAIN and applied to the prob-

ability distributions.

The selection of source neutron direction occurred in subroutine
VECTOR. The actual source neutron direction distribution was assumed to be
isotropic, and when biasing was not used, the direction cosines were ob-

tained by calling subroutine GTISO(U,V,W).Z®

For source neutron directions, the cosine of the polar angle measured
from the z axis, 7y, also can be selected from a biased distribution. Again
the biased distribution is controlled by the interval size, values of y
being selected from each interval with equal probability. The resulting

biased distribution, PB(7), is constant over each interval, and its
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magnitude is a function of the interval size. If N is the number of

intervals, then

1
PB(’)/) = W for ’71 < y < ’)’2 .

The real distribution, P(7), was taken to be isotropic; that is, P(y) = 1/2.

The weight correction factor is given by

for 7 <7 < Yo e

The selection of source neutron energy occurred in subroutine
FISESN.'? The spectrum used in all calculations was the fission spectrum
for 235y, COMMON data for this spectrum were contained in subroutine

FISSN.

Biasing in FISESN was achieved by dividing the energy range into
several groups and specifying the probability for energy selection in each
group. Within a group the selection was from the spectrum as defined in
that energy interval. Since the biasing parameters were to be obtalned from
adjoint Sn calculations, the group structure for FISESN was taken from the

structure used in the adjoint Sn problems.

Input parameters for FISESN were read by subroutine SOURCE, Appendix
F.

Inelastic Routines

In a more recent version of 05R12 the treatment used for inelastic
scattering is controlled by subroutine NONELAS. When an inelastic event
occurs, NONELAS selects the appropriate subroutine to use based on medium

and scatterer index. The NONELAS listing is given in Appendix H.

For the SNAP-TSF reactor two inelastic routines were used. The first

was subroutine INELAS.'® This routine gave a discrete level inelastic

lZF. B. K. Kam, Oak Ridge National Leboratory, private communication.
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scatter treatment. As many levels as are known may be used. For energies
above a cutoff energy, EHI, the evaporation model was substituted. Table 6
lists the level energies along with EHI for each of the inelastic scatterers.
Absent from the table are 38U whose inelastic scattering was ignored, Be,
which was treated in a different subroutine, and H, which has no inelastic
scattering. Level energies and excitation probabilities were processed

by program NNPCOM'3 (see Appendix G for the program listing and input
instructions) to provide COMMON data for use in INELAS.

The second inelastic routine was subroutine BEN2N'“ (see Appendix H
for the listing). This routine treated the n,2n reaction in beryllium.
Half the reactions used the discrete level model with a level energy of
2.46 MeV; in the remaining reactions the scattered neutron was given the
energy C.79 MeV in the center-of-mass system. The neutron weight was

doubled for each reaction.

In all cases inelastic scattering was assumed to be isotropic in the

center-of-mass system.

Track Iength Selection

Selection of the neutron track length between reactions took place
in subroutine GETETA.Z This routine was rewritten in order to include the
exponential transform'® for the selection of biased track lengths. This
method attempts to stretch the track lengths for favorable directions and
to contract track lengths for unfavorable directions; thus, neutrons are
pushed to regions of high importance. In the leakage from the reactor

bottom, the favorable direction was the +Z direction.
-2 b

Instead of selecting track lengths, £, from the distribution e ;
-ZT/zB

the distribution B e
section; B = 1/[1 = y.(XNU)]; but if B < 0.6, it is set equal to 0.6;

7y = Z direction cosine; (XNU) = %/ZT. The parameter A can be determined

was used, where ZT = total macroscopic cross

only if the spatial rate of change of the importance of neutrons is known.
The slope of the adjoint Sn flux as a function of Z was a measure of
this rate of change. For all O5R calculations on the neutron leakage

from the bottom of the reactor, this slope was used for A.

%K. D. Franz, ORNL, private communication.

*%F. B. K. Kam, ORNL, private communication.
15p, H. Clark, The Exponential Transform as an Importance-Sampling Device,

A Review, ORNL-RSIC-1L (Jan. 1960).
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Table 6, Inelastic Scatter ILevel Data

ILevel Energy

(Negative Values) EHI
Element (MeV) (MeV)
Na 0.4k 2.97
2,08
2.39
2.6h
2.71
K 2.52 3.96
2.81
305
5459
Cr 1.43 5.50
2.37
Fe 0.845 4,01
2.09
2.66
2.95
3,01
3,38
Ni 1.h45 5.0
2.46
zZr 0.94 2.0
235y None 0.0
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When selecting track lengths from the above distribution, a weight
adjustment must be made. If Wy was the original neutron weight, then
the new weight, W, was

-2 4 [1-(1/B)]
W= Wo B e .

Since the weight recorded on the O5R collision tape for an escaping neu-
tron is the o0ld weight, a small change to O5R subroutine BANKR was nec-
essary; the parameter OLDWT was multiplied by the factor

I [1-(1/8)]
e

B . This factor, called GLOP, was placed in COMMON.

The listing for subroutine GETETA is found in Appendix I. Input
parameters for GETETA are read by subroutine SOURCE, Appendix F.

IT. FISSION DISTRIBUTION IN THE SNAP-TSF REACTOR

The more efficient use of O5R for shielding calculations requires
that the source distribution be specified and used for all batches of neu-
trons; thus the neutron thermalization problem can be ignored and neutrons
with energies below a cutoff energy can be terminated. The O5R neutron
source selection subroutines written for the SNAP-TSF reactor leakage
calculation assumed that the source distribution (fission distribution)
was separable and that axial and radial distributions would be supplied.

A confirmation of separability and a determination of the distributions
required that O5R be used in a complete reactor calculation involving

neutron thermalization.

0O5R Calculation

A special O5R calculation was done to determine the fission distri-
bution for the SNAP-TSF core in the drums-in configuration. Neutrons
were allowed to degrade to 0.4t eV; neutrons below 0.4 eV were placed in
a one-veloclty thermal group. Thermal cross sections were obtained from

program QUICKIE.® Fissioning was allowed.

Several simplifications were used to conserve machine time: only

the evaporation model was used for inelastic scattering, the f; treatment
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of anisotroplc elastic scattering was used, there was no neutron source
biasing nor track stretching, and Russian roulette was used to kill neu-

trons whose weilghts fell below a specified value.

An initial source guess was used for the first batch of neutrons;
O5R then calculated the source for each succeeding batch from the informa-
tion acquired during the previous batch. Fourteen batches of 800 neutrons
each were run. The fission weight produced at each collision point was

written on the collision tape. Seven collision tapes were required.

The multiplication constant and 1ts standard deviation were cal-
culated using the average values from the last 9 batches. TIts value was

1.029 + 0.011.

Fission Distribution Analysis

An analysis program, ANATYSIS, was written to read the collision
tapes and accumulate the fission weights in axial and radial bins and
print out the resulting fission distributions with their standard devia-
tions. A listing of the program can be found in Appendix J; input instruc-
tions are in Appendix K, along with input listings for the SNAP-TSF

drums~-in configuration.

The axial and radial bin specifications that were used in the fis-
sion distribution analysis for the SNAP-TSF reactor were too finej; that
1s, the interval sizes were too small. The result was that the standard
deviations were large and histogram plots of the fission distributions
were lrregular. Program POWPOW was written to eliminate this statistical
fluctuation without sacrificing the ability to have a well-defined distri-
bution (small interval size). It averaged the axial distributions over
larger radial intervals, and averaged the radial distributions over larger
axial intervals. Since the radial distributions were averaged over the
polar angle, the values near the hexagonal core boundaries required some
adjustment so that they could be used in the OS5R source routine (SOURCE).
POWPOW performed this adjustment by multiplying the fission distribution
by the ratio of the radial area increment to the hexagonal core area
within the radial increment. POWPOW listings are in Appendix J; input

instructions are in Appendix K.
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Plots of the fission distribution obtained from POWPOW appear in
Figs. 4 through 9. Both axial and radial distributions had a cosine
shape. The curvature of the distributions indicated separability in the

axial and radial directions.

A cosine fitting program“®

using the function A cos Bx and the method
of least squares was used to fit the fission distributions. The results

are given in Table 7, with the data plotted in the figure indicated.

After examination of Table 7 the following equations were selected

to represent the power distributions in the SNAP-TSF reactor:

P(z)

]

0.04h5 cos 0.0869z

P(r) = 0.0104 cos 0.0896r

where P(z) and P(r) were proportional to the axial and radial power dis-
tributions respectively. These "smoothed" distributions were used as
the actual source distributions in all the remaining O5R runs on the

SNAP-TSF reactor (drums-in configuration).

ITT. NEUTRON LEAKAGE FROM THE SNAP-TSF REACTOR

The O5R calculations of neutron leakage from the SNAP-TSF reactor
employed several biasing schemes which increased the number of neutrons
making important contributions to the desired quantity. Thus better
statistics resulted and fewer neutrons were processed with a saving of

calculation time,

For the SNAP-ISF reactor and the SNAP-2 shield system, falr biasing
barameters were available from past experience; however, systematic
techniques for calculating biasing parameters that are close to optimum
have been studied,’ and it was felt that use of these techniques would be
helpful in this investigation. The procedure assumes that an approximate
solution to the equation adjoint to the original transport equation is
avallable. This solution would represent the importance of a neutron at
each point in phase space, which would then be used to obtain parameters
for the biasing techniques. Since the adjoint equation in its complete

form is as difficult to solve as the original equation, the adjoint

18M. H. Lietzke, A Generalized Least Squares Program for the IBM-7090
Computer, ORNL-3259 (Mar. 21, 1962).




RELATIVE POWER

006

0.05

.04

0.03

0.02

28

ORNL-DWG 67-442

RADIAL AVERAGING

R

|

HISTOGRAM — O5R RESULTS

1

¢85

& —COSINE FIT WITH
STANDARD DEVIATION ]

*s

s

i

Ji ¢
[eXel} ]
o]
=355 -4.0
CORE TOP CORE BOTTOM

Fig.

L.

Z, AXIAL DISTANCE {cm)

Axial Relative Power (R = 0.0 to 11.239 cm).



RELATIVE POWER

29

ORNL-DWG 67-443

0.06
l { l ] [ | I f
RADIAL AVERAGING INTERVAL HISTOGRAM—05R RESULTS
R=00TO7.2 cm @ —COSINE FIT WITH
STANDARD DEVIATION
Q05 3
I ‘
0.04 §§1 §§
¢
F3 .
_;r RN
] L
003 8

EjiL_
; %

002 |— 1§

0.04
'Y
0
=35.415 -40
CORE TOP CORE BOTTOM

Z, AXIAL DISTANCE (cm)

Fig. 5. Axial Relative Power (R = 0.0 to 7.2 cm).



20

ORNL-DWG 67-444

0.06 ‘ ; ‘ ! ‘ T | '

RADIAL AVERAGING INTERVAL HISTOGRAM—-05R RESULTS
R=7.2T044.239 cm & —COSINE FIT WITH
0.05 STANDARD DEVIATION —

L |
?|$ ﬁ]{[{d iur

004
; — 8,
g Ny '}BJ &
£ 003 ; ¢ 3
Y ]
i e
= 0.02 i ]

k ",

0.04 li
0 1
—35415 —4.0
CORE TOP CORE BOTTOM

Z,AXIAL DISTANCE (cm)

Fig. 6. Axial Relative Power (R = 7.2 to 11.239 cm).



31

ORNL-DWG 67-445

0012

0010 2

0008

La- I-L.

I'.—i_]

I

0006 ISTOGRAM-05R RESULTS

RELATIVE POWER
-

0004

“‘"L.

—

[ 2

~COSINE FIT WITH STANDARD DEVIATION

La_

0002

RADIAL DISTANCE {cm)

Fig. 7. Radial Relative Power.

core axial length.

11.239

Axial averaging interval - entire



20

ORNL-DWG 67-446

0012
0010 L g . :ll_
( ._i S e ¢
e — l [ ] ._“_
0008 el
s 44 o Y
g e
g 1t
w 0006 1 3 3
> HISTOGRAM-05R RESULTS
5( & -COSINE FiT WITH STANDARD DEVIATION
w
® 0004
0002
0
0 11239
RADIAL DISTANCE (cm)
Fig. 8. Radial Relative Power. Axial averaging interval ~ bottom

half of core.



)

ORNL-OWG 67-447

14.239

o012
®
0010 L P .
[ ]
LT+ e |,
gy
[ ]

p 0008 —— "‘L_
() _J-!i;—\
)
W 0006 HISTOGRAM-05R RESULTS 4 ¥
E @ -COSINE FIT WITH STANDARD DEVIATION [
3
L
o

0.004

0002

0
0 RADIAL DISTANCE (cm)
Fig. 9. Radial Relative Power. Axial averaging interval - top half

of core.



Table 7. Parameters for A cos Bx Fitting of Fission Distributions
Standard Standard
Transverse Direction Parameter  Deviation  Parameter Deviation Figure
Direction Averaging Interval A in A B in B Number
Axial Entire radial dimension 0.04k2 0.00071 0.0912 0.0015
(center to bottom)
Axial Entire radial dimension 0.0448 0.00126 0.0825 0.0030
(center to top)
Axial Entire radial dimension 0.04k45 0.0008k4 0.0869 0.0019 L
(bottom to top)
Axial R = 0.0 to 7.2 em 0.0436 0.00117 0.0909 0.0026 5
(center to bottom)
Axial R = 0.0 to 7.2 cm 0.0451 0.00108 0.0820 0.0026 5
(center to top)
Axial R= 7.2 to 11.239 cm 0.0548 0.0007h 0.0916 0.0016 6
(center to bottom)
Axial R= 7.2 to 11.2%39 cnm 0.04k46 0.00180 0.0830 0.0043 6
(center to top)
Radial Entire axial length 0.010k 0.00012 0.0896 0.0018 7
Radial Bottom half of core 0.0102 0.0001k4 0.0871 0.002% 8
Radial Top half of core 0.0105 0.00019 0.0917 0.0027
Radial Pirst quarter of axial 0.0104 0.0002% 0.0900 0.003%5
length (bottom)
Radial Second quarter of axial 0.0100 0.0002k4 0.0843 0.00k40
length
Radial Third quarter of axial 0.0108 0.00029 0.0960 0.003%8
length
Radial Fourth quarter of axial 0.0102 0. 00024 0.0869 0.00%8

length (top)

H&
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calculations were performed with a simpler model to obtain better biasing
for efficient Monte Carlo calculation.; Program Al\TISN,3 a one-dimensional

Sn code, war used tc provide this information.

ANTISN Adjoint Sy Calculations

One-dimensional descriptions for both the SNAP-TSF reactor with the
SNAP-2 shield and the SNAP-TSF reactor alone were used in S;g adjoint flux
calculations with Po cross-section representation by program ANISN. The
reactor shield model for the slab geometry is given in Table 8. The
reactor-alone model did not have zone 7. Atomic densities were the same

as those used in O5R (CODE 6).

The energy group structure is given in Table 9. For the reactor
plus shield configuration, a shell source was placed in interval number
65, the shield bottom; the S;g angle interval index was 1, cosine 6 between
0.9494 and 1.0000. Fast-neutron dose factors were divided by the cosine
of the mldpoint angle of angle interval 1; the result was used as the

shell source input. Table 10 lists the source input.

For the reactor alone, a unit isotropic shell source was placed in

interval 34 (the reactor vessel bottom).

Source Biasing — Shield Source Problem

The bilased distributions required by subroutines SPACE and FISESN
(both called by subroutine SOURCE) were obtained from the adjoint S;g flux
data printed by program ANISN. The reduction of the flux data was ac-
complished by program BIASOR. Input instructions and program listing for
BIASOR are found in Appendix L.

Input for BIASOR consisted of the adjoint Sn total flux as a func-
tion of position and energy. The flux was averaged over energy, using
the energy-group-dependent fisslon probabilities as a weilghting function.
The resulting flux, ¢1(z), was a function of axial position only and was
a measure of the axial importance of the neutron source. If P(z) is the
actual power distribution, PB(z) is the unnormalized bilased power distri-
bution, and the adjoint flux is used as the importance function, then

PB(Z) = ¢6;(z) P(z) .
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Table 8. One-Dimensional Slab Geometry for ANISN Description
of the SNAP-TSF Reactor Plus Shield Configuration

Zone Number of Outer Radius
Number Intervals (cm) Zone Description
0.0
1 4 2.766 Top head
2 4 .6304 Top grid
pj 20 35, 7454 Core
4 2 37.2307 Bottom grid
> 39.5307 Bottom NaK
6 39.8482 Bottom vessel
7 51 101.8482 Shield
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Table 9. joi
9. ANISN Adjoint Sn Energy Group Structure

Adjoinb S UpgizngZirgy Lower Energy
Group Number (eV) 4 Boymasry
(ev)
27
o i:;gi z ig: 1.221 x 103
25 1.000 x 107 5 o8 & 10
o TS 8.187 x 102
23 6.703 x 10° o703 = %
22 5.1488 x 10° 5406 x 10
o1 I, 493 x 10° b 493 x 10
20 3.679 x 10° 3:679 x 10,
19 3.012 x 10° >0l X%
18 2.466 x 10° 2. 466 x 10
17 2.019 x 10° 2019 x 107
16 1.653 x 10° 1653 x 10
15 1.353 x 10° T 303 x 10
" NS 1.108 x 10°
13 9.072 x 10° %'072 ; 10?
2 0-018 x 10, .081 x lO5
11 b 076 i 185 ingf " 185
10 : 5 e
9 ot i
4 A 3,355 x 10°
7 5.800 x 102 5829 x 107
! R 1.01% x 10
. 2.902 x 10%
5 2.902 x 10% 1
2 2.902 x 10) 1.068 x 10
3 3,059 x 100 3099 x 107
P 1.125 x 109 1125 x 107
¢ e x 10 bh,140 x 1071
Thermal
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Table 10. ANISN Adjoint 8, Shell Source Input for the
SNAP-TSF Reactor Plus Shield Configuration

Adjoint Sy
Group Number

Fast-Neutron Dose*
(rads hr * per neutron cm =

sec

-1y

27
26
25
ol
23
22
21
20
19
18
17
16
15
1k
13
12
11
10

9

2.,0046 x
1.8878 x
1.7776 x
1.7128 x
1.6511 x
1.590% x
1.58%2 x
l.4h52 x
1.2496 x
1.1537 x
1.0840 x
9.8811 x
9.2181 x
8.6247 x
7.0724 x
5.9%12 x
4,oko0 x
1.6288 x
2.1948 x

1075
1073
107>
1075
1073
1073

*Divided by 0.9801L49.
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BIASOR also averaged the adjoint Sn flux over position, using the
actual power distribution as a weighting function. The resulting flux,
¢2(E), is a function of energy only and is a measure of the energy importance

of the neutron source. ¢5(E) was constant over each energy group i; thus,

¢ = . F. e s e
o1 ¢2(E) for Ei <EL Ei+l It 5 were the fission probability for
energy group 1 and QEi were the bilased fission probability, then

0

2171
QE; = .
Z %2:F1
i

Although E; QEi = 1, the printed results from BIASOR may not equal 1

i
exactly, due to roundoff error; however, QEi input to FISESN (SOURCE input)
must have thils property. Appropriate adjustments to the QEi values must be

made.

The adjoint Sn fluxes ¢1(z) and ¢o(E) are plotted in Figs. 10 and 11
respectively. The bilased axial power distridbution results are shown in
Table 11. The biased axial power distribution is compared in Fig. 12 with
the actual axial power distribution. The blased fission probability

results are shown in Table 12.

For the QEi input to subroutine FISESN, the biased fission source
fractions in Table 12 were used except for adjoint Srl group Nos. 19 and 20
and group Nos. 15 through 18, whose values were averaged and placed in two

broadéer energy groups.

An investigation of the adjoint Sn angular fluxes showed that the
angular variation was relatively independent of axial position and of
energy. For the source angle biased distribution, the adjoint Sn angular
flux in the second Sn interval from the core bottom and the Sn energy
group number 27 was used., This flux is plotted in Fig. 1% and listed in
Table 13.

The biased radial distribution was arbitrarily selected to be flat.
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Table 11. Biased Axial Power Distribution for the SNAP-TSF
Reactor Plus Shield Confilguration

Adjoint Sy
Lower 7, Core A B C
Interval Boundary Actual Fission Spectrum Biased
(cm) Axial Power Averaged Adjoint Axial Power
(Top to Bottom) Distribution* S, Flux Distribution**
-35.115 0.01955 6.341 x 107° 0.0009L
~3%,559 0.028%2 8.091 x 107° 0.0017%
-%2.00L 0.0%658 1.034 x 1078 0.00286
-30.448 0.04k15 1.%21 x 10 8 0.00441
-28.892 0.05094 1.690 x 108 0.00650
-27.%336 0.05678 2.163 x 108 0.00928
-25.780 0.06159 2.770 x 1078 0.01289
-2k, 225 0.06528 3,552 x 10 8 0.01752
-22.669 0.06778 h.556 x 1078 0.023%%4
-21.11% 0.06904 5.851 x 108 0.0305%
-19.558 0.06904 7.518 x 1078 0.0%922
~18.002 0.06778 9.674 x 1078 0.0L4955
-16.446 0.06528 1.245 x 1077 0.061k41
-14.890 0.06159 1.605 x 1077 0.07470
-1%.%3kL 0.05678 2.070 x 10°7 0.08881.
-11.779 0.0509L 2.67% x 1077 0.10289
-10.22% 0.04415 3,452 x 107 0.11517
- 8.667 0.0%658 L.46T7T x 1077 0.12348
- 7.112 0.02832 5.777 x 107 0.12%6%
- 2.556 0.01955 7.52% x 107 0.11114
- 4,000

*The sum of column A equaled 1.
**Column C equaled column A times column B, normalized such that the sum
of colum C equaled 1.
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Table 12, Source Energy Biasing for the SNAP-TSF
Reactor Plus Shield Configuration

A B C
Fission Source Power Distribu-~ Normalized
Lower Energy Fraction from tion Averaged Biased Fission
Adjoint Sy Boundary Subroutine Adjoint Sp Source
Group Number (MeV) FISSN Flux in Core Praction*
27 12.2 1.795 x 10 % 9.8%7 x 10> 0.133h
26 10.0 8.785 x 10°% 2,704 x 1073 0.1795
25 8.18 3,492 x 1073 7.967 x 10°© 0.2102
2L 6.70 1.002 x 1072 2,469 x 1076 0.1870
23 5.49 2.118 x 102 8.0%38 x 1077 0.1287
20 L.5 3,785 x 1072 2.788 x 1077 0.0797
21 3.68 5.84 x 1072 9.750 x 10 8 0.0430
20 3,01 7.45 x 1072 3.711 x 108 0.0209
19 2.46 8.95 x 102 1.534 x 1078 0.0104
18 2.02 9.4 x 1072 6.46 x 107° 0.0046
17 1.65 9.4 x 1072 2.574 x 10°° 0.0018
16 1.35 8.9 x 1072 9.024 x 107%° 0.0006
15 1.11 8.0 x 1072 2.61% x 10 *© 0.0002
1k 0.907 6.9 x 1072 5.826 x 10 1 0
13 0.608 1.08 x 1071 6.816 x 10" *2 0
12 0.4076 7.0 x 1072 0
11 0.111 8.5 x 1072 0

*Column C was obtained by multiplying column A times

such that the sum of column C equaled 1.

column B and normaliz
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Table 13. Source Angle Biased Distribution for SNAP-TSPE
Reactor Plus Shield Configuration®

S1e
Sie Adjoint
Angle Cos6 Angular Flux
Index Lower Boundary (Biased Distribution)
1.0000000

1 0.949%858 2.09% x 104
2 0.8381952 2.307 x 104
3 0.6813418 1.391 x 104
I 0.5000000 0.8%354 x 1074
5 0.3186582 0.4679 x 1074
6 0.1618048 0.2570 x 1074
7 0.0506142 0.1%5 x 1074
8 0.0000000 0.07426 x 1074
9 -0. 0506142 0.05226 x 10 %
10 -0.1618048 0.03701 x 1074
11 -0.3186582 0.01987 x 1074
12 -0.5000000 0.00246 x 1074
13 -0.6813418 0.00246 x 104
14 -0.8381952 0.00246 x 1074
15 -0.949%858 0.00246 x 1074
16 -1.0000000 0.00246 x 1074

&e Sp energy group 8.187 to 10.0 MeV; second S, interval from
core bottom.
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The input for subroutine SOURCE does not include the biased distri-
butions for the axial, radial, and angular selection of source neutron
parameters; instead, it requires a specification of interval sizes from
which parameters are selected with equal probability. In order to determine
the interval sizes appropriate for the biased distributions, program
SORSPREP was written. Input instructions and listings for SORSPREP are

given in Appendix M.

SORSPREP input consists of the real and biased radial and axial
source distributions and the blased angular source distribution. SORSPREP
Prints and punches the axial, radial, and angular input required by sub-

routine DATAIN (called by subroutine SOURCE).

Exponential Transform - Shield Source Problem

The selection of track lengths, £, was made from the distribution

-sz/B
e where Z_ = total macroscopic cross section; B = =

, T B T
but if B < 0.6, it is set equal to 0.6; 7 = z direction cosine, (XWU) =

MZ_, and A is the slope of the adjoint Sn flux.?t

W=

TJ
Examination of XNU for the adjolint Sn total flux and of XNU for the
adjoint Sn angular flux in the first angular interval resulted in the
decision to use the angular flux in the first angular interval. XNU's
obtained from the total flux seemed too large in view of past experience,
and the values did not decrease as the bottom system boundary was ap-
proached. The behavior of XNU's obtained from the angular flux seemed

more agppropriate.

Since the XNU's could be supplied as input by OS5R region and by
energy group, a large number of calculations of XWNU were anticipated.
Program IMPORT was written to aid in this work. IMPORT calculates A and
XNU for each Sn energy group. It assumes that over a given broad interval,
z1 < z < zp, the adjoint Sn flux ¢ can be represented by

¢ = A eAZ for z; <z < zp ;

A is then calculated using
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o1 ‘2
T Zp = 21 61 7
and
v = £
T

is obtained. A region of constant cross section may be divided into
several broad z intervals containing two or more of the Srl intervals. The
Tlux is then input as a function of energy at each of these broad interval
boundaries. Since the adjoint Sn flux is an average value for the Sn
interval, the broad interval boundary should be the midpoint of the Sn
interval. BEither the total flux or the angular flux for any angular group
may be input. As many regions of constant cross section as desired may

be processed. Input instructions and program listing are given in Ap-

pendix L.

Por the shield source problem, the values of XNU for each Sn energy
group were found to be constant over the entire axial length of the core.
Results of these calculations, including values for the NaK at the reactor

bottom, are given in Table 1k.

Since the values of XNU were found to be relatively constant over
energy intervals larger than the Sn energy intervals, the XNU input energy
group structure was changed. Table 15 gives the XNU values used in the
O5R calculation. Two regions were used: region 1, which was contained

in zones 1 through 4 and region 2, which was contained in zone 5.

The source data and the track stretching parameters required as

input to O5R for the shield source problem are listed in Appendix F.

Source Biasing - Core-Mapping Problem

The biased distributions required by subroutines SPACE and FISESN
were obtalned from the adjoint flux data printed by program ANISN for the
reactor without the shield. The reduction of the flux data was ac-

complished by methods described previously.



Table 1lt. Adjoint Sy Parameters for the Exponential Transform in the SNAP-TSF
Reactor Plus Shield Configuration

A B c
Total Macroscopig Slope of Adjoint Sy Exponential Trans-
Lower Energy Cross Section (cm™ *) Forward Flux* (cm 1) form Parameter, XNU¥¥
Sp Energy Boundary

Index (MeV) Core Bottom NaK Core Bottom NakK Core Bottom NaK
27 12.2 018421 0.03145 0.1319 0.0242 0.7158 0.7707
26 10.0 0.19930 0.03%298 0.1443 0.0249 0.7242 0.7565
25 8.18 0.20991 0.03476 0.155k 0.0256 0.7401 0.7%63
2L 6.70 0.21877 0.0375% 0.1669 0.0266 0.7631 0.7086
23 5.49 0.22281 0.04k102 0.179% 0.0290 0.80L47 0.706k
22 h.5 0.23420 0.0L46h2 0.1952 0.03%3%2 0.8%34 0.7143
21 3.68 0.25072 0.05115 0.2124 0.0372 0.84k71 0.7278
20 3.01 0.27134 0.05215 0.2299 0.03%88 0.847L 0.74k42
19 2.46 0.29687 0.05231 0.2495 0.0400 0.8Lok 0.7640
18 2.02 0.30808 0.0493%2 0.2591 0.03%88 0.8412 0.7860
17 1.65 0.3%3h2l 0. 04186 0.2821 0.0341 0.8Lk39 0.8136
16 1.35 0.36937 0.03767 0.3133% 0.03%15 0.8482 0.83%62
15 1.11 0.4072% 0.03502 0.350% 0.0297 0.8601 0.8493
1k 0.907 0.45%83 0.0387h 0.3957 0.033h 0.8719 0.8627
13 0.608 0.5401%4 0.0h4662 0.4549 0.0%97 0.8422 0.8527
12 0.4076 0.63661 0.0%861 0.5647 0.03k2 0.8870 0.8866
11 0.111 0. 76864 0.04311 0.5968 0.030L 0.7765 0.7051

*The adjoint Sig angular flux for angle index number 1,
**Colum C was obtained by dividing column B by column A.

o1
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Table 15. XNU Values Used in O5R for the SNAP-TSF
Reactor Plus Shield Configuration

Ith Group O5R 05R
Lower Energy Region 1 Region 2
Boundary (MeV) XNU(1,I) XNU(2, I)
8.18 0.727 0.75k
5.49 0.784 0.708
3,01 0.843 0.729
1.35 0.84% 0.800
0.k407 0.865 0.86%
0.11 0.776 0.705
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The adjoint 8 fluxes $,(Z) and ¢5(E) are plotted in Figs. 1&4 and 15.
The biased axial power distribution was calculated as shown in Table 16.
The biased axial power distribution is compared to the actual axial power
distribution in Fig. 16. The biased fission probabilities were calculated

as shown in Table 17.

For the QE input to subroutine FISESN, the biased fission source frac-
tion in Table 17 was used except for the values for the following adjoint
Sn group numbers which were averaged and placed in the corresponding

broader energy groups:

Adjoint Sn group Nos. 25 through 27, 235 and 2&, 21 and 22, 19 and
20, 14 and 15, and 12 and 13.

An investigation of the adjoint Sn angular fluxes showed that the
angular variation was relatively independent of axial position and of
energy. For the source angle biased distribution the adjoint Sn angular
flux in the second Sn interval from the core bottom and the Sn energy

group No. 27 was used. The flux data are given in Fig. 17 and Tsble 18,
The bilased radial distribution was arbitrarily selected to be flat.
Program SORSPREP was used to prepare the asbove data for input to the

O5R source routines.

Exponential Transform - Core-Mspping Problem

The track stretching parameters XNU were obtained from the slope of
the adjoint Sn angular flux in the manner described previously;
however, the values for XNU for each Sn energy group were not constant
over the entire axial length of the core. The reactor was divided into
four axial O5R regions. The bottom NaK and vessel, zone 5, were the
fourth region; the rest of the reactor consisted of regions 1 through 3
defined by the planes Z + 23,4469 = 0 and Z + 14.1124 = O, Results of

the XNU calculations for the four regions are given in Table 19.

Since the values of XNU were found to be relatively constant over
larger energy intervals than the Sn energy intervals, the XNU input energy
group structure was changed. Table 20 gives the XNU values used in the
05R calculation.
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Table 16, Biased Axial Power Distribution for the
SNAP-TSF Reactor

Adjoint Sp
Lower Z, A B c

Core Interval Actual Fission Spectrum Biased

Boundary (cm) Axlal Power Averaged Adjoint Axial Power

(Top to Bottom) Distribution* Sn Flux Distribution**
-35,115 0.01955 5.12%3 x 10 ° 0.00023
-334559 0.0283%2 6.901 x 10 S 0.00045
-%2.00k 0.0%658 9.469 x 1073 0.00080
-30.448 0.0L4k415 1.307 x 10 4 0.00134
-28,892 0.05094 1.811 x 1074 0.00213%
-27.3%6 0.05678 2.519 x 10 ¢ 0.00%31
-25,780 0.06159 3,515 x 10 % 0.00500
-24 205 0.06528 4,920 x 107% 0.00743
-22,669 0.06778 6.909 x 10 % 0.01083%
-21.113 0.0690k4 9.7%2 x 104 0.01553%
-19.558 0.06904 1.375 x 102 0.02195
-18.002 0.06778 1.952 x 1073 0.0%059
-16, 446 0.06528 2.779 x 1073 0.0419k4
-14,890 0.06159 3,978 x 10 2 0.05664
-13.,33L 0.05678 5.716 x 102 0.0750k
-11.779 0.05094 8.273 x 10 3 0.09743
-10.223% 0.04k415 1.202 x 10 2 0.12270
- 8.667 0.0%658 1.772 x 1072 0.14986
- T.112 0.0283%2 2,625 x 102 0.17186
- z.%gg 0.01955 4,092 x 1072 0.184904

*The sum of columnA equaled 1.
**Column C equaled column A times column B, normalized such that the sum

of column C equaled 1.
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Table 17. Source Energy Biasing for the SNAP-TSF Reactor
A B C
Fission Source Power Distribu- Normalized
Adjoint Lower Energy  Fraction from tion Averaged Biased Fission
Group Boundary Subroutine Adjoint Sp Source
Number (MeV) FISSN Flux in Core Fraction*
27 12.2 1.795 x 10 % 1.460 x 102 0.0006
26 10.0 8.785 x 1074 1.291 x 1072 0.0026
25 8.18 3,492 x 1072 1.155 x 102 0.009%
2k 6.70 1.002 x 10 2 1.047 x 1072 0.0243
2% 5.49 2.118 x 1072 9.504 x 1072 0.0465
22 L.5 3,785 x 1072 8.551 x 1073 0.0748
21 3.68 5.84 x 1072 7.591 x 1073 0.1025
20 3,01 7.45 x 1072 6.75% x 10 3 0.1163
19 2.46 8.95 x 1072 6.054 x 1072 0.1254
18 2,02 9.4 x 1072 5.632 x 10 ° 0.1224
17 1.65 9.4 x 1072 4,987 x 1073 0.108k4
16 1.35 8.9 x 1072 4,258 x 103 0.0876
15 1.11 8.0 x 1072 3,516 x 10 ° 0.0650
1k 0.907 6.9 x 102 2.87%3 x 1073 0.0458
1% 0.608 1.08 x 10 % 2.0%35 x 10 2 0.0508
12 0.4076 7.0 x 1072 1.096 x 103 0.0177

*Column C was obtained by multiplying column A times column B and norm-
alizing such that the sum of colum C equaled 1.
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Source Angle Biased Distribution
for SNAP-TSF Reactor®

Sie S e, Adjoint
Angle cosb Angular Flux
Index Lower Boundary (Biased Distribution)
x 1072
1.0000000

1 0.9493858 9.475
2 0.8381952 9.392
3 0.6813418 9.03%0
i 0.5000000 8.352
5 0.3186582 7.331
6 0.1618048 6.010
7 0.0506142 4,662
8 0.0000000 3.676
9 ~0.05061k42 2.849
10 -0.1618048 3.015
11 -0.3186582 2.632
12 -0.5000000 2.110
13 -0.6813418 1.617
14 -0.8381952 1.249
15 -0.9493858 1.022

16 -1.0000000 0.9061

Se

S energy group 8,187 to 10.0 MeV; second Sy interval

from core bottom.



Table 19. Adjoint Sy, Parameters for the Exponential Transform
in the SNAP-TSF Reactor

A B C
I Total Macroscopic Slope of Adjoint Sp Exponential Transform
ower Cross Section (cm™ 1) Forward Flux® (cm 1) Parameter, XNUP
Sn Energy
Energy Boundary Bottom Top Middle Bottom Bottom Top Middle Bottom Bottom
Index (MeV) Core NaX Core® CoreC CoreC  NakK Core® Core® Core® NakK
27 12.2 0.18421 0.03145 0.1131 0.0995 0.0707 0.0119 0.6138 0.5401 0.%838 0.3788
26 10.0 0.1993%0 0.0%298 0.1238 0.1098 0.0799 0.0115 0.6213 0.5508 0.4008 0.3481
25 8.18 0.20991 0.03476 0.1%41 0.13195 0.0886 0.0105 0.6387 0.5692 0.4222 0.3028
2L 6.70 0.21877 0.0%753% 0.1456 0.1302 0.0980 0.0096 0.665% 0.5951 0.4480 0.2545
23% 5.49 0.22281 0.04102 0.1582 0O.1424 0.1086 0.0091 0.7101 0.6390 0.4872 0.2213
22 4.5 0.23420 0.046kL2 0.17% 0.1571 0.1215 0.0100 0.741% 0.6710 0.5189 0.2163
21 3.68 0.25072 0.05115 0.1901 0.1730 0.1353 0.0120 0.7581 0.6902 0.5397 0.2353%
20 3.01 0.2713k4 0.05215 0.2067 0.1891 0.1489 0.0131 0.7618 0.6968 0.5486 0.2509
19 2.46 0.29687 0.05231 0.2245 0,2066 0.1647 0.01%6 0.7563% 0.6959 0.5548 0.2592
18 2.02 0.3%0808 0.049%2 0.23%82 0.2197 0.17k7 0.0131 0.7733 0.7130 0.5672 0.2648
17 1.65 0.33hok 0.04186 0.2620 0.2431 0.1951 0.0116 0.7838 0.7272 0.58% 0.2767
16 1.35 0. 36937 0.03767 0.29%0 0.2738 0.223%1 0.0111 0.79%2 0.7h1% 0.6041 0.2946
15 1.11 0.4072% 0.03502 0.3301 0.3108 0.2579 0.0101 0.8106 0.7632 0.63%2 0.2898
14 0.907 0.4538% 0.03874 0.3764 0.3576 0.3%3028 0.0111 0.8295 0.7880 0.6672 0.2869
13 0.608 0.5401L 0.04662 0.4413 0.4300 0.3843 0.0156 0.8171 0.7962 0.7115 0.3%336
12 0.4076 0.63661 0.03861 0.5547 0.5511 0.5254% 0.0178 0.871% 0.8657 0.825% 0.4613
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a. The adjoint S;g angular flux for angle index number 1.
b. Column C was obtained by dividing column B by column A.
c. Top, middle, and bottom cores are described by regions 1, 2, and 3, respectively.
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Table 20. XWU Values Used in O5R for the
SNAP~TSE Reactor

Ith Group O5R O5R O5R O5R

Lower Energy Region 1 Region 2 Region 3 Region 4

Boundary (MeV) XNU (1,TI) XU (2,1) XNU (3,I) XNU (4, I)
8.18 0.6246 0.5534 0.4023 0.3432
4. ho 0.7056 0.6350 0.4847 0.2307
2.02 0.7624 0.6990 0.5526 0.2526
1.35 0.7885 0.73k42 0.593%8 0.2857
0.608 0.8191 0.7825 0.6706 0.3034
0.407 0.8713 0.8657 0.8253 0.4613
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The source data and the track stretching parameters required as

input to O5R for the core-mapping problem are listed in Appendix F.

O5R Calculations

Preliminary O5R calculations were made on the SNAP-TSF reactor for
both the shield source and the core-mapping problems. A summary of the

conditions imposed on these calculations follows.

1. The drums-in configuration was used in all cases.

2. The neutron source was obtained from the OS5R calculations of
the fission distribution.

5. Blasing parameters obtalned from adjoint Sn calculations
(ANISN) were used.

4, The phi tape was used for elastic scattering.

5. Inelastic scattering was isotropic in the center-of-mass
system and a multilevel inelastic scattering model was used
where data were known.

6. The lowest energy of interest was 0.1 MeV.

Shield Source Problem

Two O5R calculations were made for the shield source problem. The
first consisted of 47 batches of 800 neutrons each, with the value
0000343277244615 used for the starting random number. Since only the
neutron parameters for an escape event were recorded, only one collision
tape was generated. The second calculation consisted of 50 batches of
800 neutrons each, with the value 1773607236543075 used for the starting
random number. Again only one collision tape was generated. The calcula-
tion time on the CDC 1604-A computer for this second calculation was 129

min.

Core-Mapping Problem

One O5R calculation was made for the core-mapping problem. It con-
sisted of 60 batches of 800 neutrons each, with the value 00003L432772L4615
used for the starting random number. Since neutron parameters for source,
collision, and escape events were recorded, four collision tapes were

generated. The calculation time on the CDC 1604-A computer was 172 min.
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IV. ANALYSIS OF O5R LEAKAGE CALCULATTIONS

Two programs were involved in the analyses of 0O5R collision tapes:
SNARLS and ACTIFK.'” SNARLS was written to prepare tapes containing neutrons
to be used as the source for subsequent OSR calculations on the penetration
of neutrons through a SNAP-2 shield. It obtained its information from tapes

prepared by the OSR shield source problem; only neutron escape events were
considered. In addition, SNARLS used neutron escape events on the tapes pre-
pared by the O5R core-mapping problem to calculate leakage angular fluxes.
ACTIFK, like OSR, required modication by the user for his particular problen.
It used neutron source and collision events on the tapes prepared by the 05R
core-mapping problem to estimate statistically contributions to collimated

detectors.

Program SNARLS

In operating SNARIS, the 05R collision tapes must be prepared with
the following values for NBIND: 111000111111110001000110100000000000.,
The SNARLS input provides for the enclosing of the reactor system by a
cylinder and two planes perpendicular to the cylinder axis. The cylinder
axis coincides with the z axis. These surfaces become the leakage sur-
faces. Neubtron escapes from the reactor system are traced to these
leakage surfaces, and the escape coordinates are changed to values at the

intersection of the neutron track and the nearest surface.

SNARLS input instructions, flow diagram, and listings are found in

Appendix N.

Source Tape Preparation

Since a great number of leaking neutrons will contribute nothing to
a shielded detector, the neutrons which leak must be processed to eliminate
unimportant neutrons and to enhance important neutrons. If a neutron
weight falls below a specified value, it 1s killed a specified fraction
of the time (Russian roulette); if it survives its weight is increased an
appropriate amount. If a neutron welght is above a specified value, it
is split into two or more neutrons of equal weight, whose sum is the
original weight, such that the individual welght does not exceed the above

specified value (splitting).

17F, B. K. Kam and XK. D. Franz, ACTIFK, A General Analysis Code for O5R,
ORNL-3856 (September 1966).
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Russian roulette and splitting are employed according to the follow-

ing relation, where I is an energy index,
Wo <R(I) <W1 <8(I) <Wg .

Weights Wy are accepted, weights Wa are aplit (Wa/S(I)) + 1 times
(smallest integer), and welghts Wo have a survival fraction Wo/R(I);
surviving neutrons are given the weight R(I). The weight standards S(I)
and R(I) can be specified for two angular groups and for either one or
two of four possible values of the leakage criteria, JTYPELl and JTYPE2.
The meanings of the possible values of JTYPEL and JTYPE2 are given
below:

1. leakage from the bottom plane (ZBOTINEW), positive Z direction,
. leakage from the cylinder (RCYLIN), positive Z direction,

leakage from the cylinder, negative Z direction,

= W N

. leakage from the top plane (ZTOPNEW), negative Z direction.

The weight standards can be obtained from the adjoint Sn calculation
on the reactor-plus-shield configuration by using flux values at the
reactor-shield interface. For a particular angular group, the optimum
leakage weight W(E) should be proportional to 1/¢(E), the reciprocal of
the adjoint flux spectrum:

AN
W(E) ¢(E) = K .

Thus as ¢(E) (the energy-dependent importance) increases, the optimum
weight decreases, requiring that a larger number of neutrons leak for a
given amount of weilght. The constant K may be taken as the average of

the neutron weight W(E) times the importance:
K= WE)e(E) .

If the energy variation is represented by a group structure, then
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Zm:) W(T) AB(T)

I
}:AE(I)
I

where AE(I) is the energy width of group I, and W(I) is the average

K =

weilght.

A preliminary run with SNARLS will determine the W(I) for two
angular groups; hence K can be found and the optimum welght Ww(I) for
each energy group can be calculated. Since an optimum welght range is
Efﬁjred-[between R(I) and S(I)], SNARLS input weight standards include
W(I), R1(I), and S;(I), from which R(I) and S(I) are determined:

A\
R(I) = Ru(I) W(I) ,

I

AN
S(I) = s.(T) w(T) .

In the input the following variables are used:

FPor the first angular group

N
WBAR(I,JTYPEl) - W(I) for leakage JTYPEL

PN
WBAR(I,JTYPE2) - W(I) for leakage JTYPE2
WK(I) - Ri(I)

SWK(I) - S.(I)

For the second angular group

&)

WMAX(I,JTYPEL) - W(I) for leakage JTYPEL

&7

WMAX(I,JTYPE2) - W(I) for leakage JTYPE2
WKL(I) - Ry(I)
SWK(I) - S1(I)

The source tape preparation option may be omitted.
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Neutron Leakage Angular Flux

SNARLS can calculate the neutron leakage angular flux from elther the
leakage cylinder or the bottom leakage plane or both. The calculation

can also be omitted.

In the case of the leakage cylinder, the z axis is divided into one
or more intervals. In each interval, escaping neutron coordinates and
directions are rotated such that the new x and y coordinates are zero and
RCYLIN respectively. Angular bins are obtained by dividing the polar
angle 6 into equal cos@ intervals from O to 1l; the polar direction is
perpendicular to the cylinder surface. An azimuthal angle interval is
specified. The neutron weilght divided by the cosine of the polar angle
1s accumumated in the appropriate angular bin for that interval. The
average over all batches is divided by the area of the cylindrical surface
in the z interval and the solid angle for the bin. The result is the

average angular flux on the interval.

For the bottom leakage plane, the surface is divided into one or
more rings. In each ring, escaping neutron coordinates and directions
are rotated such that the new x coordinate 1s zero. Angular bins are
obtained by dividing the polar angle 6 into equal cosf intervals from
O to 1; the polar direction is the positive z direction. An azimuthal
angle interval is specified. The neutron weight divided by the cosine of
the polar angle is accumuwlated in the appropriate angular bin for that
interval. The average over all batches is divided by the area of the ring
and the solid angle for the bin. The result is the average angular flux

over the ring.

SNARLS Output

The following items appear in the SNARLS output (certain items may

be omitted according to the input specifications):
a. the input data;

be the angular flux by energy group and space interval for each
batch;
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c. for each batch, totals of the following items summed over all
completed batches and listed by energy group for the bottom
leakage plane:

. b T
+ number ol escapes xL appear for the three other

2. escape weight J leakage criteria also,
5. escape welght by angular group,
4, number of escapes by angular group;

d. the batch average leakage weight and the total number of escapes

by leakage criteria and energy group;

e. the batch average leakage angular flux and its percent standard

deviation by energy and angle for each space interval;

f. a statement indicating whether the source tape was written and

the number of neutrons and total weight written for each batch.

Provision was made for continuing the source tape on a second reel
if necessary. Thus, if NSOR and NSOR1 are specified on the input, NSOR + 1

and NSOR1 + 1 may also be used as tape logical numbers.

Source Tape Checking

A special purpose program, CKSOURPT, was written to print the
contents of the source tape prepared by SNARLS. 1In addition, it prints
the total number of escapes and total escape welght for several energy
groups and two angular groups. A special version of CKSOURTP just prints
the latter. The source tape must be on logical tape unit 5. No provision
was made for continuation on another reel., No input is required; changes
to energy and angular group structure must be made in the program.

Listings for both versions of CKSOURTP are given in Appendix N.

Source Tape Utilization

Subroutine SNEUT(X,Y,Z,A,B,C,W,E,NTAPE,NSKIP) was written to read
source tapes prepared by SNARLS and to return the following parameters

describing a source neutron for O5R's use:

a. spatial coordinates x, y, and z, .

b. direction cosines A, B, and C,
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c. weight W,
d. energy E.

This subroutine should be called by O5R's subroutine SOURCE for each
source neutron . The data required by SNEUT includes NTAPE, the logical
number for the source tape, and NSKIP, the number of records of 50 neu-
trons to be skipped at the beginning of the source tape. SNEUT returns
NTAPE = O when there are no more neutrons on the source tape. The calling
program (subroutine SOURCE) may reset NTAPE and skip NSKIP records on a

new source tape.

The listing for subroutine SNEUL(X,Y,Z,A,B,C,W,E,NTAPE,NSKIP) is

given in Appendix N.

Preparation of Source Tape for SNAP-2 Shield Calculation

For the SNARLS leakage surface input, the SNAP-TSF reactor was

bounded by the following surfaces:

1. a cylinder of radius 60.96 cm, with its axis coinciding with

the z axils,
2. a plane at z = 1.48 cm, the bottom of the reactor,

% a plane at z -h0.0, approximately the top of the reactor.

i

On the SNARLS runs the only leakage criterion of interest was leakage
from the bottom of the reactor (JTYPEl=JTYPE2=1). Since the radius of
the cylinder was considerably larger than the radius of the reactor
system, leakage neutrons from the reactor sides with large z direction

cosines were recorded on the bottom surface.

The O5R collision tape prepared by the shield source problem was

used.

A preliminary SNARLS run was made to obtain data for the calculation
of the energy-dependent optimum weight to be used in splitting and Russian
roulette techniques for the final source tape preparation. The two
angular groups were 0.7 <p < 1.0 and O <p < 0.7, where py = cosf. The
adjoint Sn flux at the reactor-shield interface was found to be separable

in energy and angle on the interval 0 <p < 1.0; the same flux was used



68

for both angular groups. Table 21 summarizes the results of this cal-
culation.

Using the optimum weight K/¢i, an optimm welght range, wRi’ was

(). ) ¢ W < ) e () ( 4) . .
K/ . < R. /

Neutron weilghts below this range were subjected to Russilan roulette; neu-

tron welghts above this range were subjected to splitting.

Two leakage source tapes were prepared, one using an O5R collision
tape containing 47 batches of 800 neutrons each, and one using an O5R
collision tape containing 50 batches of 800 neutrons each. (Both O5R
problems used biasing obtained from adjoint Sn calculations.) SNARLS
input data are listed in Appendix O. The effect of Russian roulette and

splitting on the neutron leakage data is given in Tables 22 and 23.

Leakage Angular Flux from Bottom Face of SNAP-TSF Reactor

For the SNARLS leakage surface input the SNAP-TSEF reactor was

bounded by the following surfaces:

l. a cylinder of radius 18.13%5 cm, with its axis, with its axis coincid-
ing with the z axis,

2. a plane at z = 1.48 cm, the bottom of the reactor,

3. a plane at z = -40.0 cm, approximately the top of the reactor.

On the SNARLS runs the leakage angular flux was calculated for the reactor

bottom only, z = 1.48; a source tape preparation was omitted.

The four O5R collision tapes prepared by the core-mapping problem

were used.

Test SNARIS runs showed that the statistics were too poor when a
large number of radial, energy, and angular bins were used. The number

of bins was reduced in the following ways:

1. The angular flux was averaged over all azimuthal angles (one

azimuthal bin).



Table 21. Biasing Parameters for the Source Tape Preparation

Adjo?nt Sn AverageCNeutron Optimum Weight,
Adjoint 8, Lower A Normalized Weight, W; K/ %
Energy Energy AEs Flux, ¢35

Group, i (MeV) (MeV) 0sp < 1.0 n o= 0.7 p < 0.7 L =0.7 bo< 0.7
27 12.2 2.8 1.000 1.0 x 10% .06 x 10 % .789 x 107* 2.77 x 10
26 10.0 2.2 0.302 3.62 x 10°¢ 1.35 x 10 2 2.61 x 104 .917 x 103
25 8.18 1.82 0.0968 1.30 x 1073 3.13 x 10°°® 8.15 x 10% 2.86 x 103
2l 6.70 1.48 0.0329 3.40 x 10°° 9.01 x 1073 2.0 x 107 8.h2 x 107°
23 5.49 1.21 0.0119 7.52 x 102 2.82 x 10°° 6.63 x 10°° 2.33 x 10 2
22 h.5 0.99 0.00462 2.0% x 1072 7.%36 x 102 1.71 x 102 6.00 x 1072
21 3.68 0.82 0.00182 6.10 x 10 2 1.43 x 107° L.34 x 1072 1.52 x 10%

20 through 18 2.02 1.66 0.000456 8.49 x 1072 1.87 x 10t 1.73 x 10t 6.07 x 10t

17 through 11 0.111 1.909 0.000017 9.92 x 10° 2 2.06 x 10! L.64 x 10° 16.6 x 1P
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*K was obtained by summing the product of columns A x B x C and dividing the result by the sum of column A.



Table 22.

Neutron Leakage Shield Source Data;
47 Batches of 800 Neutrons Each

0O5R Leakage

SNARLS Shield Source

Lower

Bﬁiigiiy Number of Neutrons Total Weight Number of Neutrons Total Weight
(Mev) W> 0.7 u<O0.7 W> 0.7 u<o0.7 L> 0.7  w<O0.7 W> 0.7 u<O0.7

12.2 2086 677 0.241 0.285 2100 775 0.246 0.290

10.0 2702 917 0.908 1.34 2559 1095 0.913 1.3L
8.18 3141 1164 3.5% h.o7 3082 1216 3.65 4.13
6.7 289k 1023 10.1 10.4 2825 1048 10.3 10.8
5.49 2113 860 22.7 28.7 2313 921 26.7 29.0
4.5 141k 585 32.4 37.7 1249 520 32.3 37.6
3.68 837 376 56.4 52.6 80k 287 57.2 520.7
2.02 1187 804 266.0 270.0 883 345 266.0 269.0
0.100 3048 23153 68L4.0 859.0 194 91 692.0 891.0

oL




Table 23 .

Neutron Leakage Shield Source Data;
50 Batches of 800 Neutrons Each

05R Leakage

SNARLS Shield Source

gi!i;y Number of Neutrons Total Weight Number of Neutrons Total Weight
Boundary

(MeV) W > 0.7 b < 0.7 > 0.7 L < 0.7 > 0.7 b < 0.7 > 0.7 b < 0.7
12.2 2253 811 0.242 0.304 2164 903 0.2k45 0.318
10.0 2968 1009 0.946 1.13 2729 1070 0.951 1.17
8.18 3353 1191 3.93 4.30 3318 1245 3.98 b.37
6.7 3098 1147 9.37 12.6 2839 1194 10.1 12.8
5.49 2229 845 21.4 23.6 2162 840 22.1 24,0
h.5 1427 592 33,5 46.8 1276 576 33.5 7.1
3.68 9ko 411 50.5 50.5 770 288 50.5 50.4
2.02 1262 849 217.0 280.0 803 355 217.0 281.0
0.100 3155 2373 2740.0 1080.0 352 101 2740.0 1090.0

TL
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2. The angular flux as a function of polar angle 6 (cosf = p) was
obtained from a SNARLS run in which three energy groups, 2 radial intervals,
and 5 polar angle intervals were used; thus the angular flux was calculated

as an average over the core bottom for three broad energy groups.

5. The leakage flux as a function of radial position was obtained
from a SNARLS run in which three energy groups, one polar angle interval,

and ten radial intervals were used.

4. The leakage spectrum was obtained from a SNARLS run in which two
radial intervals, one polar angle interval, and ten energy groups were

used. Input data for the three SNARLS problems are listed in Appendix O.

The results of the SNARLS leakage angular flux calculations are
given in Figs. 18 through 20. The angular flux ¢(u) for three energy
groups is presented in Fig. 18; the angular fluxes can be approximated by

the following equations:

0.41 < E <2.0 MeV, @) =2.11 x 10°° M.l-Yl

1 1

2

- . - .-
neutrons cm steradian (source neutron)

2.0<E< 4.0Mev, ¢)=9.10x 10° u2'57

neutrons cm 2 steradian * (source neutron) t

L.O<E < 18.0Mev, 4(u) = 3.29 x 10°® u5'lu

2

neutrons cm 2 steradian ' (source neutron)—l

The leakage flux radial distributions are shown in Fig. 19 for three energy
groups. The apparent dip in the distributions at the reactor center is
probably due to undersampling in this region; since the biased source dis-
tribution was flat radially, fewer source neutrons were picked with small
radii. The leakage flux spectrum is given in Fig. 20. The data presented

in these figures are tabulated in Tables 24, 25, and 26.

Core Mapping - Program ACTIFK

In order to increase the number of scores at collimated detector
locations, each collision point lying in the reactor system and lying in

a cone defined by the collimator was allowed to contribute to the dose.
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Table 24. Angular Leakage Flux [neutrons cm’
from SNAP-TSF Reactor Bottom

2

steradian ' (source neutron) *]

0.4076 < B < 2,0 MeV

2.0 < E < 4,0 MeV

4.0 < E < 18.0 MeV

Standard Standard Standard

Cosine of Angular Deviation Angular Deviation Angular Deviation
Polar Angle Flux (%) Flux (%) Flux (%)
1-0.8 1.69 x 107> 4.8 7.12 x 106 8.1 2.%6 x 1078 4.9
0.8-0.6 1.0 x 107° 11.1 Lh,14 x 1076 6.2 1.19 x 1076 8.3
0.6-0.4 5.82 x 1078 7.1 1.7% x 10°© 6.9 3,07 x 1077 12.3
0.4-0.2 3.20 x 1078 22.7 5.24 x 1077 17.8 8.30 x 1078 37.6

9L



Table 25, Radial Distribution of Leakage Flux [neutrons cm 2
(source neutrons 1] from SNAP-TSF Reactor System

0.4076 < E < 2.0 MeV 2.0 <E < 4,0 MevV 4.0 < E < 18.0 MeV

Radial Standard Standard Standard

Distance Leakage Deviation Leakage Deviation Leakage Deviation
(cm) Flux (%) Flux (%) Flux (%)
0-1.5 6.27 x 107> 20.7 1.62 x 10°° 18.9 L.55 x 1076 22.7
1.5-3.0 5.51 x 1072 8.6 2.1 x 107> 10.8 7.20 x 106 10.8
3.0-4.5 6.66 x 1075 8.4 2.h2 x 1073 22.0 6.48 x 1076 15.1
L,5-6.0 5.6% x 107> 7.8 2.08 x 1073 10.1 5.52 x 10 © 9.6
6.0-7.5 4.99 x 107> 9.0 1.92 x 1072 6.9 5.43 x 1076 11.4
7.5-9.0 6.1k x 1075 15.4 1.76 x 1073 1.2 4,73 x 1076 12.3
9.0-10.1 5.7% x 1073 27.6 1.37 x 10°° 8.7 3,84 x 1076 10.3
10.1-11.239 %.5% x 107> 11.9 1.08 x 107> 8.2 L,21 x 106 12.5
11.2%9-14.0 2.64 x 1075 5.5 8.27 x 10°© 5.8 4.18 x 10°© 23.0

14,0-18.135 1.96 x 107° 5.6 6.47 x 1078 5.8 2.%35 x 106 9.6

LL



Table 26. Leakage Flux Spectrum from the

78

SNAP-TSF Reactor Bottom

Ieakage Flux Standard

Lower Energy Energy Width [neutrons cm 2 MeV * Deviation
(MeV (MeV (source neutrons) *] (%)
10.0 8.0 6.04 x 107° 2h.7
7.0 3.0 2,00 x 1077 18.2
5.0 2.0 1.02 x 10°© 5.1
4.0 1.0 2.31 x 1076 6.3
3.0 1.0 5.75 x 1076 8.5
2.5 0.5 9.70 x 1076 10.2
2.0 0.5 1.29 x 107> 6.1
1.5 0.5 1.76 x 1075 b7
1.0 0.5 3,58 x 107> 18.%
0.4076 0.5924 4,51 x 1073 8.0
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The method, statistical estimation, involved determining the probability
that the neutron at each collision point would on its next flight intersect

the detector.

At each collision site within the collimator cone (see Fig. 21) the

weight W scored at the detector is given by

w_ P(u) e p(v)
W= 5 ’
r

where
W = the neutron weight at the collision site,
r = the distance from the collision site to the detector,

A = the number of mean free paths through the system from the

collision site to the detector,

i = the cosine of the angle between the neutron direction before
collision and the direction from collision site to the

detector,

P(u)

the probability per unit solid angle of scattering through an
angle defined by u,

D(@) = a collimator response function dependent upon the angle ©
between the collimator axis and the line Joining the collision

site to the collimator vertex (see Fig. 21).
(Realistic values of the last function were not used in this work.)

The accumulated weight W divided by the number of source neutrons
is the flux per source neutron at the detector location. The accumulation
may be done over energy groups, which gives a flux spectrum at the detec-

tor.

Program ACTIFK was modified to calculate flux spectra at the colli-
mated detectors using the SNAP-TSF geometry and the collision tapes pre-
pared by O5R runs on the SNAP-TSF reactor system. ACTIFK uses the same
geometry input as O5R and the same approximations for elastic scattering

distributions and for inelastic scattering treatment; program modifications
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are required only in the subroutines which the user must write for each

problem.

GEOM Input

With some minor modifications the O5R GEOM input was used for ACTIFK;
the internal void medium number 1000 was changed to 500. The ACTIFK ver-
sion that was used was for a maximum of 8 media and 32 scatterers per
medium; however, the O5R collision tapes were prepared with 10-medium
description of the reactor. In order to make the collision tapes and
ACTIFK compatible, the first three O5R media were changed since collisions
in these media were not important to the flux at the reactor bottom. In
the GEOM input medium 1, the top head, was changed to medium 8, the bottom
grid hexagon. Medium 2, the top grid hexagon, was changed to medium 8
also. Medium 3, the top grid edge, was changed to medium 9, the bottom
grid edge. Then all media numbers excepting 1000 and O were reduced by 3.
Table 27 shows the original O5R GEOM input media numbers and the modified
ACTIFK GEOM input media numbers.

Media numbers read by ACTIFK from the O5R collision tapes, except-
ing 0 and 1000, were reduced by 3 in subroutine RELCOL; collisions with

negative media numbers were not processed.

A listing of the ACTIFK GEOM input (drums in) appears in Appendix R

Total Cross Sectlion Tape - CODE 7

Program ACTIFK needs a data tape containing the total cross sections
for each medium in order to calculate A, the number of mean free paths
through the system from the collision site to the detector. Program XSECT
(CODE 7)2 generates this tape; however, several CODE 5's, cross-section
arithmetic, and Code M's, delete and recopy cross sections, were requlred
to generate the total cross sections and to put them on the master cross-
section library tape. The same compositions used in the OSR systems
data tape preparation were used for the seven media in the generation
of the total-cross-section tape. IListings of the CODE 4, CODE 5, and
CODE 7 inputs are given in Appendix P.
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Table 27. ACTIFK GECM Media Numbers

O5R ACTIFK
GEOM Media GEOM Media

1 5

2 5

3% 6

L 1

5 2

6 3

7 4

8 5

9 6

10 7

1000 500
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Elastic Scattering Angular Distribution, F Tape - CODE 7

ACTIFK must be able to determine the probability P(u) of scattering
through the angle 6, between the neutron direction before collision and
the direction from collision site to the detector. The master cross-
section library contains the coefficients for the Legendre polynomial ex-
pansion of anisotropic angular elastic scattering probabilities. CODE 7
prepares the tape giving these coefficients for use by ACTIFK. In the
SNAP-TSF reactor the order of the expansion for hydrogen was Pg, for
zirconlum and for the isotopes of uranium was Pg and Py, respectively,
and for all other elements was Pg. The CODE 7 input 1s listed in
Appendix P.

ACTIFK Input

For the ACTIFK analysis of the O5R collision tapes generated by
the core-mspping problem, the lowest energy of interest, EBOT, was 0.5
MeV., The LF1l parameters were negative for elastic scattering in order to
use the F tape data for anisotropic elastic-scattering probabilities.
Inelastic scattering was treated as isotropic in the center-of-mass
system. Data required by the option for full analysis of the statistics
were included; ten space-energy detectors (a space-energy detector is a

specified energy group for a specified detector) received this treatment.

Appendixes P and q contain the ACTIFK input data and input instruc-

tions respectively.

ACTIFK User Subroutines

In ACTIFK, as in O5R, a variety of subroutines must be written for
the user's particular problem. These include subroutine STBATCH to read
in and to print out special data and to initialize certain variables;
subroutine SDATA to calculate uncollided flux from source points; sub-
routine REICOL to calculate scattered flux from collision sites; sub-
routine NBATCH to print out results at the end of each batch; subroutine
OUTPUT to calculate and to print out batch averaged fluxes and standard
deviations at the end of the run; and subroutine NONELAS to control the

inelastic scattering treatment. Flow diagrams for these subroutines
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are given in Appendix R. Subroutine listings are in Appendix S. Input

instructions for subroutine STBATCH are found in Appendix Q.

The estimator used in SDATA for the flux contribution from each

source point was

W e~ D(6)
We 20—

hnr?

and in REILCOL from each collision site was

W e P(p) D(8)
W= .

1‘2

The collimator response function D(8) was evaluated in function
COLF (C,V,I), where C = cosf, V is the speed squared, and I is the
detector index. Since collimator response functions have not yet been
evaluated, this function was set equal to 1.0; this means perfect colli-

mation if the collimator cone description is described properly.

Core Mapping

Collimated Detector Description

For the preliminary ACTIFK analysis of the core-mapping problem,
eight collimated detectors were specified. Perfect collimation was
assumed. This implies that the collimator cone is defined by the colli-
mator aperture and by the detector size, as shown in Fig. 22. The dis=~
tance along the collimator axis from the bottom of the core to the detec-
tor was 142 cm, and from the bottom of the core to the collimator cone

vertex was 91 cm. The collimator cone half-angle was 2.84°,

Table 28 gives the data required for the description of the eight
collimated detectors. Detectors 1, 2, and 3 look at the reactor bottom
at O radius and at angles O, 30, and 60° respectively. Detector 4 looks
at the reactor bottom at a radius of 5.923 cm and at 0°. Detectors 5, 6,
7, and 8 look at the reactor bottom at a radius of 11.86L4 cm and at
angles of O, 30 (away from reactor center), 30 (toward reactor center),

and 60° (toward reactor center) respectively.
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Table 28. Perfect Collimator Data for Core-Mapping Problem

Detector Number

Data Description 1 2 3 Iy 5 6 7 8
Detector

X coordinate, cm 0.0 -71.0 -122,9763  5.923 11.846 -59.154 82.8L6 143,822%
Detector

Y coordinate, cm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector

Z coordinate, cm 143,48 124, 4563 72.48 143,48 143,48 124, 4563  124.4563 72,48
Cone vertex

X coordinate 0.0 -45.5 -78.8087 5.92% 11.846 -3%.654 57.346 90.6547
Cone vertex

Y coordinate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cone vertex

Z coordinate 92.48 80.2887 L6.98 92.48 92.48 80.2887 80.2887 46.98
Cone direction

cosine, o 0.0 0.5 0.8660% 0.0 0.0 0.5 -0.5 -0.8660%
Cone direction

cosine, B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cone direction

cosine, 7y -1.0 ~0.8660% -0.5 -1.0 -1.0 -0.86603% -0.86603% -0.5
Cosine of cone

half angle 0.99876 0.99876 0.99876 0.99876 0.,99876 0.99876 0.99876 0.99876

9%
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There were eleven energy groups for each collimated detector. The
boundaries were 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 10.0, and
18.0 MeV. There were ten space-energy detectcrs at which the full analyses
of the statistics were requested. They were the fourth energy group
for all detectors except detector number 3, the tenth energy group for
detector number 1, and the third and seventh energy groups for detector

number 3.

The input data read by subroutine STBATCH for the SNAP-TSF core

mapping problem are given in Appendix P.

ACTIFK Calculation

Using the four collision tapes prepared by the O5R run on the core=-
mapping problem, one ACTIFK run was made. Out of the 60 batches on the
tapes the first 40 batches of 800 neutrons each were processed. The run-

ning time on the CDC-1604A computer was 175 min.

ACTIFK Results

The flux spectra calculated by ACTIFK at each of the eight detectors
are shown in Figs. 2% through 25. The same data are given in Tables 29
and 30. Except for detector No. 6, which was not looking toward the reac-
tor core, and except for the energy group 1.5 to 2.0 MeV, which apparently
contained a neutron with an extremely large weight, the standard deviations
for 32000 source neutrons generally ranged from 5 to 20%; however,
each detector viewed only a portion of the core, and relatively few of the
source neutrons contributed anything to a given detector. The ACTIFK
frequency table requested for ten of the space-energy detectors showed that
the number of source neutrons that counted ranged from 68 to 2218. The
Tfrequency table also showed that for these particular ten space-energy
detectors no one neutron nor any small group of neutrons contributed a

large fraction to the final answer.

For the number of histories processed and for the amount of machine

time involved, the results can be considered good.

Although the uncollided flux is treated separately in ACTIFK and

averages for each batch are printed out, no provision to calculate the
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Table 29. ACTIFK Flux Spectra from the SNAP-TSF Reactor Bottom

Flux Spectra [neutrons cm © MeV * (source neutron) *] for Detector

Lower No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

Energy R = 0.0cm R= 0.0cm R= 0.0 cm R=5.923cem R= 1186 cm R=11.846 cm R= 11.84 cm R = 11.846 cm
(MeV) 6 =0° 6 = 30° 6 = 60° g =0° 6=0° o = 30°b 6 = 30°C 6 = 60°¢C
0.5 7.30 x 107  5.90 x 10™® 2.10 x 10™®  6.00 x 1078 2.46 x 1078 5.4 x 107° 5.00 x 10 ® 4.30 x 1078
1.0 6.56 x 108 5,60 x 108 1,61 x 10°® 5.88x 1078 2.08 x 1078 3,32 x 10 2 Lh.,00 x 1078 3,72 x 108
1.5 6.30 x 1078 6,22 x 108 8.90 x 102 5,20 x 10°® 1.34 x 107° 2.80 x 10°° 3,20 x 108 2.80 x 1078
2.0 3.12 x 108 2,18 x 108 5.90 x 1079 2,56 x 10°® 1,09 x 1078 9.84 x 10710 2.2k x 1078 1.64 x 1078
2.5 2.6h x 10  1.58 x 10™® 3,72 x 102 2,18 x 1078 4,40 x 107 3.0k x 10710 1.45 x 1078 1.16 x 1078
3.0 1.4 x 107 1,10 x 108 2,56 x 10°°  1.17 x 1078 2.76 x 10°° 2.06 x 10710 1.24 x 1078 7.64 x 1072
3.5 1.18 x 10™®  8.52 x 1072  1.41 x 107 8.56 x 107° 3.12 x 107° 2.08 x 10710 9.92 x 107° 6.36 x 10 °
h.o  6.76x107° L.6L x 107 1.0k x 107® 5,66 x 10°° 1.34 x 1079 4,81 x 10711 5.28 x 10°° 3.36 x 107°
5.0 4,36 x 1072 2,60 x 1072 L.66 x 10°*° 3,29 x 107° 9.04 x 10710 3,05 x 1079 1.60 x 107°
6.0 972 x 10710 £ x 10720 9,49 x 1071 6.95 x 1071°  1.6% x 1071° 5.90 x 10 1° 4,80 x 1071°
10.0

a. TFor each detector R is the radius from the reactor axis and 6 1s the collimator inclination angle.
b. Directed away from the reactor.
c. Directed toward the reactor.

6
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Table 30. ACTIFK - Standard Deviation for Flux Spectra from
the SNAP-TSF Reactor Bottom
Lower Standard Deviation (%) for Detector
Energy
(MeV) No. 1 No. 2 No. No. 4 Mo, No. No. 7 No.
0.5 8.5 9.k 12.6 12.7 1%.5 18.k4 9.1 8.9
1.0 8.2  11.6  12.5 10.8  12.9  19.7 7.0 7.0
1.5 230.6 49,9 7.9 33,3 11.0 24,5 7.4 10.8
2.0 6.0 6.2 9.9 7.2  15.8  21.0 6.4 5.1
2.5 1%.3 8,9  10.1  18.4%  20.8  28.5 6.2 6.7
3.0 8.9 10.8 1,1 Te7 10.5 37.8 18.h 9.6
3.5 11.3  12.7  12.5 7.5  20.7  51.9  16.5 11.9
L,0 11.8 10.7 17.0 1.4 12.8 29.8 8.0 6.2
5.0 15.1 12,3 18,9  13.2  19.5 1.4 10.7
6.0 18.7 14,6 16.5 19.1 18.6 26.2 15.2

10.0
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batch average was made. A hand calculation for the uncollided flux was
made for detector No. 1, R= 0.0 cm and 6 = 0°; these data appear in
Table 510

A compariscn between ACTIFK and SNARLS was made. Since the SNARLS
results were averaged over the core bottom and azimuthal angle, the com-
parison was made only with the ACTIFK answers at R = 0.0. The flux at the

detector, QD’ was obtained from

o = o) oA
D RS 7

b4

where
o ()

1

the SNARLS angular flux for p = 1.0 (cosine of the polar
angle),

AA = the area of the reactor bottom within the collimator cone,
Rz = the distance from the reactor bottom to the detector,

F = the average leakage flux value over the core bottom, assum-
ing that the value at R = 0.0 was 1.0 and that the distribu-

tion was the same as the radial power distribution.
This equation can be written

R2
AN
op = o) = ——

2 p2
R:L R F

where Ry is the distance from the reactor bottom to the collimator cone
vertex. However, since AA/R? is the solid angle AQ subtended by the colli

mator cone,

0} =<D(p,)AQ .

Inserting values for &0, Ri, R, and F,

o = ho22 x 1072 o(n) .



Table 31. ACTIFK Uncollided Flux Spectrum from the SNAP-TSF
Reactor Bottom; Detector Number One

Standard Standard
Lower Uncollided Flux Deviation in Total Flux Deviation in
Energy [neutrons cm™® MeV ™t Uncollided Flux [neutrons cm™ Mev ! Total Flux Uncollided Flux
(MeV) (source neutron) 1] (%) (source neutron ) *] (%) (% of total flux)
0.5 8.45 x 107° 8.6 7.0 x 10°® 8.5 11.6
1.0 1.14 x 1078 5.4 6.56 x 1078 8.2 17.4
1.5 1.15 x 1078 h.2 6.30 x 1078 30.6 18.2
2.0 1.12 x 1078 4.2 3,12 x 10 8 7.5 35.9
2.5 8.55 x 10°° 5.1 2.64 x 1078 13%.3% 2.4
3.0 6.72 x 10°° 6.0 1.k4 x 1078 8.9 L6.7
3.5 5.15 x 107° 7.2 1.18 x 1078 11.% 43,6
4.0 3.48 x 107° 5.4 6.76 x 107° 11.8 51.5
5.0 1.82 x 107° 7.6 L.36 x 10°° 15.1 h1.7
6.0 Lok x 10710 6.k 9.72 x 10 10 18.9 45,7

10.0

16
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The comparison is presented in Table 32; the ACTIFK energy groups were

combined to form the broader SNARLS energy groups.

V. CONCLUSTIONS

The O5R Monte Carlo neutron transport code was modified for the
analysis of the ORNL SNAP-TSF experiments. In addition, the development
of machine programs for the analyses of O5R collision tapes was completed;
included were program SNARLS for the determination of the leakage neutron
source to be used in subsequent O5R calculations of neutron penetration
in a SNAP-2 shield and program ACTIFK for the calculation of the flux
spectra measured by collimated detectors viewing portions of the bottom
face of the reactor. A variety of programs were written to assist in the

preparation of data for the analyses.

Some preliminary analyses were performed on the SNAP-TSF reactor.
The geometry model, material specifications, and neutron reaction processes
are given in great detail. For the preliminary analyses the reactor core
consisted of a hexagonal volume in which the fuel, cladding, Na¥ and three

beryllium rods were homogenized. The control drums were turned in.

The axial and radial power distributions were determined using O5R.
Biased power distributions, neutron source energy distributions, and
neutron source angular distributions for the 05R leakage calculations
were obtained from importance functlons derived from adjoint Sn calcula-

tions on the system.

A comparison between the SNARLS and ACTIFK results indicated that

the two different flux estimators were in reasonable agreement.

A version of O5R which does not allow leakage from the system is
currently under study; although this version is not a subject of this
report, it has been tried on the preliminary core-mapping problem. Fewer
histories were processed for a given computer running time in this version;
however, better statistics are obtained at the lower energies. The final
analyses of the experiments may require the use of the regular O5R for
high-energy results and use of the '"mo leakage'" version of O5R for the

lower energy results.


file:///jhich

Table %2. ACTIFK~-SNARLS Comparison

SNARLS SNARLS
Angular Calculated ACTIFK SNARLS
Lower Flux, ¢(u) _ Total Flux, @ Total Flux, &p Deviation from
Energy [neutrons cm © steradian 1 [neutrons cm = _ [neutrons cm © _ ACTIFK
(MeV) (source neutron ) *] (source neutron ) 1] (source neutron. ) T] (%)
Detector No. 13 R= 0.0 and 6 = 0°
0.5 2.11 x 107> 0.89 x 1077 1.0l x 1077 -12
2.0 9.10 x 1078 3,84 x 1078 4,19 x 1078 -8
4,0 3,29 x 1078 1.9 x 1078 1.51 x 1078 -8
Detector No. 2; R = 0.0 and 2 = 30°
0.5 1.65 x 1073 6.96 x 10 8 8.86 x 1078 -21
2.0 6.47 x 1076 2.73 x 1078 2.86 x 10 8 -5
4.0 2.09 x 107© 8.82 x 10°° 9.82 x 1079 -10
Detector No. 3; R= 0.0 and 6 = 60°
0.5 6.45 x 1076 2.72 x 1078 2,30 x 10 8 +18
2.0 1.76 x 1078 7.43 x 1079 6.80 x 10 ° +9
b0 3,73 x 1077 1.57 x 10°° 1.89 x 10 ° -17
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The final analyses of the SNAP-TSF experiments should be done with
certain information on the reactor configuration available. The position
of the fine control drums should be specified. If only one beryllium
rod is in the core (at the core center), the source specifications should
be changed, as well as the atomic densities of the core; one beryllium

rod at the center can be handled exactly by the geometry specifications.

In addition, the correct NaK density should be used in the analyses;
the preliminary analyses used the density at 20°C for the NaK. In order
to improve statistics at small core radii, the radial biased source dis-
tribution should be changed. The flat distribution caused too many
source neutrons to be picked at large radii. Collimator efficlency data
should be obtained for program ACTIFK. These data are required by
function COLF to adjust the detector results according to the collimator

response for each collision site viewed.

With the improved reactor specifications a new OS5R run must be made
to determine the fission distribution. With the better fission distri-

bution as the source, the final SNARLS and ACTIFK calculations can be

done.
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APPENDIX B

GEOM INPUT FOR DRUMS OUT 3%0°
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APPENDIX C
INPUT LISTINGS FOR O5R DATA TAPE PREPARATTONS

1. CODE 6 Input Listing

cebe 6 10 12
SNAP=-TSF REACTOFR

| 0 | ,8+7

|0 64
j1ogn | 2
11000 30
(9000 | 2
19nan 30
24000 i 2
24000 30
26000 I 4
26000 30
28000 [ 2
28000 30

| 0 64
11oon | 2
11non 30
19000 I 2
19000 30
24000 | 2
24000 30
26000 | 2
26000 30
28000 | 2
28000 30

| 0 64
11000 | 2
|1ngn 30
19000 | 2
19000 30
24000 | 2
24000 30
26000 | 2

(15 SCATTERERS

4,0~1

IN CORE)

001247
2001247
002600
, 002600
y 012520
0012520
047240
0472470
006469
006469

003006
003006
006267
006267
2, 003730
4003730
»007470
007470
2022160
1022160

003750
, 003750
,007818
,007818
2003964
003964
012167

IC

IDO |
Iboe
1b03
ID0D4
1005
ID06
1007
1008
D09
(Do

200 |
2bn2
2D03
2D04
2005
2D06
2007
2bo8
2009
2D10

3D0 |
3noe2
3D03
3D04
3D05
3Doé
3pno7

TSt




26000
28000
28000
|5
jool
4n00
4000
Ijoon
11000
19000
19000
28000
28000
40000
40000
40000
92235
92235
92238
6
4000
4000
11000
11000
19000
19000
6
24000
24000
26000
26000
28000
28000
2
4000
4000
| 0

012167
004786
004786

, 049956
008147
008147
0005311
, 0005811
2001107
001107
, 003635
003635
1027150
1027150
2027150
0010964
, 0010964
,00008247

o 113480
113480
0002742
.0002742
, 0005717
0005717

10167490
016740
063159
1063159
00865
00865

120140
120140

3008
3009
3010
4C

4D0 |
4002
4ann3
4pn5
4006
4p07
4D08
4D09
4D 10
ap| |
4D 12
4D 3
4D 4
4D15
4D 16
5C

5D0 |
5002
5D04
5D05
5006
5007
6C

6001
6002
6003
6004
6005
6006
7C

700
7002
AC

2ot




11000
11000
longn
19000
24000
24000
26000
26000
28000
28000
| 0
1000
i1noo
fonan
19000
24000
24000
26000
26000
28000
28000
4
11000
11000
19000
19non
| 0
4000
11000
19000
24000
26000
28000
40000
92235
92238
4001

w W W w
—_e -0 —O - —

~N [ JRe]
—_—0 — b o

N w
a—o

s ] 7]
—ho—0O—

[}
o

w
O -

64
64
64
64
64
64
64
64
64
64

002967
002967
2006186
006186
005163
2005163
,018267
018267
2010930
2010930

L0Ul712
001712
, 003570
, 003570
010270
010270
. 039610
039610
, 006740
, 006740

,004945
, 004945
010310
010310

8Dno|
8D02
8L0D3
8D04
8005
apopeé
8pa7
8008
8bo9
8D10
9cC
9poI
9DN2
9D03
9Dn04
9005
9D06
9no7
D08
9uo9
9ni0
10C
1000
Iopo2
|0D03
|oD04

FD|
F02
FD3
FO4
FO5
Foé
Fo7
Fos
FO9
Flo

¢t



2. CODE 8 Input Listing

CObE 8 10 14

SNAP=TSF REACTOF PhHI TAPE FAR CORE LEAKAGE A

9 8 8 8 8 8 8 8 6 8 8 B

| 847 4,0=| 32 32 3z 32 32 32 3? 32 32 C
4000 7| 72 78 74 75 7€ 77 78 Lol
11ngo 71 72 73 74 75 76 77 78 Dno2
19000 7| 72 73 74 75 76 77 78 bo3
24000 71 72 74 74 75 7€ 77 78 no4
26000 71 72 73 74 75 7€ 77 78 D05
28000 7| 72 73 74 75 76 77 78 Doé
40000 71 72 73 74 75 76 no7z
92235 71 72 73 74 75 76 77 78 79 80 R 82 B3 bns
92238 7 72 73 74 75 7€ 77 78 79 80 &l 82 83 Do

U



APPENDIX D

O5R INPUT LISTINGS

1. O5R Input for Fission Distribution Calculation

SNAP=TSF REACTER PEWER DNDISTRIBUTIEN

800 1000
10 12
2 0
22,99

-55,85

1,3025

2 0
22,99

-55,85

| B396

2 0
22,99

-55, 85

3,282

n |

00814
58,7
238,0

,27432

I 0
9.012

|,4834

4 [
S
S 0
-22,99
5,71
85618
N 0
22,99
56,71
85789
3 0
22,99
58,71
8C416
0 2
9,012
-5€,71

86166
2 0

4.0"'

4 0
39,1
=58,7|
0.0

4 0
39,1
=58,71
DOD

4 0
39,1
-58,71
0.0

n 3
‘90[]'2
91,22

12078
3 0
22,99

0.0
6 0
55,85

0.0

0.0

4 0
390'
=58,7|
0.0

|
£ 0
=39, |

g 0
=39,

0 7
22,99
=91,22

39,1

58,71

52.0

-52,0

=52,0

-52,0

39,1
235,0

=39,

=58,7|

~52,0

55,85

55,85

55,85

8 0

‘399'
’235|D

55,85

T »

1D
IEOI
1E02
IF
2D
20|
202
2F
3D
3ED|
3ED2
3F
4D0 |
AED |
4E02
4£03
4F
5D
5k
5F
6D
6k
6F
70
7t
7F
8D
8EQ|
8EDN2
8F

G2t



2 0

22,99

-5%, 85

|,4738

2 0

22,99

19,5099

0,0

0.0

| 3
00003432772446

0 |

0 0

- |

| 4

1,0

0 0

S ] 4 0
=22,99 39,1
5€,71 =5R.7|
85558 0.0
$ 0
-22,99 9
v 75092 0
u,0 0
0.0 =19+55
lroaniriotil

N

L
| |
15
| |

0 0 0 0

n39, |

"39, |

.0
4

oploo0llipliolopgobnpoOo

0

0
52.0 -52,0 55,85
|40
|
0inio0c0D0
5v0'3 YN

9D
9ED |
9ED2
SF
0D

Lo o ]
T m

TARAZ XXX —~IT D
oo
N —

9cT




2. O5R Input for the Shield Source Problem

SNAP=TSF LEAKAGE

80nh  8n0Q
| 0 |2
-? 0
27,99
-55,85
-D 0
22,99
-55,85
"2 0
22,99
-55,85%

0 -
|,0N814
58,7
238,0

- | U
9.012

-4 )
52,0

" | 0
9.012
-2 ]
272,99
-55,85
-2 ]
22,99
-55,85
-2 0
22,99
0.0

0,0

| 3

50 | | ,0+5
()
-3 0 -4 0
-22,99 39.1
58,71 =b8.,7]|
-3 0 -4 0
-22,99 39,1
28 T} =b8,7)
-3 0 -4 0
22,99 39,1
56,71 «58,7]
0 -2 n -3
9.012 -9.012
'5€|7| 9'.?2
-2 0 =3 0
'9.0'2 2?099
-5 0 6 0
52,0 55,85
'9-0'2
-3 0 -4 0
-22,99 39.1
58,71 ~5R.,7]|
-3 i w4 0
~22,99 39,1
S8 T} ~5847|
-22,99 39,1
a,0 0.0

0.0 =19.¢5575

trregotrirrrriipooroo0liorooooo0ongo0n

-k 0
=39, |

L] 0

=39, |

=239,
u,0
4

(XNU FREM FORWARC ADJOBINT)

=6 0
52,0

-6 i
52.0

b 0
52.0

0 -7
-22,99
=~91,22

39, |

58,71

| +0
I

-52.0

=52,0

52,0

39.1
235.0 v

~39, |

'58.7'

=52,0

’52l0

ponio0oOD

55,85

55,85

55,85

'39"
235.0

55,85

55,85

@ >

D
IE0|
lE02

20|
202
3D
30|
3ED2
4D
4ED |
4E02
4E03
5D
5E
6D
6t
7D

8D
8ED |
BED2
9D
SED|
9ED2

10D
|0k

12

L2T



L 8

1773607236543075

0 0 0 0 K
i) 0 N
| 4 0 P

=




3. O5R Input for the Core-Mapping Problem

SNAP-TSF LEAKAGE

800
| 0
-2

8

no
12
0

272,99
-55,85

-?

0

22,99
-55,85

-2

0

22,99
-55,85

n

|

[.00814
58,71
2358,0

0

9.012

-4

0

52.0

0

9.012

2

0

22,99
-5%,85

-2

0

272,99
-5%5,85

-2
22

0
0

0
9

9
0
o 0
3

60 I
(I
-5 0
22,99
56,71
-3 0
-22.,99
58,71
-$ 0
-2%2,99
56,71
0 -2
9.012
~5€,7]

-2
'9.UI
-5

=£e,

oo NGO

-9,012
-3 0
-22.,99
56,7
-3 0
-22,99
58,71
-3 0
»27,99
0,0

0,0
11100

REACTER FANLY ALJOINT

| «T#5

-4 C
39, |
-5R8.71
-4 U
39,1
'58v7|
-4 g
39,1
FbR.-]I
n -3
_(’00|2
91,22

0l

=39, |

-5 0

=39, 1

239, |
0.0
4

poglroo0liolnooononoolD

SN BIlAS

0 -7
»22,99
=91,22

39"

58,71

I+0
|

-52,0 55 485 lEDI
=52,0 55,85 20|
-52,0 55,85 3EO|

39,1 =39, 4ED |
235,0 =235,0 4E02

=39, BE

=-58.7| 6k

52,0 55,85 8ED|

52,0 55,85 S9ED|

(1n100000 12

62T



531717612030555

n 0 0
0 0
| 4 0

Z




APPENDIX E
O5R SOURCE ROUTINE LISTINGS

1.

O5R Subroutines SOURCE

A
B8
C

noo

nol

700
702

701

SURR
COMM

COMM
CAOMM
DATA
TF(N
CALL
NO =
READ
FORM
READ
FORM
READ
READ
KEG=
READ
CALL
SPDS
CALL
CALL

NATE=

IF «
PRIN
FORM
CALL
CONT
RETU
END

D AT SPACE and VECT

SUTINE SAURCE PUSUsU» VoW, X,Y, 25 WATF— N,NMEM,NMED, NREG)

AN / SELRCE 7/ ARG(Q 4U)a BGNE. BTHRE, BTWO,

CONE,

CTWB, NANG, NOOFP, NOPT, NOR, NBZ, NOBZE, PROBR(25),

PREABRB(Z5), PRAEZ(R0), PROBIZB(3(Q), KRR(25),
RRsWT3, IRASE,RRR?2(25)
ANZ/ESIF/IECI0),LE(Q)
ANZXNUZXNUCIDs6) s EXNUCT) o NXNL
(NO=0)
a) 20, |0, 20

DATAIN

|

(504 1CO0N)YCIE(K) K=, D), KFIZ
ATCIIIE)

(50, ICOI)CAE(K) K21 ,KF12)
AT(6EI1Z2,2)

(50, 1000) KREG.KEG

(50, 1C001) C(EXNUCK),K=s|,KEG)
KEG=|

(50, ICOI)COXNULKIK) pK=12KEG)»KI=|»KREG)
FISESN(SE2,WT)
nN=sa2
SPACE (X:Y:ZJWTI:NMEM)
VECTEBR (UsVaW,~4,WT2)
WT*WT I *wT2
WATE)Y 700,701,570

T 702,wT WT I WTE,X,YsZ, UsV,W
AT CIHI,9E 10251 |H WT,WT14WT2)
EXIT

INUE

RN

SOURCE

ZE(9)Y,

CTHRE,

LEE(3DN).,

T¢T




[sEoReo EeNe!

O

SURRAUTINE DATAIN

COMMAN / SELRCE 7/ ANG(9,40), BONE, BTHRE, RTWO, CONE, CTHRF,

A CTWO, NANG, NOABFP, NOBPT, NOR, NOZ, NOBZE, PROBBR(25),
B PREABRB(z5), PRABZ(3(0), PROBLRBR(30), KRR(25), ZE(9), ZFE(3D),
C RRsWT3, [RASE,RRK2(25)

NIMENSIGN CUM ¢ 30 )

READ INPUT TAPE 50,10, NOBOBP, NOR, NOZ
|0 FORMAT (S110)

NO@AP IS POWkR DISTRIRUTION OFTION, DISTKIBUTION IS ACTUAL
IF NABP = |, BIASED IF NOBP = 2,,

N@R IS NUMEER AF RALUTAL DIVISIGN BOUNDAKIES.

N@7 1S NUMEER fF AXIAL DIVISION BAUNDAKIES,

K = |
TEST NO&Z AND NBR FBR DIMENSIEN STORAGE
1F (NBZ = 20) 20, 20, 30
20 IF (NBR = 25) 50, 50, 30
30 PRINT 40
40 FORMAT (58F NEZ B8R NAR EXCEELS STORAGE DIMENSION IN SUBRAUTINE S6U
|RCE)
K = Ke|
50 READ INPUT TAPE 50,60, (RRR(J), J = |,NOR)

RRR(J) IS THF RADIAL BAUNDARY VALUES (CM)
60 FORMAT (6FI10,0)
TEST RRR(J) FBR ASCENDING ERCER,
D8 90 J = Z2,NAR
RRR2(JI=RRR(J)**2
IF(RRR(JY=RRR(J=1)) 70, 70, 9U
70 PRINT 80
80 FORMAT (52F RRR(J) NOBT [N ASCENDING BRDER IN SUBREOUTINE SOGURCE )
K = K+|
90 CONTINUE
RRR2CI)=RRFR (| )**2

A




s ReleRe Ne]

READ INPUT TAPE 50,60, (PREBR(JI, J = |,NH8R)

PRABR(J) ARE THE ACTUAL RADIAL POWER DISTRIBUTION PREBABILITIES,
TEST NOAP, IF |, THE DISTRIBLTION 1S ASSUMED T8 RE OF THE
NORMALIZED, CUMULATIVE FORM, IF 2, NORMALIZE AS FOLLOWS =
PRABR(J) = FROEBK(J) /C(INTEGRAL ¢ PROBR (R) R DR ) FReM 0,0 T6
RRR (NBR) ),

IF (NOBP = £) 230, (60, (€60
|60 NOAR| = NOR = |
TOTAL = 0,C
De 161 I = 1, NORI
CUM (1) = ( ¢ RRR (I+1) = RRR (I) ) * ( ( PROBR (1) * ( RRR (]+|)
A + 24y * RER (1) ) ) + ( PROBR (1+1) * ¢ 2, * RRR (1+1)
B + RRR (12 ) ) ) ) / 6,
TATAL = TOTAL + CUM (1)
161 CONTINUE
ng 162 1 = |, NOR

162 PRABR (I) = PROBR ([) / TOTAL
CALCULATE ThFE RIASED RApDIAL TISTRIBUTIEAN,

ng 168 I = |, NORI
163 PRABRB (1) = 2, 7/ ¢ FLAATE (NOR = |) * ( ( RRR (l+]) ) **2
A = ( RRK (1) ) **2 ) )
230 RONE = 2, * SINF ( |,0471976 )
CONE = RRR (NOR) * bOANE
BTwa = 0,0
CTWe = RRR (NBR) * SINF ¢ |,0471976 )

BTHRF = = EENE
CTHRE = CONE
RONE, CONE, RTWO, CTWO, BTHRE, CTHRE ARE GAEFFICIENTS OF
NUADRATICS LFEFINING THE CORE HEXAGONAL BAUNDARIES,
READ INPUT TAPE 50,605 (ZEE(U)s J = |,NB7)
JEE(J) 1S THF AXIAL BOUNDARY VALUES (CM)
TEST ZFE(J) FER ASCENDING BRLER
ne 260 J = 2z, NO2Z
IF (7EE(J)=ZFECJ=1)) 240, 240, 260
240 PRINT 250
250 FARMAT (52F ZEE(J) NAT [N ASCENDING ORDER [N SUBRBUTINE SOBURCE )
K = K+

¢eT
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260 CONTINUE
READ INPUT TAPE 50,00, (PREBZ(J), J = 1,N62Z)

PRABZ(J) ARE THE ACTUAL AXIAL POWER DNISTRIRUTIHON PRORABILITIES,
TEST NOGP, IF |, THE DISTRIBUTIBN IS ASSUMED TO BFE 6F THE
NGRMALIZED, CUMULATIVE FORM, 1F 2, NORMALIZE AS FOLLOWS -
PRABZ(J) = PREBRZ(J) 7/ ( INTEGRAL ( PROBZ(Z) DZ ) FROUM Z| TA ZIMAX),
IF (NAOP = 2) 400, 330, 320
330 N@GZ| = NOZ - |
TAGTAL = 0,¢C
Dg 331 1 = |, NOZI
CuM (I) = ( ¢ ZEE (l+|) = ZEE (]) ) * ( PROBZ (l+1) + PRABZ (1) ))
A /2.

TOTAL = TOTAL + CUM (I
331 CANTINUE
neg 332 ! = |, NOz
332 PRABZ (1) = PKROBBZ (1) 7/ TOHTAL
CALCULATE THF RIASED AXIAL DISTRIBUTIGN,
Ne 333 I=s|,N62]
333 PREBZB (1) = I, 7 ¢ FLOBATF (NOZ =~ |) * ( ZFE (I+1) = ZEE (1) ) )
ADD AT END 6F DATAIN
RMIN = SQRTF(3,)/2,*RRR(NHR)
SIXOP] = 6,/3,1415926535
D8 10138 J=1,NBR
Je = J
IF (RRR(J+I1)=KMIN) |013,1018,1014
|13 CONTINUE
14 Js = JB + |
NOR| = NOR = |
TRIB = |,4,0-SIXOPI*PKOABRB(JE) *(ACOSF(RMIN/RRR(JS)) /2, *RRR(JS) **2
T = RMIN/2,*KRR(JS) *SQRTF (|, (RMIN/RRR(JS))**2))
Ng 1015 J=_.S,NBR|
1015 TRIB = TRIE=SIXOPI*PRORBRB(J)I*(ACASF(RMIN/RRR(J+|))/2,*RRR(J+])**2
T =ACASF(RMIN/RRR(J))/2.*RRR(J)I**2 = RMIN/2,*(RRR(J+|)*SQARTF(],~
T (RMIN/RKRR( #1))**2)«RRR(J)*SARTF (| ,=(RMIN/RRR(J))**2)))
RS=RRR(JS)
DEl = (PREGER(JS)=PRERR(JB))I/(RRR(JS)=RRR(JO))
EPS = (RRR(JS)*PRORBRK(JH)~RRR(JO)*PRARR(JS))I/Z(RRR(JS)=RRR(JBH))

0

HeT




TRI= |,0=SIXHPI*((DEL/3,*RRRUJS)I+EPS/2,)*RRRIJS)**2#ACHSF(RMINZRS)
T = (DEL/6,*RKRR(JS)I+EPS/2.) *RMIN*RRR(JS)*SQRTF(|+=(RMIN/RS)**2)
T + DREL/Z6*RMIN**3* UGF(RS/RMIN*(|,=SQRTF(|,=(RMIN/RSY**2))))
NY 1016 J=.S,NAR
RD=RRR(J+|)=RKR(J)
DEL=(PRUBR(,+|)=PROBR(J))/RD
EPS=(RRR{J+|)*PKROBRIUJ)=RRR(J) *PKOBR(J+ 1)) /RD
RJ=RMIN/RRF (J)
RJI=RMIN/ZRFK(J+|)
RRJ=RRR (J)
RRJ|=RRR(J+ 1)
SQJ=SQARTF (I =KkJ**2)
SQJI=SORTF (| ,=RJI**2)
1016 TRI = TRI <« SIXOPI*((DFL/3,*RRJI+EPS/2,)*RRJ| **2*ACOSF(RJI)
T =(DFL/3 *FRJ+FPS/2,)*RRU**2*ACOSF(RJ) =(DFL/6,*RRJ|+EPS/2,)*
T RRJI*RMIN®*SOUI + (LEL/6,*RR.+EPS/2,)*RKJ*RMIN*SQJ + DEL/6,*
T RMIN**3* PGF(RRJI/ZRRJI*(SQJUI=142/7(SQJ=1,)))
Dg 390 I = |, NOBR|
PROBR (1) = PKROABR (1) /7 TRI
390 PREABRB (l) = PROGBRB (1Y / TRIB
PREABR (NOR) = PRABR (NARKR) / TR
400 READ INPUT TAPE 50,10, NOPT, NOZE, NANG

r NOPT IS ANCLL AR DISTRIRUTIEN OPTIBN, FOK NAPT = |, DISTRIBUTION
C IS ISOTRAPIC ALL SAURCE PBINTS, FOR NEPT = 2, DISTRIRUTIAN IS
c ANISATREPIC, #*+* NOZE IS NUMEER 8F Z BOUNDARIES DEFINING CORE
o DIVISIONS FERr APPLICATION 8F ANISOTROPIC ANGULAR DISTRIBUTIONS,
c NANG IS THE NUMBER OF CHOSINE THETA VALUES DESCRIRING THE
c ANISATREGPIC ANGULAR DISTRIBUTION, NANG MUST RE THE SAME IN EACH
¥ CORE DIVISIiEN,
IF (NGPT = 2) 445, 405, 405

405 READ INPUT TAPE 50, 60, (ZE(Y)s J = |,NOZE)
C ZE(JY ARE THF ROUNDARIES @F THE CORE DIVISIAONS USED FAR THE
c APPLICATIGN mF ANISOTRAPIC ANGULAR DISTKIBUTIONS,
C TEST ZE(J) FAR ASCENDING HRDER

be 430 J = 2,NOZE
[F (ZE(J)=Z2ECJ=|)) 410, 4100 430
4|0 PRINT 420

6T
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420 FORMAT(S5IH ZF(J) NAT IN ASCENDING ORDER IN SUBROUTINF SOURCE )
K = K+ |
430 CenNTINUE
READ IN ANC(L,J)
NOZEL = NOZE = |
N 440 L = |,NBZEI
READ INPUT TAPE 50,60, (ANG(LsJ), J = |1,NANG)
440 CONTINUE
TEST K
445 1F (K=1) 450, 460, 45)
450 CALL EXIT
460 RETURN
END DATAIN

SUBRAUTINE SPACE (XsYsZ,WTI,NMEM)
SURRAUTINE Te CALCULATE SOURCE PBINT LECATION,
COMMAN / SELRCE 7/ ANG(9,40), BONE, BTHRE, BTWO, CONE, CTHRE,
A CTWO, NANG, NOOP, NOBPT, NOR, NOZ, NOZE, PROABR(25),
B PRABREB(25), PRABZ(39), PROBZR(3IQ), RRR(25), ZE(9), ZEE(30),
C RRyWT3, IBASE,RRK2(25)
DATA ( NMEM| = 0 )5 ( NREJFCT = 0 ), ( PI = 3.1415927 )
NMEM| = NMEM| + |
TEST OPTIEBN (NOOBP), IF NOBP = |, THEN INPUT POWER DISTRIRBUTIGN
1S ACTUAL, IF NOAP = 2, THEN DISTRIBUTION IS BIASED,
IF (NGOP = 2) 10, 100, J0O
9 NREJFECT = NREJFCT + |
|0 RN = FLTRNF (DUMMY)
ne 20 J = |, NOBR
IF (RN = PREBK(J)) 30, 20, 20
20 CONTINUE
30 RR=SORTF(RFR2(J= 1)+ ((RN=PREBR(J»|))/(PROBR(J)=PRABR(J=1)))*(RRR2(J
1Y=RRR2(J=1)))
THE USE BF LINEAR INTERPOLATION ABOVE ASSUMES THAT THE RADIAL
PRABABILITY NENSITY FUNCTIEN VARIES AS |/R IN EACH INTERVAL,

o¢T
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o0

41

50
6N
7N

80
90

102

I

RN = FLTRNF (NHUMMY)

THFTA = 6,283%|R * RIV

XTRY RR * €B8SF (THFTA)

YTRY RR * SINF (THFTA)

TEST XTRY AAND YTRY FAR LOCATION., RFJECT IF BUTSIDE

HEXAGEBNAL CERE,

IF ( ABSF ( XTRY + BONE * YTRY ) = ABSF ¢ CANE ) ) 50, 50, 9
1F ( ABSF ( XTRY + BTWA * YTRY ) = ARSF ( CTWO ) ) én, 60, 9
IF ( ABSF ( XTRY + BETHRE * YTRY ) = ABSF ( CTHRE ) ) 70, 70, 9
X = XTRY

Y = YTRY

CALCULATE Z

RN = FLTRNF (DUMMY)

ne 80 J = |, NOZ
IF (RN = PRERZ(J)) 9n, 80D, 80
CONTINUE

7 = 7EE(J=1) + ((RN = PROBZ(.=1)) / (PREARZ(J) =~ PROBZ(JI™I1)))
* (ZEE(J) = ZEE(J=1))

THE USE OF LINFAR INTERPOLATION ABOBVE ASSUMES THAT THE AXIAL

PRABALITY CENSITY FUNCTION IS A HISTHGRAM,

CALCULATE wTI

WT = 1,0

G 1A 190

CALCULATE X,Y,Z AND WT| FOR NOOP = 2,

RN = FLTRNF(NDUMMY)

LeT

WNAZ = NOZ = |
J = RN * WNE7Z
FJd = J

J o= od o+ |

7 = ZEEC(J) + (RN * WNOZ = FJ) * (ZEE(J+|) = Z=E(J))

IMPLIES THE ASSUMPTIOGN THAT THE BIASED AXIAL POWFER DISTRIBUTIBN IS
CONSTANT [N FACH INTFRVAL,

FIND A PROGEZ AND PRORZR CORRESPONDING TO z,.

GOAP = (Z = ZEF(J))Y 7/ (LEEC(J+I|) = ZEE(J))

PZ = PREBBZ

PZR= PROBZE

PZ = PREABZC(J)Y + GOAP * (PREBZ(J*|) = PRORZ(J))




le Ne |

149

150

130

140

160
170
180

190
191

PZBR = PROB2E (J)

PP = PZ/PZE

Ge 18 150

NREJECT = NRFJECT + |

CAI CULATE X AND Y

RN = FLTRNF (DUMMY)

WNBR = NOR = |

D 130 J = 2,NOK

IF (RN = (FLAATF ((J=1)) / WNOR )) 14n, 130, 130

CONTINUE

J = N@R

RN = FLTRNF (DUMMY)

RR=SORTF(RRR2(J=1)+RN*(RRRZ(.)=RRR2(J=1)))

THF USE OF R**2 INTERPALATION ABAVF ASSUMES THAT THE RADIAL POWER
DISTRIBUTIEN IS CONSTANT IN EACH INTERVAL,

RN = FLTRNF (DHUMMY)

THFTA = 6,283(18 * RN

XTRY RR * CBSF (THFTA)

YTRY = RR * SINF (THFTA)

TEST XTRY AAND YTRY FOR LOCATION, REJECT IF OQUTSIDE

MEXAGONAL CERE,

IF ( ABSF ¢ XTRY + BONE * YTRY ) = ABSF ¢ CONE ) ) |60+ 160, 149
IF ¢ ABSF ( XTRY + BTWA * YTRY ) = ABSF ¢ CTWO Y ) |70, 170, |49
IF ( ABSF ¢ XTRY + BTHRE * YTRY ) = ABSF ( CTHRE ) ) 180, 180, |49
X =z XTRY

Y = YTRY

FARP = (RR = RRR(J=1)) 7 (RRR(J) = RRR(J={))

FIND A PRBER AND PRORRR CHRRESPONDING TO RR,

PR = PROBR, PRR = PKOBRBR

PR = PROBR(_ =~|) + EARP * (FREBR(J) = PREBR(J=1))

THE USE OF LINEAR INTERPOLATION ABAVE ASSUMES THAT THE RADIAL
PAWER DISTRIRUTION IS LINEAR IN EACH INTERVAL.

PRB = PROBRE (J=1)

RP = PR / FRR

AT = PP * RP

IF ( NMEM NE, 0 ) 193, 191

PRINT 192, NMEM|, NKFJECT

QcT




C

(92 FARMAT (IHL,5X, 24HSAURCE KAS BEEN CALLED ,18,7H TIMES/
A IH ,5%X,5HANDL ,18,4X,49HREJECTS ACCURRED IN THE RADIAL SAM
BPLING PRACELIKE)

193 RETURN
END SPACE

SUBRAUTINE VECTBR (U,V,W,Z,WT2)
SURRAUTINE TA CALCULATE DIRECTION COSINES,
COMMAN / SELRCE / ANG(9,40), BONE, BTHRE, RTWU, CONE, CTHRE,

A CTW8, NANG, NOBP, NOPT, NOR, NOBZ, NOZE, PROBR(25),
B PROBRB(25), PRABZ(30), PROBZB(30), RRR(25), Z2E(9)Y, LFE(3D),
C RRsWTS, IRASE,RRKP2(25)
TEST OPTIEN (NBPT)
IF (NEPT = 2) [0, 20, 20
|0 CALL GTISE (UsVsW)
*«JT? = I.U
WT3 = WT2
G8 14 70
20 D@ 30 J = z,NAOZE
IF (7 = ZE(J)) 40, 3p, 20
30 CANTINUE
40 J = J = |

WNANG = NANG = |
RN = FLTRNF(NUMMY)
I = RN * WRNANG

FI = 1

I = 1 +|

ANG| = ANG(J,I) + (WNANG * RN =F1) * (CANG(J,I1+1) = ANG(J,1))
WT2 = WNANG * (ANGCU, 1) = ANGCJa1+1)) / 2,0

WT3 = WT2

RN = FLTRNF (DUMMY)

PHI = 6,282|R * RN

PINT = SOQRTE (.= (ANG|**2))
U = COSF (FRI) * PINT

6¢T




v SINF (FrKI1)
W ANG |

70 RETYRN
END VECTOR

*

PINT

oI




2. O05R Subroutines FISESN and FISSN

201

202
o}

203

2

50

SURRAUTINE FISEFSN(SO2,WT)

COMMAN/F IST/ENFR(3B) ,FF(38),ALPNCID)

DIMENSION wEMWOR(|D)

COMMAN/ESIF/IECIO),UE(9)

NATACIST=0)

IF(IST)Zs |52

CAONTINUE

WTS=1,

ISPEC=38

I1ST=1

ARITECS | 220 1Y CALPNCLYsL=1, 10)s CENER(L)FF(L),L=],ISPEC)
FORMATCIHOISX24HENERGY DISTRIBUTIAN FRAOM|nABZ/
S(1|XEBHE IN MEVISX4HF(FE))/(6FE|9,4))

NS=0.

ne % L=it,I10

NS=QS+0E(L)

WONWAR (L) =ENFRCIF(L))

IF(QS=~,9996G9)5,6,6

CONTINUE

WRITE(S.202)

CALL EXIT

FORMAT(|HO//29H SUM ABF (QE(I) IS LESS THAN 1,)
WONWAR(L+ | )=SFENFRCIE(L+]))

WRITE(D I ,2C3) (WONWAKCL 1) QECL I 2l 1=1,L)» WONWARCL+])
FARMAT (36K ENERGY BIASED DISTRIRUTIAN/(E |2,4/20X
[F12,4))

WT=WTS

RsFLTRNF (R)

Sym=0,

J=0

SENES

SUM=SUM+0QE ()

IF(R=-SUM)6C,60,50

T




60

150

52
j60

170
j8n

200

FISD

ENER

KJ=I1E(J)

KL=IF(J+1)
PRABJL=FE(KJY=FE(KL)
WT=WT*PRAB,L/ZQF ()
S=PRABJL*FLIRNF(R )

T=S+FE(KL)

[=KL=|

IF(T=FECI))I80,170,160

Iz]el

G 1A 155

FsENERC])

G0 1A 200
TEMPs(T=FECI))/(FECI+I)=FEC]))
EsENFROID+TEMP*(ENER(I+1)=ENERCL))
S@2=F*|,91227E+18

RETURN

END
INENT FISSN
BLEBCK 86
CAMMON ENER(38)
CAMMON FE(38)
CAMMON ALPNCI0)
BRGR ENER
BSS 0
DFC 2,
DEC U
DEC 0,25
DEC 0,407
DEC 0,608
DEC 0.907
NEC Lol
NEC 435

DEC | +65

ehT




FE

DEC
DEC
DFC
DRC
DEC
DEC
DEC
DEC
DFC
DFC
DEC
DEC
DEC
DEC
DEC
DFC
DEC
DFC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DFC
BSS
DEC
DEC
DEC
DEC
DFC
DEC
DEC

CHT




ALPN

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DFC
DFC
DFC
DEC
DEC
DEC
DFC
DEC
DEC
DEC
DEC
NEC
DFC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
BSS
BCD
BCD
END

0,573
0,484
0,443
0,390
0.296
0,2065
0,132
0,1050
0,0736
0,0512
0,03575
0,02439
0,01967
0,01457
0.01138
7,72E=3
4,55E=$
3,52E=-$
2,364E-3
| ,583E=3
|, 058E=3
7,05E=-4
4,686E=4
3,108F-4
| 795E~4
8.97E-5
$,B8E=b
| ,67E=5
7.10E-6
3,00E-6
0,0

AT

FISSION SPECTRUM

U Umo




145

APPENDIX F

INPUT INSTRUCTIONS FOR SOURCE ROUTINES AND INPUT FOR THE

FISSION DISTRIBUTION PROBLEM, THE SHIELD SOURCE

PROBLEM, AND THE CORE-MAPPING PROBLEM

1. Input Instructions

The source input cards, given below, follow the geometry input for O5R.

Card 1.

S

Card 3.

Qe

Format (3I10)

N¢¢P:

N@gR:

N@z:

spatial bias control parameter;

N¢¢P = 1 for no spatial biasing,

N¢¢P = 2 to bilas both axial and radial selection of source
coordinates.

number of radial boundaries including the smallest radius

(normally the center) at which the radial source distri-

bution will be specified; N¢R < 25.

number of axial boundaries at which the axial source

distribution will be specified; N@Z < 30.

Format (6F10.0)

RRR(J), J = 1, NgR: radial boundary values (normally including

0.0), in cm; if N¢¢P = 2, the blasing is determined by
the size of the radial intervals; neutrons are selected
with equal probability from each interval: RRR(J-1)

< RRR(J). Within each interval the biased power distribu-

tion is taken to be constant.

Format (6F10.0)

PREBR(J), J = 1, NPR: if N@@P = 1, PROBR(J) is the normalized

cumulative radial power distribution and is assumed to be
linear in the radial interval, PR@BR(N@R) = 1.0; if

N¢¢P = B PR¢BR(J) is the unnormalized radial power dis-
tribution and is assumed to be linear in the radial

interval.
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Card 4. Format (6F10.0)

a. ZEE(J), J = 1, NgZ: axial boundary walues, in cm; if N@@P = 2,
the bilasing is determined by the size of the axial inter-
vals; neutrons are selected with equal probability from
each interval and uniformly within the interval ZEE(J-1)
< ZEE(J). This corresponds to a constant biased power

distribution within each interval.
Card 5. Format (6F10.0)

a. PREBZ(J), J = 1, N@zZ: if N@@P = 1, PR@BZ(j) is the normalized
cumulative axial power distribution and is assumed to be
linear in the axial interval, PR¢BZ(N¢Z) & Lls03 1If
N@gP = 2, PREBZ(J) is the unnormalized axial power
distribution and is assumed to be linear in the axial

interval.

Card 6. Format (3I10)

S N¢PT: angular bias control parameter;
NPT = 1 for unbiased isotropic source,
N@PT = 2 for biased isotropic source.
b. N¢ZE: number of axial boundaries for axial regions in which

different angular biasing will be applied. N¢ZE =
c. NANG: number of cosine values for boundary angles describing the
biased angular distributions; NANG < LO.

Cards 7 and 8 are omitted if N@PT = 1

Card 7. Format (6F10.0) :

a. ZE(J), =1, N@ZE: +the axial boundaries, in cm, for regions in
which different angular biasing will be applied.

ZE(T-1) < ZB(J).
Card 8. Format (6F10.0)

a. ((ANG(L,J), J = 1, NANG), L = 1, N§ZE-1)): the cosine of the
angles describing the biased angular distributions;

(ANG(L,J-1) > ANG(L,J); within an axial region, specified ‘

by L, neutron Z-axls direction cosines are picked with




1k7

equal probability from each angular interval. The
azimuthal angle is picked isotropically. The real source

angular distribution is assumed to be isotropic.
Card 9. Format (11I5)

ae IE(K), K=1, 10: Energy group boundary indices from subroutine
FISSN; up to 10 values may be given for the specification
of source energy bilasing. See table below. Within a
group, energy is selected from the 235y fission spectrum.

b. KFIZ: number of QE values associated with the energy groups
defined by the IE's, also, the number of energy groups.
See card 10 for QE definition. KFIZ < 9.

FISSN ENERGY GROUP STRUCTURE

IE Energy (MeV)
1 0.00
2 0.111
% 0.25
Iy 0.407
5 0.608
6 0.907
7 1.11
8 1.35
9 1.65

10 1.8

11 2.02

12 2.46

13 B 0L

14 3.68

15 4,0

16 he5

17 5.0

18 5.49

19 6.0

20 6.3

21 6.7

22 7.0

23 Te5

2l 8.18

25 8.5

26 9.0

27 95

28 10.0

2% 10.5

30 11.0
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Energy (MeV)

IE
3]
32
5%
3L 14,0
25
36
57
38

Card 10. Format (6E12.2)

Se QE(Kj, K =1, KFIZ: Biased probability that the source neu-
tron energy will be picked from the IE(K) to IE(K+1l)
energy interval. Within the interval the energy is

selected from the 235U fission spectrum. ZKQE(K) = 1.0.

The following cards are for the specification of parameters required
for the track length selection using exponential transform (track length

stretching). The parameters are region- (O5R regions) and energy-dependent.
Card 11. Format (2I5)

a. KREG: number of O5R regions for the specification of different
XNU's (defined on card 13). KREG < 10.

b. KEG: number of energy group boundaries, EXNU (card 12), for
the specification of XNU's by energy group.

Card 12. Format (6E12.2)

e EXNU(K), K= 1, KEG: energy group boundaries, in MeV, from high
to low energy for the specification of XNU's by energy

group.

Card 13. Format (6E12.2)

a. ((XNU(K1,K), K= 1, KEG-1), K1 = 1, KREG): XWNU values for track
length stretching, used as follows:
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1
B = T - (@) .y butBZO.6 3
and
-2 £ /B
P(Z 2) = g - ¢
L B 4
where
7 = Z-axls direction cosine,
= track length,
ZT = total macroscopic cross section,
P = biased track length distribution.




2. O5R Subroutine Source Input for the Fission Distribution Problem

| I 2
N, 0 l,1239 2.2478 3,3717 4,4956 5,6195
6,7434 7,8673 R.991¢ 10,1151 112390
0,0 .014084 , 155882 ¢ 123659 ,215103 . 326098
L452755 ,58983% ,869795 1.0

35,115 ~33,55625 =32,00350 =30,44775 =28,89200 =27.,33625
=25,78n5n0 =24,22475 =22,66900 ~21.11325 ~|9,55750 =18,00175
»|6,44600 ~14,89025 ~|3.38450 = |1,77875 =~{0,22300 =8,66725
-70|'|50 '5;55575 '410000

n,o .030200 06628 ¢ 107650 15412 1204865
, 259216 ,31678¢& 376527 1437930 ,50000 062069
. 623472 683211 740783 1795134 845879 892350
933769 WH69/796 i+0

—_—— e e— — O BN D RN
H LN —0

04T



3. O5R Subroutine Source Input for the Shield Source Problem

2
0
8,7057
1,0000n0
, 71084
=35,1150
~{4,0609
"9'?3‘2
»5,3998
, 217090
L88783|
, 623427
, 333877
2
-35,1150
l,000000
. 712504
7 12

,0072

y2 |2
2 7

18,0

ol 1]

727

,754

I 2|
3,554 5.,0262
9,4032 INen52%

,945679 .900245
665529 620992
=23,2133 =~20,067|
13,0696 ={2.(937
~8,5633 -7.933%
-4,64599 -4,0000
,946678 ,998644
L B44954 801775
07703 5381493
278673 217090
2 I
»4,0000

,957627 .91891%
, 6302728 ,524818
| 4 |6 | 8 2|

0313

, 1795

B, |8

,784

,708

€.1559
046623
,851680
s 577270
179773
-1 1.3809
'705“34

.590243
.757673
,484384

880743

2351618

24 28
,043
1334

5,49

1846
V729

7.1082
112390
.803880
,53438(

-16,4148
“{N,6249
-6,6740

962496
713271
+4385881

83917
-1,000000

32 38

0797

7.9472
1756963
15.,148]|
=9,9066
~6,0448
« 927140

1668210
386105

775810
9
. 1287
.35

865
B63

v 187

1407

776
705

TGT




4, O5R Subroutine Source Input for the Core-Mapping Problem

2
0
8,7057
I,000000
,71084]
= 1,3509
«7,95599
'4oa4|2
217090
755987
,503929
287788
2
=35,1150
l,00n0ng
61173
|,000000
573246
1,000000
209876
l.,000000
, 384659
4 6

.0685

V1773
4 7

18,0

,4076

L6246

,5534

, 4023

s 34382

|
3,554
9,4032
945679
«H6E529
19,2483
10,5825
-7,0499
'4|d206
299544
70ES20
46576
252476
5
24,2250
946057
D0EE29
,942056
, 455743
931528
371070
L905689
236128
8 9

.

1

E |

2|
5,0262
10,0525
900245
620992
=9,8507
=6,5973
-4, ﬂUUU
01962873
16604638
429858
217090
Il
=16:4469
895898
W, 339123
,B83712
. 285995
«B86154
. 183987
WB17622
Neb786
I | 2
|108
n708

B8

7056
6350
4847
2807

€,.1559
|0.6623
851680
1877270
~|14,6577
f912|67
=6.1447

2510659
1622449
1394170

m8,6670
842228
, 019763
8213859
=, 041101
2178515
] '75798
1721452
-,336458
|4 I8
.0876
v0125

4,5

,7624
, 6950
,5526
2526

7.1082
I1,2390
,803880
. 534380

=13,2966
~B8,59R8|
=-5,692|

855469
, 579482
357643

=4,0000
774077

-1,00np000
749103
. 705558

=1,000000
618734

-1,000000
24 38
, 1084

77,9472
756963
12,2599
=8,0750
5,268
+805214

+542165
1 322493

2704751
v 67501
610992
511330

Q
1224

|35

8191
7825
6706
. 3034

12417

1608

8713
, 8657
, 8253
14613

—_————_—
NN — O oo
N — = N — —

131
132
133
|34

24T



Card 1.

al
b.
C.

d.

Se

153

APPENDIX G

INPUT INSTRUCTIONS AND LISTING FOR
PROGRAM NNPCOM

1. Input Instructions

Format (A2, 3X, I2, 3XA2, 2XI3, 2XA3)

NAMEC@M: two alphanumeric characters to identify the C@MM@N,

NSIGS: number of energy levels,

NSIGSLFT: number of energy levels, left adjusted,

N¢EPTS: number of energy points at which cross 