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1. INTRODUCTION

One of the areas of much difficulty and increasing concern to

reactor neutronic analysts is the treatment of void regions where
neutron streaming occurs. In heterogeneous lattices, methods have been
developed through the use of collision probabilities in integral trans-
port theory. Benoist(l) uses integral transport theory to obtain radial
and transverse diffusion coefficients in terms of '"directed collision
probabilities'", considerins the lattice as a whole. Leslie's method(g)
of weighting diffusion coefficients is restricted to a single lattice
cell and considers a '""tilted source' in the moderator regions. These
techniques represent analytical closed-form solutions to the problem

of calculating L2, but do not apply to our problem in that we are con-
sidering small reactors (i.e., B2 is large), with a homogeneous mixture
of fuel and moderator. The method presented in this report is based

on purely reometrical considerations of a cylindrical annular void and
is extended to the calculation of reactivity effescts by charzcterizing
the transverse leakare from the void by a macroscopnic absorption cross
section in an Sn transvort theory'criticality code. Althouch D and B2
are undefined in a void, the »roduct D32 may be used as an absorption
cross section because the one-dimensional transnort theory do=s not
distinguish between a neutron lost by absorption and a neutron lost

by transverse leakage. At the present time this method is divided

into two parts: (1) the geometrical nrobability that a neutron leaving
the core is travelling in the right direction to escape out the ends of
an annular void between the core and reflector, and (2) the calculation
of an effective absorption cross section (i.e., DBQ) to be used in a
one-dimensional Sn transport theory criticality calculation. A com-
parison is made between void reactivity -rorth calcul=tions =nd m=asure-
ments from water immersion experimants of the 383IR core with surrounding

volid sleeves.

719-P
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2., CALCULATION OF ESCAPE PROBABILITIZS

a. Escape Probability Model

‘ Considering a single neutron at any point along the radial
surface of a cylindrical core surrounded by an annular void gap, we
are primarily concerned with whether or not the neutron will escape
from the gap in the transverse direction, i.e., the escape probability
of a distribution of neutrons on the core boundary. we are not con-
cerned with neutrons after they reach the reflector; what happens there
is treated by the Sn transport theory. There is another escape proba-
bility of interest, however, namely that for a neutron on the inner
radial surface of the reflector. Again, those neutrons, having left
the reflector, which do not escape out the ends of the gap are treated
by the Sn transport theory within the core. The problem is to define
an escape probability which would accecunt for transverse leakage from
the gap for neutrons on both bouniaries of the void. The present model
assumes the escape probability for a neutron on the core bouniary and
the reflector boundary to be the same. Both core neutron and reflector
neutron escape probabilities are derived and were calculated, but only
the core neutron escape probability is used in the derivation of DB2
for reactivity calculations. Several factors that affect this assump-
tion are: the greater importance of reflector neutrons, the lower den-
sity of reflector neutrons, and the larger escape probability for
reflector neutrons. The assumntion, in effect, is saying that these
factors nullify one another. INeutron "imnortance'" considerations have
been neglected to the extent that a spatial fission neutron density
distribution is used to weight the escape probability alonz the lenzgth
of the core, rather than an "importance'" distribution (e.g., the product
of flux times adjoint flux). -

b, Derivation of Yguations

The escape probability of a neutron on the boundary of a void
gap is simply defined as the probability of the neutron travelling in
the direction of the open ends of the =zap. The number of neutrons
travelling in directions dw) about W is simply: N(#P 0 )dw, where
N(¢f, ® ) is the number of neutrons in solid angle dw = sind dedc? .

719.P
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The differential probability of neutrons leaving the surface in angles

d¢) about & is then

1P - N (8,0) dw

Lmuca,e)w

Considering one quadrant of the sphere in Figure 1, with origin of the

(1a)

neutron at a distance #, from the top of the core, ¢ is defined as the
angle between the # -axis and the flight path of the neutron, and 0 is
defined as the angle (in the x-y plane) between the x-axis and the
flight path of the neutron. The escape geometry is symmetrical about

©® = 0 (the x-axis) such that only the quadrant defined by ¢ =0 to
radians, and 8= 0 to /2 radians need be considered. Looking at the
upper octant of this quadrant in detail we see a line of natural divi-
sion in the lattitude ¢, . This is the projection on the sphere of the
point on the rim of the reflector nearest to the core neutron (origin
of the flight path). The lattitude ¢, defines the most distant point

on the rim of the reflector. From =0 to @,, & is constant for any

angle ©, therefore the probability of escape through this recion is

simply the integral of the differential probability:

8 YA
J ' snaniaerdeag o)
j:‘S‘:(zS'm & N(§o)ded§

To simplify the writing of escape probabilities henceforth, let us

define the total number of neutrons emercging from the surface by

symbol 4,
™ "r/z
A =j f SII‘\CQN(Q,Q)AG AQ (1c)
© o
Between Q‘, and Qz_, due to the different location of the origin of
. the void boundary radii and the origin of the neutron flight path (see

Figures 1 and 2) there arises an area with one boundary on which @8

719-P
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2
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‘ FIGURE L. Illustration of the Probability

of a Neutron Emitted from the Core Escaping from
- an Annular Void Gap.
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varies with & . To derive this relationship, © = £,(&) , we begin by
considering a cylindrical core of radius R within a reflector of radius
%o (see Figure 2)., With the distance from the origin of the neutron
flight path to the top of the core given by 2o, and a core length of

L , the equations of the cylinder of radius Xg with origin at -R are

2 2
(x+R)" + vy = Xt (2a)
z = %, (2b)
Transforming to spherical coordinates (p,0, {) by
X = pcos 9 sing
Y= P sin® sing
(2¢)

2 = @ cos &
equation (2a) becomes

f":.csze sin® + 2Rpcos@smi +p"sin‘e sin*Q = xE.R® -

and equation (2b) becomes

= = (2e)
P COS¢Q ©
Putting (2e) into (2d), and solving for ©,
o= §¢ xEREY 22 tan §
= (. (§) = cos | vl L 8§ - = an g | (38)

The second probability in the upper octant is therefore

\ §

P = N LS sn® N(§,0)de dq i
&, (§)

719-P
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Correspondingly, in the lower octant we have

Qa ™2
= o g J sin§- N (4,9)de d 8 i
3 ';'z.(Q)

and

(T (™
Pq = —;f S sind - NC§e)dedd (6)
% 7o

where, in the lower octant, f2 ( CQ ) is obtained by simply replacing 2,

in the equation (3a) with (@gs= L ),

£2(8) = cos’ [<*° k. )CdtQ (2 L)*‘m‘? (3b)

2R (2o~ \) 2R

In the present model the angular distribution N( &, @ ) is assumed

separable in angles & and © , and only the 4 angular dependence is
accounted for,

N(&8) = a-N'(§) (7)

719-P
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where "a" is a constant. (The © angular dependence remains to be

investigated.) Then the total éscape probability for a neutron leaving

the core at a given point 2g, is

3
k() = L+ f 'sin® N(R)-44

o (8)

. ___J sm_&% . @5‘[(7:2% >co+,& ---um]%umc\&
R ,
+ (g Q.{:g_ cos‘ﬂ:;(;iq) tq -2 mq“n(&)aa

Tv
= %S Sin& N(8)d &
Q4

Where the normalized angular distribution, N (q ), is defined by

i;_N_..(_Q_Z (9a)

N(]) y

719-P
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and the limits of integration are (se~ Fisur- %)
Q‘ = +on' (“c“li)
2o
QZ = ( ‘I xo: il R?—.
(9b)
&3 = taw' J"ol"Ra‘)
Tog = e
Q = ‘an' ( o= R \)
* o — L
For neutron laoavin~ the reflector at =z ziven =~oint B¢, thz ascnpe
aroh-hility, ”R(Zo ), is the sum of six probabilities. Figure L4 shows

spondingly three more in the lower octant).

the three areas of consideration in the upper octant (there are corre-

for a neutron leaving the reflector can be written

- &%
Rz = - gog sing. N(2,0) do d 4

o

42 8
+ J’ g s &. N(4,0)de 4§
B $1(4)

FS F“w)s\'n& N (8,0) dod§
o

T $5(4)
R Y Q

J‘Q*ge" sindl. N(8,0) do d§

3 T £.0@)
+ (7 (%
5 g sinf - N(R,0) d6 d§
& Yo

The sum of probabilities

(10)

719-P
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© = tan ' P\
| x2-R™

4s

tat (2 {—R,.> (1)
2o

Q‘ = *an™ 2 x2-R*
o~ L.

and |,, 4., 9, &4 are given by equations (9b). To derive the
functions f3 (Q ) and f6 (Q ), we write down the eguations of a
cylindrical core of radius R with origin at X, (the location of the

origin of the neutron flight path in the void)

(x- xo)a + y" = R* (122)

= o= W (12b)

and transform to spherical coordinates by equations (2¢), solving for ©,

- OZ_RZ 2 2
o = {;() = c_os'[x b g (13)
2 25 Re t&nq

and

2 (*o"\—) Ao ‘Eav\Q

719-P
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The functions f, ( ‘Q ) and f5 (dQ ) are derived from the equations of a

cylindrical reflector of radius ¥e with origin at R,

(x- x.,')z + ¥y o= oxZ (15a)

= = R (15b)

Transforming to spherical coordinates by equations (2¢), and again

solving for o,

6= £,(8) = '[*_E‘Lﬂ_] (6

2 %o

and

$:(8) = c.os-l [(Eo‘l—) tand} (1)

4 Re

Again, accounting for the Q angular dependence only, by eguation (7),
the total escape probability for a neutron leaving the reflector at

point 2, is

. q, | q.
Pk(io) = 1: S‘ s;nQ- N(&\AQ + }—f 5"“4'{&:-
o {

\C
ot | xE-RE+ 26 taw §| (. . L B ees!| 2etend
c [za,xotanq ] NC8)-d§ + Tl"( s Q%cos [ = ] }N(q)iq

0

s
+"1E: SMQ-i " (_%:_)t“_n;l WSNCQ)JQ B '\-5‘ S\V\Q{

R¢

2(26-L) %e *an §

c.os-'[*"1'kl+("°'l‘)z‘t““lqj]2°NCQ)JQ v 22 «swnca)ﬂ S
&
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where the angular distribution normalization, the limits of integration,
and ©¢ are given by equations (9a), (9b), and (11).
The average escape probability over the entire core length =,
= 0 to L, for a gap thickness ( Xq -R), is given by
L
— J-O Pc(io)‘F(éo) A Zo
PC' = L (19a)
S‘ F(2) dz2o
-]

where Pc(2o ) and F(2, ) are the escape probability and fission neutron

density along the length of the core.

c. Angular Distribution

The angular distribution function, N( Q ), is obtained fronm a
high order Sn transport calculation* of the reactor configuration under
consideration. The angular fluxes are summed over all energy groups
for each discrete value of @ and normalized by equation (9a), It was
found necessary to use at least 12th order in the Sn approximation to

obtain a suitable angular distribution, S yielding 6 discrete Q angles

in the forward direction between O and ‘"}g radians. The energy depen-

~dence of the angular distribution was found to be quite weak at the
boundaries of the void gap, on the basis of SL+ calculations with 16
energy groups from 10 Mev to .0092 ev. Although energy dependence has
been neglected in the present model, it would be simple, in principle,
to calculate energy-dependent escape probabilities. The angular distri-
bution at the void boundaries also depends on the gap thickness, but in
the present model a single representative distribution is used for all
gaps.

.d. Solution of Equations

Equation (8) has been programmed in FORTRAN II language for the
IBM 7094 computer. The integrations are performed by the 5t order
Legendre-Gauss quadrature method.(z) The first term in equation (8),

for example, is computed as: "

Y § -0 .
_li'fo Sng-N(d).d§ = Ji ——Z-—ZStn(Q.JN(QK)vK

K=\

)

* More detail is found in Section 3.
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EK are the zeros of Legendre polynomials, and wy are the Weights
(Christoffel numbers). The angular weighting factor, N( Qg ), used in
any particular numerical integration by the code is obtained from a
linear interpolation in sinQK of normalized angular fluxes. The end
points of the distribution are linear (in sin g ) extrapolations of the

normalized angular fluxes. The intergrals in equation (19a) are simply

programmed as summations,

L |28
- S; Fz(a;)F{é;)Jih: in Fi
Y. = §L s —=l (19%)
o F(Bo)&io F.

where m is the number of equal interval mesh points. Eguations (8) and
(19b) are a part of the computer program designated FOSDICK; the details
of the entire program appear in the Appendix.

e. Isotropic Escape Probabilities

A special case of the escape probability as already derived
arises if the angular distribution of neutrons on the boundary of the
void is isotropic, i.e., all directions of travel are equally probable.
In this case the probability of a neutron escaping from the gap is the
area projected onto the surface of a unit (area) sphere of the space
between the core and reflector as seen by a neutron on the surface of
the core or reflector. The equations (8) and (18) are simply modified
by taking N(<Q ) = 1. Although an isotropic distribution of neutrons
at the void boundary is unrealistic, the isotropic escape probability .

was calculated for the sake of comvarison. Figure 5 shows the effoct

719-P
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of angular distribution in the S8ER void-sleeve model, where an S12
calculated angular distribution for the 3-inch void thickness was used
for all cases. The anisotropic curve is significantly lower than the
isotropic curve showing the effect of the strong peaking of angular

neutron flux at a core/void boundary in the forward direction.

[Fquation (18) was programmed for N(‘Q ) =1, and showed the escape
probability for a neutron on the reflector surface to be significantly
greater than that for neutrons on the core surface. The oresent model
does not consider PR’ however. It remains to obtain an "effective"

escape prohability for both core =2and reflector neutrons.]
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3. CALCUL .TION OF DB

a.  Sp Transport Theory Model

The one-dimensional DTK Sn transport code(&) is used to calcu-
late angular fluxes at the void boundaries. The discrete directions
are determined by the order of the Sn approximation and the geometry,
812 having 21 discrete directions per spherical octant in cylindrical
geometry. The Sq approximation has 3 discrete directions per spherical
octant in cylindrical geometry. This means there are 6 values of P
from 0 to /2 radians in S,5» and only 2 in §,. To account for trans-
verse leakage from the void gap a macroscopic absorption cross section
(or DB2) is assigned to it. TheDTK code is limited in that it does not
use angular-dependent absorption cross sections, therefore an average
DB2 is calculated to represent the total leakage in 2ll directions from
the gap. An energy-dependent DB2 could be calculated but,as previously
mentioned, the aqgular distribution at the core/void interface is not
strongly energy-dependent.

b. Derivation and Solution of DB2 Equation

The escape probability for neutrons at the void boundary of
surface area Ai is defined as the total number of neutrons »er second
escaping from the gap divided by the total number of neutrons per second

entering the gap at Ai,

+ +
-ﬁ' _— T'\. Ai. - L) AL-H
cL T + _
T AL (22)
where " L+ 1" denotes the reflector boundary of the void gap. U}*

the neutron flow in the forward directions at the core boundary of the

void gap, and is given in the discrete Sn approximation by

T+ = (23)
- E , “on [ N

MSfﬂ,)o

719-.P
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where W,,1is the so0lid angle through which the neutrons travel in the

w direction, ,Amifs the m® direction cosine, and Nmi. is the angular
. )

neutron flux in directionw at the core boundary of the void gao.

Considering only the escape probability in directionw we write

P - M Nmi Ap = H Mm,'..-o-\ Aisy

P . = (24)
cm
b f*m Nm,i. X
This requires an expression for ani+| in terms of Nm’; and @ ,

conseguently we turn to the one-dimensional, steady-state, 3Boltzmann
neutron transport conservation equation. The "diamond''-central differ-
ence representation of this equation, as formulated by Lee(é), may be

written

'%?"(Aiﬁ-l Nm,iﬁ-\ - Al Mm,L) o El\'/-._ (Aiﬂ = A;)‘[{$+P)M+QNM+|

/
_(u-aﬁm.Nm] + ooN, . = S (25a)

"

where "i" is a spatial index, '"m'" is 2n an~ular index, an< the surface

and volume elements in cylindrical gseonmetry are given by

Ai=27r, 3y N.= 'n'(r-m'”‘b'("m"‘a) (25b)

G‘i is the macroscopic cross section,sm;_ is the source, ¥ and p are
angular coefficients determined by the intesration and differentiation
properties implicit in the finite-difference form of the transrort con-
servation equations, and'QLMtis riven by the "diamond'" difference scheme
as
| .
2 Nm,i. = Nm,i + Nm,i-H (25¢)

The DB® (i.e., Oy ) is defined such that the conservation condition
for radial transvort is correct when transverse leakage from the void
is included; the angular transport being calculated by the code inde-

pendent of @3 . In a void gap the source sn\iis identic2lly zero,
)

719-P
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then eguation (25a) may be written

I“'_'“.A-N.—A°N'+O'-N‘.=o
V- v N e LNy v 'L (26)
9
To get the desired expression for Nmﬁ*q* we insert equation (25c¢) into

the conservation equation (26), and ohtain

2pmAL = OV (27)

.

M,L-Q-\ = M)L

Putting equation (27) back into equation (24), multiplving the ancular
fluxes by their respective solid angles, and summing over all forward

angles yields the total escape »robability

1 A= a 2pm AL — 0V )]
z,w'“/*"‘ Num,i | A A‘“<2}AMA;H + o\ (28)

EL — m’o
E ;e o Nt A

W, pBm>0

or, by definition (23), equation (28) may be shortened to

- ALy Z ¥ 2pm AL = TV, (29)
le - | - | :rwni M L LV C

-+ ;
+1-Ag "5 MmO ZPm Aig + TV

where +

de = wMHmNmJ 3y Mm20
Equation (29) is the DB? equation; it is solved for @ by the seccnd-
order Newton iteration method (or "Newton-Ranhson alworithm”)(é) which
consists in drawing successive tangents to the F(Oﬁ_) curve., F(Glj

is defined by simply rearranging eguation (29),

_ 2pm A - o Vi
F(:) = Q; -R;: g - (30)
L LI\ S
' Zf‘m Ais +°—LV2

mi,‘m)O
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where Qi = (I-— E‘B
Ri = Ai.+|
Tu+ A;_
Then its first derivative is
YF(a) '*'_ -
Floy = S i L

rh\

™ Aw20

R A+ G'LV;)Z (31)

Consider the fﬂ’gap whose transverse leakage vrobability is character-

« N
ized by @i, so we may henceforth dron the suhscript“t‘. The iteration
scheme bezins with an initial suess for @ (eg. Oy = 0). The first cal-
culated values of @ is then
F (o)
c, = G - ; (32a)
F (o)
or, more zenerally, after j iterations,
F (e
Cipy = O () (32b)
!
F'(o3)
Converzence is satisfied when
Oisy — O - = L
. |
where € is some specified convergence criterion. The value of §

obtained in this calculation is precisely the macroscopic absorption

cross section for the void region. (In the DTK code this juantity nust

be entered as both an absorption and a transport cross section.) An

2
estimate of the absorption cross section (DB”) should he made for the

high order S calculation of angular distribution. 4 good first guess
-—

C (so (calculated with
2
FOSDICK by innuting N(®) = 1) can be derived from thes D37 ejustion (29),

based on the isotronic escape probability, .
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. . +_ &
ic flux =2t the woid boundary, J; = > sl

ZI"*MA;ﬂ> Q‘L\/L y one obtains from equation (29)

r

DBZ = C' xZ-R2.

' I
LI (34)

whare 2 and X are radii (in em,) of th: core 2nd reflector, respec-

tively:

ind C is a constant annroximately correcting for assumptions

applied to eguation (29). If the anpular distribution is slightly less
forward-peaked than a sine distribution, C varies from .6 t- .7 for gaps
of 10 to 100 mils, and .9 to 1.3 for gaps of 1 to 4 inches surroundin~

a typical SNAP core.
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4, COMPARISON O REACTIVITY CALCULATIONS WITH MIASUREMENTS

Reactivity calculations have been made utilizing the DTK Sn trans-
port code(ﬁ), with 16-group zirconium-hydride spectrum weighted cross
section library, for the SNAP 8 Experimental Reactor (S8ER) in a water
environment. The calculational model is presented in Addendum I of
this report.(z) For the S8ER water flooded and reflected core the
reactivity effect of void sleeves of 1, 3, and 4 inches werﬁggilculated

and a comparison with measurements from critical assemblies =" is pre-

sented in Table I, and plotted in Figure 6.
Table I

S8ER Void Sleeve Worth Calculations and Measurements

Void Gap Width Sq Calculations | Measured Reactivity
(inches) bDKegs /.008 () dorth (%)
1 -4,02 -3.90%,36
3 -8.44 -8.14=.54
L -2.75 -0, 44E, 61

A modification of the reported measurements was made to account for
the reactivity effect of the water on the ends of the void =zap, since
the calculations assumed open ends. This modification was estimated

, —_p . (9)
on the basis of results from another critical experiment. =
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5. CONCLUSIONS AND FURTHER WORK

a. A method h~2s been developed to calculate escave probabilities
for neutrons entering an annular void, accounting for anistropic angular
distributions and axial spatial distributions of neutrons on the surface
of a cylindrical core. The escape probability is used to calculate a
DB2 which simulates axial leakage from the void in reactivity calcula-
tions with the DTK Sn transnort code. The FOSDICK code has been written
to perform the escape probability and DB2 calculations. The vresent
method of calculating DB2 assumes ths same escape probability for re-
flector neutrons as for core neutrons. an attemvt to redefine the
escape probability for the void in terms of both PC and PR should be
made.

be In the calculation of angular distribution only the & angular
dependence was considered. The inclusion of the @ angular dependence
would not cause serious difficulty, and it may be a necessary factor
in considering small gaps.

c. The FO3DICK code in its »nresent form could be cuite easily
modified to re=d in ansular fluxes =and Sn constants directly from the
output tape of a DTK calculation.

d. A comparison of reactivity calculations, usinz the FO3DICK code
for D82 and the DTK code for reactivity, with measurements of void
sleeve reactivity worths in 3CA-4B water immersion experiments (38ER

core) shows very close azreement.
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APPENDIX - The FOSDICK Code

This Appendix is a presentation of the FORTRAN II program, designzted
FOSDICK, written to compute escape probabilities and DB2 to be used in
the DTK/DTF II Sn Transport codes for reactivity worth calculations of

cylindrical annular voids.

a. Descriontion

The present form of the FOSDICK code consists of a main rrogram
of input-output and the followin~ four subroutines:

(1) ANGLE - takes data from DTK/DTF II outnut (which was read
into the main program from any Sn transport calculation up throuch the
516 approximation) and sets up an angular distribution of nsutron flux
as a function of sine of the angle (&) measured from the & -axis.

This subroutine is no more than a manipulation of the input angular
fluxes (which have been summed over all energy sgroups at the core/void
boundary), the Sn direction cosines,and the Sn roint weights. The
angular fluxes are (solid angle) weighted over each discrete (average)
® angle. The sine of & is taken directly from the direction cosine.
The end points of the distribution (& = 0,®) are o:tained from linear
extrapolation in sin & . The peak of the distribution (4 = W /2) is
computed to be one-half thes value between a linear extranolation in
sindq and a flat peak determined by a straight line connecting the
angular fluxes at the nearest points on each side of /2, This sub-
routine also prints the (unnormalized) anzular distribution in the
output.

(2) NORM - normalizes the anzular distribution (obtained from
ANGLE) for direct use in the escape probability numerical intesration
scheme, and prints the normalization factor in the output.

(3) GPESC - computes the geometrical global probability of
escape for each axial position specified, and averages it over an axial

fission density distributicon which was read into the main program. The
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escape probability is computed as four separate escape probability
integrals, an anisotropic weighting factor being obtained by linear
interpolation (in sin & ) between the discrete values in the normalized
angular distribution. The average escape probability is computed for
each gap thickness specified, and each of the four integrals as well as
their sum are printed out by axial position and gav thickness.

(4) DBSQ - computes DB2 for the void gap using the average
escape probability from GPE3SC and the angular fluxes, Sn direction
cosines, and Sn point weights from DTK/DTF II output which were read
into the main program. The angular fluxes used here should be of the
same order as the reactivity calculation, usually 34' The DB2 is cal-

culated by Sn theory, the transcendental equation being solved by the

n o

second-order Newton iteration method. DB~ is comnuted and printed out
for each gap thickness specified.

bs Code Eguations

The bulk of the code equations are found in the subroutines
GPESC and DBSW, the derivation of the major equations being presented
in detail in the body of this report. The following is a presentation
of all the equations used in the code leading to the computation of
escape probabilities and DB2.

The gap thicknesses considered in a given calculation are deter-

mined by
X, = (Xmo.;‘—xn\iv\>.'t + Xpmin
Tt = %, -R (34)

where = index denoting radial position,

R{ = radius of raflector medium for the Lg gap,
radius of reflector medium for largest gap considered,
% win = radius of reflector medium for smallest gap considered,
or usually, thz core radius,
N = number of gaps considered,
t{ = gap thickness of W gap,
R = core radius.
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The axial positions along half the length of the core are determined by

L g
%= (73% (35)
where L = core length,
B = Ltb axial position,
M = number of axial positions considered,
ﬂ = index denoting axizl vosition.

The four escape prob.bilities for a neutron on the surface of the core
are given in equation (8). The limits of intezration are given by
equations (9b). The integrals in equation (8) are evaluated by the 5t

order Legendre Gauss quadrature method as:

lcg &"’ ; , $in &K' N|(Q&3 Wk
K=\
(%6a)
where Q¢ = &l\"ﬂ‘ \ i
K - (v+ uK)

Ug,Wy are the Legendre zeros and Christoffel weishts,

respectively.

P, 204 = (&m\ ‘fn\) Z sin §° z(&g) [—-";-ML@;A] Wy

(38b)
where &y = (&;;-; &@1’3 + (ong; @u‘&>. Wi

‘Pg% (M}st\&;( N3(&y)- l}' - ‘FZL\(QK\] Wk

(26¢)
where &k = <&4~§+43 ‘3) s (&ﬁii -4%C§'>. vy
) 2

(T = 8404) .
—T—l K=1 SMQK‘N"(‘Q")' Wk

where  §y = <1r+ &45% (W_ Qe
2 T 2 )>' Wk

(364)
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kS

ua(QK)= 50;. (X%-R

?.Ra-i

-l x;"— Ra' g
tdq, — (#-L)
s [(zR(%.;-q el 2R tan Qg

cot § - Zhtan §y
2R (36e)

'CLC/;CQKX

The anistropic weighting factors Nl(QK), etc., are determined from the
discrete angular distribution, éﬂ- (as a function of sinq'JL ), by a

linear interpolation scheme. For example,

N - _ Sl.an‘S\‘\r\&K
(Bg) = B <s,~,\ 8- sl 3.(§L-§g_) (37)

where§ is the normalized angular flux at angle ‘P!. in the computed

angular distribution; il is at the previous (sr=ller ) °n e,‘Ql \ .
III(QK) is the normalized r-ud »r flux at angle ‘QK , as determined by
the cu=zdrature int=- v t':zn, The .ngular distribution normalization

factor (in NORM) is computed as

5
"Normalization factor" = —- E sin @ N (&) wiy (38)

where QK = %(H- U-K>’ and NM(QK) is obtained by equation (37). The

average escape probability is then computed by
L)

P = p if Py _ (39)
i ?.3 ry

where R ij = Py + Py + Patf + Pseiy
axial fission neutron density as a function of 2}

o
-,
1

(alternately, an "importance" distribution).
The DB2 equation and its solution by the Newton iteration method give
rise to three summations, appearingh equations (25), (30), and (31).
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Considering a given gap thickness 't;_ , (therefore dropring the sub-

scriptui“) the sums are computed for the gﬂ‘ iteration as:

M

S' = E wm’#m NM (40)
s\
sz. - w-h‘\ NMI(ZIAM A‘—o-gv‘y
3 im‘ P YT (41)

M
S : = W Nm}*mz (42)
35 Z{ <2P”\A2+ G—é\l')l °

where N,, = anpular neutron flux
u, = Sn solid-angle weight for flux in the rﬁt‘bdirection

/Lm = Sn wmt direction cosine

M = .__“(""'._z,)_ , (mn = order of 3 )
.8 n . 2
= inner surface area of a~nular void (cm™)
>
A2 = outer surface =rea of arnular voil (em™)
Vl = volume of annular void (cmB)

o3 = DB® for the é_ﬁiterfa.tion (cm-l)

Then the iteration scheme is comprised of the =quations (30) through

(%33) written for the code as:

Q= -7
R = Ay /CA-S)

(43)
Fiy = Q- R gzg
Fi = 2RV, (ArAz) S5
After /& iterations D82 is computed as
3o = L
g+l = C!'z - 4 (44)
E 4 A
and the convergence is @
€ = - F3 (45).,
0‘54-1 Fj’
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c. Program Listing

The FOSDICK code is presented in the following listing. For

further information and program deck see R. H. Norman or W. R. Castle.
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1199 FOSDICK - CODE FOR CALCULATION OF TRANSVERS- LEAKAGE PROBABILITIES
FOGSDICK - CODE FOR CALCULATION OF TRANSVERSE LcAKAGE PROBABILITIZS00000010
FROM ANNULAR VOIDS IN CYLINDRICAL REACTORS 00000020
MAIN PROGRAM . - o 00000030

DIMENSION X(ZO"Z(100)'P1(20v100)tPZ(ZOrlOO)’P3(201100)’PRUB(ZO 1000000100
10) ,U(5),W(5),T(20),P4(20,100),PHI(100),AVG(20),PMS(20),AFX{(20),AFX00000200
25(20) ,PHX(40), PM7(40),HG(40)1PHY(40) SIG(20)+CON(20)+AFLUX(3) +54M700000201

3(3)+54W0(3) 00000202
51 READ INPUT TAPE 5:1¢Me(PHI(J)eJ=1,M) 00000400
1 FORMAT(I12/7(6E12.8)) 00000600

52 READ INPUT TAPE 5,57 ,NSNyMM, MAX,EPS, (PHX({MI)sMI=1,MM), (PMT{M1),MI=0000061i0

11,MM) , (WO(MI)yMI=1,MM) 00000611
57 FORMAT(3112,E12.8/(6E12.8)) 00000620
S0 READ INPUT TAPE S5+55sRs XMAX,XMIN,CURLsN 00000700
55 FORMAT(4F12.8,112) 00000710

100 READ INPUT TAPE 5,101, (AFLUX(I)sI=1,3),(S4M7(I)+I=1,3),(S54W0(]I),I=00000750

11,3) 00000751
101 FORMAT(6E12.8) 00000760
WRITE GUTPUT TAPE 6y6sRsXMAX,XMIN,CORL,NIM 00000800

16HTHE FOSDICK CODE///2X+22H* = = INPUT DATA 00000900
1# « #//2X,19HCYLINDER RADIUS, R=F8 5//2X,31HRADIUS OF MEDIUM (MAX 00000901
2)y X-MAX=F8.5//2X931HRADIUS OF MEDIUM (MIN ), X-MIN=F8 5//2X.19HCY00000902
3LINDER LENGTHy L=F8.5//2X325HNUMBER OF X INTERVALS, N=12//2X,26HNU00000903

6 FORMAT(1HO 2X,

4MBER OF AXIAL POINTS, M=13) 00000904
WRITE OUTPUT TAPE 6,59,NSN 00001600

59 FORMAT(//2Xs14HORDER OF SN = I2) 00001610
WRITE OGUTPUT TAPE 6y584EPSyMAX,y (PHX(MI ) 4PMTIMI) 4 WO(MI) 4MI=14MM) 00001700

58 FORMAT(///72X924HCONVERGENCE CRITERION = F9 654X,22HMAX NO IT&RATO00001800

1IONS = 13/74X,12HANGULAR FLUX5X, 1THDIRECTION COSINz-S5X,13HPOINT WE00001801
2IGHTS/(4X9512:698X4F9.6,F20 6)) 00001802
WRITE OUTPUT TAPE 6,102, (AFLUX(I)yS4MT(1)¢S4NO(I)yI=1+3) 00001850

102 FORMAT(//2X931HS-4 FLUXES FUR DBSQ CALCULATION/4X,12HANGULAR FLUX500001860
1Xs 1THDIRECTION COSINESSX, 13HPOINT WEIGHTS/(4Xycl2 6,8X,F9.6,F20.6)00001861

2) 000018¢2
U(1)=-.9061798 00001900
U(2)=-:5384693 00001901
ui3)=0.0 00001902
Ul4)=.5384693 00001903
U(5)=:9061798 00001904
W(l)=,236927 00001905

08717724
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1199 FOSDICK - CODE FOR CALCULATION OF TRANSVERS: LEAKAGE PROBABILITIES 08/17/24 PAGE 2
W(2)=,4T78629 : : 00001906
Wi3)=.568889 : 00001907
W(4)=-478629 00001908
W(5)=.236927 00001909
CALL ANGLE (PMT7,PHX WO ,PMSoAFXsNSNyL) ; 00002000
CALL NORM (U WsPMS,AFX, L AFX5,AFX4%) 00003010
CALL GPESC {(RyXMAXyXMIN,CORLyNyMyU,WoPHI,LsPMS,AFXS5,X,T9AVG,2Z,P1,P00004220

12:,P3,PROB,P4,AFX4) 00004221
CALL DBSQ (RyMMyNsXoAVGyCPSyMAXySIGMA,CONV,SIG,CONsAFLUX»S4M7,540 0300009420
1) 00009430
DG 308 I=1,N 00012650
WRITE CGUTPUT TAPE 6,7T(I),AVG(I),CON(I),SIG(I) 00012700

7 FORMAT(//72X36HFOR T=F7 446X,44HAVERAGE ESCAPE PROBABILITY, PC-ANIS00012800
1OGTROPIC =E12.5/7/22X514HCONVERGENCE = F9.7,6X,15HSIGMA (DBSQ) = F9 00012801

2777) 00012802
WRITE GUTPUT TAPE 649 00013000

9 FORMAT(1H +8Xy1HZy13X»2HP1y15X92HP2915X9s2HP3415Xy2HP4415X,2HPC) 00013100
DG 308 J=1.M 00013300
WRITE OUTPUT TAPE 6910,Z(J)sPLl(I,J)sP2(14J)4P3(I,4J),P4(I,J),PROB(I00013400
1,J) 00013401
10 FORMAT(F13.545E17.5) 00013600
308 CONTINUE 00013700
IF DIVIDE CHECK 44,45 ' _ 00013800

44 CALL DuMP 00013900
45 GO TO 50 00014000

END(14040+40909041904041,0,0,0,0,0)

LE 98eg
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STORAGE NOT USED BY PROGRAM

DEC ocT DEC ocTt

11014 25406 32561 77401

STOGRAGE LOCATIONS FOR VARIABLES APPEARING IN DIMENSIGN AND CQUIVALENCE

DEC acT DEC oct DEC ocT
AFLUX 10483 24363 AFX5 10703 24717 AFX 10723 24743 AVG
CGN 10503 24407 Pl 10474 24352 P2 8474 20432 P3
P4 2474 04652 PHI 10863 25157 PHX 10683 24673 PHY
PMT 10643 24623 PMS 10743 24707 PRCB 4474 10572 S4MT
S4W0 10477 24355 SIG 10523 24433 T 10883 25203 U
WO 10603 24553 W 10888 25210 X 11013 25405 z

DEC ocT DEC oCct DeC acT
AFX&4 474 00732 CONV 473 00731 CORL 472 00730 EPS
' L 470 00726 MAX 469 00725 MM 468 00724 M
N 466 00722 NSN 465 00721 R 464 00720 SIGMA
XMAX 462 00716 XMIN 461 00715

SYMBOLS AND LOCATIONS FOR SOURCE PROGRAM FORMAT STATEMENTS

EFN  LGC . EFN  LOC EFN  LOC
8)1 1 00712 816 6 00677 8)7 7 00531 8)9
8)A 10 00471 8)1N 55 00703 8)1P 57 00707 8)1Q

8)1R 59 00617 8135 101 00701 8)36 102 00557

LOCATIONS FOR OTHzR SYMBOLS NOT APPEARING IN SOGURCE PROGRAM

DEC GCT DEC acr DEC acT
2) 295 00447 3). 299 00453 4) 32767 TIT717 6)

c)e2 459 00713 clio0 460 00714 D) 20K 241 00361 D) 30K

LOCATIONS OF NAMES IN TRANSFER VECTCR

_

1199 FOSDICK - CJCC FOR CALCULATION OF TRANSVERSE LEAKAGE PROBABILITIES 08/17/24

STATEMENTS

DEC
10763

6474
10563
10480
10893
10993

STORAGE LOCATIOGNS FOR VARIABLES NOT APPEARING IN COMMON, DIMENSION, OR EQUIVALCNCE

DEC
471
467
463

ZFN
9
58

DcC
305
240

ocCy
25013
14512
24503
24360
25215

‘25361

STATEMENTS

oCcT
00727
00723
00717

Lac
00503
00612

ocT
00461
00360

PAGE 3
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1199 FOSCICK -~ CODE FOR CALCULATION OF TRANSVERSE LEAKAGE PROBABILITIES 08/17/24 PAGE 4
DEC acr DEC oct DEC acT beC acTt

ANGLE 5 00005 DBSQ 8 00010 Dump 9 00011 GPESC 7 00007

NORM 6 00006 (FIL) 4 00004 (FPT) 0 00000 {RTN) 2 00002

(STH) 3 00003 (TSH) 1 00001

'ENTRY POINTS TO SUBROUTINES NOGT OUTPUT FROM LIBRARY

ANGLE DBSQ DUMP GPESC NORM (FIL) (FPT) (RTN’
(STH) (TSH)

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING. INTERNAL FORMULA NUMBERS AND OCTAL LOGCATIGNS

EFN IFN LacC EFN IFN LacC EFN IFN Lac EFN IFN LOC
51 14 00017 52 20 00034 50 32 00075 100 34 00113
308 81 00431 44 83 00443 45 84 00446 :
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1199

200
201
202
203
204
205
206

207
208
209

- 100
101
21C

212
213
214
215

21¢
217

218
218
220
221
102
222
223

225
103

SUBRCUTINE ANGLE (PM7,PHXsWO,PMSyAFXsNEN,L)

0C0C2001

CIMENSIGN PM7(40),PHX(4C),W0(4C),PMS(2C),AFX(2C),SLML1(1C),SUM2(10)0C0C2002

1,AFX0(20),PNMU(20)

FM=(NSA=(NSN+2))/8
L=NSN+3
LM=(L+1)/2
LLM=LM-1
PMU(1)=1.CCCO
PMUILM)=0.C
"PMU(L)==-1,CCO00
0C 208 LA=2,4LL¥V
MI=MM+2-LA
PMU(LA)=PMT(NM])
LE=(L=-3)/2

CO 210 LA=1,LE
LAL=LA+(L+3)/2-1
MANM=MM=LE+LA
PMU(LAL)==FMT(NMAM)
CG 212 N=1,10
SUM1(N)=0.C
SUM2(N)=0.C
NS=NSN72

J=1

K=C

CO 222 N=1,NS
J=J+N-1

K=K+N

CG 219 MI=J,K

SUMLIN)I=SUFMLIN)I+PHX(MI)#WA(MI)
SUM2(N)=SUNM2(N)+WOA(MI)
AFXO(N)=SUML1(N)/SUM2(N)

AFX(N+1)=AFXO(N)
M=L=N
AFX(M)=AFX(N+1)

00CC2003
0C0C2010
0C0C2012
0C0C2014
cCoC2016
cgoczo01s
0C0C2020
0CcCC2022
0C0C2024
0C0C2026
0C0C2028
00002030
ccccz032
0€0C2033
0CCC2034
00002035
06002036
00002037
000C2038
60002040
000C2042
0C0C2044
0C0C2046
0C0C2048
0C002050
0C0C2052
0C0C2054
000C2056
000C2058
€C0C2060
0C0C2061
0C0C2062

XPX={CATANF(SCRTF(lo=(PM7(MM))%%2),PMT(MM)) )/ (CATANF(SCRTF(Lla~-(PMT000C2064

LIMM=1))u22) ,PMT(MM=1) )=CQATANF(SQRTF(1e=(PMTIMM) )%22),PNT(MNM)))
224 AFX(1)=AFX(2)=XPX#{AFX(3)=AFX(2))

AFX(L)=AFX(1)
MAL=MM=NS+1

000C2066
000C2068

0cocz2070
00002071
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104
226
227
228
229
23C
231

233

232

MA2=MM-NS+2 0C0C2072
ACM1=CATANF(SQRTF(le={(PMT(MAL))%=2),PMT(MAL)) 000C2073
ACM2=CATANF(SCRTF(1e=(PMT(MAZ))#=2),PMT(MA2)) 00002074
AFXLC=AFX(LLM) CC0C2076
AFXHI=AFX{LLM)}+(AFX(LLM)-AFX(LLM=1))#(1,5707963-ACM1)/(ACM1-ACNM2) 00002078
GAMMA=(0,5 , 00002080
AFX(LM)=AFXLC+CAMMA®(AFXHI-AFXLO) 000c2082
DO 233 LA=1,L ccocz2083
PMSILA)=SINFIQATANF(SQRTF(1le=(PMU(LA))*%2),PMU(LA))) 0C002C84
WRITE CUTPUT TAPE 6+232,(PMSILA),AFXILA),LA=1,L) 00002086
FORMAT(///2X+18k» = = QUTPUT #* » #//2X,21HANGULAR DISTRIBUTICN,5X,0C0C2087
14HSTNEGX,4FFLUX// (25X FEBa5,4X9EL1366)) 0co02088

RETURN 00002090
ENC(140405C90+9C9y140+091,0,C40,4C»0)
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1199

AFXO0

STCRAGE LCGCATICNS FOR VARIABLES NOT APPEARING IN COMMON,

ACM1
GAMMA
LA
MAL
MM

X F X

8)78

1)
3)
C)G5
C)G9

CATAN
(STF)

CEC
509

cCT
007175

STORAGE NCT

CEC oCcT

32561 77461

USED BY PROGRAM

08715764 PAGE

STORAGE LGCATIGNS FOR VARIABLES APPEARING IN DIMENSICN AND ECUIVALENCE STATEMENTS

CEC
488

CEC
448
444
440
436
432
428

EFN
232

CEC
415
412
421
425

CEC

W) -

eCcTy
00750

eCT
go7CcC
00674
00670
00664
006¢6¢C
00654

LeC
00633

ecr
00637
00624
00645
00651

eCT
00GC1
oocc3

PMU

ACM2
J

LE
MA2
Y

LEC acT
4¢8 C0724

CeC ofon)
447 Q0677
443 C0¢73
439 00667
435 00¢€63
431 00é57

SLM1

AFXHI
K

LLM
MAM

N

DEC
5C8

CEC
446
442
438
434
430

CCT
CC774

DIMENSION,

CCT
CC676
C0672
CCo666
CC662
CC656

SUM2

AFXLC
LAL
LM

M

NS

SYMBOLS ANC LCGCATIONS FOR SGURCE PROGRAM FORMAT STATEMENTS

EFN Lac

EFN

LCCATIOGNS FOR OTHER SYMBOLS NOT APPEARING

2)
CiGcl
C)Gé¢
CIGA

CEC acr
379 00573
418 C0¢42
422 00646
426 00652

3)
C1G2
C)G7
C)GC

CEC
385
419
423
427

LoC

IN SCURCE PRCGRANM

eCcT
0Cé601
0C643
CC647
CC653

LOCATIONS GF NAMES IN TRANSFER VECTCR

SIN

CEC acT

2 €0C02

SCRT

CEC
0

eCcTY
cCocCo

6)
CiG4
c)Gs

Ciiov

(FIL)

CEC
498

GR EQUIVALENCE

CEC
445
441
437
433
429

EFN

CEC
389
420
424
196

CeC

cCT
00762

STATEMENTS

ecT
00675
0C671
00665
00661
00655

LaC

eCcT
00605
00644
00650
00304

ecT
00004

2

-
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CATAN

EXTERNAL FORMULA NUMBERS WITH CORRESPONCING INTERNAL FORMULA NUFMBERS 'ANC OCTAL LOCATICNS

EFN
2CC
204
208
210
215
219
222
1C3
228
233

IFN
3
9

14
19
25
31
35
39
43
48

SIN

Lec
00123
00163
00204
00250
00274
00323
00341
00416
00472
60525

ENTRY POINTS TO SUBRCUTINES NOT OUTPLT FROM LIBRARY

SQRT

EFN
2C1
205
209
212
21¢
22C
223
104
228

IFN
¢

10
15
22
27
32
36
40
44

(FIL)

Lac
colac
00165
c0211
00260
00305
0033¢
00347
00424
00474

(STH)

EFN
202
206
1C0
213
217
221
224
226
230

IFN

7
11
17
23
28
33
37
41
45

Laec
CC145
CClé7
€C225
C0264
CC311
CC333
CC4C3
CC431
CcC510

EFN
203
207
1C1
214
218
102
225
2217
231

08/15/64 PAGE 4
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8
13
18
24
30
34
38
42
46

Lac
0C156
00176
00242
00272
00317
00335

00413

00451
00512
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56
46

48
49
54

55"

4C
42

43

SUBRCGUTINE NCRM (UsW,PMS,AFX,L,AFX5,AFX4)
CIMENSICGN U(5),W(5)3PMS{20),AFX(2C)AFX5(20)
AFX4=0,0

DO 40 K=1,5

Al1=(3,1415926/2.)#({1,+U(K))

CO 49 LA=1,L

IF(PMSILA)-SINF(AL11))4G,54,54

CONTINUE

Al2 = (PMS(LA)=-SINF(A11))/(PMS(LA)=-PMS(LA-1))
AFX6 = AFX(LA)-A12#(AFX(LA)-AFX(LA-1))

AFX4 = (361415G265/4,)#SINF(ALL)=AFXE=R(K) + AFX4
DO 42 LA=1,L

AFXS5(LA) = AFX(LA)/AFX4

WRITE CUTPUT TAPE 6:43,AFX4

FORMAT(//2Xy44HANGULAR CISTRIBUTIOGN NORMALIZATION FACTCR

RETURN
ENE(I'O'O'O’O'C’l?O.O’IQOQCQCQC'O)

cC0C3011
0€0C3012
CCCC3098
ccoc3100
0€0C3200
0C0C3300
0C0C3400
0C€003500
0CC03600
6C003700
0C004000
0C004100
0C0C4200
0C004205
06004206
0C004210
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STORAGE NCT USED BY PROGRANM

CEC ecT CEC ocT
173 00255 32561 77461

STCRAGE LCCATICANS FCR VARIABLES NOT APPEARING IN COMMON, DIMENSICGN, OR EQUIVALENCE STATEMENTS

CEC ecT CeC acrT DEC cCT CEC ecT
All 172 002:4 Al2 171 00253 AFX6 170 cc252 LA 169 00251

SYMBOLS ANC LCCATIONS FOR SOURCE PROGRAM FORMAT STATENMENTS

EFN LecC EFN LacC EFN LoC EFN Lac
8)18 43 C0242

LOCATIONS FOR OTHER SYMBOLS NOT APPEARING IN SOURCE PRCGRAM

CEC aCcT CEC acT CEC cCT CEC cCT
1) 165 00245 2) 129 co0213 31 141 0C215 6) 147 00223
9) 163 00243 C)GC 167 C0247 C)G1 168 €C250 C)407 81 00121
E)3 70 001Gé6 E)é 80 C0l2¢

LOCATIONS GF NANES IN TRANSFER VECTCR

CEC ecT CEC acT DEC ccT CEC ecT
SIN 0 0cCCo (FIL) 2 00C02 {STH) 1 €co01l

ENTRY POINTS TCO SUBRCUTINES NOT CUTPLT FROM LIBRARY

SIN (FIL) (STH)
EXTERNAL FGRMULA NUMBERS WITH CORRESPONCING INTERNAL FORMULA NUMBERS ANC GCTAL LOCATIGNS

EFN IFN Lac EFN IFN Lac EFN IFN LOC EFN IFN Lac
56 6 00Cs60 4¢ -7 00061 48 9 CC073 49 10 00115
5S4 11 0C1z22 5 12 C0137 40 13 CCl47 42 15 00174

i 8deg
©9-6-6
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1196

67

68
6S

7C

71

6C

11
12
B
14

23

25
36
2¢
217
15
17

SUBRCUTINE CGPESC (RyXMAXyXMINyCORL yNeMoUsWoPHIZLoPMS)AFX5,4X,T,AVG,0C0C4230

12,P1,P2,P3,PRCByP4,AFX4)

0C004231

CIMENSION U(S5),W(5),PHI(1C0),PMS{20)},AFX5(2C),X(20),T(20),AVG(20),0C004233

1z(100),P1(20,1C0)yP2(20,10C),P3(2C,100),PROB(20,10C0),P4(20,100)

AN=FLCATF(N)

D3 2 I=1,N

AI=FLCATF(I)
X{I)={(XMAX=XMIN)/AN)#ATI+XMIN
T(I)=X(I)=-R

CEN=0,0

AM=FLCATF(N)

CO 3 J=1,¥

AJ=FLCATF(J)

CEN=PHI(J)+CEN

Z(J)=(CORL/2s)2AJ/AM

€O 60 I=1,2C

CO 60 J=1,1C0

P1(I,J)=0.C

P2{1,J)=0.C

P3(I,J4)=0.C

P4(1,J)=0,C

UNM=0,C

CA8 53 I=1,N

C3 51 J=1,V

AL=CATANF({(X(I)=R),Z(J))
A2=CATANF(SCRTF(X(I)#»2=-Ru%2),72(J))
A3=QATANFISCRTFIX(I)#%2-R#%2),(Z(J)=CORL))
A4=QATANFI(X(I)=R),(Z(J)=-CCRL))
AT7=3,141592¢5

CO 9C K=1,5

A6=(A1/2o)2(1e4U(K))

CO 36 LA=1,L
IF(PMS(LA)=-SINF(AL))36,26,26

CONTINUE ’

A8 = (PMS{LA)}-SINF{A6))/{PMS(LA)-PMSILA-1))
AFX1 = AFXS(LA)-A8=(AFXE{LA)=-AFXS(LA-1))
Pl(I»J)=(A174,)=#SINF(A6)=AFX1#W(K)+P1(I,J)
AS5=((A24A1) /2 )4((A2-A1)/2.)%U(K)

CA 37 LA=1,L

00004234
€C004250
0C0C4300
CC0C4350
00004400
0C004500
0C0C4600
00004650
0C004700
0C004750
000GC4800
000C4900
0C004908
0C004909
00004910
0C004911
00004912
00004915
CC0C4950
000c5000
6CCC5100
0C0C5200
0C0C5300
0C005400
0C0C5500
0C0C5600
gcocs5700
0c0Ccs5800
0cogsslo
0C0C5820
0C005830
0C0C5840
0C005900
000C6000
CC0C6600
€C006610
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29
37
3¢
31
18

19

33
38
34
35
2C

4
88

4C
36
41
89
90

5

85

5C
56
8C
51
52
53

|

IF(PMS(LA)=-SINF(AS5))37,20,3C

COANTINUE '

A9 = (PMS(LA)-SINF(AS))/(PMS(LA)-PMS(LA-1))
AFX2 = AFXS(LA)=A9x(AFXS(LA)=-AFXS5(LA-1))

0C0C6620
0C0C6630
0CQaCs640
000C7100

Cl=((1le=(X(I)/R)#22)=COSF(AS)/SINF(AS)+((Z(J)/R)==2)=SINF(AS)/CCSFOC007400

1(A5))/(2.2Z2(J)/(=R)) ‘ s
21 P2(14J)=((A2-A1)/6,2831853)#SINF{AS)#AFX2%#(1e57C7963-(CATANF(SQRTF0C007600
1(1o=C1l#22),C1)))e#W(K)+P2(I,J)

B5=((A4+A3)/2)+4({A4=A3) /2, )#U(K)

"CO 38 LA=1,L

IF(PMS(LA)-SINF(BS))38,34,34

CONTINUE

AlC = (PMS(LA)-SINF(BS5))/(PMS(LA)=PMS(LA-1))
AFX3 = AFXS(LA)=-AL1C#(AFXS5(LA)-AFXS5(LA-1))

gcoc7500

0C007601
00007800
0C007810
00007820
0C007830
€C007840
000C8300

Cl=((1e=(X(I)/R)#=2)=COSF(B5)/SINF(BS5)+(((Z(J)-CORL)/R)##2)%SINF(BOCOC8B600

15)/CCSF(BS) )/ (2% (CORL=-2Z(J))/R)

ccocev00

P3{I,J) = ((A4=A3)/6.2831853)#SINF(B5)*#AFX3%(1.5707963-CATANF(SCRTOCOC8B800

1F(le=C1%##2),C1l))#W(K) + P3(I,J)

B4 = ((AT7+24)/2e) + ((AT=-A4)/2,)2U(K)

CO 39 LA=1,L

IF(PMS(LA)=-SINF(B4))39,41,41

CONTINUE '

Al3 = (PMS(LA)=SINF(B4))/(PMS(LA)=PMS(LA~1))

AFX6 = AFXS(LA)-AL3#(AFX5(LA)-AFX5(LA=-1))

P4(1sJ) = ((AT=24)/4c )#SINF(B4)*AFXO62W(K)+P4(],J)
PRCB(IsJ) = PLUIoJ) + P2(I,J) + P3(I,J) + P4(I,J)
IF{PRCE(I,J))55,451,50

PRCB(I,J)=Cs0

Ge TC 51

IF(PROB(L+J)=-140)051,51,56

WRITE CUTPUT TAPE 6,80,PROB(I,J)
FORMAT(//3X+28FERRORy ESCAPE PROBABILITY = FS.6//)
UNM=PHI(J)=PROB(I,J)+UNM

AVG(I)=UNM/CEN

UNFM=0,C

RETURN

ENC(1+Cy09C»09Cy14CyC»1,0,C»CyC»0)

0Cc008801
000C8900
0C0C8910
0C0C8920
000C8930
¢C0C8940
000C8950
0Cc0C8960
000Cs000
00009010
0€009020
00009030
0C0G9040
0c0C9cC50
0ceocsceo
0€009200
GC0CS300
0C0C9400
€C0C9410
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CEC
871

eCt
01547

STORAGE NCT USED BY PROGRAM

CEC

ecT

32561 77461

08/15/764 PAGE

STCRAGE LCCATICNS FOR VARIABLES NOT APPEARING IN CAOMMON, DIMENSIGN, OR EQUIVALENCE

AlC
A3
AT

AFX2
Ad
BS

I

8)2G

1)

9)
C)G3
D)4cCa
B)4CY
C)é6ca
ElS

ces
(FIL)

CEeC
870
866
862
858
854
850
846

EFN
80

CEC
832
830
841
266
576
265
574

CEC

acT
01546
01542
01526
01532
01526
01522
01516

Lec
01475

oCT
015C0
0147¢
01511
00412
011CC
00411
0107¢

acT
0cQc3
000GS

Al3
A4
Ag

AFX3
AM
C1

J

CEC
869
865
8¢1
857
853
84S
845

ocT
01845
01541
01535
01531
01525
01521
01515

Al
A5
AS
AFXé
AN
D1
LA

CEC
868
864
860
856
852
848
844

eCT
01544
01540
01534
01530
C1524
01520
Cl1514

A2
Ab
AFX1
Al
B4
CEN
UNM

SYMBOLS ANC LCCATIONS FOR SOURCE PROGRAM FCRMAT STATEMENTS

EFN

Lac

EFN

LOGCATIONS FOR OTHER SYMBOLS NOGT APPEARING

2)
c)GC
crioc
0)40F
C)al2
E)C
E)V

CEC
8C5
838
842
364
711
353
700

acT
01445
01506
01512
00554
01307
00541
01274

3)
C)Gl
D)208B
C)4CN
Cysce
E)G
E)1l2

CEC
809
839
331
438
563
363
710

Lec

IN SCGURCE PRCGRAM

eCct
Cl1451
01507
00513
CCb666
C1063
C0553
01306

LOCATIONS OF NAMES IN TRANSFER VECTCR

QATAN
(STH)

CEC
0
4

act
cocCcecC
00C04

SIN

DEC
2

ecT
ccoo2

6)
clG2
C)218
Cl4cP
Y507
EIM
EV14

SCRT

DEC
867
863
859
855
851
847
843

EFN

CEC
816
840
779
564
575
437
752

CEC

STATEMENTS
ecT

01543

01537

01533

01527

01523

01517
01513

Lac

ocT
01460
01510
01413
01064
01077
00665
01360

CCT
00001

6 98eg
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ces

EXTERNAL FORMULA NUMBERS WITH CORRESPONCING INTERNAL FORMULA NUMBERS 'ANC OCTAL LOCATIONS

EFN
67
70
11
23
27
37
21
34

88

89
50
53

IFN

2
11
25
31
36
41
45
50
54
59
65
70

CATAN

LecC
00263
00320
00412
00514
00572
00662
00764
011C1
01243
01325
01374
01422

ENTRY POINTS TO SUBRCUTINES NOT GUTPLT FROM LIBRARY

SIN

EFN
68
71
12
25
1S
3C
18
33
4C
9C
5¢

IFN

7
13
26
33
37
42
46
51
56
€0
66

SQRT

Lac
00275
00332
00424
00526
00602
00667
01031
01116
01261
01335
01401

(FIL)

EFN

69

3
13
36
17
31
33
20
39

5
51

IFN

8
15
27
34
38
43
48
52
57
61
68

(STH)

Loc
€C302
00342
00446
C0550
00622
00704
01050
01126
€1303
Cl1361
Cl414

EFN

2
60
14
26
29
i8
38

4
41
55
52

IFN

9
21
28
35
40
44
49
53
58
63
69

Laoc
00310
00362
00473
00555
00641
00714

01073

01175
01310
01371
01426
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1199 ’ : ‘ ) 08/15/64 PAGE 1

SUBRAGUTINE CBSC (RyMMyNyXsAVGSEPSsMAX,SIGMA,CONV,SIG,CCN,AFLUXS4M00C009421
17,S4WC) ’ ' 0C0C9422
DIMENSION X(20),AVG{20),SIG(20),CON(20) AFLUX(3),S4MT(3),S4KWC(3) 0C0C3425
10C R1=2,540005#R 000C9500
L0 8 J=1sN : 00010000
SIGMA=0,0 s 0C010054
NITT=0 00010056
105 R2 = 2,54C0005=X(J) 006010100
102 T = X{J)=R 06010150
101 Al = 6.2831853#R1 0C010200
103 A2 = 60.2831853%R2 00010210
104 V1 = 3,14159265+«(R2+R1)#(R2-R1) 00010220
107 € = 1,-AVG(J) y 00010230
106 NITT=NITT+1 00010600
SUM1 = 0.0 006010700
SUMZ2 = 0.0 0C€010710
SUM3 = (.0 ) V cC€Q1C750
Ca 113 I=1,3 00010800
113 SUMI = S4WC(I)=S4MT(I)=AFLUX(I)+SUML 0001C900
v 03 127 I=1,.,3 06011200
127 SUM2 = SHWC(TI)=SAMT(I)=AFLUX(I)*#((2,%#S4MT(I)»A1-SIGMA=V1)/(2,25S4M70C011300
1(I)=A2+SIGMA=V]) ) +SUM2 00011301
CG 114 I=1,3 00011400
114 SUM3 = S4WC(I)=AFLUX(I)#(S4MT(I)%22)/(22S4MT(I)=A2+SIGMA=V])=22+4S00011410
1UM3 0C011411
128 RR = A2/(A1=SUM]) 00011500
115 F = C-RR=SUNM2 ' €0011550
116 FPRIME = 2o%#RRuV1#(Al+AZ)=*SUM3 0C011600
117 SIGMA = SICMA~-F/FPRIME 00011700
118 COGNV = =-F/(FPRIME=SIGMA) 0C011800
119 IF(ABSF{CCAV)-EPS)120,120,122 00011900
122 IF(NITT-MAX)106,106,123 00012000

123 WRITE CUTPUT TAPE 6,124,T,CAONV,SIGMA . 00012100 5

124 FORMATU(///72Xs3FT =FB8e496Xy53HMAXIMUM NUMBER OF ITERATICNS EXCEEDED00012400 m

1, CONVERGENCE = F9e7/2X+8HSIGMA = FSe7) 00012401 %
120 SIG(J) = SICMA 0C012500

121 CGN(J) = COGNV p s 00012600 i
8 CONTINUE 00012610

RETURN ‘ 00012620 g

ENC(1,0909C902C919C5s0¢1505C»C»C50)-
oo
~J

79-6-6
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1199 08/15/64

PAGE 2

STORAGE NCT USED BY PROGRAN

CEC acry
296 0045¢C

CEC ocT

32561 77461

STCRAGE LOGCATICNS FOR VARIABLES NOT APPEARING IN COMMON, DIMENSIGN, OR ECUIVALENCE STATEMENTS

A1
NITT
RR

T

8)3S

1)
9)

(FIL)

(FIL)

CEC eCT
295 00447
291 00443
287 00437
283 00433

EFN LCC

- 124 00423

CEC ocT
277 00425
276 00424

CEC eCT
1 006€cC1

(STEk)

A2

C
SUMl1
vi

CEC oCcT
294 00446
290 00442
286 00436
282 C0432

FPRINME
R1
SuUM2

DEC CcCT
293 00445
289 0C441
285 00435

F
R2
SUNM3

SYMBOLS ANC LOCATIONS FOR SOURCE PROGRAM FCRMAT STATEMENTS

EFN LaC

EFN Loc

LECATIONS FOR OTHER SYMBOLS NOT APPEARING IN SCURCE PRCGRAM

2)
C)GC

LOCATIONS OF NANMES

(STH)

CEC oCcT
243 003263
281 00431

CEC acT

0 00CCO

3)
E)2

CEC eCT
247 CC367
103 CCl47

IN TRANSFER VECTCR

CEC ecT

6)

ENTRY PCINTS TO SUBRCLTINES NOT CUTPLT FRCM LIBRARY

CEC ecT
292 00444
288 00440
284 00434

EFN

LacC

CEC eCT
253 00375

CEC ecT

EXTERNAL FGRMULA NUMBERS WITH CORRESPONCING INTERNAL FOGRMULA NUMBERS ANC CCTAL LOCATICNS

EFA
1CC
1C3
113

IFN LCC
5 001¢2
12 00125
20 001¢2

EFN
105
104
127

IFN LacC
9 00114
13 00130
22 C0173

EFN
1C2
107
114

IFN Lac
10 CO117
14 0Cl43
24 CC224

EFN
101
1C6
128

IFN LocC
11 00122
15 00150
25 0C253

odeg
79-6-6

119
TehOT ¥aL ¥S VYN

L8 30




1199

115 26 00261
119 30 00320
121 35 00353

116
122
8

27 00266
31 0032¢
36 00355

117
123

28 CC302
32 CC333

118
120

08/15764

29 00310
34 00351

PAGE 3
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NO. _ NAA SR TDR 10421

® ATOMICS INTERNATIONAL DATE ____9-0-(l

A Division of North American Aviation, Inc. PAGE 57 OF___87

d. Sample Problem

INPUT - The following sample input data is for the calculation
of escape probabilities and DB2 for 1 to 4 inch void sleeves between
the S8ER core and surrounding water, and for 20 to 100 mil gaps between
the SNAP 10A core and reflector. The angular fluxes for the angular

distribution were calculated by the DTK S approximation for the S8ER

water flooded core surrounded by 3-inch viid sleeve and 6-inch water
reflector. The angular fluxes for the DB2 calculation were calculated
in the S8ER model by the DTK SL+ approximation for a 3-inch sleeve, and
in the SNAP 10A model by the DTF II SL+ approximation for a 50 mil gap.
The axial fission density distribution was calculated by the DTK Sh
approximation for a SNAP 10A-type reactor.(lg) FOSDICK is presently
set up to run multiple cases where the axial fission density distribu-
tion (not printed out) and the angular flux data for the escape
probability calculation is common to all cases. Only the geometry of
the void gap and the angular flux data for the DB2 calculation need be
respecified in successive cases. All data are entered in E12.8 format

except the integer data which is placed to the extreme right of the
data field.

719-P




e FORTRAN FIXED 10 DIGIT DECIMAL DATA @
DECK NO. PROGRAMMER DATE paGe__! of 8 JOB NO.
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
L. N D AT A
[
E;r,l i v &
[31 .
Egr . . . .
El_
[l_l Number of axizl points, M < 100
13
E P
EZ N
4!
E
: o 822 1 Axial fission density distribution (equal intervals over
@ .97 95 half core) arbitrarily normalized. Enter M values starting
25 1 19 72 from end of core to center,
Et 1 .22 24 Format (6E12.8)
E—\ l .33 00
ls! 1 .43 26 © =
e Lt S . o
: 1 «53 15 B F8
= 1..62 7.8 S
i 1 .72 20 ge
Bl | 1 .81 43 i
- N
Bl | 1. 0050 o
.. 9 v 5 o 3 o
= 1,..9.9.4% 2, ) s "
— — 00
114=C-17 ~J




DECK NO._____ PROGRAMMER

@  FORTRAN FIXED

I0 DIGIT DECIMAL DATA

DATE

PAGE_2%  of_O

JOB NO.

NUMBER

iDENTIFICATION

DESCRIPTION

DO NOT KEY PUNCH

240 82 0

A 2 a

2 .1 68 5

2 +2 53 O

L]
[
25
37] ;
- - N N
= .4 19 3
[e!] 2 .5 00 1.
' 2 «+ 5 79 5
E 2 . .6 .57 L .
23] 2 .7 33 9 .
37 > .8 08 8
E 2 .8 82 1
le] 2 .9 54 0 o
L] 3 .0 24 2
E
3 -0 92 8 .
@ 3 .1.59 8
7 3 ,2 25 1
- 3 .2 88 7
6l ¢ '
3 . ..3.50.6, . o
! 3 .4 10 8 o
L 3 .4 69 2
e 3 L5259 o
37| u)
£ 3 . .5.80 7 £
9
3 ...6.33.7 . 3
" 3 .6 84 9 3
114=C~17 _C\I])
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PROGRAMMER

FORTRAN

FIXED 10 DIGIT DECIMAL DATA

_»

DECK NO. DATE______ PAGE_3  of 8 JOB NO.
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
: 3 .7 34 >
L 3 .72 81 6 |
les 3 .8 27 1
Ex 2 .8 70 6
las| 3 .9 12 2
e} 3 .9 51 9
L] 3.989 6
[13] L ., 0 25 2
= 4 .. 0,58 9 .
7 L. 090 5
la9]
L .. 1.20.1
el b .1 47 6
: b ., 1. .73 0
['3) b .1 96 4
E—s-' L .. 2.1.7.6.
EI b ., 2 36 8
bf | 4. 2535 8 _
Cl =
b .. 2. 6.8, 72, . \lo:x;;
! b , 2 81 5 Qu
- b .2 92 2 S
25 4o
4L . 3 00 7 o
7 - i a e
b ,.%3.0.7.0 g
el b .. 3 11 3 o
L)
E_'. 4.3 13 3 o 1.2 -
114=C =17 ~J




® FORTRAN FIXED 10 DIGIT DECIMAL DATA »
DECK NO. PROGRAMMER DATE PAGE_4 _of_8 JOB NO.
NUMBER | IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
' R Y Order of S,, NSN € 16 ‘ :
Ei o _ Number of Angular Fluxes, MM = NSN(NSN+2)/8
= e Maximum No. of iterations in DBSQ, MAX
L .00 00 1 Convergence criterion on DBSR, EPS; Format (E12.8)
9
6l
LL 5 071 38 Angular Fluxes from DTK/DIF II calculation.
2 3 6,‘9 6 6 9. These values are group-summed, forward-angle fluxes at
i 1 5. 0.6.2.9 the core/void boundary.
el L 2 71 38 Enter MM values corresponding to appropriate direction
5 50 68 89 cosines.
s 17 4s 42 Format (6E12.8)
' [# 6 55 07
13
3.7.82.0.7
24 |8 521 00
3 |20 81 33
4
4. 8,9,0,01, .,
& 13799 .89 ¥
]
] |6 077 08 &
B {1187 438
25 g
2.2.9.6.0.7 o
Bl |s 2> 40 73 ®
& L 2 66 09 %\
6! )
b4 68 .53, .22 L . 1.6,
oo
114=C =17 ~J
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@  FORTRAN FIXED 10 DIGIT DECIMAL DATA ®

79-6-6

TZHOT ¥AL ¥S VYN

DECK NO._._.. ... .. 'PROGRAMMER DATE_________ PAGE 5 of 8 JOB NO.
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH

L] 8 152 55
B la.75.8.7.8.
l2s 51 4 22
[— . -‘1 4 i‘O ‘84 Sy Direction Cosines, forward directions from
o .17 Lo 8 DTK/DTF II data. Enter MM values (in this order only).
et .46 05 7
{1 .17 40 8
E .4 605 7
[2_5‘ .‘6 24_7 6 5
EZ .1 7 Lo 8

! .46 05 7
et e 0. 2. 7.6 5
L ..2.5.872.9
Ei .1 7 40 8
z .4 605 7
37
[~ . ..6.2.76.5
t 7.5.87.9
E’l ._8 7 03 9
: .17 4o 8
13

LU 6,05 7

i .62 765 -
i .7587 9
=] .87 03 9
12 _..9.6,92.2, . . . L

114=C—=17

,4Q 10 29 e8eg



DECK NO.

FORTRAN  FIXED

10 DIGIT DECIMAL DATA

PROGRAMMER DATE_____ PAGE 6 of 8 JOB NO.
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
L R - B, T B . - N Sp Point Weights from DTK/DTF II data.
[Ei .02 84 5 N Enter MM values corresponding to direction cosines.
EE .02 84 5
[—31 ..0.2.26 .9,
- 2 01 73 .7
!E_' .. 0 2 2 6 -9 -
[.L , .02 26 9
13
..0.1.521 4 .
E§ .01 51 & R
E M 2 26 9
ol
E ..0 8.4 5.
Iﬂ‘ .. 0 73 7
IL . 1 51 4
2 . 73 7
i . 8.4 .5
.03 18 8
lao] 0284 5
61 ]o =
A 2.6. 9. . e 2.3 b
I-'-( . 26 9 &t
s . 84 5 rug
2 .03 18 8 kS
pr S
Eg_
» o
[ 2
. . T . 2. b, ey
114=C =17
B e S ¢ IR -




79-6-6

& FORTRAN FIXED 10 DIGIT DECIMAL DATA
DECK NO. PROGRAMMER DATE PAGE 7 of 8 JOB NO.
NUMBER {DENTIFICATION DESCRIPTION DO NOT KEY PUNCH

: Lo, 7 1.4k 1.7, Core radius, R (inches)
- 8 +7 14 17 Maximum reflector radius, XMAX (inches)
Eé b .7 1 4‘ 17 Minimum reflector radius, XMIN (inches)
37

14 ,0.0 . Core length, L (inches)
EEP Number of gaps, N < 20 (each using same axial and
Bt o - X angular distributions input)
LL .0 21 85 11
13 $

L,.0.16.89.,9.13 S) Angular Fluxes, (3 values)
2 1.0 30 06 21
1 1.3 33 33 33
: ?

« 3 .%.%.%3. .33 { 2 S, Direction Cosines, (3 values)
B |.8 81 91 71 ’
[|— .1 66 66 66
o .1 66 66 66 }'Sh Point Weights (3 values)
29 1.1 .66 .66 66
491
6l ‘ - -
|

44A° > . R Second Case
i L ., 6 XMAX
e b .5 XMIN
37
BY 1,5, .25 b
= . N
(¢!
I R N .

TeHOT ¥AL ¥S VYN

48 ;O.}?9 ased



FORTRAN - FIXED |0 DIGIT DECIMAL DATA

DECK NO. PROGRAMMER DATE PAGE_B _ of B JOB NO.
NUMBER ~ IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
Il «.0 35 01 _ 32, 35 . w
['—3 .0 30 91 04 O S, Angular Fluxes
s} |.0 52 03 14 o
Bl 1.5 33 33 33 3 )
Sl [.3 33 33 33 3 5 A % 5, Direction Cosines
6 |
] [.8 81 91 71 o : e )
' .1 66 66 66 7 D
Bl 1.1 66 .66.66_7 S, Point Weights
B |.1 66 66 66 7
&
49|
]
L]

13
|
37
4
e . . O =
& L E
: & — . 1
| O\ N
=
13 g
o
25 &
P . . fa O
E D £
i o
E:J A\
o
e i
A 2 2 Y A i — Y A 2 A il s m
: X

114=C =17




NO. NAA SR TDR 10421

ATOMICS INTERNATIONAL DATE ___2-0-6¢

A Division of North American Aviation, Inc. PAGE 66 OF. 87

OUTPUT - The following sample output should be guite self-
explanatory. When running multiple cases, each new case begins with
"THE FOSDICK CODE"; all input data, whether common between cases or
not, is printed out for each case. All spatial dimensions are in inches,
and SIGMA (DBSQ) has units of cm—l. The execution time for this problem

was 32 seconds on the IBM 7094 computer.

719-P




LCWEST CCMMON LOC.

# CATA
BEGIN LCADING

NAME LOAD ENTRY

C000CC 00200 00212
cBSQ 30627 30635

(FPT) 31277 31306
XCUMP 31501 31511
EXIT 32503 32511
(CDXC)*#32550+32571
(IDCC)#32550#32562
(FTC) 32550 32643
tJCBN)#32550%325¢63
(FIBBX 32550 32375
SIND 32646232653
CCSD #32646u3265¢
ECSCRT*33074%33177
ARCTAN=#33205%33311
ECQTAN®33205%33442
PAKUF) 33455 33673
(SESC) 34027 34027
(RDS) 34033 34145
(REW) 34033 34151
(TCC) 34033 341¢2
{STC) =34033#341¢4
(SOL) =34033#34155
(STH) 34317 34334
(WTC) 34457 34522
(FIL) 34745 36641
(YTOP)=#3731323731¢

BEGIN EXECUTICN

NAME LOAD ENTRY

ANGLE 25606 25617

SUBRCGUTINES LCACEC FROC¥ LIBRARY,

«FPTRP#3127723120¢6
{KEYS) 31501 315C7
(TES) 22550 32554
{TAPU) 32550 32561
(WCCT) 32550 32566
(NUSE)®»32550#32573
(BOXN)*#32550#325¢64
SIN 32646 32666
cas 32646 32660
ECSIN #32¢46%33C54
EPSQRT 23203 33203
ATAND =33205%#33212
EPQTAN 332446 33446
ERRGC *33455%34C14
(ESCO) 34C30 34C3C
(WRS) 34033 34146
(ETT) 34033 34156
{TRC) 34033 34163
(LCH) #34033#34165
(UBCC)*34033=34166
(CNTV)#34317234370
(RER) 346C0 34612
(RTN) 34745 36652
(YREG)#37313#37217

( 77461)8 HIGHEST PROGRAM LCC.( 37317)8
Cl-44-12

01-44-03

08/15/64
NAME LOAD ENTRY

NORM 26603 26612

DumP 31501 31527
DDUMP =315C01%#31523
(CDIN) 32550 32567
(CTES) 32550 32555
(CTJB)=3255C0%32570
(CATE)#32550#32560
(LSEC)#32550%32565
SINE #32646%32666
COSINE®#32646232660
EPSIN 33061 33061
ATN1 #33205#33311
QATAN 33205 33220
ESCORT 33455 33471
(ESOUT 34023 34025
TRAPEX 34031 34032
(BSR) 34033 34147
(RCH) 34033 34160
(RUN) 34033 34152
(BSF) #34033#34153
(I0U) 34243 34246
(CNTL)=*34317%34376
(RDC) 34600 34647
PRINT) 37026 37026
(CTAPE 37313 37315

STCRAGE NCT USEC BY PRCGRAN,

0CCCCOolo

NAME LOAL ENTRY

GPESC 27060 27072

PCUMP #31501#31517
(KIKL) 31501 32116
(LEUT) 32550 32572
(TCRT)#32550%32557
(WFT) 32550 32576
(TIME)=32550%32556
(BACAl 32550 32574
SINL #32646%32666
CCS1 =32646%32660
SERT 33074 33101
ATAN #33205#33311
CATAND®#33205%33222
ESCSWT233455%34011
(ESCFI 34023 34026
(ICS) 34033 34037
(WEF) 34033 34150
(TEF) 34033 34161
(BTT) #34033x234157
(SCF) #34033%34154
(TSH) 34267 34275
{WER) 34457 34472
(ICk) 34745 34753
(SCRTV 37313 37314

{ 40141)8
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THE FCOSCICK CCCE

# % x INFUT CATA = = =

CYLINDER RADIUSs R= 4,71417

RACIUS COF MECIUM (MAXe)y X=MAX= BoT71417

RADIUS CF MNECIUM (MINe)y X=MIN= 4,71417

CYLINDER LENGTH, L=14,00C00

NUMBER OGF X INTERVALS, N= 4

NUFMBER CGF AXIAL FOINTS, M= 60

GRCER CGF SN = 12

CCNVERGENCE CRITERICGN = 060CO001C
ANGULAR FLLUX CIRECTICN CCSINES
0e507138E-C2 0.174C8C
Ce369669E-C2 0s174C8C
Ce120629E-01 0460570
Ce427138E-C2 0.174C8C
Ce50688GF=-02 0.460570
Cel74542FE-C1 0627650
0e4655CT7E~-C2 0.174C80
Ce3782C7E~C2 0460570
0« 8521CCE-C2 C.62765C
0e208133E-C1 C.75879¢C
0e4890C01E-02 0.174C8C
Ce379989E~C2 0e46057C
0s4977C8F-C2 0.627¢£5C
Cel18748E-C1 Ce75879C
Ce2296C7E-C1 0870290
Ce 524073E-C2 0.174C8C
0.4266CSE~-02 0e46C57C
Co446853E-C2 0.627650

MAXe NOCo

POINT WEIGHTS

0.031€E8C
C.02845C
C.C2845C
C.022¢SC
C. 017270
C.022¢50
Ca.022¢€65C
0.015140C
Co01514¢C
C.C22¢SC
C.C2845C
C.017270
CsC1514C
C.Cl727¢C
C.0284%C
C.031€€0
C, 028450
C.C22¢9¢C

ITERATICNS

Q9 88eg
79-6-6
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00 815255E~-02 0758790 C.C22¢80
Cel75878E~-C1 0.87039¢C C. 028450
0e251422E-C1 0969220 C.031€80C
S=4 FLUXES FCR CBSC CALCULATION
ANGULAR FLUX CIRECTION COSINES POINT WEIGHTS
C.218511E-0Q1 00333233 Co166¢€67
C.168993E-C1 0,333233 Co166€€7
Ca300621E~-C1 0.881917 Colb6€ET
# # % QUTPUT # = =
ANGULAR CISTRIBUTICN, SINE FLUX
‘Co 0024‘0553E"’02
C.24¢20 C.507138E-02
C.4923¢ C-.78797SE-C2
Co65134 C.S2589¢E-02
C.7785¢C C-10C897E-0Q1
Ce88762 Cal06759E-0C1
Ca98473 C-113C02EE-C1
1.00C00 Ce114835E-01
CeS98473 C-113028E-01
C.88762 C.106759E-C1
Ca7785C C.10CGS7E-C1
Ce65134 CoG2589¢E~-02
Ce4923¢6 Co787979E-C2
Ce24¢20 «S07138E-02
Co Co244553E-C2

ANGULAR CISTRIBUTICN NCRMALIZATIGN FACTOR = (0.10CC49E-01

FCR T= 1,C00C AVERAGE ESCAPE PRCBABILITY, PC~ANISQGTRCPIC

CCNVERGENCE = 0eCCCCCC2 SIGMA (DBSQ)
z Pl p2 P3

Coalléé? 0.,42880E-0C Ce 1ECB4E-C1 0. 85452E-C3

Ce23333 0. 3€584E-00 00 34464E~-C1 C-€7121E-C3

n

Co46621E-01
C.C1C7013
P4

C.38179E-C3
Co38883E-C3

PC
0.44812E-CO
0.4C156E-CO

69 8deg

Jo

43

49-6-6
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Ce35CCO
Ce4b6667
0.58333
Ce 70CCC
Ce 81667
Ce93333
l.05CCO
1le16667
128333
1.40CCO
151667
163333
1. 75CC0
la 86667
1.98333
2010CCO
2621667
2433333
2.45CC0
2056667
2068333
2080CCO
2091¢€67
3,03333
3.15000
3026667
3.38333
3.5000C0
3.61667
373333
3.,85C00
3696667
4008333
4020CC0O
4031667
4043333
4,55C00
4066667
40,78333
4,90CCO
501667
513333
S5e25CCC
Se36667

0.3C850E-00
0.25814E-00
0.21514E-00
0.17882E-CO
0.14853E-00
0e12366E-00
0. 1C358E-00
0. 87214E-01
0,732857E-01
0.62782E-01
0.53757E-01
0.46356E-C1
0,4C175E-01
0¢3ZC21E-01
0.30726E-01
Ce27113€-01
0024C54E-01
0021448E-01
0.19215€-01
0,17291E-01
0e15624E-01
0e14172E-01
0.12903E-01
0,11789E-01
0.1C810E~01
0.95414E-02
0.G1€85E-02
0.84783E-02
0. 78597E-02
0.73035E-02
0, 6EC35E-02
0.63514E-02
0e59411E-02
0e55€679E-02
0.52275E-02
0,49163E-02
0.4¢312E-02
0e43693E-02
0o412B84E-02
0. 35062E~-02
0.37C10E-02
0035110E-02
0+ 33349E-02
0031714E-02

0e48145E-C1
0.58536E-C1
0e65621E-C1
0.69834E-C1
0s71672E~-C1
0e71634E-C1
0.70228E-C1
0¢ 67E86CE-C1
0e64891E-C1
0e&1574E-C1
0e58C92E~C1
0e£4515E-C1
0+51042E-C1
0e47723E-C1
0e44523E-C1
0e41508E-C1
Oe28675E-C1
0.36031E-C1
0o 23574E~-C1
0e21263E-C1
0429138E-C1
0.27184E-C1
0e253E8E=C1
0e22733E-C1
0e22204E-C1
0.20798E-C1
0 19504E-C1
0« 18305E-C1
0o 17184E-C1
0e16149E-C1
0e15194E-C1
0e14311E-C1
0,13495E-C1
0e12738E-C1
0.12C38E-C1
0+11289E-C1
0e10786E-C1
0e1C224E-C1
0eSEG6SE=C2
0+S2055E=02
0.87471E-C2
0.£218SE-C2
0e79186E-02
0o 7544CE-02

C.€8838E~-C3
CoSC604E-C3
0eS2422E-C3
0. 54294E-C3
C.96221E-C3
C. S8205E-C3
0.1CC25E-C2
0-10236E~-C2
C. 10453E-C2
C.1C877E-C2
Ce1CSCBE-C2
Cel11146E-C2
Co11392E-C2
Co11646E-C2
C.119C8E-C2
Ce12179E-C2
C.,12458E~-C2
Cel2747E-C2
0. 13C46E-02
C.13355E-C2
Co13675E-C2
Cs14CC6E-C2
C.14349E-C2
C.147C3E-C2
C. 15071E-C2
Ce15452E~-C2
C.15847E-C2
Co 16257E-C2
Co16683E-C2
Cel7125E-C2
Co.17584E-02
C.18C61E~-C2
C.18557€~C2
Co19072E-C2
0. 196C8E~C2
Co2C166E-C2
Ce2C747E-C2
C.21352E-0Q2
C.21682E-C2
Co2263SE-C2
Ce23325E-C2
0o 24C40E-0Q2
0o 24787E-C2
Co25568E-C2

0639607E-C3
Ce40350E-C3
Ce41115€-C3
0.41901E-C3
0.42710E-C3
Ce43543E-C3
Ce44399E-C3
0.45281E-C3
C.46190E-C3
C.47125E-C3
Ce48089E~-C3
Co49CB3E-C3
0. 50108E~-C3
Ce51165E-C3
0e52255E-0C3
C.53380E-C3
Ce54541E~C3
Ce55741E-03
0.56980E-C3
0.58260E-C3
Ce59584E~C3
Ce60952E-C3
0.62368E-C3
C.63833E-C3
Ce65350E-C3
Ce66921E-C3
0. 68548E-C3
0., 70235€E~C3
0. 71984E-C3
0e 737S9E~-C3
0. 75682E~-C3
0.77638E-C3
Co 79669E-C3
Ce81779E-C3
0.83974E~C3
C.86257E-C3
C.88633E-C3
Ce91107E-C3
0.93685E~C3
Ce96372E-C3
Ce99174E~-C3
0.10210E-02
0. 10515E-C2
0.10834E-C2

0.35793E-00
0.31799E-CO
0.28209E~-00
0.25002E-00
0,22160E-CO
0.19671E~-CO
0.17526€E-00
0.15655E-C0
0.14026E~-CO
0.12590E-00
0+11342E-C0
0.10248E-CO
0.,92857E-01
0e84420E-01
0.76963E-01
0. 70373E-C1
0.64521E-01
0459312€E-01
0:54664E-01
0.50472E-C1
0.46725E-01
0+43367E-01
0+40350E-01
0.,37631E-C1
0.35175E-01
0.32954E-01
0030942E-C1
0029112E-01
0.27432E-01
0.25903E-01
0.24513E-01
0.23245E-C1
0.22088E-01
0.21031E-01
0.20066E-01
00.19184E-0C1
0.,18378E-01
0. 17640E-C1
0.16960E-01
0.16339E~-01
0.15772E-01
0.15255E-0C1
0.14784E-01
0e14356E-01

adeg
19-6-6
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FCR

5.48333
5.60000C
SeT1667
S5¢83333
595000
6006667
6018333
6¢30CCO
6641667
66533323
6.65C€0
6076867
6088323
7.00CC0

T= 20000

z
Cellb67
Ce23333
C.35000
Ce 46667
0«58333
C.70CCC
CeB81667
0e 93323
1.05€00
1o 16667
128333
1.40CCO
151667
163333
l.75CC0
1l.866¢€7
198333
2010CC0
2021667
233333
2045C00
256667
2068333

0.30192E-02
0.28775E-02
0027452E-02
0e26217E-02
0025061E-02
00 23978E-02
0022962E-02
0e22008E-02
0.21111E-02
0e20266E-02
0.19470E-02
0018719€-02
0.18010E~02
0o 17339E-02

AVERACE ESCAPE

CCNVERGENCE

Fl
0+ 4€188E-CO
0e42880E-00
0039680E-00
0. 36584E-00
0e33634E-CO
0. 30850E-00
0.28246E-00
0.25814E-00
00 23569E-00
0.21514E-00
0e¢19615E-00
0.17882E-00
00 16309E-00
0. 14853E-00
0e13544E-0Q0
0e12366E-CO
06¢11309E-0Q
0. 1C358E-00
0094997E-01
0e87214E-01
0.8C214E~-01
0o 72857E-01
0.68C032E-01

0e71932E-C2
0. 68638E~C2
0e65547E-C2
De£2648E-02
0e59930E-C2
0.57372E-C2
0. 54962E-C2
0+52688E-C2
0.50544E“02
0e48519E-C2
0e46604E-C2
0044793E-C2
00 420T8E-0Q2
0. 41453E~C2

Co 26384E~-02
0o 27237€E~C2
C.28130E-02
0. 29C65E~-C2
00 3C049E-0C2
C.31C8CE~C2
Ce32162E-C2
Co33298E-C2
Co 34491E-C2
Cs 35745E-C2
C.37C63E-C2
C.38451E-C2
0. 39913E-C2
Co 41453E-C2

PRCBABILITY, PC-ANISCTRCPIC

0.C0CCCO1

P2
0.76847E-C2
0.15159E-C1
0.22228E-0C1
0.2877SE-C1
0e34729E~C1
06 39983E-C1
0e44494E-0C1
0.48247E-C1
0.51258E~C1
0,53590E-C1
0055302E-C1
0e56452E-C1
Oe£7090E-C1
00£7308E-C1
0eS57121E-01
0e26606E~C1
0+455811E~C1
0 S479CE-C1
0.53605E-C1
0e52297€-C1
0.5088¢E~-C1
00 49355E~-C1
Oe47791E-C1

SIGMA (DBSQ)

P3
Ce24610E~-C2
00 25096E-C2
0o 255G6E~C2
Co261CSE~-C2
0o 26638BE~C2
Co27182E-0C2
0o 27742E-C2
0o 28320E~C2
0., 28S15E~C2
0029529E-C2
0o 301€61E-C2
0. 30812E-C2
Co31482E-C2
0o 32174E~C2
Ce32887E~-02
C.33623E-C2
Co 34381E~-C2
0o 35164E-C2
C.35972E~-C2
C.368CTE~-C2
Co37668E-C2
C.38558E-C2
C»35478E-C2

]

Cell1l68E-C2
C.11517E-C2
0el11882E-C2
0e12265E-02
0e12666E-C2
0.13087E-C2
0.13528E-0C2
0e13993E-C2
0.14480E-C2
0e 14994E-02
0. 15534E-02
0,16104E-C2
0« 16705E~C2
Ce17339E-02

CoS9786E~-01

CeC114974

P4

Ce17670E-02
0e18C10E-02
0e18359E-02
0o 18719€-02
0+ 19089E-02
0e19470E-C2
0e19862E-02
0.20266E-02
0.20682E-C2
Ce21111E-0C2
0021552E-02
0.220C8E-02
0o 2247TE-C2
0.22962E-02
0e23462E-02
0e23978E-02
0e24511E~02
0425061E-C2
Ce25629E-02
0.26217E-0C2
0e26824E-02
0e27452E-02
Ce28102E-C2

0.13968E-01
0.,13617E-01
0.13301E-01
0.13019£-01
0s12771E-01
0.12552E~01
0,12361£-01
0.12199E~-01
0,12063E~C1
0.11952E~C1
0.11867E-01
0.11807E~C1
0.,11770E-01
0.11758E-01

PC
0s47379E~C0
0.44827TE-00
0.42342E-00
0.39910&E-00
0« 37564E-00
0.35315E-00
0.33171€E-00
0.31125€E-00
0.29191E-CO
0s27379E-00
0025662E-00
00 24055E~-C0O
0,22558E-C0O
0.21136E-00
0.19819E-00
0. 18603E-00
0017479E-Q0
0.16439E-C0
0e 15476E-CO
0.14581E-00
0.13755E-00
0.12981E~-00
0.12258E-CO

a3eg
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004¢211E-C1

2e80C00 062782E-0C1 Co40428E-C2 Ce28775E-C2 0.11591E-C0
2091667 0.58043E-01 00 44603E-C1 Co41410E-C2 0e29471E-C2 0.10973E-00
3,03333 0.53757€-01 0e42991E~C1 004242T7E~-(C2 Ce30192E=C2 0«10401£E-00
3.15000 0.4S877E-01 0+41405E~C1 Ce43478E-C2 0e30939E~-(Q2 0e98723E-01
326667 0o46356E-01 Qe 38848E-C1 Cec 44565E-C2 Ce31714E-C2 093832E-C1
3038333 0043135E-01 00 28332E-C1 0o 456S1E-C2 Ce32516E-(02 0;89287E-01
3.50C0C0 0e4C175E-01 00368861E-C1 Ce 46856E~-C2 Ce33349E-C2 0e85056E-01
361667 0e37478E-C1 0e35439E~C1 Co48C63E-C2 Ce34213E-C2 0.81144E-01
373333 0o 35C21E-01 Oe24C42E-C1 Co49313E-C2 Ce35110E-C2 0 77505E-C1
385000 032779E-01 06 32¢69E-C1 Co5C615E-C2 036042E-02 Oe74114E-01
3.96667 0.30726E-01 0e31352E~-C1 CoeS1965E-(C2 Ce37C10E~-C2 0. 70976E~-C1
4008333 028843E-01 0e¢3C091E-C1 Coa53365E-C2 Ce38016E~-C2 0.68072E-C1
4,20C00 0.27113E-01 0028883E~-C1 Co54817E-02 Oe 39062E-C2 0.65385E-01
4031667 0,255821E-01 0.,27728E-C1 0.56324E~-C2 0.40151€~-C2: 0.62898BE-01
4043333 0024054E-01 De26627E-Q1 Co57889E-C2 Ce41284E-C2 060598E-01
455C00 0,22700E-01 02554S8E~-C1 Ce59513E~-C2 Co42464E-(Q2 0.58447E-01
466667 0.21448E-01 0e24517E-C1 0cé12C1lE-C2 0e43693E-C2 0.56455E-C1
4078333 0.,20289E-01 0e23E529E-C1 00 62S54E-C2 Qe 44975E-02 054612E-01
490000 0.19215E-01 0e22588E~-C1 Ce64TTTE-C2 Oe46312E-C2 Ce52912E-01
501667 0618218E-01 0e21692E~-C1 Cob666T73E-C2 Co4TT07E-C2 0.51348E-01
5¢13233 0,17291E-01 00 2C838E-C1 Co68644E-C2 Ce49163E-C2 04S9910E-01
S5¢250C0 0.,16428E-01 0e20026E-01 Co T06S6E=-C2 0.50685E-02 0e48592E-01
5636667 0.158624€E-01 0.18252€-C1 Cs 72831E-C2 Ce52275E-C2 047386E-Q1
548333 0e14873E-01 0.18514E~-C1 Co 75055E-=(C2 0e53938E-02 0046287E-Q1
S¢60C00 014172E-01 0.,17811E-C1 CoT77372E-C2 Co 55679E~02 0.45289E-C1
571667 0013517E-01 Cel7142E-C1 Co 7T19789E-(Q2 Ce57501E-C2 Oe44388E-01
583333 0e12S03E-01 De 16494E-C1 CoB82313E-Q2 Ce59411E-02 0e43569E~-01
5695000 " 0e12327E-01 O0e 15873E-C1 Co 84S44E-C2 Ceb6l1413E~-02 0.42838E-01
6o 06667 0011789E-01 0e1528EE-C1 Co87688E-C2 Ce 63514E-02 0e42194E-01
618333 0s11285E-01 Oela722E~-C1 0o G0552E~(C2 Ce65719E-C2 Ce4l1634E-01
6e30CCO 0, 10810E-01 0e014186E-01 CoS3542E~-C2 Co68C35E~-02 0e41154E-01
bedlb67 0. 10363E-01 0el12675E~C1 Co96665E~C2 0o T04T1E-C2 0.4C751E-Q1
6053333 0.9G414E-02 0013187E-C1 0. 9GG28E~C2 Ce 73035E~C2 0.40425E-C1
6065000 0695439E=-02 012722E-C1 0e 10334E-C1 0o 75743E-Q2 040174E-01

6 T76667 0,91685E=02 0e12278E~-C1 Ce106S1E-C1 Ce 78597E-C2 0039997E-01 gﬁji

688333 0.88138E-02 0o 11854E-C1 CellC62E-C1 0. 8B18606E-C2 0.39891E~C1 %‘P;D

700000 0. 84783E-02 00 11449E-Q1 Ce1144S8E-Q1 Ce B4T783E~-C2 0e39855£~-01 g}%

NS

FCR T= 3,C00C AVERACE ESCAPE PRCBABILITY, PC-ANISOGTRCEPIC = Co15318E-CO0 & E

&)

CCNVERGENCE = 0o.CCCOCO1 SIGMA (CBSQ) = CeCl116863 - ;ﬁ

~J |

z S P2 P3 Fé4 PC

=== = = e e e e T e




Ce11667
Ce23333
C. 35000
Ce 46667
C.58333
0.70000
Ce 81667
093333
le«050CO
le 16667
128333
1.40CCO
151667
163233
l« 75C00
le 86667
198333
2010000
2021667
2033333
245000
256667
268333
2.80C€C0
291667
3.03333
3.15000
3026667
3438333
3.50000
3.61667
373333
3.85000
3696667
4,08333
4e20CCO
4031667
4e43333
4+55C0C
4e 66667
4eT8333
490000
501667
513333

0e47302E-00
0645077E-00
0042880E-00
0. 4C740E-CO
0.38633E-00
0.36584E-00
Oe 34599E-00
0. 32686E-00
0. 3C850E-00
0029C93E-0Q0
027419E-00
0e25814E-00
0.24296E-00
0.22863E-00
0.21514E-00
0020231E-00
0.15018E-00
0.17882E-00
0.16819E-00
0.15807E-00
0. 14853E-00
0o 1239465E-00
0.13137€-00
0e12366E-00
0e11649E-00
0. 1CS80E-00
0.1C358E-00
0eS7781E-01
052310E-01
0.87214E-01
0e82466E-01
0e 78039E-01
0o 73857E-01
00.6SS07E-01
0e66222E~01
0+62782E-01
0059569E-01
0. 56566E-01
0eS3757E-01
0e51128E-01
00 48665E-01
0e4€356E-01
0e44185E-01
0642117€-01

.

0e44624E-02
0.886T71E-C2
0.121596-01
0.17285E-C1
0. 21205E-C1
0e24912E-C1
0.2838CE-C1
0.31575€-C1
0e34480E~C1
0.37085E-C1
0.39384E-C1
0e41384E-01
0.43086E-0C1
0o 44508E-C1
0.45672E-C1
0.46598E-01
0047296E-C1
0e47778E-C1
0. 48072E-01
0.48192E-C1
0048153E-C1
0.47557E=C1
0.47631E-C1
0447198E-01
0o 46646E-C1
0o 46C11E-C1
0e45310E-01
0044552E-C1
0e42749E-C1
0. 42897E-C1
0.42013€-0C1
0e41085E~C1
004C145E-C1
0.3S198E-C1
0. 3825CE-C1
0437283E-01
0.3631CE-C1
0+ 35348E-C1
0e3440CE~-C1
0.33468E-C1
0.22553E-01
0e31656E-C1
0. 3078CE-C1
042991CE-C1

Ce45043E-C2
Ce45919E~-C2
Cs 46819E-C2
Cs4TT743E~-02
0o 48692E-02
Co4S668BE~C2
Ce SC6T70E-C2
0.51701E-C2
Ce52760E~C2
0. 5384GE-C2
Cs 54969E-C2
Ce56122E-C2
Co 573C7E-C2
Co58526E-C2
Ce59785E-02
Ce61CB1E-Q2
Ce 62416E-C2
0. 6379CE~C2
0. 65206E-02
Co66664E-02
0o 68167E-C2
0. £ST715E-C2
0.71312E-C2
0o 72957E-C2
Co 7T4655E~-C2
0. 764C5E~-C2
0e78211E-02
C,8C074E~C2
Co 81996E~C2
0. 83G681E-C2
C.86028E~02
0. 88142E-02
0,SC325E-C2
C» $2580E-C2
0e94S09E-C2
0.SG7317E~C2
C.S$S8CS5E-C2
0. 1C238E-C1
Ce 1C504E-01
Co1C778E-C1
0. 11C60E-C1
0.11352E~01
0e11653E-01
0o 11666E-Cl

0e44542E~-C2
Ce45414E-C2
Co46312E-C2
0. 47235E-02
Ce48185E-C2
Ce 49163E~-C2
C.50170E~C2
0.51207E~-C2
0e52275E-C2
0.53375E~-C2
0.54510€E-02
Ce 55679E~-C2
0.56884E~C2
Ce58128E~-C2
0059411E-C2
0« 60735E~0C2
0s62102E~02
0s63514E-C2
0.64972E-C2
Ce 664T8BE~C2
0e 68035E-02
0e 69645E-C2
0e71310E~C2
0e73035E-02
0o T4825E~-02
Ce 76678E~-C2
0. 78597E~-C2
C.80585E~C2
0., 82646E-C2
0.84783E-02
Ce 86999E~C2
0,89299E-C2
0e91685E-C2
Ce94164E-02
Ce96738E~C2
Ce99414E-C2
Ce10220E-C1
0.10509E~-C1
C.10810E-C1
Celll23E-01
Ce11449E~-C1
0e11789E~-01
0el12144E-C1
0. 12515E-01

Oe 48644E-CO
0. 468TTE-00
0e45127E-CO
0.43419E-CO
0e41722E-CO
0.40063E-00
0038446E-C0
0.36873E-00
0+35348E-00
0e33874E-CO
0+32452E-00
0+31071E-00
0+29747E-0CO0
0.28480E~00
0.27273E~-CO
0.26109E-00
0024993E-00
0.23933E-00
0.22928E-00
0,21958E-00
0.21031E-0CO
0.20154E-00
0e19326E-00
0. 18546E-C0
0.17808BE-CO
0.17112E-0C0
0e 16457E~CO
0.15840E-C0
0+15252E-CO
0.14699E-C0
0e14178E-CO
0.13687E~-0CO
0.13220E-00
0.,12778E~CO
0.12364E-00
0.11974E-00
0.11608E-00
0. 11266E-CO
0¢10947E~CO
0.10650E-00
0.10373E-CO
0e10115E-0C0
0e98762E-01
0.96508E-01

edeg
7966
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FCR

525000
Se36667
5448333
560000
5071667
583333
5.95CC0
606667
6018333
6430CCO
6e41667
6053333
60650CC0
6076667
6088333
7.00C00

T= 4.,C000

Z
011667
Ce23333
Ce35CCO
Ce 46667
0.58333
Ce.70CCC
CeB81667
0.93333
1.05C¢C0
116667
1,28333
1.40000
1.51667
1.63333
1.75C000
1.86667
1.98333
2010000
2021667
2033333
2045CC0

004C175E-01
0.38349E-01
0e36633E-01
0s35C21E-01
0. 33504E-01
0.32075E-01
0630726E-01
0.2S453E-01
0,28250E-01
0e27113E-01
0. 26037E-01
0.25019E-01
0. 24054E-01
0.23140E-01
0e22272E-01
0. 21448E-01

AVERACE ESCAPE

CCNVERGENCE

Pl
0., 47860E-00
0. 4¢188E-00
0.44523E-00
0.42880E-C0
0041272E-CO
0+ 35680E-00
0.38115E-00
00 36584E-00
0. 35089E-00
0e33634E-00
0.32220E-00
0.3C850E-CO
0.26525E-00
0e28246E-00
0.27012E-00
0.25814E-00
0e24£668E-00
0,23569E-00
0.22518E-00
0.21514E-00
0.2C£47E-0C

0.25061E-C1.

0e28233E-Cl
0e27429E-C1
0e 26634E-C1
0.25861E-C1
0«2511CE~C1
0e24383E-01
0e236738E-C1
0e22S95E-C1
0e22331E-Cl
0e21682E~-C1
0.21C43E~C1
0.20429E~C1
0e19835E~-C1
0e19261E~C1
0.1870¢E-C1

Ce 12289E-C1
Ce12624E-0C1
C.12570E-C1
C.13328E-C1
0+ 137CCE~C1
Ce 14C84E~CL
Ce 14482E-C1
Co 14895E-0C1
C.15322€-01
Ce 15756E-01
Co 16206E-01
0.16671E-C1
0.17153E-01
Ce17653E-01
C.18170E-C1
C.187C6E-C1

PROBABILITY, PC-ANISOTROPIC

0.C000CO1

P2
0429723E-C2
0e59221E-C2
0.88273E-02
0e11¢67E-C1
Oel4421E~-C1
0«1707CE-C1
0e196132E-C1
0e22C44E-C1
0024351E-C1
0026521E-C1
0028543E-C1
0.30418E-C1
0632136E-0C1
0e33699E-01
0035105E~C1
0+ 36358E-C1
0e37460E-C1
0e3841¢E~-C1
002924CE~-C1
0e38932E-0C1
0e4CS1CE~C1

SIGMA (DBSQ)

P3
Ce 6TT69E~-C2
0o 69033E-02
0o 70329E~-02
0. 71657E-02
Ce 73C1S5E-C2
Oe 74415E-02
Co 7584TE-C2
0e 77316E-02
0. 78822E-C2
Ce 8C368E-C2
Ce 81G954E-C2
0.83581E-02
0. 85250E-02
0. 86962E-C2
0. 88720E-C2
0. S0525E-02
0.52379E-C2
Cu54281E-C2
00 96236E-C2
0.68243E-02
Ce1C0C30E~C1

[}

0. 12903E-C1
Ce13308E-C1
C.13730E-01
Cel4172E-C1
Ce 14634E-01
0el15118E-C1
Ce 15624E-01
Ce16154E-C1
0. 16709E-01
0e17291E~-C1
0= 17901E-01
0. 18542E-0C1
0019215E-01
Ce19922E-C1
e 20666E~C1
0e21448E-C1

Ce20473E-00

C.Cl15432

F4
0.86437E-02
C.88138E-02
0. 89887E~C2
Ce91685E-C2
0o 93535€E~02
0.95439E-02
0.97398E~-C2
0. 99414E-02
Ce10149E~-0C1
0.10363E~C1
0.10583E-01
0.10810E~01
0e11044E~C1
0.11285E~01
0e11533€~C1
Ce11789E-01
Ce12054E-01
Ce12327€-C1
0e12610E~C1
0e12903E-~01
Ce13205€~-01

0:94427E-C1
0e92514E-0C1
0.90762E-C1
0.876S9E-C1
0.86387E-01
0,85216E-01
0.,84181E-01
0.83276E-C1
0.82491E-01
0.81827E-01
0.81277E-C1
0.80852E-C1
0.80549E-01
0.80368E-C1
0.80308E-C1

PC
0.49699E-0C0
0.48351E-00
0-.47008E-GO
0. 45680E-00
0.44379E-CO
0+43086E-0C0
0.41809E-00
0.40555€E-C0
00.39327E-CO
0+38126E-00
0+36952E-00
0.35809E-00
0034695E-00
0.33614E-00
0.32563E-CO
0¢31534E-00
0.30543E-0CO
0,29586E-00
0. 28665E-C0
0e27779E~CO
0026922E-00

Jo 4/ 88eg
£9-6-6
TchOT ¥Al ¥S VYN

g




2056667
2068333
2480CC0O
2691667
3.03333
3.150C0
3026667
3038333
3.,50CC0
361667
3,73333
3.85000
3096667
4,08333
4020CCO
4431667
4043333
4,55CC0O
4066667
4078333
4,90000
501667
513333
5025C00
536667
5.48333
560CCC
SeTl667
Se83333
5+95CCO
606667
t.18333
603CCCO
6e41667
6053333
6.65C00
6e 76667
t.88233
7.00CCO

THE FCSCICK CCCE

0.19615€E-00
0.,18727E-00
0e17882E-00
0.17078E-00
00 1€309E-00
0.15562E-CO
0.14853E-00
0014181E-00
0.12544E-00
0.12939E-00
0+12366E-00
0,11823E-00
0,11309€-00
0,1C821€E-00
0.1C358E-00
0.95197€E-01
0,94997E-01
00,91002E-01
0,87214E-01
0.,82622€-01
0.8C214€E-01
0. 76979E~01
0.72857E-01
0, 7C869E-01
00,68032€E-01
0.65340E~-01
00,62782E-01
0.6C352€-01
0,58C43E-01
0.55847E~-01
0653757€-01
0.51769E-01
0¢4S877E-01
0048074E-01
004€356E-01
0.44718E-0C1
0043135E~01
0e41620E-01
0.4C175E-01

= = # INFUT CATA = = =«

00 4CS6SE-C1
Oe41316E-Cl
0e41562E~-C1
0e41715E~C1
0e41778E-C1
0.41758E-C1
0e41662E-C1
0e41491E-0C1
0e41252E-C1
00 4C956E-C1
0,4C602E-C1
004C194E-C1
0e26747E-C1
0e39266E-C1
0.38756E-C1
0.3822CE-C1
06 37¢53E-C1
0.37068E-C1
Oe3¢469E-C1
00 3585SE-C1
0s35225€~C1
0e34585E-C1
0633942E-C1
0o 33294E-C1

0,32648E-C1

0e21984E-C1
0e321325€~01
06 3CE72E-C1
0+ 3CC027E-C1
0e2938G8E~-01
0e2876CE-C1
0.2814CE-C1
0.2753CE~C1
0e26925E-C1
0.26325E-C1
0e25738E-C1
00,25162E-C1
0. 24598E-C1
0e24C4¢E-C1

0. 1C242E-Cl
0. 10458E~C1
Ce10679E-C1
Ce 1CSC7E-C1
Oolll4lE-C1
C.11382E-C1
Cs11629E~C1
C.11883E-01
0o 12144E-C1
0.12413E-01
Ce12689E-01
Co12G73E-C1
Co13264E-C1
Ce13564E-C1
C.13873E-C1
Ce14184E-C1
0o 145C4E-C1
0e14832E-C1
Ce15170E-C1
Ce 15518E-01
0.15875E-C1
0o 16242E-C1
0.16619E~C1
Co17C07E-C1
C. 174C5E-01
Co17815E-C1
C.18236€-C1
C. 18669E-C1
0. 191C4E~-Q1
Ce19548E-0C1
C-.2CC03E-C1
C-2C0471€-C1
Ce20S5CE-C1
Ce21442E-C1
s 21546E-01
Co 22459E-C1
0e22S979E-C1
C.235C7E-C1
Ce24C46E-C1

Ce13517E~C1
0.13839E-C1
Cel4172E-C1
0. 14517E-C1
Ce14873E-C1
0o 15242E-0C1
Ce15624E-C1
Ce16019E~C1
0,16428E-C1
Ce16852E-01
0,17291E-C1
0o 17746E-C1
0.18218E-C1
0.18707E-C1
0.19215E-01
0e19742E-C1
0. 20289E~C1
C.20858E~-C1
0e21448E-01
0o 22062E-C1
0.22700E-C1
0e23364E-C1
Ce 24054E-C1
Co24773E-C1
0e25521E-01
Ce26301E-01
Ce27113E-C1
0o 27960E-C1
0.28843E-01
0e29765E-C1
0,30726E-C1
0. 31730E-C1
Ce32779E-C1
Ce33875E-Cl
0+35021E-C1
0e36220E-C1
Ce37478E-C1
Ce38795E-C1
0o 40175€E-C1

0,26088E-0C0
0.25288E-00
0+24523E-CO
0,23792E-00
0.,23089t-C0
0+ 22400E-00
00,21745E-00
0.21120E-CO
0,20526€E-CO
0019961E~C0
0e19424E-00
0.18915E-00
00.18432E-CO
0.17974E~-0Q0
0.17543E-CO
0.17134E-00
0e16744E-CO
0616376E-00
0,16030E-0C0
0.,15706E-CO
0.15401E-CO
015117E-0CO
0.14847E-CO
0014594E‘00
0.14361E-CO
0, 14144E-CO
0e 13946E-00
0.13765€E-00
0,13602E-CO
0.13455E-00
0.13325E-00
00.13211E-CO
0el13114E-00
00.13032E-0C0
0012965E-CO
0e12914E-CO
0412875E-CO
0.12852E~CO
0.,12844E-CO
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CYLINDER RADIUS, R= 4450000
RACIUS @F NECIUM (MAXe)s X-MAX= 46000C
RACIUS @F MECIUM (MINe)s X=MIN= 44500CC
CYLINDER LENGTH, L=12.25C0C
NUMBER 8F X INTERVALS, N= 5

NUFMBER OF AXIAL POINTS, M= 6C

CRCER CF SN = 12

CENVERGENCE CRITERIGN = (0.,0C0C1C MAX. NO. ITERATIGNS = 25

ANGULAR FLUX CIRECTION CCGSINES POINT WEIGHTS
Ce507138E-0C2 0.174C8C C.C31¢8¢
0e369669E~-C2 0e174C8C C. 028450
0«120629E-C1 0e46057C 0. C28450
0e427138E-02 0.174C8C C.C22¢€SC
0e506889E~-02 0.46057C C.C1727¢C
0s.174542E~C1 0627650 C. C22¢S¢C
0e4655C7E-C2 0.174C8C C. 022¢€5S0
06378207E~-02 0460570 Ca015140
0.8521C0E~-C2 0627650 C.Cl15140
0.208133E~-01 0758790 C.C22¢€S0
0e4890C1E-C2 0e174C8C 0. 028450
0e379989E~02 0.460570 €C.01727C
0e497708E-C2 0627€5C C.C1514C
Ce118748E-C1 0.75879¢C C.01727C
0e229607E-0C1 0.87029¢C C.028450C
0e524073E-02 0e17408C CoC31€8C
0e426609E-0Q2 Ce46057C C.C2845¢C
Ce446853E-02 0627650 C. C22¢90
0.815255€E~-02 0.758790 C.C22¢€90C
0.175878E-C1 Qe87029C C.C2845C
0e251422E-C1 0e.96922C C.C31¢€ecC

adegq
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S-4 FLUXES FCR CE
ANGULAR FLUX
0.350132E-C1
0+309104E-01
0e420314E-01

SC CALCULATICN
CIRECTION CCSINES
0+333333
0333233
Ce.881517

# # & QUTPUT = = =

ANGULAR CISTRIBUTIGCNA,

SINE

-Ce
Ce24620
049236
0.65134
C.7785C
Ce88762
Ce98473
1.00000
Ce58473
Ce88762
Ce 77850
Co65134
Ce49236
Ce24620

" Qe

POINT WEIGHTS
Col66¢€67
Colb6€E7
Co166¢€¢7

FLUX

C.244553E-0C2
CoS07138E-02
C.787979E~C2
C.G2589¢E-C2
C.10CS897&-01
C.106759€-01
Co112028E-01
Coll4835g-C1
Co113028E-C1
C.106759E-0C1
C.1CC9S7E-C1

C-S25896E-C2

Co 78797SE-02
C.507138E-02
Co244553E-C2

ANGULAR CISTRIBUTICN NCRMALIZATIGN FACTOR = 0.,1CCC4SE-C1

T = 00200

SIGMA = Co005244C

FCR T= 0.C200

z
C.102C8
020417

AVERACE ESCAPE PRCBABILITY, PC-ANISGTRQPIC

CCNVERGENCE = Q.

Fl
0.35571E-02 Oe
Oe74732E-03 Oe

CCCO0153

P2
37278€E~C1
15204€-C1

SIGMA (CBSQ)

P3
Ce298CTE~CS
Cs 30329E-(05

MAXIMUM NUMBER OF ITERATIONS EXCEECEC,» CONVERGENCE = 0,0000153

Ce48695E-03
CeC05244C
F&

0o 16644E-C6
Co16928E-C6

PC
0.40839E-C1
0.15955E-01

L 98eg
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Ce30625
0e 40833
CeS51042
0e 61250
Ce71458
081667
Ce91875
1,02083
1012292
1.22500
1.327C8
1e42S917
153125
1,63333
1473542
183750
193958
2,04167
20414375
2024583
2034792
2045000
20552C8
2065417
2075625
2085833
2096042
3.06250
3016458
3026667
3.36875
3647083
3657292
3.675C0
3.777C8
387917
3.,98125
4008333
4.18542
4028750
438958
4049167
4459375
4069583

0e3CS02E-03

0, 16715€E-03
00,1C438E~-03
0.71280E~-04
00,51732E-04
0,35241E-04
0.30779E-04
06.24784E-04
062C384E-04
0.17CS8E-04
0. 14485E-04%
0012452E-04
0.1C819E-04
0.94875E-05
0.83873E-05
0. 7467BE-05
0.66917E-05
0.6C0305E-05
0e54627E-05
0e49714E-05
0045435E-05
0o 41686E-05
0.38382E-05
0e35456E-05
0.32853E-05
0.30525E-05
0+28437E-05
0e 2¢S56E-05
0. 24855E~-05
0e23313E-05
0.21S910E-05
0.2C630E-05
00 19459E-05
00 18384E-05
0.17397E-05
0: 16487E-05
Oe 15646E-05
0.14868E-05
0e14147E-05
0. 12477E-05
0,12853E-05
0e12272E-05
0.11730E-05
0.11222E-05

0. 7S5167E~-C2
0046321E-C2
0.29536E-02
0e20C30E~0Q2
0014262E~-C2
0. 1C567E~C2
0.80992E~-03
0. 63768E~03
0eS51337E~-03
0.42112E~C3
0e35109E~03
0,29683E~-03
0e25397E-03
0e21857E-03
0.15158E~-03
0016853E-03
0 14S32E-C3
0.13317E-0C3
0011947E-03
0010775E-03
0oS764BE-C4
0,88886E-C4
0,81238E-0C4
0o 74526E-C4
0,€8¢03E-C4
0. 63353E-C4
0.58677E-C4

e S44Q95E-C4
0o S0741E-C4
004735GE-C4
0.44301E~-C4
Oe41528E-04
0. 3S006E-C4
0e36705E-C4
0e34¢00E-C4
00 3267CE-C4
0.3C896E-C4
0e29262E-C4
0027754E-04
00 26359E-C4
0.25065E~C4
0023864E-C4
0o 2274TE-C4
0.21707E-C4

C, 30865E-C5
Ce 31414E-CS
Ce31979E~(CS
C«32559E~C5
C.33155E-C5
Ca33768E~CS
Ce343G8E-Q5
C.35C45E-CS
Co35711E-CS
0+ 363S6E-05
0.37101E-C5
0.37826E~CS
C. 38573E~CS
0. 39343E-CS
C.4C125E-C5
0, 4C0S52E-C5
0e 417G4E~C5
0.42662E-C5
Ce 43557E-C5
Ce 44481E-C5
e 45434E-C5
Ce 46419E-C5
C.47435E-CS
Co 4848B6E-CS
Co 49572E-C5
Ce 506S4E~-C5
C.51855E-05
C.S3C56E-C5
«S43C00E~-05S
Ce.S5587E-CS
C.56G921E-C5
Co 583C3E~CS
Ce S9737E-C5
0o €1223E-CS
Cs 62766E-CS
0. 64368E-C5
0. 66031E-CS
Ce 67T7T60E-C5
Ce 69558E-C5
Ceo 7T1428E-CS
€. 73374E-C5
Co 754C0E-C5S
Co 77512E-CS
0o 7S713E~CS

Cel7219E-C6
C.17518E-C6
Ce17824E~C6
Ce18139E-Cé
0. 18462E~C6
0. 18795E~06
Ce.19135E~C6
Co 19486E-C6
Ce19846E-C6
0. 20216E-C6
0. 20597E-C6
Co20988E-C6
C.21391E-C6
0,21805E-Cé6
0.22232E-C6
Ce226T72E-CO
Ce23124E-C6
0.23590E~-C6
Ce24CT1E-CO
0o 24565E-C6
0.25076E-C6
Ce25603E-C6
Co26147E-C6
Ce267C8E-CO
e 27287E~-C6
0. 27885E~-C6
0. 28502E~C6
0e29142E-C6
0.29802E-C6
0e30486E-C6
Ce31193E~C6
Ce31924E-C6
0.32683E-C6
Ce33468BE-Co
e 34283E-C6
Ce35127E-C6
Ce36003E-Cé
Ce36911E~C6
Co 37855E-C6
C.38835E-C6
Ce39855E-Cé
Ce40914E-C6
Co 42017E-C6
Co43164E-C6

0.82290E-C2
0,48025E~-02
0030613€E-02
0.20777E-02
0.,14814€E-02
0, 10995E-02
0.B84433E-03
0. 66616E-03
0.53752E~-C3
0.44202E-03
0. 36949E-03
0.31328E-03
0.26886E-03
0.,23321E-03
0.20420E-03
0.18031E-03
0.16043E-C3
0+14371E-03
0¢12953E-03
0011741E-03
00.106S9E~-03
0.97953E-04
0.90082E~-04
0,83187E-04
0. 77119E-04
0+ 71753E-C4
0 66991E~-C4%
0,62748E~-04
0.58955E~C4
0e55554E~04
052496E-04
0.49741E-C4&
0,47252E-C4
0.45000E-04
0:42959E-04
0o41107E-C4
0039424E-04
0.37894E-04
0. 36503E-C4
0.35237E-0C4
0e34087E-C4%
0.33041E-04
0. 32092E-C4
0.31232E-04
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FOR

479792
4«90C00
5.00208
S5¢10417
520625
530833
541042
Se51250
561458
Se71667
581875
592083
6402292
6612500

T= 00400

z
Ce102C8
0.20417
Ce30625
C.40833
Ce51042
0.61250
Ce 71458
081667
0.91875
1.02083
lel2292
le225C0
1.327C8
142917
1.53125
le63333
le 73542
183750
1e93S58
2004167
2014375
2024583
234792

001C747E-05
0.10301E-05
0.98826E-06
0.94891E-06
0«91186E~06
0.87694E-06
0,84398E-06
0.81286E-06
0. 78342E-06
0. 75555E-06
0e72914E-06
0e7C410E-06
0. 68032E-06
Co 65TT3E-06

AVERACE ESCAPE

CCNVERGENCE

P1
0o17516E-01
0.35571E-02
0.14173E-02
0o 74732E-03
0.45846E-03
0.309C2E-03
022207E-03
0e16715E-03
Ce12030E-03
0.1C438E-03
0eB85484E-04
Oe 71280E-04
00.6C3329E-04
0eS1732E-0%
0.44842E-04
0038241E-04
0e34€26E-04
Ce3C779E-04
0.27539E-04
0024784E-04
0e22423E-04
0.2C384E-04

0.18610E-04

0¢20735E~-C4%
0.19828E-04
0.18978E-C4
0e18181lE-C4
0e17434E-C4
0.1€6731E-C4
Oe 16070E~C4
0e15447E~-0C4
0.14860E-C4
00 14305E~04
0.13781lE~-C4
0013285E-C4
0e12815E-04
0e1237CE~-C4

PROBABILITY, PC-ANISOGTROPIC

Oe

P2
0e6G68SE-C1
0e33706E-C1
0e15304E-C1
0e12202E-C1
0.81922E-C2
0,57591E-C2
0e42125E-02
0021791E~02
0e 2459SE~C2
0e19477E~-C2
0e15725E-02
0+12916E-C2
0e10774E-C2
0.91037E-03
0s77798E-03
0.67153E~03
0« 58483E-C3
0eS5134CE-03
0.45408£-03
0.40421E-C3
0.36192E-C3
0e32578E~-03
0.29468E-03

Cs 82C09E~C5
Co844C6E~-CS
Ce 86SC9E~-C5
C. 89525E~-05
Ce G2260E~C5S
Ce985123E~-C5
C.9812CE~CS
Cs1C0126E-C4
0. 1C455E~C4
C.1C8C1lE-C4
0. 11164E-0C4
Ce11546E-04
Coe11G47E-C4
Ce 12370E~C4

]

SIGMA (DBSQ)

Co 844S0E-C5
0e85986E-05
0. 87522E-05
C. 89099E-05
CoS0T719E-C5
Ce S2384E~C5
C. S4095E-C5
Co $5854E-C5
Oe ST7T662E-CS5
Ce $9522E-C5
Co 1C144E-04
C-. 10340E-04
0. 10543E-04
Cs10752E~-04
C.1C967E~-C4
Co11188E~-C4
Ca11416E-04
Ce11652E-C4
C. 11894E-C4
Co 12144E-C4
Ce 124C3E-C4
Ce 12669E-C4
Co 12944E-C4

Ce44360E~CO
Ce 45605E-C6
0o 46S904E~06
Ce48258E-C6
Ce496THE-CO
Ce51152E-Cé
0.52696E~-06
0«54312E-06
Ce56003E-C6
0 57776E~C6
0e59632E-C6
0o 61580E-~C6
0o 63625E~06
Ce 65773E~C6

Ce12177E-02

C«C0865598

P4
Ce 66889E~C6
0. 68034E~-C6
Ce69207E-06
0 70412E~C6
Ce 7164TE-CO
Oe 72916E~06
Co74219E~-C6
0e 75557E-0C6
Ce 76930E-C6
Ce 78344E~-06
Ce 79795E-C6
0.81286E~-C6
0.82821E-C6
0« 84400E~C6
Ce 86025E~-C6
0o 87694E-C6
Ce89416E-C6
Ce91187E~-CE
Ce93012E-C6
Ce94892E-C6
Ce96830E-C6
Ce98826E-C6
Ce 10089E-C5

0+30455E-04
0029754E-04
0+29126E-04
0428565E=04
0028069E=04
0e27632E-04
0027253E-04
0.26930E-04
0. 26659E=04
0s26440E-04
0.26271E~04
0.26151E-04
0.26079E-04
0.26055E~04

PC
0.87214E-01
0e37272E-01
0,20731E-01
0.12959E~-0C1
0.86604E~-02
0.60781E~02
0o 44447E-02
0e33566E-02
00,26007E-C2
0.20629E-02
0. 16689E-02
0.13740E-C2
0.11491E-02
0e97370E-03
0.83465E-03
0.72283E-03
0.63177E-03
0e55674E~03
0. 49444E-C3
0.44209E-C3
0.39771E-0C3
0.35982E-03
0.32725E-03

e8eg
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2445000
2.55208
2465417
2075625
2085833
2096042
3,06250
3.16458
3026667
3036875
3,47083
3057292
3.675C0
3., T777C8
387517
3.98125
4008333
4018542
4028750
438958
40493167
4+59375
4069583
4079792
4090CCO
5.002C8
5010417
5020625
5430833
541042
5.51250
5.61458
571667
5.81875
592083
6602292
6.12500

FCR T= 0.C60C

0e 17058E~04
0e15693E~04

Oe 14485E~04

0e12411E~04
00 12452E~04
0011593E~04
0.10819E~04%
0.1C121E-04
0.94875€E~05
0+ 89120E-05
0.83873E-05
0. 7SC75E-05
0e 74678E-05
0. 70638E-05
06 66S17E-05
0063482E-05
0. 6C305€-05
0e57361E-05
0e54627€E-05
0.52084E~-05
0« 4S714E-05
0e47502E~05
0 435435E-05
0. 43500E-05
0+41686E-05
0e¢39G83E-05
0.28382E-05
0«36ET76E-C5
00 35456E-05
0.34117E-05
0.32853E-05
0e31657E-05
0.30525€-05
0e 25454E-05
0o28437E-05
0e27472E-05
0.26556€E-05

06 2€T774E~C3.

0e24426E~03
0e22368E~03
0+ 2CS55E~C3
0.18949%E~03
D¢ 17522E-03
0e16247E-C3
Oe151035E-0C3
0s 14C77E~0C3
0,13149E-03
0.12308E-C3
0e11545E-03
0. 1085CE-Q3
0e10215E-C3
0e96336E-C4
0.SCS38E~-C4
0.,86087E-C4
0.81558E-04
O 77376E-0C4
0e73503E-C4
0+69911E-04
0.665T4E-C4
0. 63468E-C4
0.60573E-C4
0.57870E~-C4
0eS55342E-C4
0452G9T6E-C4
0.50756E-C4
0.48673E-04
0o46T14E-Q4
0.44870E~C4
0e43132E-C4
0e41494E~-C4
0e3994¢LE~-C4
0.38482E-C4
0.37098E-0C4
0.325786E-C4

0. 13228E-C4
0e 13522E-0C4
0. 13825E~C4
Cs14139E~C4
0o 14463E~C4
0e14799E~C4
Co15147E~-C4
0o 15507E~C4
0. 15879E~-04
Ce16266E~04
Co 16666E-C4
0 17C82E-C4
0.17513E-04
0»17961E-C4
Co 18426E-0C4
0. 189CSE-C4
0-19412E-C4
Ce 18935E-04
0. 20479E~-C4
Co21045E~-C4
0a21636E-04
0.22251E-04
Ce 22893E~04
0. 23563E~-0C4
Ce24262E-C4
00.24SS3E-04
0. 25758E~C4
0.26558E~04
Co 27396E-04
0. 28273E-C4
0+ 291S4E-04
0.3C140E-C4
0o 31174E-04
0o 32240E~-C4
0e33361E-04
0e34542E-C4
Ce35786E~-C4

AVERACE ESCAPE PRCBABILITY, PC-ANISOTRGPIC

CCAVERGENCE = 0.CCO0CT2

P1

P2

SIGMA (CBSQ)

P3

]

»

0.10301E-0C5
Ce10521E~05
Ce10747E~C5
0.10981E-C5
0e11222E-C5
Cell472E-C5
0o 11730E~C5
0e11996E~05
0.12272E~05
Ce12558E~05
Ce 12854E-0C5
Ce13160E~CS
Ce13477E~CS
0 13806E~C5S
Cel414TE-CS5
Ce14501E~C5
Ce14868E-C5
0« 15250E-C5
0o 15646E-C5
0e 16058E-05
0. 16487E~-C5
Ce16933E~0C5
0.17397E-CS
Ce17881E-~C5
Ce 18385E~C5
0. 18911E-C5
Ce19459E~-C5S
0+ 20032E~-C5S
Ce20630E-05
0. 21256E-C5
0+.21910E-05
Ce22595E~C5
Ce23313E-C5
00 24066E-CS
0.24856E-C5
Ce 25685E-C5
Ce 26556E-CS

C.20584&E-02

C.C07395%

P4

0.29906E-03
0e.27453E-~03
0.25306E-03
0523419E-03
0.21753E-~03
0.20276E~03
0.18961E-03
0.17787E~C3
0. 16736E~C3
0+15792E~C3
0014943E~-03
0e14176E~03
0e13483E~03
0.12856E~03
0.12287£-03
0.11771E~-C3
0.11302E~-03
0.10875E-03
0.10488E-C3
0,10136E-03
09816 TE-C4
0.95269E-0C4%
0.92644E-04
090274E-04
0.88139E-04
0.86225E-04
0.84518E-04
0.83005€E-04
0.81677E-04
0.80525€E-04
0e79540E~-C4
0.78718E-04
0. 78051€E-04
0.77538E-04
0. 77173E-C4

- 0a T6955E-04

0.76882E-04

PC
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C.102C8
020417
Ce 30625
0.40833
0e51042
0.61250
Cs 71458
081667
Ce91875
1.02C83
112292
122500
1¢327C8
1le42S17
1¢53125
le63333
1. 73542
1.83750
193658
204167
214375
2024583
2034792
2045000
2055208
2065417
2075625
2085833
296042
3.06250
3016458
3.26667
3.36875
347083
3657292
3.675C0
3,777C8
3,87S17
398125
4,08333
4418542
428750
438958
4449167

0e42622E-01
0.9C481E-02
0.35571€-02
0.18478E-02
0.11196E-02
0e74732E-03
0.53285E-03
0¢39852E-03
0.3CS02E-03
0.24648E-03
0.2C110E-03
0¢16715E-03
0014110E-03
0.12068E-03
001C438E-03
0eS1171E-04
0.,8C312E-04
0. 71280E-04
0e63688E-04
0.57246E-04
0.51732E-04
00 4€978E-04
0242849E-04
0.39241E-04
0.36069E~04
0.33267E-04
0.3C779E-04
0.28560E-04
0626572E-04
0+ 24784E-04
0e23171E-04
0.21711E-04
0,20384E-04
0.19175E-04
0.18C70E-0%
0.17058E-04
0e1€129E-04
0e15274E-04
Oe 14485E-04
0.12755€E-04
0.12079E-04
0e12452E-04
0.11869E-04
0«.11326E-04

0.89637E-C1
0.50729€E~-C1
0«30988E~C1
0e20446E-C1
0014251E-C1
0010316E-C1
0.76835E-02
0.58883E~-02
0.4€183E-C2
0e3690SE~-C2
0.29982E-C2
0e24732E-C2
0.2C673E~C2
0. 1748GE-C2
0e¢14G56E-02
0012919E-C2
0.11254E-C2
0,98793E-03
0. 87326E-03
0e 77675E-C3
00 6948EE~-03
0e6248SE-03
0e5¢478E-C3

«£1272E-C3
0, 4¢735E~C3
0642758E-03
0¢39257€-C3
0e3€159E-03
0e33405€-03
0.3C948E-03
0028747E-C3
0o 2676EE-C3
0.24982E-03
023367E-03
0.21S0CE-03
0s20565€-0C3
0e1534¢E-03
0.18231E-03
0,17208E-C3
0,1¢6267E~-C3
O« 15401E-03
0e14601E-0Q3
0e1386CE-C3
0e13175E-C3

Co 15554E-C4
0. 15831E~-C4
Cel6117E-C4
Co 16410E-C4
Co1671CE-C4
C. 17020E-C4
0. 17338E~C4
Co 17664E~-04
Ce18CO1E-C4
C. 18346E-C4
Ce 18702E-C4
C. 19C69E~-C4
Co 1G446E-C4
Ce 19834E-C4
Cs2C234E-04
0o 20646E-C4
Co21071E-C4
0.21510E-C4
Ce21962E-C4
Co22428E-C4
Ce. 229C9E-04
Ce 234CHE~-04
Ce23919E-04
0.24449E-C4
C. 249S97E-04
Ce 25563E-04
Co26149E-C4
0. 26 755E-C4
0.27382E-04
C.28032E-C4
C, 287C5E-04
0o 294C2E-C4
C.3C125E-04%
C.30874E-C4
Co31652E-04
Ce332G8E-0C4
C.34170E-0C4
Co35075E-C4
Ce36C17E-C4
Co36SS8E-C4
C+38C19E~C4
Ce3GC82E-C4
Ce 4C190E-C4

Ce15121E-C5
0. 15380E-05
Ce15646E-CS5
Ce15919E-05
Ce16199E-C5
0. 16487E~-C5
0o 16782E-05
0. 17086E-05
0e17397E-C5
Ce17717E-CS5
0. 18046E-C5
Ce 18385E~05
0.18733E-C5
0«19091E~-C5
0. 19459E~05
0o 19838BE-05
00 20228E-Q5
0e 20630E~C5
Ce21044E-C5
0e21471E-CS
C«21910E-C5
0e22363E-05
Ce22831E~0C5
0.23313E-05
0.23811E-05
0e24325E-05
e 24856E-05
Cs 25404E-CS
0« 25970E-C5
Oe 26556E-05
0.2T7T162E-CS
0.27789E-C5
0e28437E-05
0e29109E-C5
Co 29805E-05
Ce 30526E-05
Ce31273E-C5
Ce32049E~-0C5
0e32853E-CS
0. 33688E-05
Ce 34555E-C5
Ce 35457E-CS
Ce 36394E-05
Ce37368E-C5

0.13228E-CO
0e59794E-C1
0.34563E-C1
0.22312€E-01
0.15389E~C1
0.11082E-01
0.82354E-02
0e63062E-02
0.49470E-C2
0+39575E~02
0.32198E-02
0.26612E~-02
0622297E-02
0.18913E-02
0e16222E-02
00.14057E-02
0.12288E-02
0.10828E-C2
096101E-03
0.85858E~C3
0.77171E-C3
0.69751E-03
0.63383E~03
0.57874E-C3
0.53079E-C3
0.,48885E-03
0.45198E-03
0.41944E-03
0.39060E-03
0+36495E-C3
0.34206E-03
0632157E-03
0.30318E-03
0.28663E-C3
0027170E-C3
0.25822E-03
0.24601E-03
00 23495E~-03
0,22492E-03
0.21581E-03
0.20754E-03
0.20002E~-03
0,19320E-C3
0.18700E-C3
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40593175 0.10819E~-04 0.12538E-C3 Ce 41346E-C4 0.38383E-05 0.18138E-C3
4069583 0010344E-04 0e11943E-03 Ce 42552E-C4 00 39439E~05 0e17629E-C3
479792 0e99027E~-05 0.11393E-03 Ce4381l1E-C4 0« 40539E-05 0.17170E-C3
40900C0 0e94875E~05 0+.10B79E-C3 0. 45127E-C4 0e41687E-05 0.16757£-03
500208 0.9C978E~05 0.10397E~-C3 0o 46503E-C4 0e 42883E-C5 0.16386E-03
5010417 0.87217E-05 0,S9471E-C4 0o 4T7941E~-C4 0e44131E-0C5 0.16056E-03
5020625 0,83873€E~-05 0.95252E~C4 0 49448E-04 Ge45436E-0Q5 0e15763E-03
530833 0.8C€2BE~05 0091293E~-C4% C.51026E~-C4 Ce46798E-C5 0015506E-03
5041042 O0c 7T7568E~-05 0. 87573E-C4 0. 52680E-C4 0»48223E-C5 0,15283E-03
Se51250 0o 7T4678E=~05 0. 84074E-C4 Ce 54415E~-C4 Ce 43714E-05 0.15093E-03
5061458 0., 71948E~-05 0.80778E~C4 0e56236E-04 0e51276E-05 0. 14934E-03
5071667 0« 65364E-05 0 776T1E-C4 C.58151E-C4 Ce52911E-05 0. 14805E-03
5.81875 0. 66S17E-05 0o 74738E~-C4 0o 60163E~-C4 0254627E-05 0.14706E-03
592083 0. 64597E-0S 0.71867€-C4 C. 62281E-C4 0e56427E-0S 0e14635E~C3
602292 0e 62396E-05 0e69346E-C4 Ce 64512E-Q4 C.58318E-05 0e 14593E-03
6.12500 0.60305E-05 0e£6864E-C4 C. 66864E~-C4 0e 60305E-05 0.14579E-03
FOR T= 0.C80C AVERAGE ESCAPE PROBABILITY, PC-ANISOTROPIC = C.29626E~02
CCNVERGENCE = 0. SIGMA (CBSQ) = C.C07987S
4 Pl P2 P3 P4 PC
0.102C8 0e74629E-01 0.9845%E-C1 . Ca23S93E-04 0e27009E-C5 0.17311E-CO
0. 20417 0. 17516E-01 0+ 64953E~-C1 Co 24425E-C4 Ce27473E-CS 0,82496E-01
0e 30625 0.68934E-02 0e42161E-C1 0. 24868E-C4 0.27949E-0C5 0.49082E-C1
C. 40833 0.35571€E~-02 0.28799E-C1 Ce25323E~04 Ce28437E-C5 0¢32384E-C1
0e51042 0.21385E-02 0.2C578E-C1 C. 25790E-C4 0e 28939E-05 0e22746E-01
0. 61250 0014173E-02 0.15238E-C1 Ce26271E-C4 0o 29454E-05 0.16685E~C1
0. 71458 0. 1C044E-02 0.1157GE-C1 Ce 26765E-C4 0«29983E-05 0e12613E-01
CeB8l667 0 74732E-03 0.8G761E-C2 C.27273E~-C4 0«30526E-05 0,97537€E~-02
091875 0.57695E-03 0. 7106S8E-C2 Ce 27796E-04 0.31084E-05 0.77144E-02
1.02C83 0o 45846E-03 0.,57298E~C2 Co28334E-C4 Ce31657E-C5 0.62198E-02
le12292 00.37284E-03 0. 4692SE-Q2 0.28888E-C4 0e3224TE-Q5 0.50978E-02
122500 0.30902E-03 0e38894E-02 0. 29458E-04 0e32853E-C5 0.42311E-C2
1.32708 0.26022E-03 0¢32632E-C2 Cs 30C44E-C4 0e33476E-CQ5 0.35571€-02
1.42917 0,22207E-03 0.27688E-C2 Ca 30¢48E-C4 0e34118E-05 0.30249E-02
153125 0.19171E-03 0.23721E-C2 Ce31272E-C4 Ce34777E-CS 0.25986E-02
1.63333 0el6715E-03 0.2C505E~-Q2 Cs31S914E-C4 Ce35457E-05 0.22531E-02
173542 0e14701E-03 Oe1786S8E~C2 Ce 32575E-C4 0e36156E-05 0.,19702E-C2
1.83750 0.12030€E-03 0+ 15695E~C2 C.33258E-C4 0. 368T76E-05 0a173867E-02
1.93658 0e11627E-03 0.13879E-C2 Ce33962E-C4 Ce3T7618E-C5 0e15419E-02
204167 0.1C438E-03 0e12348E-02 Ce34688E-C4 C.38383E~-C5 0.13777E-02

2014375 0.54229E~-04 0« 11C4EE-C2 Ce 35438E-C4 0+39171E-C5 0.12382E-C2
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2024583
2034792
2045000
2655208
2065417
2075625
2085833
2096042
306250
3016458
3626667
3.36875
3.47C83
3.57292
3.675¢C0
3.771708
387917
398125
4008333
4018542
4028750
438958
4049167
4459375
4069583
4079792
4090000
5.002C8
510417
520625
S.30833
Se41042
551250
5061458
571667
581875
592083
6002292
6.12500

FGR T= 0.,100C

0. B8E484E-04
00 77900E-04
0.71280E-04
00 65469E-04
0.6C339E-04
0.55788E-04
0.51732E-04
0.481C03E-04
0e44842E-04
0,41902E-04
0o 3S241E-04
0.3¢825E-04
0+.34626E-04
0032¢18E-04
0o3C779E-04
0.29C92E-04
00.27539E-04
0,26107E-04
0024784E-04
0e23560£E-04
0e22423E-04
0.21367E-04
0.20384E-04
Oe 1G467E-0Q4
0. 18610E-04
0. 178C9E-0¢4
0.17058E-04
00 16354E-04
00 15693E-04
0.15071€E-04
Oe 14485E-04
0e13G32E-04
0s12411E-04
0.12S918E-04
00 12452E-04
0e12011E-04
0e11593E-04
0.11196E~-04
0.1C819E-04

0+S9327E-03
0.89733E-03
0o, 81416E-03
0.74165E-C3
0e€7816E-03
0062234E-03
0057294E-03
00 S2903E-C3
0+48G85E-03
0e4S476E-03
0042322E-C3
0e3G477E-C3
0o 36904E~-0C3
0e34569E-C3
0e32444E-03
0e30505E-03
0e28731E-03
0e27105E-C3
0.2561CE-03
0e24234E-C3
0o 22964E-C3
0e2178GE~C3
0.20701E-03
Oe 19€691E-C3
0.18752E-0C3
0017878E-C3
017062E-C3
0o1630CE-03
Oe15588E~C3
0.,14G21E-C3
0014295E-C3
0e13707E-C3
0.12154E-C3
Oe12¢33E-C3
0.12143E-0C3
0e1168CE-03
0e11243E-C3
001C83CE-C3
001043GE-03

Ce36213E-C4
Ce37C13E-C4
Co3784CE-C4
Ca3B6G4E-C4
0.3G9578E~C4
Co4C4G2E-C4
Co4l438BE-C4
Co4241T7E~C4
00 43431E-C4
Co44482E-C4
Co 45571FE-C4
Ce 46TCL1E~C4
Co47873E-C4
C.49C89E-C4
CoEG352E-C4
Ca51663E~-C4
Ce53C27E-C4
CoS4444FE-C4
Co55S1GE-C4
00574545-04
Cc 59053E-C4
Ce¢CT719E~-C4
Oo éZ‘oSéF-O‘o
0. 64268E-C4
Co66160E~-C4
0. €8135E~C4
C.7C2C0E~-0C4
Ce72358E-C4
Co 74618E-C4
Ce 7T6883E~-C4
Ce 73462E-C4
Ce 82062E-C4
C. 847S0E-C4
Co B7655E~-C4
CeSC666E~C4
C.93833E~C4
Co97168E-C4
C.1CC68E-C3
Co1C439E-C3

AVERAGE ESCAPE PROBABILITY, PC-ANISCTROPIC

CCNVERGENCE

= 0eoCCCCC38

SIGMA (DBSQ)

Ce 39983E-C5
Ce40822E-C5
Coe4lé687E-CS
0e42579E~-C5
Ce43500E-0C5
0o 44452E-CS
Co45436E-C5
Ce46452E-0C5
Ce47503E-C5
Co48590E-CS
Ce49714E~-CE
Co50879E-C5
Ce52084E~C5
Co53333E~-C5
Ce54627E-C5S
0. 55969E-C5
Ce57361E-C5
0.58806E-C5
0o 60305E-C5
Co61863E~C5
Co63482E~-CS5
Ce65166E-CS
0e66S817E-C5S
Cs68740E-CS5
Ce 70638E-C5
Coe72617E-CS5
Ce 7T4679E-C5
C.76830E-C5
Ce 79076E-CHS
Co81421E~-C5
Co83873E-05
CeB643TE-CS
C+89120E-C5
Ce 91930E-C5
Ce34875E-C5
Co37964E-C5
Cel0121E-C4
Co1C461E~-C4
Ce10819E~C4

Co39C65E-02

C.C0843CS

00,11190E-02
Ce10163E-C2
0.92745E-C3
0,85008t-C3
0.78243:-03
0,72306E-03
0. 67065E-C3
00,62420E-C3
0.58287£-C3
0.54600E-03
0.51300E-C3
0e48339E-C3
0.45675£-C3
0.43273E-C3
0,411C3E-C3
0639140E-03
0e373¢1=z-C3
0:35748E-03
0e34284E-C3
0»32954E-03
0.31746E~-C3
C.30649E-C3
0.29654:-~03
0.28752£-03
0.27935E-C3
0.27198E-C3
0.26535E-03
0.25940€-03
0.25410E-C3
0.24940&E~03
0.24528E-03
0,24170E-C3
0.238¢5E-C3
0.23610E~-03
0.23404E-03
0.23244E-03
0,23131&E-C3
0.23064E-C3
0.23041E-C3
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Z
Cel02C8
Ce 20417
0. 30625
0.40833
Ce 51042
Co 61250
0.71458
Ca81667
091875
1.02C83
1.12292
1,22500
1.32708
1,42917
1e53125
le¢63333
le73542
1.83750
1.93958
2004167
2014375
2024583
2034782
2.450C0
2455208
2065417
2475625
2.85833
2096C42
3006250
3016458
3626667
3.36875
3,47083
3457292
3.67500
3.777C8
3.87517
3.98125
4,08333
4018542
4,28750

Pl
0,1C821¢&~C0
0028843E-01
0-11533€-01
0.59411E~-02
0o 35571E-02
00223462E~02
00 16551E-02
0+12265E-02
0694346E-03
0.741732E-03
0,6C¢605E-03
0.5C108E~-03
0:,42101E-03
0,35860E-03
0.3C902E-03
0.2€901E-03
0,23626E-03
0020912E-03
0. 18638E-03
O0e16715E-03
0015C74€E-03
00126€2E~03
0012440E~03
0.11373&E-03
06 1C438E-0C3
0.96138E-04
0.88830E~04
0.82323E-04
0o 76505E-04
0.7128CE~-04
0. 66S73E-04
0.62316E-04
0c58454E-04
0e54939E-04
0+51732E-04
0448798E~04
0.46106E-04
00.43630E-04
0.41248BE-04
0039241E-04
0.37290E-04
0.35481E-04

P2
0699921E-C1
0, 76307E~-C1
00£2330E-C1
0.3€962E~C1
02¢973E~-01
00,20301E-C1
0,15673E-C1
0.12322E-C1
0,98381E-02
0. 76832E-C2
0. 65758E~C2
0e54856E-C2
0.,46235&~-C2
00 36343E~C2
0e¢33791E~-C2
0629267E-02
0.25541E-C2
0e2244¢E~-C2
0e19852E-C2
Oel7667E~-C2
0.,15811E-C2
0s1422CE~C2
De12848E-C2
Os11657E-C2
0.1C618E-C2
0.G706GE-C3
0.86041E-C3
0,81936E-03
0.75622E-C3
0.7C0C1E~-C3
0et49%65E-C3
0.60437£-03
0.£6355E-C3
0.52661E~-03
0+49309E~C3
0o46261E-C3
0e4347SE-03
0.4C936E-03
0. 38604E~03
0.3¢462E-C3
0+ 3448SE-C3
0e32669E~03

P3
0o 33595E~C4
Co34202E-C4
C.34826E-C4
Ce35467E-C4
Co36126E~04

- 0o 368C4E~C4

0.375C0E-C4
C.38217E~C4
Co38G54E~C4
Co3S9712E-C4
0+ 4C493E~-04
Co41296E-C4
Co42124E-C4
Co 42877E-C4
Cs 43856E~-C4
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