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ABSTRACT

A description is given of a Monte Carlo calculation to determine the
angular distribution énd energy spectnmof air-scattered neutrons. The
calculation was programmed for computation on the ORACLE. The particular
form of Monte Carlo calculation used involved the integration of the
Boltzmann equation and is described in some detail., The problem was
idealized to have the source in an infinite body of air and used isotropic
scattering in the center-of-mass system. The results for the total neutron
flux and tissue dose rate at a source-detector separation distance of 64 ft
are presented. The source in this case was a point which emitted a line

beam of monoenergetic neutrons.



CHAPTER I. INTRODUCTION

General Introduction

It 1s very difficult to conceive of an experiment or apparatus using
or containing sources of nuclear radiation which does not permit some
fraction of the radiation to escape to the surrounding air. A knowledge
of the distribution of the radiation, once it enters the air, can be of
great importance if the intensity is high and there is a need for personnel
protection or estimatingvmaterial damage. Unfortunately, it is not a
simple matter to determine the distribution from experiment for general
cases which can be applied to design problems. This means one must depend
on calculations to provide the information, and the purpose of this report
is to present some calculations which can be useful in the general case.

In particular, this report deals with distribution of neutrons emitted into
an infinite body of air. The Monte Carlo method of calculation was used.

In order to maintain generality it was decided to make a parameter
study involving a line beam of monoenergetic neutrons from a point source.
The results of such a calculation can be integrated to make up any arbitrary
source distribution.l

There have been several calculations to determine the distribution of
neutrons in air. The most noteable of these was done by Holland and
Richards® who used the moments method of solution for a monoenergetic,

isotropic point source in air. TFor the case of line beams, most calculations

1. C. D. Zerby, Transmission of Obliquely Incident Gemma-Radiation Through
~ Stratified Slab Barriers, ORNL-224, Vol. 1 (1956) App. B.
2. S. S, Holland P. I. Richards, J. Appl. Phys. 27, 1042 (1956).




have used single scattering theory. Some examples of this type of calcula-

tion have been given by Weller and Workman.3

Organization‘gg.the Report

The main text of this report deals with the processes and procedures
incorporated into the Monte Carlo problem which was coded for calculation
on the ORACLE, a high speed automatic digital computor located at the
Oak Ridge National Laboratory. Chapter II contains most of this material.
Chapter IIT presents the results of some: test calculations which were run
for the purposes of evaluating the accuracy of the Monte Carlo technique
used. Chapter IV presents the results of a parameter study at a source-
detector separation distance of 64 ft where the-radiation was emitted
from a monoenergetic line beam point source.

Appendix B is a self-consistent entity which provides a record of
the final code for the ORACLE; along with this is a complete description of
its operation and use. The reader who does not have access to the ORACLE
will find little interest in this appendix except in those paragraphs
dealing with the input data which will give an idea of the versatility of

the code.

3. G. S. Weller and B. J. Workman, Single Scattering of Neutrons in Air,
CVAC-211T (1954).




CHAPTER II. PROBLEM ANALYSIS AND PROCEDURES

Composition ggbAir and. Cross Sectionsv

The composition of dry air at sea level conditions as given in the

4

Handbook of Chemistry and Physics™ is repeated in Table 1. Since the main

elements of the air are nitrogen and oxygen and the other elements altogether
make up less than one percent of the volume of the air, it was decided to
consider the effects of nitrogen and oxygen only in the calculation. Using
the volume percents given in Table 1 and normalizing to a unit volume re-
sulted in the weight percentages of nitrogen and oxygen of 76.5 and 23.5,

respectively. These weight percents were used for every density of dry air.

Table 1. Composition of Dry Air, Mean Percentages by
Volume, at Sea Level Conditions

N, 78.03  H, 0.01
0, 20.99  Ne 0.0012
A 0.94  He 0.000k4
COp 0.03

The total cross sections for oxygen, nitrogen, and hydrogen were
taken from the graphs presented in the report BNL-325.5 The hydrogen total
cross sections were included so that moisture could be added to the air. The

total cross sections for oxygen and nitrogen were included as a table for

4, C. H. Hodgman, Editor, Handbook of Chemistry and Physics, 33rd Editionm,
Chemical Rubber Publishing Company, Cleveland, 1951, p. 2817.
5. D. J. Hughes and J. A. Harvey, Neutron Cross Sections, BNL-325 (1955).




neutron energies above 0,10 Mev. The values of the cross sections were
included at energy intervals of 0.025 Mev between C.10 and 2.5 Mev, at
intervals of 0.10 Mev between 2.5 and 7.5 Mev, and at intervals of 2.0 Mev
between 7.5 and 31.5 Mev. Cross sections required from this table were
obtained by linear interpolation. BRelow 0.10 Mev enalytic expressions

fit to the data were used. The total cross section for hydrogen was ob-
tained with a series of rational polynomials fit to the data.

Although the total cross sections were included up to neutron energies
of 15 Mev, it was not intended thet the calculation be general enough to
include sources of such a high energy. For this reason, stimulated by
the lack of information,‘it was decided to consider the total cross section
as being identical with the scattering cross section except at very low
energy where the (n,7) reaction becomes of some importance. The absorption
cross section for nitrogen and hydrogen at low energy was obtained in the
calculation by taking the absorption cross section at thermal energy
(0.025 ev) and assuming a 1/v dependence.

The scattering probability was taken as isotropic in the center of
mass system which is correct only for hydrogen at the energies of interest
in this problem; however, it is nearly correct in the case of oxygen and
nitrogen over much of the low energy range. The decision to include the
scattering as isotropic in the center of mass system was made because of
the lack of experimental data giving the anisotropy of scattering. It
appeared to be reasonable to go ahead with this procedure and prove a

technique of calculating first and alter or recode the problem later as

data became available.




Geometry

The geometry of the source and detector are shown in Fig. 1. The
source of radiation was taken as a point located on a black sphere with
diameter d. The radiation emitted from the source point was assumed to
have an axis of symmetry perpendicular to the surface of the sphere which
.pointed at an angle 6, with respect to the source detector axis. The dis-

tribution of the radiation about the axis of symmetry was chosen as

P+ 1
2n

cost6 = source distribution; neutrons/steradian/sec (1)

where 0 is the angle measured fraom the axis of symmetry and P is an arbitrary
positive integer.

Located at a distance g from the center of the source sphere was a
point detector. The space about the detector was divided into a number of
solid angles with gpex at the detector point. The number of neutrons coming
into each of these solid angles was counted. The solid angles were located
by first establishing a coordinate system as shown in Fig. 1. The x axis
coincided with the source-detector axis and the orthogonal y axis was in the
plane containing the source-detector axis and the axis of symmetry of the
radiation. The z axis was orthogonal to the x and y axis. The x axis was
chosen as the polar axis for the grid system to establish the solid angle
intervals and the usual spherical coordinate system was used. The polar
angle was divided into a nunber of equal angle iﬁtervals and the azimuthal
angle was divided into a number of equal angle intervals. The meridian and
parallels of latitude scribed on a sphere centered at the detector point
established the intersection of the set of so0lid angles with the arbitrary

sphere.
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Fig.1. Source-Detector Geometry Showing a Typical Grid System About the Detector Point Where the Polar and Azimuthal Angles were
Divided into 30-deg Intervals.




Because of the symmetry of the geometry it was not necessary to divide
the Ux space about the detector point into solid angles but just the 2x
space above the x-y plane. The lower 2x space will then be just a reflec-
tion of the upper 2x space.

Variables that were determined by input data to the code was the
diameter 4 of the black sphere, the angle eo, the number P, the separation
distance g, the number of polar and azimuthal angle intervals about the
detector point, the density of the dry air and the density of the moisture
in the air.

The energy spectrum of the radiation entering each of the solid angle
intervals was determined by dividing the energy range from some cut off
energy tc the source energy into an arbitrary number of equal intervals.

General Formulation of the Monte Carlo Problem

The general problem, as outlined in the geometry section, is an
impossible one to attempt using a stralght analogue Monte Carlo approach.
This is easily seen when one realizes that the fraction of the source
particles passing through a sphere having e& unit cross sectional area at

the detector point at a source-detector separation distance of only 0.3 mfp

7

is in the order of 10°'. The expected standard deviation in this case is
approximately
N
where
F = +the fraction of the source particles passing through the unit

sphere,



6

N

standard deviation on the value F,

it

the number of source particles.

If one would be satisfied with a confidence interval such that
S/F'g 0.5 then the number of source particles-required can be determined
from Eg. (2) as 4 x 107. One possible way to reduce the number of source
particles required is to increase the cross section' of the sphere at the
detector point and accept an average value-answer for the flux; however,
it would be necessary to increaée-the.area by a factor- of lO5 before. the
problem became practical. It seems undesirable to accept an average flux
value over such a larger region.

Rather than teke the straight analogue approach to the problem, it
was decided to solve the Boltzmann Transport equation in its integral

6

form using expected values as described by Kahn. From previous prdbléms
it was expected that reasonable statistical accuracy could be achieved with
this method with a minimum of sample source particles.

The integral form of the Boltzmenn equation is derived in App. A.
In what follows it will be presented in such a way as to give the particle
current coming into a point located at the origin rather than the current
leaving the point. The solution of the equation in:this form will provide

data which 1s more easily used when detectors:are involved. The equation

is

6. H. Kahn, Applications of Monte Carlo, RM-1237-AEC (1956).
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t
- S ZT(r"_",E)dr"
§o,5,1) - oF B, e XAz ()
P
All Space
where
2 = a unit vector,
3(0,E,B) = particles per cm® per sec per unit energy at energy E
per steradian about the negative direction - at the
origin,
:?T(F;E) = the macroscopic total cross section at position
T and at energy E (cm'l),
q(*',E,) = the source term: particles per~cm? per sec
per unit energy at energy E per ‘steradian about
direction -Xat position 7',
& = r' adrdr
and
2@, = o if B &1
53 B0z - 1 )
a'

In the particular case of interest here, the source term is given by
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8(=R) 8(8,,2') 8(ry - r') 5(E, - E)

r'2

Q(;' }E:‘ﬁ) =

+ gs(;' :E" )¢(?' :E":'ﬁ' )f(E:E' :"ﬁ}ﬁ" )dE"dIL"

- (5)

where

2, ,E")

the macroscopic scattering cross section at

position T' and at energy E" (cm'l),
£(E,E",-{{,¢")AEAZ = the probability of scattering from a direction
8" at energy E" into the solid angle d@ about
the direction -% abd into the energy interval
between E and E + dE.
The first term on the right of Eq. (5) is for a monoenergetic, anisotropic

point source, where

S(-fi) = particles per sec per steradian about the direction -Q,
E, = the source energy,
ro = the radial distance to the point source,
jib = the direction to the point source from the origin,
®(x - x') = the Diréé delta function.

When Eq. (5) is substituted into Eq. (3) the result is
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To
. -g Zqp(rT,E)dr!
s(-%)8(T,,2)5(E, - E)e

- ¢(0,E,x)

r02

Z (7 ,E")
= = n o S ’ o
+ J(:ET(r"E")¢(r"E :1ﬂ-) — f(E:E :‘Qrﬂ‘)
(F',E")
s ™
Space E" "
r|
- f ZT(r"-" ,E)dr"
o] o ﬁ - -
e L AP aE"a ! (6)
r'2

- The first term on the right of Eq. (6) is the contribution from the un-
scattered beam and the second term is the contribution of the scattered
radiation. The direct beam contribution was calculated directly using the
above expression while the Monte Carlo portion of the calculation was done
to solve the 1htegral term. In what follows the integral term will be
designated ¢S'

The function f in ¢S can be easily associated with the differential
scattering cross section. It is assumed there are m nuclear species in
the transport medium with which the neutrons can make an elastic scattering

collision. (Inelastic scattering is neglected.) In this case f is given by

& B .
i (FUEG-RALERE -E) F20EE")

: £(8,E",T,8") = 2= £~
£n(#,E") 2@ ,")

where
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§én = +the contribution to the macroscopic scat-
tering cross section by the nth nuclear

species,
dESn

ae

the differential macroscopic scattering
th

1

(F1;E"; " ,E")
cross section contributed by the n”" nuclear
species, cm'l, at position T' for scattering
from a direction 7" with energy E" into a
unit solid angle sbout direction - with
resultant energy E'.

As described in the geometry section, the space sbout the point of
interest (the detector péint) is divided into a number of solid angle inter-
vals determined by dividing the polar angle and the azimuthal angle into a
number of equal angle intervals. Let us designate a particular solid angle
interval as Ahnji where the index J refers to the number assigned to the
polar angle interval and the index i to the number assigned to the azimuthal
angle interval as shown in Fig. 1. In addition, the energy space between
some cut off energy and the source energy is divided into a number of equal
intervals with an index k which refers to the number assigned to any particu-
lar interval. This indexing will be referred to again when the ORACLE out-

put format is described; however, it is important here because ¢S cannot be

calculated directly by Monte Carlo, only the quantity

Dyyy = 85 (0,E R )AEAT (8)
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can be calculated. From Egs. (6), (7), and (8) a convenient form of Djik

- can be written as
m ? (;. En)
s 1" g w  n S 2
Dyye = 2, fT(r’,E WE B, L")
n= ET(r',E )
All .
Space E" "
rl
2 n(F')E") ____S__ ('°v.E"._"."‘n ' o]
S ae r; 3R ,E ) e .
- §S(_f.l’EH) Esn(?',E") I"2
i .
Q(E' aE (2 948y )arraE"dge” (9)
where
Q(E',4E ) = 1 if E' is ina g,

= O ctherwise,

(R’ :A“,ji) 1 if?*' has a direction within the bounds of aftyy

= O otherwise,
The terms in Eq. (9) have the following physical interpretation: ET¢ is the
collision density irrespective of the type of collision, ES/ET is the

fraction of the collisions which are scattering collisions, an/is is the

) fraction of the scattering collisions made with the nth nuclear species,
ds 1

- S / an is the probability per steradian that the neutron will be scat-
a<c

th

tered from the n™" nuclear species in such a way as to intersect the detector

point, l/r'2 is the steradians per cm2 subtended by the detector,



1k

'

exp| - ( z .Id.r" is the probability the neutron headed for the detector
o

will reach it without making another collision, and Q(E,AEy )Q(',4%,) is

the factor which determines whether the particle shall be recorded in the

interval designated by the indicles Jik.

The unknown in Eq. (9) is the collision density which will be

|

|

|

\

generated by an analogue Monte Carlo technique to be described. The re-

‘ sult of the analogue process 1s a set of numbers (’1": Wy By ,Tv; ), A=1,2,3..,
i where Y'; = &T@z 1s the vector position of the ith collision, and the weight

‘ WL the energy E 2 and the d.irectionb;' are the values the particle had before
collision. The weight Wy is the probability the particle will mske
the ¢ B ¢ollision provided at the start W; has the value one, With the set

of nunbers ('ii My ,EEL,E_)'L ) it is possible to approximate Eq. (9) by
n

no— 8 g . v
Pyix = iZm W 2s (% E) asL (p 5Bps -0 & ,E")
Jik = L4+1 °
? n,—
A=l n=1 ' S(-i?q_ }E,Q) fS (I:o_ ’E,Q)

iy
- r Zp(r 'R, ,E Jar
o]

g * Q(E' AEJQ(T,82y4) (10)

where

. ,E) ]
_— Sshotl (11)

Wz +1
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Since there is a considerable advantage to eliminating the sum over n, this

was done by randomly selecting the nth nuclear species for each of the
E n,—
S (I‘L )Ez)

ES (i‘z )Ex )

collisions with a probability of obtaining any particular n.

The nuclear type selected will be designated by n, . The random process will

be described later. The result of selecting n, reduces Eq. (10) to

Te
. d?sn‘ . L -fo Zp(r' 7 ,E dr
Dyt = 2 Ve T EOR-Re G E) o
Jik A+1 y
™ (£ ,5) r 2
Q=1 S 2. 150 A
Q(E' pEy )Q(T, ,4245 ) (12)

The singularity in Eq. (12) can be eliminated by the obvious restriction
that a neutron scattered from the nth nuclear species should pass through the
detector point with a probability less than one. In the calculation this was

approximately achieved by requiring

Ty
- S EET(r'Ia,E')dr'
dfsn’ (T 3By 5-1 ) B') e °
. . <1 (13)
s (TuE) 2

If the quantity on the left of Eq. (13) came out to be greater than one it
was arbitrarily set equal to one.

The fact that the singularity in Eq. (12) was removed by a realistic
approximation does not preclude the statistical problem that still remains

for an unusual number of small values of‘ii . In fact, the number of small
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values of fl does not have to be too unusual to obtain quite a deviation from
the correct approximation to Djik' This fact alone suggests there has to be
a reasonably large number of sample neutrons taken at the source to minimize
the deviation.

There is also a problem that occurs when the point source emits a mono-
directional beam of neutrons directly at the detector point or very close to
that direction. In this case the greatest contribution to Djik is made by
the first scattered neutrons, and of the first scattered neutrons, those
with small values of'Fi make the major -contribution. Tﬁis means that the.
region near the detector point has to be sampled very well for the first
scattering locations of the sample neutrons to obtain a very accurate average
value of Djik“ This is not likely to:be achieved without a biased samplin%
technique and is certainly not achieved by the sampling methods incorporated
in this calculation as will be discussed; therefore, such a condition has
been avoided in all calculations by not permitting the particular source con-
dition mentioned above to exist.

Distribution Sampling and Generation of a Neutron History

In order to generate a random neutron history, a series of random
variables must be selected from the probability distributions governing the
life of a neutron. The processes used for selecting the random variable |
will be described in each case.

In some cases it is necessary to pick a random variable R from the

probability density function, p.d.f,

gr) = 1,0=r <1, (1)
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and obtain a random variable X from the p.d.f. f(x) by the transformation

X R
( f(x)ix = ( g(r)ar = R (15)
- 060 o

The random variables, or so-called pseudo random numbers, R were generated
on the ORACLE as they were needed using the method of congruences which has
been described by Taussky and Todd.7 For the ORACLE, this recursion method
of generation is

78 39
R:R,+2 Mod 2
Rijp = — ( ) (16)

539

R, = 5°/2°7,
2-59

2o
il

The distribution of the neutrons sbout the source axis of symmetry was
P+ 1
2n

chosen as cosPe per steradian; therefore, the p.d.f. for the variable
cosf = u is

£(u) =(P+1)uP, 0<u<l. (17)

The random varisble U can be picked from the p.d.f. f(u) by using Eq. (15);
however, the estimate of Djik can be improved by systematically sampling

rather than random sampling. The systematic sampling procedure is given by

7. O. Taussky and J. Todd, Generation and Testing of Pseudo-Random Numbers ,
NBS-3370 (1954).
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Uy
S f(u)du = U?l = L4 2 1,0,....,y, (18) :
o
where
N = the number of source neutrons selected,
U; = the ith value of the cos@ selected.

1

Equation (18) was solved for U; by Ne&tonﬂsiiteration m:e'athod.8
One of the alternate methods of using the ORACLE code includes the
option of making the source an isotropic point source. 1In this case the

p.d.f. for u is given by R
£(u) = -;-, -l<u=l, (19) .
and the systematic sampling procedure is given by

21
= -1, 1 = 1,2,3,....N. (20)

Ui =
The azimuthal angle ¢ gbout the source axis of symmetry was picked
randomly by first selecting two random numbers R; and R2 from a uniform

distribution on the interval (-1, +1) and testing if Rl + R22._ 1, if the

test passed, then Rl /(VRIE + R22 was taken as the cos and R?//ﬂ’Rl + R2

was taken as the sin@. If the test failed then another two random numbers
. were selected and the test was made again. This procedure was continued
until an R and R, were accepted. The angles © and @ established the

direc‘c_,ion 5:1' . .

8. A. S. Householder, Principles of Numerical Analysis, McGraw-Hill Publishing

Company, New York (1953), p. 122.




19

In the case where the value of P was chosen as infinity giving a mono-
directional beam of neutrons there was no need to sample from the p.d.f.
f(u) and systematic sampling was done to .obtain the distance to the first
collision point. The p.d.f. for the distance in mean free paths (mfp) is

given by

£(x) = ™%, 0< x <oo (21)

The systematic sampling could, of course, be achieved by an equation similar
to Eq. (18); however, it was very desirable to fix the first collision points

by & method which approximated the cumulative distribution function, c.d.f.,

X
§ fx')dx' = ‘F(x) _ (22)
o
more accurately. This was done by first dividing F(x) into N equal intervals
as in Eq. (18) but rather than picking the wvalues of x which corresponded
to the end points of the intvervals, the average value of x within the inter-
val was taken. In the development of the relationship for the average

values, the end point values, X4, of the intervals will be defined by
= i .
Fx;) = 5,1 = 0,1,2,...... N, (23)

The average value Ei in the interval (xi-l’xi) is therefore given by
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- -X -X
Xy = ————— = (- x4 i, X4_1€ 1-1) N+1,1=1,2,3...,N. (24)

Xi-1

From Eq. (23) we obtain

S (25)

thus Eq. (24) can be written finally as

- N -1 N -1 N -(i-1 N -(1-1 ]
xi = ) I‘og J_ (l ) . I‘og N+ L -
N N N N
i=1,2,....,N (26)

-1 I
The value of il Log[

]can be saved at each determination of Ei and
N

used in the determination of Xn reducing the amount of work required.

In those cases where P was finite, the distance to the first collision
was randomly selected from the p.d.f. given in Eq. (21) using the
von Neumann technique.9 This can be most easily summarized by the schematic
diagram given in Fig. 2 where X is the randomly selected distance to the first
collision in units of mfp and Ry is a random number picked from a uniform

distribution on the interval (O, +1). On the average it takes 4.3 random -

9. J. von Neumann, "Various Techniques Used in Connection with Random Digits,"
Monte Carlo Method, Applied Mathematics Series 12, A. S. Householder,

editor (U. S. Government Printing Office, Washington, D. C., 1951).




r+1—>/

21

Set
/=0

Pick
Ro and R,

UNCLASSIFIED

2-01-059-183

Set
/=0

Test
R 2 ’L?/'—1

JS 1>

Pick
R/'+4

Test

is / odd

‘yes

X=j+R,

no

Fig. 2. Schematic Diagram of the von Neumann
Method of Selecting a Random Varioble X from the
Probability Density Function # (x) = C™ Where 0< X <@




22

numbers to obtain a value of X which takes less time in computation than the
logarithm routines availlable for the ORACLE.

The von Neumann method was also used to obtain distances between
successive collisions when the directionvof the neutron did not intersect

the black source sphere. When it did, however, a truncated p.d.f given by

£(x) = ———00u 0s x<x

= (27)
1l -e *1 1

was used to randomly select the distance X. The value of xj; is taken as the
distance from the last collision point to the surface of the sphere in units
of mfp. The p.d.f. given in Eq. (27) was substituted into Eq. (15) and
solved to obtain X. The obJect of truncating the distribution is to assure -
that the neutron is not lost from the system since there is information to be
gained from each collision if it continues to exist; however, the weight of
the neutron has to be reduced by the factor 1 - e-xl which 1s its probabllity
of not being absorbed by the black sphere.
The the position of a collisionfi; was established by one of the techni-
ques described above, the weight of the neutron was then reduced by its
probability of surviving a collision as given in Egq. (11). It was then
necessary to determine the nuclear species with which it was assumed there was
a scattering collision. This was done by dividing the interval (0,1) into
25 (S ,E,) -
m emaller non-overlapping intervals each of length ———0———— where
ZES (To,El)
s £ (55,

Y = 1 and then determining in which of the smaller intervals
n=l 25 (T ,E,)

a random number R fell. Since the probability of R falling into the nth
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n/—

interval is just ——=———
ZS (r{ }E,g_)

, the n®? nuclear specles was selected with the

proper frequency. The particular n selected at each collision was designated
nn.
The direction of scattering was determined under the assumption of

isotropic scattering in the C.M. system. The usual collision diagram in the

—
C.M. system is given in Fig. 3 where v is the velocity of the neutron
before collision,'?g is the velocity of the center of masses, and'?z 1 is
+

the velocity of the scattered neutron in the C.M. system. The relation-

ships that hold in this system are

v,
— R,
Vg = T (28)
1 + Anx

and

Vial = —= % (29)
+1 1+ An 2
2
A th th
where Anﬂ is the mass of the n™ nuclear species selected at the A
collision. The velocity of the scattered neutron in the Laboratory system,

—
Vo4ls is given by

—

— -,
v}+l = v+ ?l+l' (30)

The direction of the scattering in the C.M. system was determined by first
selecting three ran@om numbers, Ry, Ry, and R5 from a uniform distribution
on the interval (-1, +1) and testing the inequality Rl2 + R22 + RgaiE]"
If the test falled, another set of three random numbers was generated and
the test repeated until the set of random numbers was accepted. When the

test passed a vector'ﬁ'was established by
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—_— A A [

R = Rye) + Ryey + Rex (31)
AT s th . . Y

where ey is a unit vector along the i*" coordinate axis. The vector R has

an equal probability of pointing in any direction; therefore, it fulfills

the meaning of isotropic and can be interpreted as indicating the direction

of'31+l. Thus, one obtains with the use of Eq. (29) that
- — R
a1 = %] 5] (32)

1+ An

and with the use of Egqs. (28), (30), and (32)

—_ —
— V, An
T = —=2— + —2— || —f—.— (33)
l+An 1+An R
2 %
At this point we can introduce the vectorjikl through the relation
Isilfix' to obtain from Eq. (33)
— —_— ! —
oo e o, ' R (34)
1+ 1+ E?
% | hn, m, %

The energy after scattering is obtained with the use of Eq. (34) from the

relation
I;1+ﬂ :
B = E {f;;—F;' ) (35)

while the directionizz 1

Eq. (34) from the relation

after scattering is obtained with the use of

e+l EA (%6)

—Q',ﬂ. +l — I.—)
v
| A+L ‘
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At this point the values WL+1’ E , andj§£+l have been determined which

2+1
leaves only to pick the distance to the g+ 1 collisién by one of the methods

-
r

described and then determining the position 041"

An exception to the above sequence of events occurred when
I;z ,‘Sﬁ(r ,E ) > 16. In this case the weight W,,, was set equal to zero
and the history was terminated. The reason for this exception was that &
neutron which makes a collision at a distance greater than 16 mfp has such
a small probability of passing through the detector point on any of its suc-
ceeding collisions that it could not contribute significantly to the estimate
Of Dasyy-

J

Computation of the Neutron Current at the Detector
Point and Its Variance

In the process of generating a neutron history the process of determin-

ing WQ+1 and n, was described. This leaves only the determination of

2
Ng
a (TesEes-R, R)LE') .
and exp | - 2 (r'@y,E')ar'| in order to
2 n‘l - T
S (I‘L,E)\) o

compute the estimate Dyj @5 given in Eqg. (12).

In the case of isotropic scattering in the C.M. system 1t can be shown

that
n,
de £ 2 "R 1 — - (Er )
n, (- = - 2@y +B 4+ = (37)

where
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B = Eri. -1+ (T Xy )ﬂ e (38)

with the resulting energy after scattering given by

5 = 2
__Q. 1 B
E' = E, | ._;ﬁfE&_;t__ (39)

1 +
fng
The exponential term left to be computed is straight-forward and was

computed as
Ty
-_—
-g ZT(r'_QL,E')dr'
o - T(E')r.o_
e = e (40)
in all cases except when the path from the detector point to the collision

point f; passed through the black sphere. In the excepted case

Ty

..S ZT(I".F&:UE')G.I"
e © - o. (41)

In those cases where d, the dlameter of the black sphere, was chosen to have
the value zero, the exponential was always calculated by Eq. (40). This

last point 1s brought up because of some question that may arise in the case
where the source beam was monodirectional at 180 deg to the source-detector

axis where all ISt

scattered contribution to Djik would be removed if the
prescriptions for the use of the alternate Eqs. (40) or (41) was followed
rigorously.

Although it was not mentioned before, it is convenient here to say some-
thing about the total energy current through the detector that was calculated
in all cases. For the total energy current Eq. (12) was modified in the

following way.
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Te
- dfsn‘ . -( 2p(r' g,k )ar!
. B . R (o]
£ Z E', . 42 (% 5Bus-T B ,E0) (12)
T4 g o4l 5
A=1 1 ESnL (I-:;:EL) r,

It is clear that an estimate Djik or-é? can be obtained from Egs. (12)
and (42) for each sample neutron for which a history is generated. For the
present let us assume the initial weight of the neutron was taken as W} =1
so that Dji
unit energy source, then an estimate of the variance :on the average value of

k is normalized to one source neutron and E? is normalized to a

Djik and the average value of E? is given by

T2 _ %2
v - -1 (43)
N
where
Y = Djikorg,
N = the number of sample neutrons.

Now let ¥p be the estimate made by the nth sample neutron and substitute it

into Eq. (43) to get

v o= (12 )

Equation (LL) is convenient, however, it is desirable in the course of

generating a history to start the initial weight as Wy = 1 giving an
N

estimate

Y = % Y, (L45)
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Substituting Eq. (45) into Eq. (44) gives

N N
vV o= Z Yr'la . (2 Yr'1>2 (46)

n=L1 n=L

|

which is the variance on the average value of Y given by
N

Y = Z Y. (47)

n=1
The standard deviation calculated is the square root of the variance given in
Eq. (L6).

Computation of the Tissue Dose Rate at the Detector Point

Provided the conversion factor from neutron energy current to tissue dose
rate, P(E'), is known it is very easy to calculate the dose rate in the
course of the Monte Carlo computation by an equation similar to Eq. (12).

To obtain tissue rate, one need only replace W, , by the factor P(E')WL+1'
The normalization would then be for one source neutron per unit time. This
was not done, however, because of space limitations in the fast memory of
the ORACLE. Instead, the resulting answers for the various Djik were con-
verted to dose rate after the Monte Carlo calculation was completed.

Two separate tissue dose rate calculations were incorporated into the
code. The first, which was designated as Dose 1, used the tissue dose rate
10

conversion factors calculated in the manner described by Hurst and Ritchie

for calibration of the Hurst type dosimeter. The second calculation, which

10. G. S. Hurst and R. H. Ritchie, A Count-Rate Method of Measuring Fast
Neutron Tissue Dose, ORNL-930 (1951).
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was designated as Dose 2, used the tissue dose rate conversion factors cal-
culated by Snyderll using a Monte Carlo method. The Dose 1 and Dose 2
conversion factors are given in Teble 2 and reproduced in part in
Figs. 4 and 5. Conversion factors for intermediate values in Teble 2
were obtained by linear interpolation on a log-log scale as shown in
Figs. 4 and 5.

The method of calculation to convert the guantities Djik to tissue dose

rate was to find the average conversion factor Fk in the interval A.Ek'by

P(E')3E! (48)

Pk =
AEk
& By
and then computing the quantity
Dygr Pyt
DP _ Jik “k (19)
jik -~
AR 51 & Ty
where
p = 1l or 2 indicating Dose 1 or Dose 2 calculation, respectively,
DP _ dose/hr, steradian, unit energy
Jik

source neutron/sec

Other quantities that are mentioned in App. B are calculated as follows:

1ll. W. S. Snyder, "Depth-Dose Curve for Neutrons with RBE as a Function of
LET," Health Physics Semiannual Progress Report for Period Ending

July 3L, 1956, ORNL-2151 (1956), p. Gk.
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Conversion Factors From Neutron Flux
To Tissue Dose Rate

Neutron
Energy

(Mev)

Conversion Factors
Calculated by the
Method of Hu
and Ritchie

rep/hr

18*

Conversion Factors
Taken from the
Report of Snyder

rem/hr

=

utrons/cme-se

neutrons/cm?-sec

0.025 x 100

1

1

x 10

x 10

1.0
2.5
3.5
5.0
7.5
10.0
12.5

15.0

9.72 x
3.7h x
3.7l x

3.67 x

2.43 x
6.19 x
9.36 x
1.29 x
1.59 x
1.70 x
1.96 x

2.15 x

2.41 x

10715

1079

10’8

3.75 %
L.84 x

b1 x

9.0k x

3.00

"

8.33 x
1.36 x

1.25 x

1.36 x
1.50 x
1.50 x
1.85 x

2,14 x

10'6

10"6

10-6

lO'6
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D, BT
p Z 31k Fx (50)

D,ji =
A'Q,ji

k

2 S Dy N
p, = 1 , (51)

J
2.any,

1

and

P = 22335 by BP (52)

J 1 k §

P dose/hr, steradian
Dji = ’
source neutron/sec

P _ _dose/hr, steradian
J source neutron/sec

dose /hr

source neutron/sec
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CHAPTER III. TESTING THE CALCULATION

Testing of the Single Scattering Current
from a Monodirectional Source

When the point source emits a monodirectional beam of neutrons
the distances to the first collision points are -selected systematically
as discussed in Chapter I1I. This method 1is very nearly a numerical
integration for the first scattered .contribution to Djik with the ex-
ception that the nuclear species with which the scattering collisions
are made is still done randomly.

A test of the accuracy of the calculation for the first scattered
contribution to the detector point can easily be made for the particular
conditions where a nmonodirectional beam of neutrons is directed at
180 deg from the de“ector point. Here it is assumed that diameter of
the source sphere is zero. In this case the analytic ‘expression for

the contribution is given by

[~ o

m -20(8))-(x-8) 5 (m.) n
TV ~ a

D = Z ZT(El)e s L 2’" =)

_ o) ZE)

n=1
g
ag.n
S (Fi;El;-l,E') = T(E')'x
d-L . e
— L . (53)
g (El) X

which is easily calculated analytically. For the particular case of a

separation distance g = 19.5 meters, E; = 1 Mev, and the density of dry



36

air‘oA = 0.0012935 gms/cm3, the analytic solution gives a value

D = 2.56L4k4 x 1072, The Monte Carlo solution for the same initial conditions
for various sample sizes is shown in Table 3. The error is approximately
the same independent of sample size.

The results of this test confirm the expected accuracy for the single
scattering contribution. The significant point to be made, however, is that
for all cases where a monodirectional beam from the source is used similar
accuracy for the first scattering contribution can be expected. The exception
to this occurs when the beam points at or nearly at the detector point, but
this initial condition has been excluded as discussed in Chapter II. .

Comparisons of the Monte Carlo Solution Against Numerical
Solutions of the One-Velocity Boltzmann Eguation .

Numerical solutions of the Boltzmann equation giving the total flux exist
only for the one-velocity case of an isotropic point source in an infinite
homogeneous medium with isotropic scattering in the Laboratory system. The
details and results of this calculation has been given by Case, de Hoffmann,
and Placzek.12 Comparisons with this calculation could be easily made with
simple alterations in the ORACLE code to give the isotropic scattering in the
Laboratory system without energy degredation. These alterations were the
only ones made so the Monte Carlo calculation proceeded as discussed before.

In Teble 4 and Fig. 6 is presented the comparison of the calculations
for a source energy of Ej = 1 Mev, and density of dry air,oA = 0.001293 gms/cm3. .
Under these conditions the macroscopic total cross section was calculated to

1

be ZST = 0.0000176607 cm™~. The top curve in Fig. 6 presents the results

l2. K. M. Case, F. de Hoffmann, and G. Placzek, Introduction to the Theory

of Neutron Diffusion (U. S. Government Printing Office, 1953).
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Table 3. First Scattering Contributian to the Detector Point
Resulting from a Point, Monodirectional, Monoenergetic
Source of 1 Mev Neutrons Directed at 180 Deg from
the Detector Point. Density of the Air
0.001293% gms/cm?. Separation
Distance’19.5 Meters

First-Scattered Neutrons

NUg?er per Source Neutron
Sample Monte:Carlo Analytic Percent
Neutrons Solution Solution Error
50 2.5647 x 1077 2.56uk x 1077 0.01
250 2.5634 x 1077 " 0.0k
500 2.5646 x 1077 " 0.01
1000 2.5638 x 1077 " 0.02

2000 2.5637 x 107 n 0.02
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Table 4. Solution of One-Velocity Boltzmann Equation
for the Flux Contributed by Scattered Neutrons from
an Isotropic, 1l-Mev Point Source in Infinite Air

Neutron Flux Contributed

by Scattered Neutrons Percent Error

Max Lmum Norm?éisiioz7822§ Source " ,r the Monte

Number Number of Carlo Solution

Separation of Collisions Monte Compared with

Z/Zn “nen)  Newtrons History  fonties  sememron o semmeren
1 0.6 500 15 0.1175 x 1077 0.1212 x 10‘7 +3.1h
1 0.5 600 1% 0.139 x 1077 0.1320 x 1077 -5.h)4
1 0.k 700 11 0.1725 x 1077 0.125% x 10~7 -27.36
1 0.3 800 9 0.2264 x 107 0.2389 x 107" +5.52
1 0.2 1000 7 0.3329 x 1071 0.2943 x 10~ T ~11.56
1 0.1 1500 5 0.6467 x 101 0.5969 x 10~ 1 -7.70
1 0.01 2000 L 0.6190 x 1077 0.5000 x 1077 -19.22
0.9 0.6 500 15  0.7188 x 1078 0.6535 x 1078 -9.08
0.9 0.5 600 13 0.9037 x 1078 0.7126 x 1078 -21.15
0.9 0.4 700 11 0.1182 x 1077 0.1141 x 10-7 -3.53
0.9 0.3 800 9 0.1648 x 10~ 0.1868 x 10~ +13.33
0.9 0.2 1000 7 0.2579 x 107 0.2214 x 1077 -1k, 1L
0.9 0.1 1500 5 0.5368 x 10~/ 0.5087 x 1077 -5.21
0.9 0.01 2000 4 0.5508 x 10”7 0.4471 x 1077 -18.82
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for a ratio of f S/ ZT = 0.9 while the lower curve gives the results for a
ratio of :ES/EET = 1. Both sides of data represent the flux at the detector
point contributed by particles which have made at least one collision, that
is, they do not include the direct beam contribution. The solid curves in
each case are the results of the numerical solution while the poimts are the
result of the Monte Carlo solution.

As indicated in Teble 4 a different number of sample neutrons and maximum
number of collisions per history were used at each separation distance. It
was observed in some trial calculations that the maximum number of collisions
before the remaining collisions made little contribution depended heavily on
the separation distance; therefore, when this maximum was a small number,
the numbef of histories was taken large and visa versa. The object of these N
different sets of histories and collisions was to limit the ORACLE operating
time to approximately 25 minutes for each problem and yet obtain maximum
accuracy.

The errors in the Monte Carlo solutions indicated in Table L4 are re-
marksbly small considering the number of histories used. As was pointed out
at the beginning of Chapter II it would have taken a much larger number of
histories to achieve this accuracy if the straight analogue Monte Carlo
method had been used. It should be pointed out that in almost every case the
error on the Monte Carlo solution for the neutron flux ihcluding the direct
beam contribution was less than 10 percent. The exceptions to this case -
for 25/2T = 1 at a separation distance of 0.4 mfp and ZS/ZT = 0.9 at a

separation distance of 0.5 mfp. The errors on the total flux in these

cases are 17 percent and 12 percent respectively.
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In this particular set of test problems the angular distribution about
the soyrce was sampled systematically and the first and succeeding collision
points were sampled randomly. For the case of a monodirectional beam source
where the first collisions were picked systematically the error on the flux
should be less for the same nurber of sample neutrons.

Comparison of the Monte Carlo Solution against
a Moments Method Solution

The only calculation that includes energy degredation which has appeared
and provides a means of comparison is the Moments Method solution for an
isotropic point source of neutrons in an infinite body of air presented by
Holland and Richards.2 It is of interest to make the comparison of the
Monte Carlo calculation against this Moments Method solution for two reasons.
The first is because there is a clhieck against the energy spectra for the lower
energy sources, and second because one can observe the effects of using
isotropic scattering in the center of mass system and neglecting inelastic
scattering in the Monte Carlo solution. The Moments solution included the
anisotropy of scattering and inelastic scattering.

It was convenient to calculate the neutron flux at the detector point
in the dimensionless units used by Holland and Richards for purposes of
comparison. In their paper they defined the ter

K(E,g) - E#(Ee) (54)

S

where

A = a constant approximately equal to a mean free path distance

(cm):




L2

E = neutron energy, "
¢(E,g) = neutrons/cma,,sec, unit energy at energy E and separation .
distance g,
S = the source strength in neutrons/sec.

The quantity K(E,g) in Eq. (54) can be termed a dimensionless energy flux.

Figures 7 through 12 present a comparison of the Monte Carlo and
Moments solutions. Figures 7 thrquh 10 are for a 2 Mev source of neutrons
at various separation distances from the detector point, and Fig. 1l is for
a 5.15 Mev source of neutrons. All five of these figures indicate there is
fairly good agreement between the two methods of solution at the separation
distances indicated. It is not expected that this favorable agreement will
persist at larger separation distances. Although there is reasonably good -
agreement at the 5.15 Mev and 2 Mev source energies, at 14 Mev there is a
serious disagreement as indicated in Fig. 12. Although the histogram from the
Monte Carlo solution, in general, has a tendancy to have hills and vallies
at the same energies as the Moments solution the Monte Carlo values are
approximately a factor of 50 below for energies below 3 Mev. The surprising
thing is the remarksble comparison in the region 8 to 12 Mev., It is very dif-
ficult to discover the reason for the disagreement and aggreement in this
last case, however, a possible explanation could be that an insufficient num-
ber of sample neutrons was taken in the Monte Carlo problem which would give
such an underestimate. Other possible explanations dealing with the neglect -
of inelastic scattering and anisotropy could be given, but, again, it is
difficult to analyze the problem without more information.

The comparison at various energies suggests that, in genersl, the Monte

Carlo problem as 1t 1s developed in this report should not be used at energies

much above 5 Mev.
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CHAPTER IV. RESULTS

The neutron air scattering problem is of sufficient interest that a com-
plete parameter study was undertaken and completed. For general application
it was decided to use a monodirection, monoenergetic point source at several
source-detector separation distances. The energies of the source which ap-
peared to be of interest and were within the limits of application of code
were 5, 3, 2, 1.2, and 0.55 Mev. These particular values were selected
because the cross section at those energies appeared to represent an average
within a reasonable energy interval. Beam angles 6, of 2, 15, 30, 60, 90,
135, and 180 deg were also selected. The density of the dry air used in
every problem was 0.00125 g/cm3. No moisture was included. Since the air
density was fixed it was desirable to select several source-detector separa-
tion distances at which to do the parameter study. This provides the benefit
of obtaining the resulting data at various air densities and separation dis-
tances as described in another report.13 The source-detector separation
distances, g, selected were 5, 10, 20, 40, 64, and 100 ft.

As pointed out in Chapter I, the type of source selected does not
restrict the application of the results since they can be integrated to form
any distributed source.l

At the time of this writing it has not been possible to fully analyze
the results of the parameter study, so only part of the results are included

here. It is intended that graphs of the data will be published at a later

date.

13. C. D. Zerby, Radiation Flux Transformation as a Function of Demnsity of
an Infinite Medium with Anisotropic Point Sources, ORNL- 2100

{Oct. 9, 1956).
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In Figs. 13 through 22 are given the values of the neutron flux and the
Dose 1 results at a separation distance of 64 ft. The energy cut off was taken -
as 0.1 Mev so the values given are for neutrons between the cut off energy and
the source energy. In each of the Figs. 13 through 22 the results are given
including all orders of scattering and for comparison what would have been

obtained by a single scattering calculation. The curves are smooth fits to

the data and are estimated to be within 15 percent of the correct wvalue.
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of 64 ft; 0.55-Mev Point, Monodirectional Source in
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APPENDIX A

The derivation of the integral form of the Boltzmann equation is not
usually given. It is presented here because the Monte Carlo method used in
this calculation essentially solves the Boltzmann equation in that form.

The Boltzmann transport equation is given as

V- YiE ER) + 2@ ENELER) = o(FLER) (55)
where
. = a unit vector,

particles/cm®/sec/unit energy at energy E per steradian

Y @',E,R)

about direction I at position‘?',

the macroscopic total cross section at position'?' and at

24(F',E)
at energy E (cm'l),

the source term: particles/cm5/sec/unit energy at energy E

‘1(?' )E)‘Q)
per steradian about direction R at position T!'.
Taking the coordinate system so that the R axis is antiparallel to the

directionzs, then
(56)
Now, letting

r' = ¥-RR (57)

where T is some fixed position, Eq. (55) becomes a partial differential

equation in terms of the variable R given by

‘%‘ﬁ V(& ,88) + 2oL ENGELED = oFLER) (58)
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which can be solved by multiplying through by the integrating factor
R
Zo(f - R
exp| - g p(f - RZ,E)AR' | to get
c

R R

— —

- (ET(F-R'}{,E)dR'

‘g‘g Ve Ed)e © - QF',E,R)e (59)

where ¢ is an arbitrary constant. Equation (59) can be integrated if it is

assumed that the source distribution allows that the quantity in the square L
bracket on the left of the equation is zero when R = oo . If this assumption ¥
holds, as it usually does, then the integration gives‘ o T
R R!' s
g 2p(T-RE,E)R R -\ 2p(P-R"Z,E)aR" k
vHZ B R)e © = | a@ - RZ,E,B)e dR'  (60) | :
o ;
or !
R ¥

> -( 2n(F-R"Z,E)aR"

YE,ER) = | oF - r2,B7)e © ar'. (61)
R

The solution at the position T is obtained from Eq. (61) as . | P

R' ) ; »
- { 2 o (F-R"Z,E"R" | .
o

V(7,52 - a(? - R'Z,E,De aR'. (62)

3
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To proceed, the following cefinition is made

(63)

and CS(-A Ay =1

v ' R -—Q..'
In addition let §' be a unit vector directed away from the position r. With

these definitions in mind, Eq. (62) can be written as

Rl
oo -
- {fT(?-R".Q,E)dR"

* e - —, =t\q=> - - - o

‘-P(r,E,I?.) = S(".(7-' YA Q(r - R'.(L,E,ﬂ)e dr' (64)
- :('.L‘ o)

or

Rl
- - g Z'T(I""+R”_",E‘)dR"
- - — —n o - o
¥(#,8,1) - QF + RE,B,De AT & (6s)
R'2
All Space
where dR' = = R'gdﬁ'dR'.
T In general, when scattering is allowed, the source term is given by
a(F, E;8) = S(2,E,3) + 24 (FE TE R)2(E,E L, Q' )aEdas (66)
| v
) B I‘ZI
- where
'S(T,E,&) = the extraneous source term: particles/cmB/sec/

unit energy at energy E per steradian about direction

Z at position F,




£(8,E', &, JaEa

ZS(F)E' )

1t

6l

the probability of scattering from a direction ol
at energy E' into the solid angle dfZabout the
direction X and- into the: energy interval between
E and E + 4E,

the macroscopic scattering cross section at

position T and at energy E' ‘(cm—l).
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APPENDIX B

This section of the report contains all the instructions and detailed in-
formatlion necessary for using the ORACLE code which has been prepared to solve
the neutron air scattering problem. Included is a description of the ORACLE
data output and a copy of the complete code. The problem and code are recorded
as Problem No. 323 with the Mathematics Panel of the Oak Ridge National
Laboratory. The details of the mathematics and physical data included in the
code comprise all of Chapter II which should be referred to when necessary.

In the case of this particular section it was necessary to deviate from
the style of the rest of the report to make precisely clear the steps nec-
essary for preparing a problem for the ORACLE and operating the machine. The
steps of the procedures are given in a series of notes which are cross
referenced and writen in the language familiar to those who have become
acquainted with the ORACLE. The reader who has not had the acquaintance will
find it difficuit to understand or follow the instructions and should omit this
section.

Notes I through V are the operating instructions for the ORACLE; Notes VI
through IX are notes on the preparation of code words and miscellaneous tapes;
Note X gives the instructions for preparing the input parameter tape for a
problem; Note XI describes the output; and Note XII gives the complete
ORACLE code.

In general, it should be noted that it is possible to have the neutron

source in HoO as an alternate to having it in air.
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NOTES

I. Loading of fast memory and magnetic tapes from paper tape code and
running problems. (The paper tape code is given in Note XII.)
1. Set switch for 2048 word fast memory.
2. Clear fast memory.

. Put roll 1 of paper tape code under reader.

RN ||

. 5.0. 90700 (loads tape 1 from roll 1 of the paper tape).

S.0. 43700. Stops L-710 (loads all of roll 1).

N

6. Put the code word for the name in the Q register (see Note IX
for the preparation of the code word). If the contents of Q is *
not altered as indicated in this instruction, the name will be
blank on all curve plotter pictures.

7. Go back on continuous operation. Stops R-71lk.

8. Put roll 2 of paper tape code under reader.

9. Go back on continuous operation. Stops L-T1C (thjs operation
will load all of roll 2).

10. Put paper tape date under reader (see Note VII for preparation
of tape).
11. Go back on continuous operation. Stops L-000.
12. If corrections are to be made to the Monte Carlo code, do the
following:
a. Put paper tape corrections under reader (see Note VIII for
preparation of tape).

b. Put B/P switch on.

c. S.0. 4309B. Stops L-09D.
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d. Put B/P switch off.

To run a problem do the following:

a. Put paper problem parameter tape under reader (see Note X
for preparation of tape).

b. Go back on continuous operation.

c. Output may include a curve plotter output. During output,
if it is necessary to change film, etc. at the curve
plotter, flip on the B/P switch and record where machine
stopped., Transfer back in at the same place after manually
advancing the film.

d. Machine stops L-000 at end of output (see Note XI for form
of output).

For each of the remaining problems start at step I-13.

II. Loading of fast memory and magnetic tapes from personal magnetic

tape (see Note VI for preparation of Personal magnetic tape).

1.

2.

Put perscnal magnetic tape on drive O.

Set all magnetic tape drives to position O on the indicator.
Manually do the following:

a. 80% — Q.

b. S.0. BOT700.

c. S.0. b372C. Stops L-TLC.

Continue from Note I-10.

III. Some additional coded stops that may occur are given below. If these

stops occur, the code will not accept the input problem parameter

tape for the reason given.
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L-05D Density of air or moisture in air too great for
scaling of the code.
L-082 Too many data spaces asked for (see limits on k given

in Table T ).

In case of machine error at any time after computation has started

except when writing on any drive

1.

Code periodically reads the completed Monte Carlo computation
on magnetic tape drive 1 and hunts back. In case of a machine
error a problem can be completed without loss of the entire
computation by doing the following:

a. BSet drives 1, 2, and 3 to position O on the indicators.

b. Set drive O to position 1A on the indicator.

c. 800% — Q.

d. S.0. B100OO.

e. S.0. 43107.

f. Continue as before.

In case it is necessary to load the complete code again, start at

Note II-2. This instruction is independent of the initial loading

as given in Notes I or II.

Preparation of personal magnetic tape.

l.

2.

Put personal magnetic tape on drive O.

Complete instructions I-1 through I-9.

.. The first 40 (decimal) ‘blacks of ‘tape on drive O will have the

complete code. An additional 6 blocks are required on drive O dur-

ing computation making the length of tape 46 (decimal) blocks.
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VII. Preparation of paper tape date.
The paper tape date contains one word of ten characters followed
by a single or double space. The form of the word is

Month Day Year

Xx XX Xx 0000
where the month, day, and year are designated by decimal numerals,
i.e., 0105570000 gives the date 01-05-57.
VIII. Preparation of correction tape for the Monte Carlo code.
The correction tape consists of a series of two word sets. The
first word in each set contains the address in which the correction
is to be made. The second word is the correction. The address
word should be only three Hex characters long. The correction word
must be ten Hex characters long. The last set should be followed
by a word of all F characters which can be only three Hex characters
long. All words are separated by a single space and the last word
is followed by a single space. The first of the two word sets must
be 65E followed by 25069200AC.
IX. Preparation of name code word.
When curve plotter output is requested, five spaces in the title
of the pictures taken will be filled with the name, initials, or
some other identification of the person for whom the problem is run.
Note I-6 indicates when this identification should be entered into
the code. The code word for the identification consists of five
groups of two Hex characters making & word ten characters long.

Each of the groups of two characters represents a number, letter, or
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other symbol as given in Table 5. For example the code word
1318170E1C will cause the name JONES to be reproduced in the

title of the curve plotter output.

X. Preparation of problem parameter tape.
The problem parameter tape consists of a series of words on paper
tape each of which is ten characters long. These words are separated
by a single space except as noted in Teble 6. The problem parameter
tape contains all the information necessary to run a particular
problem including the initial conditions and type of output.
Several of the words are code words which will set up certain initial .
conditions and the type of output. The description of these words
are given below or ih Table 6. Reference should be made to Fig. 1
for clarification of terms in Table 6. Those words which represent
fractional nunmbers are of the form
0

} :6:0.0:0.0.:6.0:0 4 representing D 9.6.0.0.0.0.0.0¢
F

Each of the characters in these words is a decimal number.
1. Instructions for preparation of the code word P-X indicated
in Table 6.

The code word P-X is of the form

bo'd XX bo'd XX AQO.

This code gives the desired problem code number that will

appear on the curve plotter output and also the type of
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Table 5. Hex Code for Numbers, Letters, or Other Symbols Which
May be Reproduced on the Curve Plotter

Hex o Hex
Code Symbol Code Symbol
00 0
01 1 20 W
02 2 21 X
03 3 22 Y
ok L 23 7
05 5 24 T
06 6 25 N
o7 7 26 T
08 8 27 v
09 9 28 Q
0A A 29 by
OB B 2A o
. ocC C 2B g
0D D 2C V4
OE E 2D p)
. OF F 2F %
10 G oF €
11 H 30 E
12 I 31 2]
13 J 32 13
1k K 33 u
15 L 34 a
16 M 35 ¢
17 N 36 w
18 0 37 Space
19 P
1A Q 49
1B R LA s
1c S 4B :
1D T Ny, !
1E U 4D ?
1F \'s




P-X

P-1

P-2

P-3

P-4

P-5

P-6

P-7

P-8

Table 6.

T2

Input Paper Tape Problem Parameters

AloOOOOCICECBCh

SA'10-9

-9
Sp-lo

N.lo‘9

E-1072
-2

E,-.10

J-1o‘9

FFFFFFFFFF

a.10"9

g-lo'5

See Note X-1.

See Note X-2.

where SA is the span of detector azimuth
angle intervals. (b, =5, 10, 15, 30, 45,
90, 180 deg)

where Sp is the span of detector polar angle

intervals. (5, =5, 10, 15, 30, 45, 90,

b
180 deg.)

where N is the number of sample neutrons.

(1 < N < 100,000.)

where E is the energy of the source neutrons.

6 < E <15 Mev.)

(0.025.10”
where E, 1s the cut off energy below which the
neutrons are not followed. (E,< E Mev.)
gives a surface source which emits neutrons
per steradian equal to J + 1/2x cosJG where

6 is measured from the normal to the surface.
(0€J<1.)

gives a monodirectional source.

where d is the diameter of the black source
sphere. (0< d €103 cm.) |

where g is the source-detector separation
-2

€g <10’ neters. )

distance. (10
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Table 6 (cont.)

P-9 90-10‘9 where 6, is the angle at which the normal to
the surface at the source points with respect
to the source detector axis. (0 < 6,< 180
deg.)

P-10 fm_ where,qA is the density of the dry air usually
found in nature (gms/cm?).

P-11 Iow where /ow is the density of the moisture usually
fourd in air (gms/cmB).

P-12 K-10-9 where K is the number of equal energy intervals
between E and E,. See Table 7 for maximum
values.,

P-13 L-10~9 where L is the maximum number of collisions
the neutron can make before it is no longer
followed. (1< L.)

FFFFFFFFFF allows any number of collisions.

Put a CR symbol here for the end of the tape unless it is desired to start
with a special random number in which case use a single space and make P-1k4
the special random number.

P-14 Initial random number (Hex number) from the

sequence of congruentially generated numbers.

CR symbol.
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Table 7. Maximum Number of Equal Energy Intervals

Cn

Bp 180 90 45 30 15 10 5
180 373 186 93 62 31 20 1c

90 186 93 46 31 15 10 5

45 93 46 23 15 T 5 0

30 62 31 15 10 4 0 C

15 31 15 7 L 0 0 0

10 20 10 3 0 0 0 0

5 10 1 0 0 o 0 0
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output desired. The problem number is limited to four
characters (either numerals 1 through 9 or letters A through
F) given by C1CoC3Cy. In the code word it ‘will take two Hex
digits to represent each of the C values. The Hex code is
given in Table 5. If the number to be used has less than
four digits, fill the remaining C values with the code ,37,
for a space. The characters ClpEC3C¢.should be tle same as
in the code word P-O. The value of A, determines the type
of output as given below. For bonveﬁience the 'output which
gives the number of neutrons entering: & particular rsolid
angle interval and energy interval willl be called a flux
output; the dose rate data output will be designated Ddse 1
and Dose 2 as defined in Chapter II. See Note XI for a

description of the output.

Value of A2 Type of output.
0 Curve plotter output only.
2 Paper tape output of ‘the flux through the-

second line of F's anﬁ,xin‘additiOn, curve
plotter output..
4 Complete paper tape output of the flux, and
in addition, curve plbtter output.
8 Complete paper tape-output of the flux only.
2. Instructions for the preparation of"the cdde word P-O indicated
in Table 6.
The code word P-O is of the form
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This code word will appear as the first word in the output.
The C values should correspond to the values selected in
the code word P-X. If any C value is chosen as a space in
constant P-X, make it a zero in P-O. The digit A; determines
the type of problem to be calculated as given below. For
each of the different types of problems to be run there
are certain conditions placed on the input parameters. These

are listed in Notes X-3, X-4, X-5, and X-6.

Value of A; Type of problem
0 The medium is air (see Note X-3).
2 The medium is air. The source is a point

isotropic source (see Note X-4).
L The medium is E,0 (see Note X-5).
8 The medium is H,0. The source is a point
isotropic source (see Note X-6).
3. Input for the case Al = 0, medium: air, source: normal.
In this case the input parameters are prepared as shown in
Table 6.
4, Input for the case A, = 2, medium: air, source: point isitropic.
In this case the input parameters are prepared as shown in
Table 6 with the exception of the following parameters which
are fixed:

P-6 0000000000

P-7 0000000000
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5. Input and output for the case:Al =L, medium: H50, source: normal.

In this.case all D values, and all energy and number flux

data.in the output are to be multiplied by 100 to get cor-

rect values. The input parameters are prepared as shown in

Teble 6 with the exception of those shown below.

P-7 d»lo‘8

P-8 g-10"

P-10 0000000000

P-11 Iow.].O'l
]

where d is the diameter of the black
source sphere

(10024 20 cm)

where g is thé source-detector separation
distance

L

(lO'5 = g < 10" meters)

where]ow is' the density of the water

(1.1 Z/OWB' 0 gmsr/cmB)

6. Input and output for the case Al = 8, medium: H2O, source:

point isotropic.

In this case all D values and all energy and number flux data

in the output are to be multiplied by 100 to get correct

values. The input parameters are to be prepared as shown

in Note X-5 with the exception of: the following which are

fixed:
P-6

P-7

XT. Output

00000 00000

00000 00000

The output consists of three separate sets of data each of which

is arranged in a tabular form as shown in Table 8. The first output
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Table 8. Output Format
P-0 P-1 P-2 P-3
P-4 P-5 P-6 P-7
P-8 P-9 P-10 P-11
P-12 P-13 Initial Random No. (Hex) Final Random No. (Hex)
FFFFFFFFFE FFFFFFFEFF FFFFFFFFER  FFFFFFFFFF
M-1 M-2 M-3 M-L
M-5 M-6 M-7 M-3
M-9 M-10 M-11 M-12
M-13 M-1k M-15 M-16
M-17 M-18 M-19 M-20
M-21 M-22 M-23 M-24
FFFFPFFFER FFFFFFFEER FFFFFFFFEE FFFFFEFEFEE
¥ Std. Dev. on D} AAAAAAAAAA AAAAAAAAAA
DI{l AAAAAAAAAA AAAAAAAAAA AAAAAAAANA
b ) P D
D111 D110 D113 DI1n
P P
DI1k.1 Dy BBBBREBBEB BBBRBBBBEB
D11’2 AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA
P P y s
DIo1 Do D103 Doy
X .' \ '
J ] .‘ ||
P D
Dyok.1 D12K BEBBBBBBBB BBBBBBBBBB
\ “ \ )
FFFFRFFFER FFEFFEFEFF FRFFFFTFRT FFFFFFFFEE
DS Std. Dev. on D12’ AAAAAAAAAA AAAAAAAAAA
FRFFFFFREE FFEFFFRFFE FEFFFFFEFEE FEFFFFERRE
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has been termed the flux output and gives the number of neutrons
entering a particular solid angle and energy interval. The second
output is termed the Dose 1 output which gives the tissue dose rate
using the conversion factors calculated in a manner similar to those
calculated by Hurst and Ritchie,10 The third output is termed the
Dose 2 output which gives the tissue dose rate using conversion
factors calculated by Snyder.ll Chapter II gives more detail on
the methods of calculating the Decse 1 and Dose 2 output.

As described in Note X~1, the output can be obtained on paper

- tape which should be printed four words to a line as in Table 8, or

it can be obtained on the curve plotter. When paper tape output is
requested, it is only possible to get the flux output; however, if
curve plotter output is requested, all three sets of data will be
put on the curve plotter.

The numbers that appear on the output are of two forms. The

decimal fraction (d.f.) numbers are of the form

0 +

TXXXXXX  representing { .} 19:9:0.9.0.0.0.0.6.0.¢

F
The decimal floating point (f.p.) numbers are of the form
0 0 +

. XXX ¥y representing } LXK - 10
F F -

{f} Yy

Table 8 gives the format of the output for all three sets of data.

The data is separated into sections by a line of F's, the A's and B's
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are used as fillers to maintain the organization of the data in the

table. The first section marked off by a line of F's is the input data.
The second section contains total quantities that will be described below.
The remaining sections marked off by lines of F's contain the energy and
angular distribution of the neutrons or dose rate as the case may be
within each of the polar angle intervals about the detector point. With-
in each section marked off for each polar angle interval is given the total
number of neutrons entering the particular interval followed by subsections
for each azimuthal angle interval. In the subsections is given the total
coming into the azimuthal angle interval followed by the energy spectra

in the particular azimuthal angle interval.

In Table 8 the P quantities in the first section are the same as
those put on the problem parameter tape and described in Note X. The
remaining quantities have the following meaning:

M-1 Flux at the detector contributed by uncollided neutrons
normalized to one source neutron per second (f.p.). When
the source is monodirectional and 6o is zero then the
contribution by uncollided neutrons 1is & (a.f.) nunber.

M-2 Cosa at which the uncollided neutrons reach the detector
(d.f.). The angle @ is the polar angle at the detector as
indicated in Fig. 1.

M-3 Fraction of source neutrons degraded below the cut off energy
E, per second (a.f.).

M-L See below.




M-5

M-6

M-8

M-9

M-10

M-11
M-12
M-13
M-1h
M-15

M-16

M-17
M-18
M-19

M-20

M-21

81

Flux at the detector contributed by neutrons which have

had at least one collision normalized to one source neutron
per second (f.p.).

Standard deviation on M-5 (f.p.).

Energy flux at the detector contributed by neutrons which
have had at least one collision normalized to a unit energy
released at the source per second (f.p.).

Standard deviation on M-7 (f.p.).

Fraction of source neutrons escaping the sphere of air about
the detector point (d.f.).

Fraction of the source energy escaping the sphere of air
about the detector point (d.f.).

Blank.

Blank.

Fraction of M-5 contributed by 1lst collision neutrons (f.p.).
Fraction of M-5 contributed by 2nd collision neutrons (f.p.).
Fraction of M-5 contributed by 3rd collision neutrons (f.p.).
Fraction of M-5 contributed by lst, 2nd, and 3rd coliision
neutrons (f.p.).

Fraction of M-7 coatributed by lst collision neutrons (f.p.).
Fraction of M-7 contributed by 2nd collision neutrons (f.p.).
Fraction of M-7 contributed by 3rd collision neutrons (f.p.).
Fraction of M-7 contributed by 1lst, 2nd, and 3rd collision
neutrons (f.p.).

Total number of collisions x 10—9 (a.f.).
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M-22 Total number of collisions with nitrogen x 1079 (a.f.).
M-23 Total number of collisions with oxygen x 10'9 (a.f.). :

M-24 Total number of collisions with hydrogen x 1072 (a.f.).

Dgik (See below) is the quantity in the Kb
th

i™" azimuthal angle interval of the Jth polar angle interval.

energy interval of the

k = 1 represents the highest energy interval.

The flux output will differ from that given above only in the spaces

indicated below. Here Dgik = Djik'
My, Blank -
Djik = the fraction of the source neutrons per cm2 in the kth energy

interval of the ith azimuthal angle interval of the Jth polar

angle interval.

Dji = EE Djik = the fraction of the source neutrons per cm® in the
k
ith azimuthal angle interval of the ,jth polar angle interval.
Dj = ;EE j{: Djik = the fraction of the source neutrons per cm2
i k

in the jth polar angle interval.

The Dose 1 and Dose 2 output will differ from that given above only in

the space indicated below. Here Dgik D}ik for the Dose 1 output and -
Dgik D?ik for the Dose 2 output. The method of calculating all DP .

values is given in Chapter II. The dose rate is in units of rep/hr

per source neutron/sec for Dose 1 output and rem/hr per source

neutron/sec for Dose 2 output.
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M-4 = DP = total dose rate for an infinitesimal meatball detector
of tissue at the detector point. This does not include the

dose rate contributed by the direct beam.

Dgik = dose rate/steradian, Mev in the kth energy interval of the
ith azimuthal angle interval of the Jth polar angle interval.
D?i = dose rate/steradian in the 1th azimuthal angle interval of the
jth polar angle interval.
D? = dose rate/steradian in the Jth polar angle interval.

Figures 23, 24, and 25 are examples of all three sets of data
from the same problem. In the particular problem shown in Figs. 23,
2Lk, and 25 it was impossible to complete the table as given in Table 8
on one picture so it was continued on the next picture. Each picture
in each set of data has the same title and a page number. The nunbers
run consecutively. In this problem the name entered into the code was
ZERBY as indicated in Note I-6. The number 323 1is the registered number
of the code at the Mathematics Panel of Oak Ridge National Laboratory.
The word Flux, Dose 1, or Dose 2 appears in the title to describe the
set of data carried on the picture. The problem number 1B3A was entered
into the code as part of the input word P-X. The date was entered

into the code as described in Note I-10.
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The ORACLE Code

The ORACLE code consists of five tapes which are combined into
two rolls of paper tape. The first roll (Roll 1) has the first four
of the tapes on a continuous paper tape and the second roll (Roll 2)
has the last tape. Each tape ends with a single space followed by
a Carriage Return symbol (35). The following pages are printed
copies of the code where an address is given in the left hand column
to indicate the location of the code word immediately to the right
of the address when the code is in the fast memory. After the last
word on each tape is written the letters CR to represent the Carriage
Return symbol.

In operation the code uses all four magnetic tape drives.



700

71N

720

730

740

6070040080
a300043705
6070840080
€070¢40080
00NNN4374b
eeN”OONNN0D
6071840010
0r00040707
247£05¢131
a27fa43725
100043729
6072¢40700
6073040080
6073440011
6073840400
6073c40800
6074040010
1000412004
120185f710
6074c40800

88

Roll 1

Tape 1

a070043702
6070540700
a30004370a
aN0004370e
6N7114040N
907f243716
2d0004371¢
947f043743
6072140008
6072540008
436£400000
00004372
p000043732
af00043736
a20004373a
b00004373e
ad0004371c
100412010
4371e247f1
a20004371*

9000043703
a000043707
6070240011
900004370f
a0n00043713
6071640800
6071240800
6071e40400
2e00043723
ae00043727
0000000000
6072e40800
6073240080
6073640400
6073240008
6073e40800
3900003719
207425f711
5£06e43720

3737373737

6070340800
9000043708
af0004370c¢
607440000
6071340010
2100043718
200MN4371c¢
b27fa41749
6072340400
6072740800
0000000000
a300043730
a300043734
b000043738
ae0004373¢
2100043740
1v010247f4d
607£01v010
7£13c40000
CR




7fa

00a

O1la

02a

03a

N4a

fEeeeefrees
8000000000
6000240080
5108151091
6009¢c4N0NN
2409e18027
2404418027
6002140000
000ee000ee
240143100
0f110ef0dc
247£d5£217
4a02d2404f
120025f0el
200a35f0e2
2403643330
000e7000f6
Oefl10ef0Of7
0£820dd0ea
2404643100
100275fNf3
2401320034
247£d5f459
200420048

89

Roll 1

Tape 2

0000100001
0000000001
1140043004
4308900000
2400043142
3bNd37f0d6
3p09f£7f048
2401743152
00045000f0

0f010ef0db
0d940da0f2
1600024045
2002212002
600e1380d6
4303600000
4000040000
807££000ef
0e840f70f8
8d940ealea
ala10ddlfa
240e7227fF
S£f051240f3
60048380e3
1200c203f8

4000000000
6000040010
2440051089
000006009b
6009440000
2409e18027
607a04N000
2401843168
0004300011
0ed20ab0d9
0£210db0dd
180025f04f
5f0e14302f
247£d1c001
247£d51430
247f15f0e7
2403c43100
0e820dd0e9
6002640000
247fd5f0e3
5f0ec270ec
20035851052
10027200a%
505240000

0000000000
af00043002
510824401
2400943142
2400343142
3v0d47£04d7
2401543152
000ed000ed
807£f000ef
Oee20ablda
8ac10dcOde
7f0e0270e0
2404£207¢fF
71£0£2240f£2
247451431
2403943168
0f610ef0e8
0d940e90e9
24045431ba
600e3380e2
4p05340000
247£d5f458
5£0£412010
2405943100




05a

Née

07a

08a

09a

Nae

38a43e40e4
240e6227ff
270ec4b066
240£5200e7
5f071240f3
2N0fc2n3f4
0fp8417417
0fb20e5097
5f0fd270fd
24047227ff
5£0e343049
240e7207ff
1140041008
0041700417
ad000433fe
0000000000
9440143005
0N000000Db4
0000000002
240e9432c¢6
6N41884418
NNTILLLLPes
N07847¢30d
0062049945
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Roll 1

Tape 2 continued

0del0e40e5
1¢028380e1
2401520310
5f0£9203f1
1200e20Nf3
5£N77400NN
0fv8417417
097846c46¢c
4807e40000
220e35f0ff
240d5220e7
5£0e743039
600840000
6008£40000
0000000150
9a79pb3c¢70f
244015£043
0000000005
0000000008
6041784417
0763ff I
007£832767
0074011751
005282949

dad20e40fe
1p027200f3
5£06540000
507824019
203£35£075
2407043100
0fv10fe097
8971044471
240e6207ff
270ff4a083
5f0fc270fc
4309400000
ad00041008
al40043091
2409443390
0000000113
2440251044
244045f0ed
0000000004
6040084400
0672977319
NN7e0e410b
006edal122f
005246£157

2471150eb
5£0£540000
247fd5f46¢
1201¢203f2
240£51200¢
47120feNfb
0978458458
240d6220e6
5f0e64305e
240e3207ff
4208840000
6008940000
2408d4321b
6009140000
4308400000
9443043006
2440c5f045
244055f0ee
00000000ae
6043084430
026487e7cl
0070239821
0N68d9e83f

00496bl1c7




Oba

Nce

Oda

Oea

Ofa

1Na

TLILLLLLLSL
feb8e8a7ld
fea71758e3
££800N0"01
009df?56bb
NN87b83cf3
008070701
0N00000002
£d66666665
£c47741693
0000000028
0000000002
0066666663
£74189374c
0000000020
db60000000
f24ea4a385
5952b66£55
5111116001
1e¢N207f13a
241349120
2513243130
414924101
430482713c¢

91

Roll 1

Tape 2 contlinued

££6c30d4307 ££578e9f6b ££4242070b

£d59407897
ffbdbdf8f5
N0b694ee39
N"972617c1
NN845ck7df
0N0"0000¢e
0000000002
0448000001
0000000002
0000000000
0000000003
0000000000
da40000000
0000000000
0140000001
f24ea4a385
0000000000
1b00754108
5£13b16000
1201724911¢
601322413b
207fp54101
481232713a

826ce3ee?7
ffa8716095
0"edb90ea?
N09125edd1
N"81f1befs
007000"0¢%e
0000000012
0752000001
4000000000
0000000000
0260000001
0000000002
dd48000000
00000000ae
0240000001
0000000007
207fb54101
1b00471105
240e41c020
1200149135
1b01f607fs
2413e4a101
481112513a

fda6bf8769
f£93cf2cf9
00a57d6b85
0"8obfeN8af
N0807cd899
000N0N0N09
007f££fLrfd
£d66666663
0000000010
a9630aa997
0059999997
fab5leb851e
e05a000000
0000000038
0000000032
0000000000
2405b5f13e
5f13£240de
7f13c¢5f13d
1200149116
1v0015f0e5
2410154116
2313c4bl1d



11a

12e

13a

14a

15a

168

2413a14001
2413b2213d
2413d1v020
481225f13fF
2613f5112¢
1¢0292413b
120"14£10fF
201345130
4774169300
0del10e40e5
207fb54150
Sf7£87£7£5
20751001
49150247f5
207fb54166
7f7£55F87£2
12002207f8
247£d1v004
100015r7f2
4301801000
5416051178
247£2120"1
267££12008
207££5F7F9

92

Roll 1

Tape 2 continued

5f13a2413b
431102613¢
4111100000
241326013c
221394810F
207££43110
5f1322413b
601323813c¢
frerrefffe
10e40e5000
7c1447314fF
607212004
9f7£5247£8
401425045
731657¢154
607£11a004
12001575
207f5517f8
2471142165
44b82fa09b
247252712
AF1728F7F2
207£24e177
607£2247F9

207f15£13b
5f13c2713a
2713c4a10f
5f13c7f13a
2413c14003
5f1322713a
227f£5f13p
513241130
0000000000

4a139247fd
2440c5f7£2
247£d1b001
227f£5F718
4300e267£5
244055711
247£d1p004
247£2207fF
607838167
267241165
207fb54169
2771248178
2471£9227ff
2471214001
1b0205f0ef

2413a3al13c
4b1246013¢
2413b2213d
2413d5f13b
201324e130
481124132
41°312413b
0000000020
0000000000
4111100000
247111003
207£510002
4a148247f2
411400000
267116003
207£55F7£8
5f7£24p158
1v00bL207ffF
247£25f0ee
2403c5f7f1
247£45f7f9
5f7f94316e
S£7£2247f9

241692071




17a

18a

19a

laa

iba

1ce

541695417¢
207fb541b2
277£1481b0
1bN045F7£3
?207£38F7£3
1002207fF
391b85f7f1
3b7£N1a001
387£341195
207£55F£7£5
160022075
1b00abf7£5
1p0014f1ae
1¢029247%4
4a36224110
0000000009
207fb541eb
240e95f212
241¢243100
S5fled4431cd
2N7£15F217
16N0N7£219
2188217711
2188219219

95

Roll 1

Tape 2 continued

247f14a169
24361511b5
1v01¢1200¢
120N2207£3
247f142°8d
57410028
267f014010
1c001247£0
247216004
247£3207¢F
16001575
247f24a1a9
SF7£5247f%4
1pv01f607fa
207££58100
44b82fal9%
7clbe241be
240eab5f213
al134212215
521624214
2421612020
261f05f216
24133437¢c6
24145201ef

4303c¢00000
1401451100
SE7£27f7f1
120015£7£3
267f35f7f3
10n01207fe
5f7£0267f1
207F££7£711
1£7£57F713
5£7£3221b6
247£64319d
267£55F7£5
227££5F784
1p0015£478
4318100000
58b90bfbel
207fb5clbf
240eb5f214
262144bvlc7
511¢9267fF
202155£215
2414043100
241d443100
5£1d5241d1

207fb5417f
4333860711
12004247fa
247£d1p004
607£3381b9
5f7£160711
5£7£31c027
4a19b5f7f0
180247£716
4a1a5247f5
607£5381b7
607£5387f1
24715431aa
241b0221b5
1p0015£478
6a4d3c25e6
207fb5clcO
711d3401ba
241e4201f1
4010212000
1600N7f21a
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510¢d51041
71£627£67£8
240¢8207ff
247£4207fF
7£527£57£5
4315240000
247ec5f7ed
267¢15f7c0
5f7£3247db
160001p028
247£3207ffF
207f14d0fe
1002951621

241094114b
160007f7c2

ad0004114a
4000060364
247da5f7f1
120015714
120015f7e2

00000005¢3
0000000651
510ca267ca
7£7£616000
4000024000
££787£8000
510¢8510ca
5f7f44a294
££5861d61d
247dd5f7e4
160007f7e7
247495£7£2
5£7£0207£3
207£220000
5£7£34v0d4
16000110028
430de607ff

247c2207¢f
6010540800

000000036a
2410d4352¢
607e2387d3
607238744
247145f7el



1l1a

12a

13a

14a

15a

l6a

4327430000f
607eb387ea
140055£7£5
3a7ealb028
4312624714
0029000290
1c00a1200a
1c00812008
5353024136
5£22924131

' 5¢52e53530

60146400c4
42104247eb
810004326¢
4314460235
24156430c4
5f7bc607be
247£d607c3
2416243490
5£7£124749
5£7£640150
387£25F7£2
24747207ff
24176430c4

108

Roll ?

Tepe 5 continued

247445f7el
1c0017£7f4
607£5387f4
2012c¢5f7e9
2261b43126
0029£0029f
1£7e7387ce
1f7e7247¢e7
5¢2¢d5305Db
5¢52e53530
4300000000
1000043148
410de51369
0000000000
24153430c4
247d44b175
3873414013
1c0023b7c4
5£7£4607c4
20732207dp
2416b434a8
6071238712
4¢22324744
4319724712

2474d35f7e2
277£448129
5£7£42761b
2471451610
0020000000
145r306497
0a2f9836cb
2413451229
241375f2ce
4113224134
6014440039
6014840006
4110300000
0000000002
24154430c4
607¢340150
5f7bd247c4
1£7£2247£2
2416443490
5£7£260712
1£7£2387f2
5£7£260712
207fc44177
5£7£06022a

160007f7e3
241214355
4912a247f4
412a62661b
0030£0030f
140012575
4000024715
241355¢52e
4300424130
5£22924135
p00c44304d5
ac00043095
6014440800
000000001e
24155430c4
2415943490
227bd5f7f1
207r11c028
607£938714
387f11p01a
5£7£260712
387£25£712
410d4e00000

241794350a




‘ 17a

18a

. 19a

laa

1ba

lca

60220430e1
14015207£3
247£4227¢fF
26747221ff
5£05440000
5£0544319¢
2470314001
2419643502
16000430e5
607¢cb387ca
247£0227ffF
2412643000
2412243000
5¢585¢45¢c6
5¢817£55c8
247ea5f052
241243000
61447171
5£7£124540
2461c5fr7£0
246205£710
2461258710
2461e5£7£0
247cabf7of
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Roll 2

Tape 5 continued

43197607c4
3a7£141255
5£7£44b186
1b02838229
2418b43043
247344207f¢
227c43a7f1
605¢cb43198
431900000
1c0017£7£0
5f7f04blaa
££187£2711
5¢317£15c3
5¢685c¢35¢ch6
5¢917£55¢9
160007054
7£1122f£7£0
££122367f1
5f7£243237
6022¢40150
6022¢40150
6022¢40150
6022¢40150
60235430ef

387d41v001
247475f7f4
607£5387f3
1c003387£5
S5£7£3247f1
4e1926022p
10028207ff
7£7£06022a
2419c¢43043
2422d511a4
4000024000
241a4207ff
5¢417f15c4
5d0222f7f5
5¢985¢85¢ca
2410843043
7£127€17fF1
607£140000
0000000000
241c84351d
241cc4351d
2414043514
241d44351d
2414d8430c4

5£7£3267bc
247fe5f7£5
5£7£543182
505224150
5£05224151
430e343197
5£7£06022a
241994350a
5£7£441257
160007£7f1
5£7£240000
5f1a4431a2
5¢517f15¢5
5¢717f35¢c7
dca85c75ca
5£7£440000
71£127¢£47¢1
241c143057
0000000000
607£0430e7
607r0430e9
607£0430eb
607£0430ed
241d9430c4



1da

lea

1fa

20a

21a

22a

241da430c4
601de40080
247cbbf7f1
1£7£3247¢£3
227££5£711
££587£07£0
007£0007£0
5£7£540000
££547£07£5
241£e43070
247c95f7bd
5£7£1247c9
247£3207vc
5f7f14b215
££587£07£0
007£0007£0
24]cc5f7be
247£2227¢fF
4124800000
4318600000
0000124710
0000424710
00000005f6
0340000000
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Roll 7

Tape 5

247pf5f7£3
al1290431e0
247ca227f3
20231511eb
4b1£124000
241eb207ff
24232207f2
2411743000
607£540000
007£5007£5
247bdb5f7£3
227235712
512051221
4000024000
2420£207ffF
6022843013
242335F7f2
5£7£248221
4322024744
000000002¢
£999999999
0040000000
0000000004
2423743000

continued

227££587pf
24622207ff
5f7£2607£2
5£7bc16000
5£7£540000
5fleb411e9
511£5411¢£5
7£027£07£0
241£c43057
6022843011
227££5f7bd
607£2387cc
160007£7f0
5£7£540000
5£20£4320d
24218430c4
247v0e227ff
242335F7F2
207fc4cl7p
aaaaaaaaaa
247£05¢£7£0
240c143070
bbbbbbbbbb
5d025d07£3

4a1e240000
5101743017
387¢b1c001
7£7£0247f1
241ed43000
241£143070
0000024000
7£027£47£0
5£7£540000
24201430c4
4b1d7247cc
1c0017£7£3
247£1227ffF
2421143000
2421543070
24219430c4
5f7bedb24d
4321e24000
247fe5f7£5
145£306497
0000000647
0000000647
fEeereeeese

71£327£47£3




23a

24a

25a

26a

27a

28a

elad7f37f3
2423e43070
605cf7f7£2
2424643070
007£0007£0
5f7f24b203
3b7ea1b028
247f34b175
2425243043
71£317£47¢£3
242624337c
207£05f7ba
387c¢f5f7£2
1001a5f7£3
607e6387e8
207£35F7£3
57660715
412a6607f3
607£5387f5
227£35f7F4
b226143261
247bd4126b
267bc4a0b0
5£61c247¢c0
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Roll 2

Tape 5 continued

607£340000
007£0007£3
605ce7f 713
005¢3005¢ca
24221207ffF
60234430f5
227£410028
431802472
5£7£540000
££327£57£3
607£1387d0
277cf£5F7£2
207vd00000
£274d607e5
1b01a5f7f5
607£3387e1
387e3207f6
387£35F7£3
207£35F7£3
607£61b001
243612270
5f7e843274d
4101200000
207££517¢0

2423c¢43057
605cc7£7£0
6022e40000
431c65£7£0
5£2214321c
4324424000
387ealb028
5£05216000
2425¢43000
2423043070
5£7£0607£2
4228e607be
6026c40010
387e81101=a
4£273607c4
5£7£6607f4
5f7f64c2a4
607438714
4£27341332
413345f714
4129924361
247£35fC7be
24350510c8
4829e41355

5£7£340000
605cd7£7f1
242454350a
2424943070
247£2227¢¢
4000060000
431£87f7£3
705440000
1£317£47£3
607e07f7be
387415f7f1
2426394345Db
ad00043144
5f7144¢£274
387e81v01a
387e2207f6

2427d4347f.
207£35£7¢€3
387¢31200a
4b27d43131
5f7e043299
1600077 7vc
510ca410c8
2435910014



29a

2aa

2ba

2ca

2da

2ea

5326143261
5f5¢d430c4
160007£7£7
ae260607e4
120074£29p
607e9387e2
387e81p013
5L 7£55f 7be
20758716
207£65£7£6
3b7e87f7e4
247£51c01a
4a2d6607df
7£7e7387ce
207£45F7£0
2471232713
1c0017f7ee
207ff5f61e
207££5861F
4026060716
1£70f2470f
203614925
4329f3a7pbf
387e35f7f1

112

Roll 2

Tepe 5 continued

247ed205cc
277c3482ed
4136960364
387e811v013
Sf7£35f7be
207£412007
5£7£5607e9
607£438714
247£714002
120005f7bf
16000247f4
3b7e87f7eb
242¢b43490
SE7£4247£2
207£1207£2
1£7£2247fF1
257ee227f2
432e6227f1
432624360
242e743490
120024d352
2474f5f714
267££10028

607bd387e2

5f5ce607df
247e441212
433534a274d
5£7£3607e9
607e5387e8
4£29b5f 714
387e3207f5
5£7£7607f5
3a7f67f7cd
4£29016000
1c01a3b7e8
247e85F713
2474816000
2271458712
5f7r33a7e8
3a7f37f7f1
482df2435e
482e32435F
5£74d224620
5£7£616000
247c4207e4
267£¢14002
207¢649352
207£15¢71F1

387ed205¢cad
160007£7£5
4127e60366
387e1207¢3
1001357714
5£7bd607e6
120074£29p
387£5207¢7
607£3387f3
247£31c01a
7£7e516000
247e02235d
1c00a3b7f9
247£0227e7
387eds3f7ed
607ef387ee
5f7d22461e
5£7d422461f
207££51620
1c0193b7e8
402£2267€0
5£7£341311
412ed607be
607be387el




2fa

30a

31a

32a

33a

34a

2071140260
227fc14004
2430243490
140052273
S5£7£22471%4
247£23a7f4
247pf5£052
3835¢10002
5£7£324359
1400a3a7e8
7£05216000
5£05216000
2432243000
7bc27bc7be
432906078
41288247e4
607£6387cb
51379607ca
247c85f718
207£25¢87£2
7£323687f5
2434e43043
00000432a1
227e04028p
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Roll 2

Tape 5 continued

3a7f67f712
5£7r460742
Sf 71424713
227£414003
227£25£712
1£7£4387f4
2436751054
5£05216000
5326060714
387£61200a
7£05440000
7£05440000
7£527£57f5
Tbc27bc7be
387e81c028
3a7bf7f7£9
102720352
2433143490
24343434b3
247dc430p4
££587£6000
410bc24369
2435343447
247ed205¢cb

6071238712
387d2207f4
1400c3a7f4
3a7d27f7£3
247£c14006
1v0283874f
2431443043
705440000
387debf7be
4d352517f6
2432443043
2432843043
7bc27bc7be
Tbc27£37f3
43285776
247c751718
571224716
247e542342
607£6387cc
5£7£640000
247£45£052
2036551369
2461c207ff
5f5cb4129%e

5£7£312001
5f7£460714
1£7£324712
247£214006
2074255714
5£4£440000
5£7£5607£3
2431943043
607bc 43262
24321434a8
5f7bc247ed
5£7£640000
Tbe27bc7be
ff317£57£3
387620714
24339434b3
2036351376
267£95f£7£9
1002740260
2434943000
160007£054
4337600000
43296247¢5
4328f4331e



35a

36a

37a

38a

39a

3aa

0000000647
01020c49ba
0000000025
0000000002
2436243000
2436e43000
2437243000
412a324000
££285d05d0
223ab49392
43388203ad
5£7£9603ae
5£7£112014
387£8207f1
00000203af.
243b13a7f9
3a7f97f718
5£7£2243b4
5£7£2607£0
1p005203ba
000002044e
0000000200
0799999999
0799c0r601

11k

Roll 2

Tape 5 continued

00000005f5
1000000000
0000000541
0000000014
7£585¢35¢3
7£585¢c45c4
7£585¢55¢5
5£7£640000
4136900000
223ac49385
5£7£9603bb
3871920328
5£7£21c001
5f7£1607£8
4a380203b0
7£7£824718
247£814004
5f7£143392
383b71p009
3a7f97f7f1
0033333333
00332617c2
00000022e6
5e380bb6ed

ebalcf9269
0e020c49pa
0000043490
0040000000
££785¢75¢7
££785¢85¢8
££785¢95¢9
2437843000
207fa5¢392
223ad49382
387£9203a9
51389207ff
71£7£92437¢c
1a014387f9
4839424710
14006203b2
203b45f7f1
607£0383b5
203p85f7f9
43392203be

O4cceecceee
00000bcbeb
1400000000
0200000000

000ccccceee
0000000046
0000000004
0000043000
4134r00000
4134£00000
4134£00000
7£587£6000
7£7£0247£0
18022203aa
43388203ac
5138c2437c
227£15£7£8
207£25F7£2
120065f7f9
5£7£2243b3
43392243Db2
10002203p6
607£0383b9
000002041c
0200000000
00000012ca
9fe7663f0a
696b%eclcl




3ba

3ca

3da

3ea

3fa

40a

0051ze7efbd
0833307199
06£020782a3
05£5¢08999
0557018fff
0466607333
0502305fffF
0405105e66
034cc06666
O0leb80becece
0451e09ccc
02££r06666
02e6605fFff
0699909666
0442804999
03d70041eb
O03ccclafff
04051037ff
03cccO3fff
0370a03fff
0351e02f5¢
0333302¢ccc
03ccc027ff
030a3007ff

115

Roll 2

Tepe 5 continued

0000000280
07ccc07333
062807085
05ba7097ff
04eb813333
041eb06b33
04e1405eb8
03ccc05£0a
030£506b33
023330e428
032e107ccc
02£££0647a
030a83061eb
0466605fff
03f02047fF
047£r04023
032e104fff
041ae03666
03a8r044cc
03666037ff
0347a02e66
0347a02bd7
0399902428
0305100ze1l

08fffO6fff
07666074cc
0666607eb8
05p330b999
05472a09fff
031eb06666
047££05e14
039eb05fff
02ccc07666
03frfOferey
03rf££07333
02rrr06333
0333307666
0514705333
03bd704666
0685103fff
0323d03b33
057£f037fF
038a305fff
035¢203333
0338502dc2
0357002033
036660166
02£££01815

08ccc070a83
0733307666
0633308428
Obccclbfff
0499907fff
0399906333
0442805e14
0372e0623d
028a3097ffF
0551e0d999
0733306a8f
02r1r£0602a3
032e10b999
04c2804cce
03p8:04428
041eb044cc
03b85038f5
0466603fff
037ae04ccc
0357003043
0333302470
038£5029¢eDb
032e100fff
0305101e66



41a

42a

43a

44a

45a

46a

03051021eb
030£502999
0357002f0a
03b8505999
0394704999
0333304ccc
029eb02666
02d1e03fff
02e1402199
02c¢cc03333
02b850275¢
02b5¢021b33
02d1e03428
02eb8034ce
032803333
02503333
02pd702£33
2247v4946f
204745£7¢7
204793a7£7
607£93847¢
1£7£8247£8
00005d4c8c
1079a73b42

116
Roll 2

Tape 5 continued

0305102428
0213302999
03d1e04666
03a3d05cce
03ccc03666
02££f03cce
022802999
0237003333
02dc202fff
02ceccl2cce
02b3302ccc
0218503333
02dc203frff
02ba701fff
031c¢2034ce
02e660323d
7£7£9207fa
6071938476
604773879
1£7£824718
204745717
4346824474
011fbaac8d
fffbbecalecd

0305102614
0333302999
0319905 ff
0366606333
0399903234
02cccl2fff
02b3702¢28
023d¢202999
0247004333
02¢7202999
02b3301fff
02ba7024a70
02e6604cce
02bd702bd7
030cc034ce
0247003199
5¢468247f9
204755F7£7
2047851718
4345024719
607£938473
604745£718
2800000000
000cf8ebb4

030a3028f5
0323402999
031eb0602a3
0360805999
0366603cce
02a8r03999
02cecc02666
021402666
02ccc02e66
0214702666
02v33024cc
02c2802fff
02eb803b33
0328103234
02rff034cc
02¢c23030a3

2247249468
607£7387f9

607£8387f9
3a47e7f7f9
204723a717
4346800000
00fbae 9154
00002950cd
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Roll 2

Tape 5 contlinued

47a

48a

49a

4aa

4ba

4eca

0000014f8b
000008637c¢
5£7£7387ef
247£9227f£8
4948424717
0000000208
18782726717
204a45c4a4
5F7£8247£7
2471732718
3a7f87f£7f9
5200000000
247£61c027
484v05f7f9
0000000011
3p7£87f£7F7
5f7f5244ve
257£922273
424¢c426715
3r072085b1
3764091746
292324c836
15e3a7daa4
0000000024

00028e0cb9
207fabf48e
1c001777£7
4a48c387ef
204843482
0100000000
449724717
247£71b002
3a7£87£7£9
1£7£924719
247£9207¢8
2e00000000
3b7£910028
607638718
207fabcdc4
277£75F27¢€7
207£8514ve
484c1247¢6
227£65f7f6
3ddla2lea3
346¢f41£20
24b588e368
109081c2e3
734e573502

0398bbcled
247£45f7f8
777£8387ef
1c001777£8
1f7ee24717
207fa5c4a5
484a4414a5
4e495604a6
247£920718
2071810001
100015£7£9
207fab5c4bl
227fe5f718
4142260718
244c4C14bve
160017f7f6
247£7207¢FF
207££5F7F6
00000204c4
3c23e18697
3106cca2dp
IfLELLLLese
Obldl4e3be
207fa5¢508

0000800000
5f7£9607ee
1c001777£9
2471822719
100035f7e9
247f0544a4
SL7£72471fp
387£7204a7
1000151718
S£7£8247£7
4300000202
264b25f719
247£9207ff
0000000000
247ra604d6
484c4207fF
5£7£7484c1
414va247f9
3fc193b3ab
39r£583a53
2d414a4d?2a
1b0c34cla8
0593dd97f6
607ee387ef
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Roll 2

Tape & continued *

4da  1c0017f7f0 387ef1c001 7f7eel387ee 5£f7£160710

4ea

4fa

50a

51a

52a

38710207f1
71f7ee387ee
5£7£224742
3a7f37f7£5
387£5207£0
607e2387f5
5£7£2607e3
6071138711
5£7£3607f3
2450243447
71£7e2247f2
207fa5c50f
Sf7£74850¢F
160035f7f9
247£9227fF
24512430c4
7¢51£73529
1£7£9247£8
1£7£7607£9
430£a00rff
1400120746
9f7d541549
2471514005

4£4495f7f2
207£241£449
205095£7£3
247103272
5£71024711
207£15£711
387520712
207£35F7£3
3874fr5f74f
5£7£324710
3a7f£37f7e3
7350f247fd
0000000000
2471614002
4851224718
2450f£207¢fF
24514d5F7£7
207££58718
1c0047£7£9
000000000a
Sf7£52674d7
24747207ffF
3a7f77f7£5

607ee7f7f1
5£7£2607£2
247d23a7f3
3871414001
3a7£2387f4
247ee3a7f?
5£7£260710
607£23871£2
607£3387e0
327£37f7el
4344700000
1c0147£7£7
S5f7£8257f8
207r61a004
4a51z12004
5£50£43504
4952a2652b
4852824717
41522247fF9
73555207fa
4b533257f£5
5£7£616000
2474732716

387ef1c001
244e543447
7£7£424509
5£7£0607el
140015£7f1
387414001
387105713
207£312002
5£7e0607£3
247£13a7f3
0100000000
247£7227¢FfF
5£7£6247¢F
100015f7f6
267£f1c004
207fa5c52a
5£7£816000
1¢0273b52Db
100045£51d
o5cbbe267ea

S5f7d65f7el
1¢0057£717
1£7£6247d5




53a

54a

55a

56a

57a

58a

574626747
387d612001
387£6207f7
5f7464153a
387ef1c001
607£5387f5
247£c14001
5£7£4607£6
3a7f6387f4
5£7e3404e2
5£7£6247fc
247£¢14005
S5£7£824716
3958220581
3971£92057f
397f£95f7f9
5£7£94055¢F
0200000000
01lbcae9688
247££1e003
207151002
42589247f3
4159000000
000005£7£1
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Roll 2

Tape S

5£7£72471F7
5f7d64153b
5£7£726745
607£77f7el
1£7£5387ef
207£644549
227L75F87£7
2455553558
5f7e2247ee
207£a5e57p
1400558717
207£75£7£7
2257c3e718
5£7r9607f8
5£7£9607f6
607£739574
4305000000
0b82a3b209
207fab5¢591
SL7L87L715
207£510001
49591247f£5
0000000000

267116003

continued

207£E£527F7
257£53a7d6
207£74a547
387d612001
1c0017f7ee
57660745
4052¢6071£7
245584352¢
3a7f6387f4
1£7£6277£6
2471612001
4356414002
7£7£639716
3971920580
397£92057e
120015f7£7
2d413ccd02
03d8e24c81
7¢58573590
6071312004
SF7£5247f18
4058351583
207fa5c5a8
1£7£5587£2

4254060745
7£7£7607d5
247£75£745
5£7d6607ee
387eeb5f716
387455717
245554352¢
Sf7£624715
5£7e34052¢
49562247f¢fF
4456851716
5£7£62057¢
5£7£8607£8
5£7£960718
5£7£96057d
247£9227fF7
58b90bfoff
024e6¢2038
2458351713
247£d1v001
227££5£7£8
4358326715
735277¢596
607112004



59a

5aa

Sba

S5ca

5da

Sea

247£d10004
247£2207fF
607£8385a9
267f£2415a7
205¢25¢5be
SF7£7247%5
247£7207fF
207£95¢f7£9
S5F7£724714
5£7£8607f9
2700100000
0000000000
0000000000
0000000000
5101116001
1¢0207£03e
2403149020
2503243030
4104024001
430002703¢c
2403214001
240322034
2403411020
4802a5r03f

120

Roll 2

Tape § cont

207£55£7£8
5f7£24b59%a
10000207ff
247£200000
247£c3f716
1¢0273b7£7
ST7£72671£5
277f64a5b9
227££587%4
397£9227¢7
0000000000
0000000000
0000000000
0000000000
1000754008
5f03b16000
120024901°f
600322403b
207£fb54001
480232703a
503224030
430102603c
4101100000
240326003c

inued

12002207f8
247£d1v004
100015£7£2
0000000000
571924714
397f65L 716
1c027307£7
247f7415ad
0000060718
100025f7£9
0000000000
0000000000
0000000000
207154001
1v00471005
240001020
1200149035
100160042
2403e4a001
4801125032
207££5£03b
5£03¢2703a
2703c4a00f
5£03c¢7f03a

12001575
207£55£718
247f14a5a7
44182£a09b
5£7£8207ff
207851718
397165£716
247£c14002
397191002
4150200000
0000000000
0000000000
0000000000
240005f03e
5£03£24000
7f03¢5f03d
1200149016
1b0015r000
2400154016
2303¢c4v01d
2403a3a03c
40246003¢
2403b2203d
2403d5103b



5fa

60a

6la

62a

63a

64da

2603fr5102¢
1c0292403b
120014r00f
2003d5103b
0000000000
0000000000
reLeeeeese
1200a4d049
1200144d04d
1000851052
0000000000
000000000a
4906124067
2405e43490
1400¢207fb
1c0014305e
0000000000
7106884068
2400054074
380ad207ff
390ae5£060b
3b06¢1a001
3806441074
6006139069

121

Roll 2

Tepe 5 continued

220394a00f
207££43010
5£03a2403b
6003a3803c¢
0000000000
0000000000
207£a5¢045
5£05224054
5£05224054
2405412020
0000000000
207fa5c061
1400158067
1400857067
1200058067
0000000000
0000000000
4302500000
16014540a9
506210028
267fb14010
1¢0012406¢
6006b39060b
5£06912002

2403¢14000
5£03a2703a
227££5£03b
503241030
0000000000
42039247f4
2705249045
2205651054
2272251054
2005243045
0000000000
7£0671b007
2406716000
24087407f9
240€716000
0000000000
0000000000
207fb54072
240001¢020
10001207fe
5£06¢2606b
207££7£060
5£064d60064
2006912001

2003a4¢e030
4801124032
410312403
0000000020
0000000000
4101100000
0000024052
4104524052
4104924052
0000000000
0000000000
7£06824068
1¢02040000
0000024067
1c020247fd
0000000000
0000000000
207fb540a6
7£0691c028
5£0606006b
5£06d1c027
420835f06¢
3906d5r06b
4d08b5£069




65a

66a

67a

68a

69a

f6aa

2406a227ff
25069200zac
1201843099
1200410001
247£441090
220ab490a1
120042106a
4200024074
0000000006
49zaecbeedb
4133624716
5£7£8267f8
510pbb5134b
114273712
007300713
562124124
7£00024623
600ce40080
430c800000
2900043047
2412£51623
4115216000
4317000000
4319500000

122
Roll 7

Tape 5

5£06a24069
4e0932406a
5£069260aa
5£0692406b
2404210004
5£06a24064d
12020600601
207£1p54074
0000000002
0000000000
571341336
207¢548352
4000024000
7£285fC8F5
4318f£00000
226234%0cc
207f05f623
al1290430d0
2404d3430c4
6004740090
2411a53621
2404r430c4
240e3430c4

240e7430c4

continued

4908d607fd
207££5£06a
50625069
2071140094
7£06016000
207r£5£064
1000843043
4307400000
00000431be
2401043000
227c¢5587£0
207£0327f0
433485f7f4
££223687f7
207fa5c0ce
2462340000
000007f7f1
24622207ff
4302500000

b128£4304d9
607ee40000
4317600000
4119100000
431¢a00000

4308e60042
247£c10002
1400221069
2406241009p
7£06a2506a
4109424064
2407422029
240001020
268826a13f
13276713
607£4387dc
387¢c207f2
2400d43000
4137600000
24621207ff
40000540ca
2412e5£623
5£622607f1
600d540010
607££7£622
240dd430c4
240e1430c4
240e5430c4
240e9430c4




6ba

bca

6da

bea

6fa

431ce00000
4314600000
4320100000
4325000000
al621430£fp
247310004
4102343009
6000940780
5101040000
ad00043012
240142071fp
ad0004301a
0000000009
430000000
2401451017
6061640039
606£a400c4

CR

123

Roll 2

Tape 5 continued

240eb430c4
240ef430c4
2401£3430c4
600£740000
600040027
4000012024
246211200¢
b27fa43141
6000e40000
247£9227ffF
501443012
6001240800
2401c¢51017
0000000030
4300100000
a0694436f8
a0000436fc

4314200000
4314800000
4321800000
2d00040000
p000043006
4£01e12001
5£7£02428¢
246215100e
130043010
5£7£94v017
4000043000
100043146
430000000
2402251621
606£4400c4
6061840027
606£c40006

240ed430c4
240£1430c4
240£5430c4
600£940002
242811008
4£02012001
5£7£143000
S5f7£924622
6001040000
6030084300
6001840012
0000000018
2401451017
247¢£5£622
a05d0436f6
a06cd436fa
ac00043095
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