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- ABSTRACT:

Shielding Computer Program O4-0 is available for computing
reactor-shield weight and fast neutron and gamma ray dose rates

in and around complex reactor-shield assemblies.

~ Reactor and shield'geometries are described by combinations of

regions formed by rotating rectangles or trapezoids about the
reactur axls or by translating‘rectangies parallel to the reac-
tor axis. Compositions are ékpréssed as volume fractions for each

material in the reactor-shield assembly.

A cylindrical coordinate system is used to describe the location
and dimensions of a volume source. Source distributions are assumed

separable and-may. be;described by cosine functions.

A.modificatioh of the Albert-Welton theory of neutron attenuation
is used for fast neutron dose rate calculations. Combination of
buildup factors is used with exponential attenuafionl£6 cémpute
gamma ray dose rates. 'The program requlfes four magnetic tape
units and two frames of magnetic core. memory on an IBM 70&1 Mag-

netic drum me'}npry.is not required.
‘ o QLD . 2
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1. INTRODUCTION

Shielding Computer Program OL4=0 computes reactor-shield weight and fast
neutroh and gam@_.ray dose rates in and around complex reactor shield assem-
blies. This program is coded for use on an IEM-7OA having two frames of
magnetic core memory. No magnetic drum memory is required. A total of four

tape units are used b& the program.,

Reactor and shiéld geometrieé are described by combinations of regions formed
by rotating rectangles or trapezoids about the reactor axis or by translating
réctangles parallel to the reactor axis. Compositions are expressed as volume
fractions for each material in the reactor-shield assembly. Compositions are
associated with the appropriate geometrical regions by referénce to code

. numbers,

Source location‘and dimen sions #re déscribed in cylindrical coordinates.
Source region nodal points are located in rings formed by intersection of
concéntric shells and planes normal to the axis. There may be two to fifteen
equally spaced planés and shells. Source region nodal points are located in
two to fifteen equally smced lines in each shell. It is necesséry that each

shell contain the same number.

Sburce distributions along the axis and radius are assumed separable and are
described by cosine functions. Point—ﬁoint attenuation functions (point
kgrnéls) are used for all doserate calculations. A modification of the point
kernel suggested by Albertvand Welton192 in their theory of neutron atten-
uation in hydfogenoué media is used for calculating direct beam fast neutron
dose rates around fission sources. Effective removal cross sectioné are used

for elements other than hydrogen.

UNCLASSIFIED - 340 004
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Gamma ray dosé rates may be computed.for positions around sources emitting
photons of a maximum of twenty initial energies. An uncollided point kernel
is used in cénjunétion with an expression providing several optional methods

for combining buildup factors.

Integration over source regions is performed by the trapezoidal method.

UNCLASSIFIED
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2. PHYSICAL DESCRIPTION \

2.1 Geometry Description

Reactor and shield geométries are described by combinations of regions in

- either a cylindrical coordinate system (r, @, 2) or a rectangular coordinate
system (X, ¥, 2). The 2-axis must be the reactor axis, and it may be posi-
tive in either direction. Orientation of the X- and Y- axes and the ofigin

and direbtion of measurement of @ are shown in the following sketch:
X B

//// -

Y

Regions may be formed by rotating rectangles or trapezoids about the reactor
axis or by translating rectangles parallel to the reactor’axis. End surfaces
of all regions must be normal to the reactor axis. .Sides of the rectangulaf
paralielopiped must be parallel or normal to the X-2 and Y-Z planes. The
shield is enclosed by @ cylinder of radius Rpax and length 2(Zpax). It is
not necessaryAthat all épace idthin ﬁhe enclosing cylihder be contained in

regions. OSpace between regions is recognized as bulk material.

UNCLASSIFIED 3;;{,%.‘@@6
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2.2 Material Description

Material description of the reactor-shield assembly is accomplished by asso-
ciating a specified composition with each”¥egion by means of a code number.
‘Compositions are expresgsed as volumg fractions eh(g)m for each material
comtained in the assembly. The subscripts h and m indicate composition and
material numbers respectively. The composition number is indicated to be a
function of the region number g as diécussed above. The volume fraction for
each material must be specified for each composition even though some may be

zero. Bulk material must be entirely material one.

2
3
-

UNCLASSIFIED
: B gov7




UNCLASSIFIED 9

3. SOURCE DESCRIPTION

Radiation sources may be defined by the function S(;g, E)dE as the source
strength per unit volume at ?% for particles or photons of énergy E in rénge
dE for continuoﬁs spatial distribution o.f sources with continuous energy
spectra. If the energy spectrum is constant throughout the volume, fhe func-

tion is separable in the space coordinatés and energy may be written
S(Tg, E) dE = S(rg) B(E)dE

where S(;;) may represent power density, watts/cmB, or fission rate density,

3

fissions/sec-cm”, and B(E) may represent particles or photons of energy E per
sec-watt or per fission. The subscript s in the above expression indioates‘

source.

It was. ’aSs’;‘um'e'd in the coding of this program that the source density would
be independent of the angle ¢s because of the usual symmetrical reactar loading.
Hence, S(rs) becomes S(rg, Bg). In addition, the function was assumed separ-

able in rg and Zg so that

S(rs, %) = S(rg) S(Z)

The functions for description of axial neutron or gamma ray source distrj.butions

are
S(g) = Ty cos [T2 (2 —"L‘3)]

- Functions for description of radial. neutron or gamma ray source distributions

are

-}S(rs) = €. cos E€2(rs ‘—;.6‘3)]

1

B 340 008
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The coefficients appearing in the above may be the same or different for
neutrons and gamma rays except that the coefficient’ri fér gamma rays‘and the
- coefficient Elifor neutrons must always equal one. Source location and dimen-

sions are described, in cylindrical coordinates.

Point-point attenuation functions used in ihis program for dose rate cdalcula-
tions are evaluated for the straight-line paths connecting a specified receiver
point (r, ¢r’ £.) and specified'poiﬁts in the source region. These source
region nodal points* are.located in the rings formed by intersection of concen-
tric shells and planes norﬁal to the axis. There may be two to fifteen equally
spaced planes and shells. There may be two to fifteen lines of soﬁrce points
in each shell. The numbers per shell are the same, and they are equally spaced

in the shells.

* Hereafter, source region nodal points will be called simply, although

somewhat incorrectly, source points.

UNCLASSIFIED . 340 009
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L. WEIGHT CALCULATION

The weight of each material in the reactor-shield aséembly is automatically

computed by

(¢)

i})z

region number

number of regions in reactor-shield assembly

G
'L[; - Ji Eé7r Zhax Aii&w ‘+;f§; (%% ;:lc)k%;]
. .
$

material density

Vg = computed volume of region g

- The total reaétor-Shield assembly is given by
M-

W, = 2 W, ~ \ (7)
o=/ .

where M equals the number ofmaterials present. Other symbols used above have

the same meaning presented previously.

UNCLASSIFIED.
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5. GEOMETRY CALCULATION

The length of the straight line path between a source point and a receiver
point is required in the. evaluation of tﬁe fast neutron and gamma ray point—
point attenuation functions for the source-receiver path. Also, the distance
traversed along this path in each material is required.. Actually, the fraction
of the path contributed by each material is cémputed. Then, these path frac-
tions 6 are multiplied by the path iength/o to yield the desired thickness

of each material.

The distance traversed in each shield region is determined by a stepping pro-
cedure which is explained in detail in Section 10. These distances are used

/

in the following equatidh to compute:.the path fraction for m>1.
G

5 '
&.. P fé Q&(?)M pf > é/{}m/vﬂz y o> - (&)

total distance from source point to receiver point

where /0

= distance traversed by source-receiver path in region g.

D WO
II‘4'I

distance traversed.by source-receiver path outside shield

boundaries

G, . volume fraction of material m in compoéition-#éZ/which exists
Aipm £

outsidé the shield boundaries
Other symbols were defined previously.
The path fraction for material one is given by
621 =7 - <£ET. 6%wv (/?/)
e
"UN
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‘If a source-receiver path ericounters no material one, the machine may compute

a negative ©) because of the way the other ém's are rounded off. When this
happens, the machine will stop. Obviously, material one should be chosen
with some dis:retién; Possible difficulty can fredquently be avoided by speci-

fying the material surrounding the shield as material one.

- UNCLASSIFIED 340 012
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6. ATTENUATION FUNCTIONS
6.1 General

The method used in this prog?am to determine fast neutron and éamma ray dose
rates combines the use of point-poiﬁt attenuation functions with integration
over source regions.A Since neither neqtrons nor gamma rays arriving at a
receiver from separate sources interact appréciably, this method can be aSSumed
corréct.if the point-point attenuation fﬁnction is, in general; a coﬁplicated
functional which is defined for all possible paths of the particle between the

" source and receiver points. This functional can only be approximated in any

actual situation.

It is assumed in the program, that to a reasonably good approximation, the
point-point attenuéiion function depends only on'the quantity of each méterial
enéountered by the primary ray proceeding from the source point directly fo

the receiver point. This condition is reasonably well satisfied in many cases -
in which tﬁe important part of the scattered radiation is wéll collimated along
the path of the primary ray. The point-point attenuation function can be
expressed as a function of the‘path length/Q,the path fraction ém for each

material, the source energy E, and the macroscopic cross section Zim;(é;) as

£-2(2,(6). )5 (£) 5,56, . & £ p) (7o)

)
Henceforth; this function will be written
é?=_é§ﬂ2;~(fz éL).é;/dj (11)

It is assumed that the radiation is emitted isotropically by a pecint source.

It is further assumed that the function ® can be written as a product of a

UNCLASSIFIED
| : ' 340 013
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material attenuation function ¥/( 2 (B); 6, E,/O) and a geometric attenuation

function 1/#¢z>2’, i.e.,

— — . %(Z (é—) 6,,,,)/5_ /0) .
g(zm(fjgm)éﬂ)— P2 (72)
More specifically, ’Q:S-(ZM (E)) éa )/::/2) equals the flux at the receiver point

Pt

due to particles of energy E emitted by a point source of unit strength.

6.2 Fast Neutron

A modificétion of the point kernel suggested by Albert and Welton in their
theory of neutron attenuation in hydrogenous media is used fpr calculating
direct beam fast neutron dose rates around fission-sources. This..theory com-
bines a theoretical hydrogen cross section with an integration over an approxi-
mation to an experimentaily-determined fission spectrum to obtain the uncol-
lided flux:asAa function of penetration distance into the medium. . The attenua-
tion effectg of materials other than hydrogen are included by assumihg.exponen-
tial attenuation and treating tﬁe cross sections as energy—independeﬁh adjust-
able parameters to be detérmined by best fit to experimental data. This treat-
ment is based on the assumption that all heavy materials are followed by suffi-
cient hydrogenous materials that the use of effective removal cross sections

is valid.

The point-point material attenuation function used for fast neut‘ronsA in this

program is

. L o < ‘- &,
b2, C )= 20 8 ) erp [ p 2007 ]
ceppbp2,0nZ] ()

where o, o, ~ and oy are constants and 7 is the rallu of the hydro-

gen density in material m to that in water. The hydrogenous maﬁé;iéis must be
among the first [ materials. The above equation is not energy dependent, since
the method of obtaining this function results in an integration over the fission

. 340 014
neutron energy spectrum.
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6.3 Gamma Ray

The point-point material attenuation functions for computing the uncollided
contribution of a point source of gamma rays having aq.initial energy Ej to
the flux or dose rate.at a receiver is M ' )
~0Z e (& :

sv (2, (£,) 9. /o) TR (1#)
Photons are removed from the direct beam by several absorption and scattering
brocesses Photons scattered from the beain may be subsequently scattered
back to the receiver, thus increasing the flux or dose rate Photons, of
course, lose energy in. each scattering collision. NDA used a momente meth od
solutior.of'the Boltzmann transport equation to compute the scattered contri-
butions to energy fldx, energy absorption rate, and dose réte.in several infid-
ite homoéeneous materials from sourcee of rarious initial energies.. They did
this for several material'thicknesses in relaxation lengths. NDA_theﬁ computed
‘ratios of total fiug to uncollided flux, etc. These ratios\are known.as build-
up factors-and are dependent on material, material thickness, and initial |
photorl-energy° Buildup factors are available in NY0—30753=for energy’flux,'
energy absorption rate, and dose rate. Uncollidedvcontributions to f}ux, ete.,
are multiplied by the appropriate ouildup factor to obtain the sum of the
!uncoilided and scattered contributions. Therefore, the point—point.material
attenuation function becomes ” .

: _/2:'1 e.2,. (& )
(2_ (:_?)Q,,NE(O) 3( o, t}' /J)@ ()

Actual shields can seldom be con31dered 1nf1n1te and homogeneous. Shields
usually are composed of light and heavy materials. Because of the resulting
uncertainty in the proper use of the NDA infinite buildup factors, the program

offers the two following choices of gamma ray kernels:

"UNCLASSIFIED
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N

Long Form
P
&) e E,p)= T, 82.5)0. 5 ,o)ego[ﬂze =, ce)] ()
—- 2 3
fg(m(‘-}),@v, ,{;)/a]}/g )ty fu ) X0 (G X o 8, (6 0 X (17)
M U 4 (/é’)

=2 G 2, Lkt 1 T2 TG
Short Form 4 -

Wz ) e £, ) 5z )55, /a)wf pZe.5.)] )

(;w)
/) /g (£)+/3l(é})X +/£@(Z)X 4, (E)X |

)( /72§Z(L/- - (2r)
Symbols appearing in the above which have not prev1ously been defined have

the - following meanlngo

X}‘ = thicknesses of various materials encouhtered by a source receiyer
path, relaxation lengths. ,
f3 = coefficient evaluated by fitting cubic to NDA buildup data.
A\ QT'Y = coefficient determining manner of use of buildup factor. These

yi )

cocfficients always have the values 0, -1, or 1.

UNCLASSIFIED

Cd
23
D
<
bad
<




UNCLASSIFIED : 18

éE];~=a[)s macroséopic cross section for gamma rays in material d.

7

.13 = number of buildup factors.

The complexity of Equations 16 and 18 arises from the uncertainty,which existed
at the time the program was coded, regarding the use of buildup factors for
multi-regioned shields. Considerable versatility is achieved by writing the
point kernel in ‘this forﬁ} For example, it may be desired to estimate the
buildup along the entire path of a rayfby calculating the buildup for the last
region encountered, g = u. If only region g = u contains the composition

labeled h = t, then

P=1
;A= ij//h(g)m = O for all h(g) and m
1 Chgm = 9;{g(?p ' for all m

Equation 18 then becomes

éf ZZ
Z (EJ,Z/) /d«
It can be seen, 1mmed1ately that this result. glves the total number of relax-

ation lengths along the path of the ray in region u.

Ambiguity~can.ooour when several regions in é‘;hield contain the same composi-
tion since the screening constants J and T are ordered according.oo h(g)m |
rather than gm. Such ambiguities can be avoided by specifying a composition
for each reglon in the shield even though some reglons have the same composi-
tion. Buildup in a mult1=reg10ned shield is frequentlv approxlmated by
'buildup in a single material for a thickness equal to the sum of the thick—

nesses in relaxation lengths of all materials encountered by a ray. Equations

. 346G 017
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16, 17, and 18 can be used to 'ac-complishthis'calculatic}n° However, the same
result can be achieved by.use of Equations 19, 20, and 21 without the use of
screening constants. The second method requires less inputdata and shortér
computing times. A control word in input data indicates to the machine which

of the methods is to be used.

6.4 Attenuation Function Print-QOut

Control words in the input-data may be used to request print-out of either

%Z//§0 or %; /C/O or both for each_sourceirecelver path. These

are printed in the same sequence followed in the computations. This sequence
' oo . 2

will be discussed in Section /0. Knowledgé-of ¥ /0 % and %, /0

for each source-receiver path is frequently véry valuable in iterative shield

design procedures.

UNCLASSIFIED
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7. INTEGRATION

The response of an isotropic detector to radiation from a small element of

source volume dv¥g emlttlng particles or photons of energy E in range dE is
1D~ S G £) ¥ (=, (£) &., E/) X///[: (22)
. 4{7}02’
The calculated dqtector responsé will obviously be in units determined by the

N 3 - 3 ° (3
units of the source, material attenuation function, and spatial dimensions.
The detector response from an entire source region which is emitting radia-

“tion with a cont inuous enérgy spectrum is given by

f 5&,:) (= /E) £, ) Q(@
'D Sow’%%(i_ﬂe :uvrce 47/-/

The following special”version of the .above equation is used in this program

(.,w)

for computing fast neutron dose rates from qyllndrlcal volume sources

| A (2,4)
D., f(Z)xZ/S(@ A Q_L ﬂ/
| z& T
1 Zsuws Tg Tsus ¢Sl and @g, are lower and ug;er’limits of integration
respectively on th?-squrée space coordinates Zs; fs, and ¢s° The equation
for Dn above was writﬁen with the assumption that the imtegraticn over @
would be carried out from'lm7étoﬁﬁ@12. Consequently, mul£ip1ying by two
because of syhmetry reéults\in a factor of 217021 iﬁ the denominator rather
than 417?92“'0 A correction is necessary if integration is not éarried out
between these limits. Tﬁe source function, as discussed in Section 3, is
assumed indepeﬁdent of ¢s and separable.in Zg and rg. Since the fast neutron

point kernel is energy independent, the source funétion and the dosédrate

equation are also energy independent.

UNCLASSIFIED
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The equation coded for computing the total dose rate from a cylindrical volume

source of gamma rays of J descrete energies is

(257

T _ 2:9‘( {rc( %‘(
[ = = KESE) sea)12 [scorm ot | 12E=5295.0) 44
7 ¢ 27 - /052, .
} ZS/C /(.'r,e ‘?,e‘

In addition to being separable in Zj and ry, the source function in this equa-

tion is assumed separable in energy. A conversion factor K(Ej) is included to

convert from flux due to photons of initial energy Ejto any desired ﬁnits. The '

flux or dose rate is computed and printed for each initial energy. Finally,

the total dose rate is computed and printed.

Integration of these equations is accomplished by the trapezoidal method.

Details of the program'logic are explained in Section 10,

UNGLASSIFIED - , 020
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8. LIMITATIONS

Care should be exercisedin the application of the point kernels used in ‘this
progrém} since they are ﬁll\infinite homogeneous medium kernels. The Albert-
Welton kernel,,in"addition,.is reStrictedito hydrogenous media 6r to shields in
which non-hydrogenous ﬁaterials are backed with sufficient thickness of hydro-

genoﬁé materials to validate the use of the kernel.

-

The use of an infinite medium kemel has theé effect of surroundihg the sourcé
and rééeiver points with an infinite medium of the same composition as the
shielding which lies along the'source-recei'ver-path° The constants used in the
kernel are those determined for such an infinite—medium case, and include the
effects of séatteriﬁg to the receiver from.all regions in the medium. The den-
éity of each matérial in this medium is effectively that determined by distri-
buting the intervening shield material uhiformly'over the total distance between
source and receiver points. Consequently, a shield-air boundary (assuming air
outoide the shield) may cause the actual dose rate to be substantialij differ-
ent from that computed by the point kernel technique assuming an infinite. homo-

geneous medium,

The effect of thé‘shield-air bourdary is simplest for th? case of a réceiver
ﬁoint on the shield surface. - Here a point kerngl calculation of the doée rate
at the receiver includés scattering to the receiver from regions of the medium
which are outside the shield boundary and which do not, of course, exist in“the
real situation. The densities of the materials in the medium will be thelséhe.
in the calculation as in the real shield, oniously, siﬁce the entire souréé—{
receiver path is filled with shielding material. The shield-air boundary has
the effect of removiné part of the material assumed to be présent in the cal-

culation. The material removed is from regions which do not affect the direct
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-

beam attenuation, but can only act to increase the computed dose rate throﬁgh
scattering. Hence, the poiht kernel calculations for this case will yield a

dose rate which is too high.

The same effect is present for a receiver pojint located in the air at some dis-
tance from the shield-air boundary. Hére, however, other effects occur as a
consequence of the "smearing out® of %he shield material into a ﬁniform distri-
bution along the source;receiver path, and the subsequent use of the resulting
reduced denéities in the infinite medium which is assumed for thé calculation.
The point kefﬁel\calculation will predict fewer scatterings than will actually”
occur in the regions filled by the actual shield; and it will predict for such
*scatterings an attenuation which is too high,vsihce the calculation assumés |
some material in the regions actually occupied by air space. Both of thése
effects tend to make ithe calculated dose rate too low. Whether the nét result -
of all these effects is to make the calculated dose rate too high or too loﬁ,lﬂ

appears impossible te answer for the general case.

-vathe buildup of the scattered radiation cénﬁbe considered to be well colli-
" mated- along the éourcéereceiver path, the effects just described can be ignored
and ‘the infinite ﬁedium point kernei éalculat;én can be used with some confi- .
dence. Thé“success of the method depend§von the validity of this assumption

of good collimation.

,Tﬁéiabove'discussionhrelates the effect of the finite extent of the shield to
the dose rate,prédiétion by the point kerhel method. Inhomogeneous regiohé in
the shield also may present difficulties to the method. Obviously, the greater
the difference in the éttenuation characteristics of the various regions of

inhomogeneity, the greater the uncertainty in using homogeneous point kernels.
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'i‘nus, the application of the fast neutron kernel to inhomogeneous shields
would be expected to lead to reasonably good results provided all non-hydro-
genous materials weré backed by sufficient hydrogenous material. On the other
hand, the gamma fay kernel could conceivably lgad to large errors, esp‘ec‘ia.ll;‘r’
in thoéé cases‘where scattering of the gamma rays around highly attenuatjxi_g‘ ) "

regions can occur (short-circuiting).

The foregoing discussion regarding the validity of the point kernel techniqueé
is by no means exhaustive, but it is given to illustrate the need for caution

in applﬁng the techhique and intérpre't,ing results of caiculations based on it.
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9, EQUATIONS CODED

9.1 Weight
c
Lté,v:g;,,,j% e,z(j)/,,,l{} , 2L
G
Wy = &, lar 2 /eMﬁ.jZl‘ (s =204 ]
M
-

9.2 FPath Fréctibn

N :M.
e, -7 - = &,

9.3 Fast Neutron Dose Rate

0. =5 5/2)12/;&?)0(/1/¢ S, /’) %¢
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Y o(q

R ’ - . , |
ﬁ.(%«,é,’w,/):“fz(ﬂzam ex/afd éxméw) jegﬁ[/)z G0 |

9.4 Gamma Ray Dose Rate

‘ZSY( ) Y((ﬂ( ‘¢J‘c<
ﬂ Z C )8@} 5(7-2:)/23 j(/?s)/f G{J%r(é(é;);: ) gg;/) "(g
’ %1. /gi 7 //9 '

| Long form '

,%B(Zm(?g@m £,/ }\/go ({;-)7} Ay (€)X "f(%(‘f}'éx' b IS

7./*%*‘2?} &; )[/\{04—2 Z f,z? ,z(),w ] 41 47,,%7)#%)”/%
Short form _
fEE)e,Ep)-8(2,.6)e 5, W@X,O[p = )}

¢

) ) O . £ = . X, )Xz x>
\B(Zm(é/))égm%//) 2 (€40, (.».;))9 +8, (E)X "+ g (%‘)XJ

7
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9,5 .Source Functions

Axial

]

5(25,) Z, C/OS[Z; (2, -7 )]

Radial

1}

SC) = €, cos (& (% -€,0]
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10. PROGRAM LOGIC

Equations and functions in this program are coded as subroutines, so that
individual equations or functions may be changed without seriously altering
the logic of the min program. Control words are used to indicate whi.ch

calcuiations are to be made and which.i‘unctions are to be used.

The W subroutine computes the weights of the individual materials in the reac-

tor shield assembly and then sums these weights to obtain the total.w;eligh_t.

-The CHPT subroutine computes the coordinates of source points equally spaced
between integration limits. Coordinates for equal spacing are obtain\ed by
édding.c"alcul‘ated increments to coordinates of preceding points. The size of
the increment for any space variable is obtained by d_ividing the differe;lc'e
between integration limits for that variable by the specified number. -di:’{equally
spaced points mim;s one. Consequently, at least tﬁo. points must be used on
each variable., Extreme points are located at the integration lirﬁits. Only
equal spacing on the integration variables is allowed for in Program -Oth;

A modification of O4=~0 permitting unequa_i spacing has been iﬁcorporated in

Program O4-2.

The GEOM subroutine computes the total distance between a source point and
a receiver point and the penetration distance in each region travérsed. The

total distance /0 is computed by

Vs = V(x,-xf( )F+ (és -'3,)L+ (2, - 2.)°%

where X5, Y, 25, and X, Y., &, are computed ?e'ctangula'r coordinates of the

s
source and receiver point respectively. The subroutine then computes the

rectangular components of an input step size Aff), for use in a stepping proce-
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dure. The NEPT subroutine proceeds by stepping along the source-receiver path.
The suﬁfeutine,adds the rectangular components of zyo to the coordinates of the
previous point on this paih. It then determines whether the last step passed
the receiver point or‘tﬂe shield boundary. If neither of these events occurred,
the subroutine determines if the step crossed a boundary of the region. If

the point is etill in the region, another step is taken. If the step crossed

a boundary of the region, the coordinates of the point of crossing are eomputed'

by one of three subroutines, depending upon the region type.

The ﬁXI subroutine is used for regions formed by translating fectangies; the
NRCO subroutines are used for regions formed by rotating traéezoids; and the
NRCY subroutine is used for regions forﬁed.by rotatiﬁg rectangles,i The dis-
tance traversed in the region is computed and stored with the region code num-
ber. The program then searches the region description table to determine which
region now contains the point, and the above procees is repeated. If it is

- found in the NEPT subroutine that the receiver point was passed, the coordin-
ates of the .receiver point and the previous point ‘on the path ere used to
compute the éxact distence'between the two. The subroutine then returns to the
main program. When the NEPT subroutine determines that a shieid boundary was
crossed, the distance in the last.region and the final distance to the receiver
point are comﬁuted. The stepping procedure is diecontinued at the shield boun~
darieso ’
AIf, at any time during the search of the>region descfiption tablee,ue'boint is
not feund in any of the described regions (a point on a boundary ié“ﬁét in a
region unless it is on'the axis in a solid cylindrical'or conical regiqn) the

point is considered to be in bulk material. The NEPT subroutine searches the
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complete region description table after each step from a point located in
bulk material. I addition, it makes the usual tests to determine whether the

receiver point or a shield boundary was reached.

The VFRAC subroutine multiplies the computed penetration distaoce'in each
region by the volume fraction of each materiallin-the composition contained in
tho region. Volume fractions for the composition are located by means of the
region code mumber stored with the computed penetrotion distance. Thus, tﬁe
penetration distance throogh each material in each region is computed. All
material outside the ohield bounoary is recognized as composition hZ-’ and bulk
material is recognized as material one. The end result of the VFRAC subroutine

is the total thickness of each material traversed by a source-receiver/path.

~ The KZRNA subroutine computes the fast neutron point-point attenuatioﬁ'function.
Gamma ray point-point attenuation functions are computed by the KERNB:subroutine.

A control word determines which of the two forms of the gamma raj kernels to use.

The radial source distribution function is evaluated at source point radii by
the PWRR subroutine. The PWRZ subroutine evaluates the axial source distribution

function.

Integration over the source region is performed by the INTEG subroutine.
Although the INTEG subroutine is coded to handle trapezoidal integration with
unequal spacing of integrand points, the complete program is capable of handling

only equal spacing of integrand points.

The program first computes weights of individual materials and the total reac-
tor shield assembly weight. The program next computes and stores coordinates

of the planes, shells, and lines of source points. The program then determines’
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what other computations are desired and proceeds to the proper initialization
for the computations. The first receiver point and the source point located
at the lowerb limit on ,Zs, the lower limit on rg, and the lbwer limit on ¢s are
selected and the required computations in the GEOM, VFRAC, KERNA, and KERNB
subroutines are performed. Results from the KERNA and KERNB subroutines are
.stored on tapé until required in the INTEG subroutine. The procedure is then
repeated'for the source point in the same ring at the next larger value of ¢§
When this procedure is completed for all values of ﬁs in the first ring of
soﬁrce points, the proceduré is repeated for successively larger values of rg
gnd the same value of Z5;. When this procedure is completed for all values of
rs and ¢s and thevlowest values of £g5, the program selects the next larger value
of &5 and repéats the entire.procedure. This procedure is continued until
results from the KERNA and KERNB‘subfoutines are stored for the paths connec-

ting the receiver pbint and each source point.

The INTEG subroutine then directs the machine to integrate, separétely for
_neutrons and gamma rays, over ¢s for the lowest values of r, and €5.. The
result of the integration is stored, and the integration is repeated for

successively larger values of r_. and the same values of Zs“ The integrals over

s
¢s-are then multiplied by rg and the radial source distribution function, and

integration is performed over-rg,

This integration procedure is repeated successively for larger values of Zs.
. The double integrals are then multiplied by the axial source distribution.

function, and integration is performed over Eso

The result of the triple iulegrallon for neutrons is multiplied by % to

obtain the fast neutron dose rate at single receiver point. The result of the
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triple integration for gamma rays of initial énergy Ej is multiplied by %+ ,
,K(Ej); and B(Ej) to obtain the dose rate due to those gamma'fays. The dose
~rate due to gamma rays of all initial energies ié finally obtained by summa-

tion.

. After computing the dose rate at a receiver point, the program selects the
next receiver point and again performs all the above calculations. After all

calculations are completed for thé final receiver point, the machine stops.
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11. INPUT INSTRUCTIONS
Control Data -

KDATES Date Specified as follows:
AAAA (1) XX, XXXX
AAA, (1) XX, XXX

AAA. (2) X, XXXX
KCHGNE : Charge number (an integer up to five digits)

MMAXCD . Code number for geometry of shieid

1 = cylindrical

#F IXPC Fixed point control intégers

IDEN TIFICATION - Identification number (an integer Aup to 10 digits)

G - Number of regions (G < 100)

hy . L= Numbér of compoéition outside shield

H - Number of compositions (MxHE= AOQ)

M - Number of materials (M = 20)

P - - Number of buildup factoré in the gamma ray attenuation

function (0= P = 5.)

J , - Number of gamma ray energy levels (J < 20)
Nrs = Number of shells of source points («3 =N :’5)
N@ - Number of lines of source poinfs in each shell (2 = N = 15)
Ngg -~ Number of pla}xes of source points. (2= N £ 15)
L = Number of vaiues of 7( to be used in neutron attenuation

function (0 2 L= 7)
M

if [ =0, y;:ex,éf—pf & 2]

A
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Neutron = O
1
Gamma = O
1
YXernel = 0
1

PRT ‘,i/f_._:o‘

1

PRT ¥ //f= 0
1
WU - 0
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Do not compute neutron dose rate.
Compute'néutron dose rate

Do not bompute gamma ray dose raté.

Compute gamma ray dose rate.

Use short form for gamma ray dose rate.

Use long form for gamma ray dose rate.

Do not print Sﬁ,//: z

Primt ﬁl/?oz’ for each socurce-receiver path.
Do not print ¢r //' z

Print %&42 *  for each source-receiver path.
Hﬁfs and qmy's are not included in the deciﬁal data to

follow.

1 - NU's and TAU'S are included in the decimal data to follow.

. MAtérial Déﬁsities

LDENSY. 8585 .8

General Data

) T2, 3 J M N

LMAXBDA Rmax'm maximuﬁ shield radius

|#max| - magnitude of maximum axial dimension of shield

IFL6PC  rg

lower integration limit on rg

- upper integration limit on rg

lower integration limit op'¢s

- ‘upper integration limit on ¢s

lower integration limit on Zs

upper integration limit on B
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Note: Upppr ard lower integrétion limits for a variable cannot be equal.

LDELTA A/O - step size

Region Description

IREDES Régiop descriptioﬁs. One card per region with the

following information

1. Code number .
If region is rectangular
cylindrical’
conical

whefe h is the number of

512 £ h
1024 £ h
2048 £ h

the compositidn contained. in ‘the.

region. All regions which contain the same compositibn should

have the same h.

2. Description

Rectangular .Xl’ Xy, Y1, Y5, %), 52

Cylindrical Ry, R2, Zl, 82 |

Conical Rll’ R12’

(R b

21°. 1)

(Rll}fgl)

Material Volume Fraétions

Ro1> Rops Bys By
(Rlés Z2)

LPFRAC Voluyme fraction of each'dateriélin éach composition. If

possible, place volume fractions for each material on a single

card.
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6 S

621, 631, o o o hl

612, 922’ 632, e o o a}]z

11*

elm’

e 6

zm,.GBm, o o ‘o hm

Neutron Data

LCGﬁSA: Constants for neutron attenuation function

0(1)0(.7.) 0{3)0(‘/)7(1,)7?.2/773) A ] %L

Neutron Removal Cross Sections

. f -
LCSECT Neutron removal cross sections for m materials

21,2.,%, ..., 2,
Neutron Axial Source Function Data

LthZA Constants'Z:‘)7:l 73 for cosine axial neutron source function

Néutron Radial Source Function Data
LCdkRA Constants é;; éi/ gg for cosine radial neutron source function

é; must équal 1.

Gamﬁa:Ray Conversion Factors
LthKJ Gamma ray’conversién factors for J energy levels

'K(El)s K(Ez)‘, K(EB), °o o °‘) K(EJ)

Gamma Ray Source Data
LCdNBJ Gamma ray source strengths for J energy levels
B(El)’ B(Eg), B(EB)’ o o e B(EJ)

UNCLASSIFTIED
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Gamma Ray Axial Source Function Data

LCG‘VZB Constants ’ij ) 7; , /é; for cosine axial gamma ray source

function

Z;must equal 1.

Gamma Ray Radial Source Function.Data
LCGRB Constants €, &, €5 for cosine radial gamma ray scurce

function

Gamma Ray Linear Absorption Coefficients

LSIGEJ Gamma ray linear.absorption coefficients for M materials

and J energy levels.

117 L1’ T 217 J
3.2/ Z,LL) 2:!.2.)‘ 7 ZM.Z,

17 7 AT/ J2 T T MT

Gamma Ray Buildup Coefficients

LBETAS _Buildup coefficients (4 x P x J values)

:ltgog. 22 ﬂ:—l/:. (g,Z_Zli ﬂel,
R-ﬁoz),z /511/4/5;1)9. /53.1)
{ ) .

/’/’o:{,,/;/dll 7 p ﬂ;l?pﬂJl

1ﬂox,1p/2/1ﬂ42,/ /632,)

ohor p oz fazp Por
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Gamma Ray Buildup Materials
IMDJGG Number of material used in computation of buildup factor p.

195 24, 34, 4, sd

Gamma Ray Buildup Lambdas

LLAMDA Constant used in computation of buildup factor p.
Z 72 53 A)4—'/\)\5/)'

Gamma Ray Screening Constants

i

LTAFRA ' Gamma ray screening constants entered

y e
¢ Ly g g
for each p in the following order. Each group begins with

initial address LTAFRA.

3 Y : Vot y
Immmigl LTAFRA, , 7 LTAFRA, , ¥,
J.Lﬁz 2 ii;l . ;,jsz
y : ; L i
173 17;1 ,2%1
y ¢ ¢
2741
- 72 Tz 2 Yu
yY
712 7
i 1bli ;j&@
z 44 12 Cam M
2 Tpm

Receiver Point Coordinates

JBRECPT s 8. . of receiver point.

Note: Input data for this program must be entered as floating point
data except where specified as fixed point data in these instruc-

~ tions. Floating point data may be written in the following manner:
3.726/-2 or - .03726

UNCLASSIFIED
340 037




UNMCLASSIFIED . 39

The limitation is eight digits and that representatioﬁ-which uses the least
number of characters (numbers, period, slash, and minus signs are considered
characters) is preferable. Do not include insignificant zeros such as

0.0354 or .03540.

Each pjece-of information must be separated by a comma and the last one must
be followed by a comma. Sixty-five characters, .including commas, are permit-

ted on a line for data.

UNCLASSIFIED
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INPUT INTERNAL CONSISTENCY CHECKS

1.

Region descriptions must be entered for the number of regions entered

at G,

The integer entered at hb cannot exceed the integer entered at H,

but it may be any integer 1 to H.

Material volume fractions must be entered for each materiial for the

number of compositions entered at H.
The total number of volume fractions entered must equal M x H.

The sum of the material volume fractions for any compoéition h must

not exceed 1.
Material densities must be entered for the number of materials entered
at M.

Ifia‘zero is entered under NEUTRON;, the input under CdﬁSA, CSECT,
C6§RA,_and CdﬁZA may be omitted (except that €, must always be a one).

If a one appears under NEUTRON, the above data must be included.

- The number of values for 7 entered in the celNsa table must equal the

integer entered in L.

If a zero is entered under GAMMA,the input under BETAS,'MDJGG, LAMDA,
TAFRA, CONRB, CoNZB, CefiBJ, CONKJ, SICES may be omitted (except
that.élnmst always be a one). If a one appears under GAMMA, portions

of the above must be included.
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120

" 13.
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The integer entered under J must equal the number ofﬂgamma ray
conversion factors entered under G@&KJ and'ihe number of gamma ray.

source strengths entered under Cdi\lBJ°

The number of gamma ray absorption coefficients entered in the

SIGEJ table must equal M x J.

If a zero éppears under Y -KERNEL, the input under MDJGG, TAFRA, may
be omitted. If a one appears under W’KERNEL? portions of the above

data must be ihcludéd°

The number of buildup coefficients in the BETAS table mnSt equal four

‘times the integer under J times the ‘integer urder P.
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13. PROGRAM OPERATING INSTRUCTIONS

13.1 Make-up of Binary Deck (168 Cards)

13.3

1. BILD 1 and 2, (2 cards)
2. GEPRO deck, (71 cards)
3. Program deck.

L. Transition card, (3100g)

Make-up of Decimal Deck (which is placed directly behind binary deck).

1. If Vs and 7 s are included in data, they are first in deci-

'mal deck. _Eaéh group is followed by an end of fiie card.

2, Date and charge“number° (2 cards)

3. Fixed point constants with end of record punch. (l,card)

L. All other data (excepting receiver points). Gfoups of input
data may be in ahy order, but within a group cards must follow
order given on data sheet,

5. End"of file card.

6. All réceiver points, one carq for each, each card with én epd
of record punch.

7. End ofAfile card.

8. If there is more than one shield, each is set uﬁ as.in 1) - (7

and placed directly behind the preceding shield.

Console and Tape Units

l. Eense awitch 2 down.
2. Tapes 3, 5, and 6 ready. Tape 4 ready if Y 's and T''s used..

3. Ready cards in reader and depress load card button to start program.

UNCLASSIFIED
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Program writes answers on tape 3 if sense switch 3 up. If
. /

sense switch 3 down, answers on direct line printer.

13.4 General Description of Program as Seen by Machine Operator

10.

. Read binary deck.

~ If tape 4 requested will read groups of cards and write on tape 4.

Reads 3 cards.
Writes small record. on tape 5 and 6.
Reads cards up to end of file car&.
Computes and writes small record on tape 3.
Reads receiver point. |
Alternates computing and writing on both tapes 5 and 6 from 8 - 125
times, dependiﬁg 6h,input data |
(é) will sometimes writelon £apé 3 after each:period of com-
puting. |
(b) will also read tape L if it is used.
nginds tape 5, computes, and writes on tapé 3 from 1 -~ 21 times.

Follows (7) - (9) for each receiver point.
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" 14. PROGRAM STOPS AND INSTRUCTIONS

STOP (octal)

3107
3142
3166
31,23
3464
3646
INTAY
4143
LL6T
L1
4661

11616
11674
11754
La0zs”

A. Pull any receiver poinﬁs that have already run.

Any oﬁher‘ T

REASON

Error in data card
Tape error Qn‘h
Erroriin data card
Tape error on 6
Tape error on
Tape error on

Tape error on

i o P \n

- Tape error on

Tape error on 5

- Tape error on 5

Error in receiver
point data card

- Shield Completed

Error in GECM SRT
Error in VFRAC‘SRT
Error in KERN SRT
Error in PWR'SRT

Record; Pull;
Do not get PM

Switch Tape Units. Clear and reload deck.

UNCLASSIFIED

INSTRUCTIONS

Pull deck
See A. >
Pull deck
See A.

Sééjﬁ%%i:

See A.

See A.

See A.

See A.

- See A,

Push start

If another
shield, push

Start; if not,

pull deck.
Pull deck
Puli deck
Pull deck

Pull deck

[Sa
w
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15. APPENDIX.

15.1 Sample Problem

The following sample problem was actually run on the IBM-704. The output

masters were printed by the IBM printer.

Regions of all types permitted by Program O4~-0 were used in this problem.
Cross sectional views of the fictitious reactor shield assembly are shown in

Figure 1.

Problem 1040 involves integration over the cylindrical core (region 1) for

calculation of fast neutron and gammd ray dose rates.

Materials assumed fér this problem were HZO,,Al, Be, Pb,U, and void. A1l composi-
tions except that of the core (composition 1) were composed of single materials.
Energy levels assumed for the gamma ray source were 2;5, 3.5, L.5, 5.5, and

6.5 Mev,

The axial source function for Problem 1040 was
S(8g) = 150 cos [ .0349 (Zg - 0) ]
The radial source function was

S(rs) =1 cos [ .0261 (rg - O)]
‘The above source functions were applied for both neutrons and gamma rays.

The above functions are preéented with the hope that they may make undgrstaﬁding
of the input data a little easier. It is hoped that the remaining input data

will be understood without such detailed presentation.
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SHTELDING COMPUTER PROGRAM 04-0

DATA INPUT SHEETS

. Problem Originator

Ext.

Date

Charge Number

Must be Verified

Verify if Time Allows




PROGRAM 04-0

Control Data

| e

Col. 73
Date
K| DATES, | 2 | Feb.@5, 1953 ~
Charge Number
K | CHGNO, 1, 700 50
§
M| MAXCD, 35, | 1,
‘ Identification G hy H M P J Nrg Npg.
* | FIXPC, 35, | Jovo 0 77 4 oy 1w 6 | I | & ‘+ 4 | FrCl
NZg L Neutron | Gamma |y Kernel Prt.¥n/p0° Prt.ﬂf’;y/pg NUTAU - o
I7L b4 , 2 l 2 , 2 O b / 2. / 2 o . I sz
Meterial Densities
81 52 83 B4 55
L | DENSY, | ) 2.7 ’ /87 2 /.83 o 1.4 DELL.
0o 8 87 8g ) %10
K o DEL2
C:D 2 o rd
811 512 , $13. _B1e 815
) 2 2 2 2 DEL3
> 516 517 518 _B19 ' 820 :
, . . . DEL4

64



PROGRAM 04-0

GENERAL DATA
o .
1 cor. 2-7| col. 8 Col. 73
' . GAMMA RAY BUILDUP MATERIALS
4 14 2d 3 48 =4
L | MpIce, \
GAMMA RAY BUTLDUP LAMBDAS
A A Y A A
L |LAMDA,

0§




DELTA,

?7-5

T




PROGRAM 04-0
$911 cor. 2-7 | co1. 8
Code No. Region Descriptions
L | REDES, 1025 o 4 0 ’ =30 ’ 20
/C264 0 56 R SO N Yo
/o2t Yo _So 2 —70 2 20
/02, 0] Lo 2 - 40 P) - 30
/027 o) o ’ Yo ’ 50
205) 50 50 . 65 6o ©
| 205) So S0 i Go 65 — 30
(027 o 6o Wl =S50 | —#o
515 —-f0 go | — 80 S0 7o
515 — So So , —80 ,|. &o — o
S/5 20 90 2 -9 20 —8o
515 — 90 —-80_ _,| =% ,| %o — o
575 - go S0, o Qo0 — 80
|_5/5 — 8o 0 .| —90 ,| —8p -80
So
—/RD

R19

R20

R21
R22

R23

RZ24

R25

r4



PROGRAM 04-0

1 | Col. 2-7 Col. 8 Col. 73
Code No. Region Descriptions
2 2. 2 2 . 2
- | 2 A ] ] L'}
2 2 2 2 1 2
» 1 2 2 2 )1
2 ] 2 2 2 2
J » J > ). 2
> 2 + » +- >
> > > > » >
2‘ ] I 2 2 2
2 2 2 ) 2 2 2
2 2 - N A d. 2
2 2 2 2 2
> 2 2 CH 2
21 d ’ ) ] 2 ) ]
> 3 > P 2 2
> > > > > +
2 J - 2 2 2 2
2 b | - ] 2 2 L
Y ) 2 2 ) o 2
7 J 2 J b ) >
2 b 2 2 2 2
(_D ) ) 2 > 2 2
> -
?\D > > 5 re > -3
2 2 3 2 2 1
- 2 > ) 2 J J

€S



Qf F*Col. 2-7

PROGRAM 04-0
MATERTAL VOLUME FRACTIONS

L| PFRAC,

)
%

€86

¢



PROGRAM 04-0
MATERIAL VOLUME FRACTIONS

Tol.
t-col. 2-7 Col. 8 col. 73
6111 - M
' M1
612~ fme2
- ML2
6113 - 9313
ML3
6114 ~* M4
M14
6115 = 6ms
MLS
6116 = ®mse
- M1L6
617 ~* om7
ML7
6118 ~* ®mas
ML
8319 * fmo
~ L M9
@ 6120 = Sm20
M20
o
O
N
|

14



€
SR

)

PROGRAM 04-0

NEUTRON DATA
col.
1] col. 2-7 | Col. 8 Col. 73
@ ap o3 a4 m
L | ceiNsa, 729/ 9 L 29 , E , .59 / CONS1
N2 N3 N4 s ne
) 2 CONS2
7
CONS3
NEUTRON REMOVAL CROSS SECTIONS
5 Zo I3 Z4 Zs
L | CSECT, .033 ,079 , /7 .34 . /)7 SECT1
%5 Z7 Zg Zq 210
o 2 . 2 SECT?2
51 o I3 g I e
. } \ SECT3
216 517 I18 L) 220
2 2 SECT4
NEUTRON 'AXTAL SOURCE FUNCTION DATA
T To T3
L CdNZA: /150 0349 ’ (@) P
' NEUTRON RADILL SOURCE FUNCTIQN DATA
€ €2 €3
L | CONRA, / Lo b/ , o ,

9



PROGRAM 04-0
GAMMA RAY CONVERSION FACTORS

CQt- co1. 2-7] Col. 8 Col. 73
K(Ey) K(E2) K(E3) K(E4) K(Es)
Licdws, | ,y7 /-4 /35 /-6 | J.a5/-6 /18 /-6 /11 /¢4 KT
K(Es) K(E7) K(Eg) K(Eg) K(E1p)
) 2 2 KJ2
K(E11) K(Ey2) K(Eq13) K(Eq4) K(E1s)
s R _ KJ3
_ K(Eg) K(Ey7) X(Eyg) K(Eyg) K(Eog)
. , P KJ4
GAMMA FAY SOURCE DATA
| B(E;) B(Ez) B(Ez) B(E4) B(Es)
L| cevy, 7.7 //0 3.4 /70 | /5/70 | 6.4/9 2.8 /9 BJL
B(Eg) B(Eq) B(Eg) B(Eg) B(E1¢)
. R BJ2
B(E1y) B(Ey2) B(Ey3) B(E14) B(E1s)
A ) _ ] BJ3
e B(E16) B(E17) B(Eg) B(E19) B(Ezq)
b ) ) BJ4
fn)
- GAMMA RAY AXTAL SOURCE FUNCTION DATA
| n 2 T3
| L | cdvzs, 1 . 0349 ) [, )
GAMMA RAY RADIAL SOURCE FUNCTION DATA
€ €2 €3
L | coirs, )50 .od 6/ , o,

LS




O%¢

250

PROGRAM 04-0
GAMMA RAY BUILDUP COEFFICIENTS

il' Col. 2-7 | Col. 8 Col. 73
| pPos pP1y pP23 pB33
L | BETAS, / . 744 1 O02b = .00049 BET11
/ . 633 s OO48 )| — 00005 |, ‘
/ LS54y —. 0007 )| . 0000 &
B A ' HET7 —. 005 2 ¢« 000 /] )
[ , Y38 -, 00Lé 4| .0p0l3




- GAMMA RAY LINEAR ABSMION COEFFICIENTS

~ PROGRAM 04-0

‘Col. 2-7

Col. 73

| s16E7,

A

L0435 o3, g4
e 4

950 -

o leead]l L0734
il 0268 0699 998 027/ .-

. . Q0% .psacE
4 o=,

Y7
-~

2.0

S0l

4

9]
S

S02

- 803

L0319 . 0798, 823 L0485 477
- 7 J - 7 . 7/

Lb. L poHo® L, 499
v —

S04 -

o

.
o .
7.
£

| 506

|- s07”_

809"

s10

S11

s12

813

S14

815

s16

_lsi7

S18

|.s19. -

520

bs



PROGRAM 04~0

GAMMA RAY SCREENING CONSTANTS pvh(g)m

Col. 2-7 Col. 8 Col, 73

\oq
e 0

TAFRA, v ' NUL

NULS

NU16

NUL7

NU18

NU19

NU20

09



¢
[}
L)

09t

a:

PROGRAM 04-0

GAMMA RAY SCREENING CONSTANTS ph(g)m

Col. 2-7

Col.

8

Col. 73

=

TAFRA,

TAUL

TAUZ

TAU3

TAU4

TAUS

TAUS

TAU7

TAUS

TAUS

TAULO

TAULL

TAUL2

TAUL3

TAUL4

TAI S

TAULE

TAULT

TAULS

TAULY

TAU20




PROGRAM 04-0

RECEIVER POIRT COORDINATES

T1ko1. 2-7

Pr

- |$ | RECPT,

2

[5ay

/[.5708

‘$ | RBCPT,

2

/. 5708

$ | RECPT, |

d

1.57a£

— /524

$ | reCPY?, |

$ | recer, |

A

4 | RECPT,

s [ Recer, |

$ | RECPT, |

$ | RECPT,

|4 | RECPT,

$ | RECPT,

3 | recPT, |

6




UNCLASSIFIED

KDATES+2sFEBe 541958
() KCHGNOy1470050
#FIXPC935901040917 94949691 05949494919181900191900
LFLOPC204400=14570891e57089~30930
(} LDELTA99e59
MMAXCD #3591
LMAXBD 91409120
C) LDENSY 919206791867 01e¢8391164 09
LCONSA$7¢29/950295e83945891
LCSECT900339e¢C799e¢173013294117900
(™ LCONRA$154026109

> LCONZA$15054034940 -
LCONBJ57e7/109304/109165/1086¢4/952e8/9+
() LCONKJs1447/=651035/=651425/=631418/=611411/=64
“ LLCONRB 15044026150
LCONZB 51940349 +0s

(} LBETAS919e746340169=e00049
- 190633960048 9=400005
' 1965449=400079400002

Q) 1964879=60054600011>»

1584389=400669 400013
LSTGEJ 96043596103 9e8429e06428¢47790

O 003614408869¢8049¢05259046550

¢03199e0788+48239e04569047790
0029940734 94869e040890499s09

HORE 6026844606995489834037156516509

LREDES$1025409403=30330s
102650950930440

Q 10263409504=309305

10269094509 =409=309
102790960940450.

O 2051950950965960505305

2051950450960965 9=300.s
1027 90.9609=509«40»

‘:C\ A 5159=80:9809~80480970980

5154«809804=809809=809~70s
5159809909=90390s=80+80y .
O 5154=909=809=~90:9909=80480»
) 5159=809800809909s=80+802.
. 5159=~809809=909=809~80980+s
() 102840914041005120s .
2052 1409120;140914098091009

’ - 2052912091404140+1409=1209=80

(3} LPFRAC»458340:404.04
. 0415904009

’ 000240:9.090:

O 09150409 ' jﬁ
0909140
09090491

} SRECPT 9091457089 1524 -
S RECPT91524916570050
PRECPT-9031657089=1524%
C

RN

o _ ﬂ | UNCLASSIFIED

O
)
\
FPC D
FLPC1
O
DEL1 O
" CONS1
SECT1
O
BJ1
KJ1 )
BET11)
BET12 ~
BET13
BET14))
BETIS
S01
s02 (O
$03
S04
S05% ()
RO T
R02
RO3 (O
RO
ROS5
RO6 ()
RO7?7 ]
"ROS8
RO9 (O
R10
R11
R12 (O
R13
R14
R15 )
R16
R17
MOl ()
MO 2
MO 3
MO4 )
MO5 -
MO6
]
O

062




UNCLASSIFIED

~ 15.3 Sample Problem Output

UNCLASSIFIED

6l




™

2 Al

——

FEB;

PROBLEM NUMBER

1,0500y 7

OUR

1¢22299~4
1422229~4
1422009~4
142165¢~=4
84787794
B8e7831ly=4
8e76909=4
8eT74569=4
607534 9=-3
6e75019~3
6e74039=3
6e72409~=3
5666859~2

566619=2

506588 y=2
50646792
PRODUCT IS
643165-13
643125-13
6¢3005-13
642807=13
24402712
24401212
2¢3969~12
243898~12
940533~12
940483m12
9¢0332-12
9¢0081~12
3e3741~11
303724=11
343672=11
343585=11
PROGRESS
146867-12
146857=12
le6828-12
106778-12
5¢2387~12
5¢2358=12
50227112
502126=12
le6174=11
146165=11
146140-11
146098~11

591958

1

343793y 5

PROBLEM NOs

1¢22299~4
le22224~4

1622009=4.

1e21654=4
807877 o~4
8e78319~4
8e76909=4
8eThL56 94
66 75349=3
6e¢75019=3
6eT4039=3
60724053
5066859=2
5666619=2
506588¢=2
56646T9=2

1040

6e3165=13
663125=13
6¢3005~13
6e2807~13
2e¢4027=12
20¢4012=12
203969=12
203898=-12
940533=12
9048312

9e0332=«12 "

90081=12
3e3741=11
3e3724=-11
3e3672=11
343585=11

1040

1le6867=12
l1e¢6857=12
1e6828~12
1,6778=12
52387=12
52358=12
52271=12

52126~12

l1e6174=11
166165~11
146140~11
1e6098~11

3040

UNCLASSIFIED

1612805 4

R

1e22299=4
1e22229=4
1622009=4
142165 9~4
807877ﬂ“4
8¢78319=4
8e76509=4
BeTu569~4
6e75349-3
67501 9=3
647403 9=3
66724093
5666859=2
5666619~2
506588 9=2
506467 9=2

04000

643165=13
663125-13
663005=13
6e2807~13
2¢44027=12
20¢4012~12
283969=12
243898=12
94053312
980483~12
940332=12
940081-12
383741=11
3e3724~11
363672=11
383585~11

04000

1e6857=12 -

146828=12
146778=-12
562387=12
562358=12
542271=12
562126=12
166174=11
146165=11
106140-11
166098=11

y

W=34¢52924% .7

549791y 5

PHI

102229 9=4.

1e22229=4
1622009=4..-. .

le21654=4
8e787Te=4
8e7831s=4
80769094
BeT7U456 =4
6e75349=3
60750193
607403 9=3

506685 9=2
506661 9=2
506588 9y=2
50646792

145708
603165=13
643125~13
6¢3005~13
602807=13
2¢4027=12
2¢4012=12
203969=12

2¢3898=12 -

940533=12
900483=12
9e0332=12
940081=12
3e3741=11
303724=11
363672=11
343585~11

145708
10686712
166857=12
166828=12
146778=12
542387=12
56235812
56227112
562126512
166174=11
186165%11
146140=11
166098=11

2¢38459 7

15244000

1524 4000

UNCLASSIFIED

FEB‘

65

591958

0400009 O

168373 4

148827y O

o~

:)

O

O

A



(\\

() FEBe

o

’

™

P

f\

59195
OUR

449581=11
449557=11
4e9484=11
449363~=11

PROGRESS

1¢9289=12
1e9278~12
le9244=12
1¢9189=12
5¢3380~12
5¢3351-12
503264=12
53118~12
104708~11
1664700=11
le677-11
164639~11
44031411
440294=11
44023411
440135=11
PROGRESS
145439=12
145430=12
1¢5403-12
1¢5359=12
3¢9962=12
309940=12
3¢9873~12
3e09762-12
1,0311-11
160305=11
140289~11
14026111
26¢6502=11
206489~11
206448~11
2¢6381~11

PROGRESS 4

142682~12
142675=12
142653=12
142616-12
34135912
341341~12
341288~12
341201-12
T4 7340=12
747299=12
7¢7173=12

8

2

3

PROBLEM NOe

449581-11
44955711
409484~11
449363~11

1040

149289~12
149278«~12
1e9244=12
14918912
543380~12
53351=-12
53264~12
53118-12
1e¢4708~11
144700-11
le4677=11
1e4639~11
44031411
400294--11
440234~11
44013511

1040

1le5439=12
1e5430=12
le5403=~12
1¢5359~12
2e9962=12
3e9940~12
309873=12
389762~12
1,0311=11
140305-11
l140289=~11
ls40261~11
2:6502-~11
2¢6489~11
2¢6448=11
2¢6381-11

1040

le2682=12
10267512
le2653~12
le2616=12
3e¢1359~12
3¢1341-12
3¢1288~12
3¢1201=12
TeT7340~12
T1e7299~12

Te7173=12

UNCLASSIFIED

R

449581=11
44955711
449484=11
449363=11

(11 R¥15]9)

149289-12
169278=12
le9244=12
169189=12
5e3380=~12
563351=12
53264~-12
53118=~12
le4708=11
1s4700~11
le&677=11
le4639~11
460314~11
400294~11
440234=11
440135=11

046000

1§5439=12
165430=12
1§5403=12
145359~12
349962=12
349940=12
389873=12
349762=12
1,0311-]1
140305=11
140289=11
140261=11
246502~11
286489=11
206448~11
286381=11

04000

1e2682=12
1l42675~12
1le2653=12

le2616=12

341359=12

301341~12

3¢1288~12
3¢1201~12
Te7340~12
Te7299=12
Te7173=12

UNCLASSIFIED

pH1

4.9581=11
449557=11
40948411
449363=11

145708
169289~12
1927812
109244=12
169189m=12
563380«12
543351=~12
5e3264=12
53118=12
le&t708«11
16470011
1e4677=11
let639=11

440324=11

4002941}
4023411
40135=-11
- 145708
1e5439m12
1e5430=12
le5403=12
145359=12
3349962=12
369940=~12
3§9873=12
3976212
14031111
1¢0305«11
160289=11
1¢0261=11
206502=11
2¢6489=11
266448=11
2¢6381=11
145708
1¢2682=12
1le2675=12
le2653=12
le28&16~=12
36135912
341341=12
3e1288=12
3¢1201=12
Te7340~12
Te7299=12
Ta7l73m12

15244000

15244000

15244000

YA,

66

142991y O

447364 41

143273 3=1

)

N

O

ONR®;

2




SN

(ﬁ FEBe 541958

M

A~
{0

O

QUR

7 069:65=12
169017-11

149007~11

148977=11
le8928~11
PROGRESS

PROGRESS T

UNCLASSIFIED

PROBLEM NOe. R:

T70.6965=12 .
1e901721

149007~11
1e8977~11

1e8928~11
1040
1040

7 06965%12
1e9017=11

169007=11

1e8977=11
1.+8928+«11

04000
04000

UNCLASS IFIED

PHT:

766965212
14901711

16900721

le.8977=11

14892811
15708

15244000
1524000

67

420818 92

3482904 0

O O

e
~.

O O O 00

O

D)

/
L

4
\.

ﬁ)

9

D0 0O

®

/

D

>0




PRODUCT 1S
PROGRESS
PROGRESS
PROGRESS
PROGRESS

PRODUCT IS
PROGRESS
PROGRESS
PROGRESS
PROGRESS
PROGRESS
PROGRESS

U SN

<2040

2040
2040
2040

2040
2040

2040

2040

2040

2040
2040
2040
2040
2040

15244000

15244000
1524 ¢ 000
15244000

04000
04000
04000
04000
04000
© 0000.
04000

UNCLASSIFIED

145708
145708
165708
145708
145708

145708 .

145708
145708
145708

145708
145708

145708

0000 -

04000
04000

0000

06000
04000
04000

=1524 4000
= Y524 5000

“15244000 -

=1524 4000 -

240

*3271Q1

160953 p=1

4 [ 3’579 ., 5-2

. 19258332

30960253
269292 9=1

167369 3

843999 ym]
2461571
7'7062¢&?.
1486999 0

067

o o0 O D 00O O 3 3O 0

oEe)

O

O

-y



[

UNCLASSIFIED _ 69
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