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ABSTRACT

A detalled description of the SRL - HERESY I
code {a production version of the HERESY I code
developed by C. N. Klahr) 1s presented in a manner
primarily intended for the user cof the ccde., The
heterogeneous reactor theory on which the code is
based is develcped briefly and followed by detailed
coding information. Methods are given for sclving
finite or semi-infinite latfices contalning up to
6500 lattice assemblies of up to HBD different types
with unique gecometrical or flux symmetry propertles.
Special techniques used wilith reflected reactor
lattices are alsc described. Several examples of
computations are presented as alds in testing and
using the code, Detalled descriptions of program-
ming and operating procedures are presented as
appendices,
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USER’S MANUAL FOR SRL - HERESY |

HEterogeneous REector SYstems Code for the IBM 704

INTRODUCTION

In most heterogeneous reactors, essentially all of the
neutron births occur in the lattlce fuel elements. Most of the
neutron deaths take place in the fuel elements, the target
elements, or outslde of the reactor. Heterogeneous reactor
theory treats these facts explicitly by considering the individ-
vwal lattice elements as neutron sinks and sources of approprilate
strength and then summing the interactions between all the indi-
vidual elements to obtain the over-all reactor equations. Thils
approach 1s particularly attractive to the reactor operator
because the output of the theory 1s directly in terms of events
at the individual lattice elements, as are the monltoring infor-
mation and most of the power limitations in the actual reactor.
Further, the heterogeneous theory is uniquely well equipped to
deal with reactors composed of mixtures of lattice elements orxr
with the insertion of a forelgn element into a uniform lattlce, ]
since each of the lattlice assemblies may be treated lndividually
without recourse to homegenlzation procedures.

Several computer codes have been developed tc take advantage of
these attractive features of heterogeneous theory in practical reactor
calculations. The HERESY I codel?’2), written by C. N. Klahr, was one
of the first of the heterogeneous codes, It 1s a rather direct formu=-
lation of the equations developed by Feinberg(”’ and Galanin(".
Although the original code gave good results, 1t required a very
extensive input, necessitated a very careful verification of all input
data, and presented only limited output information. A recocding of
the original code into the SRL - HERESY I code was undertaken to
eliminate these inconveniences and to permit the use of stored data to
reduce the code running time in repetitive problems.




SUMMARY

The SRL « HERESY I code performs reactor lattice calculations
based on the heterogeneous reactor theory formulated by Feinberg‘s).
The code will perform calculations on finite lattlces, with or without
reflector, or semi-infinite lattices. The lattlice is limited to a
maximum of 6500 total lattice assemblies and to 50 types of lattice
locations possessing unique geometrlical or flux symmetry properties,
The allowed number of physically differing sorts of lattice assemblies
is 48,

The code solves for the thermal neutron absorptions in each lattice
assembly normalized to the most highly absorbing assembly in the lat-
tice. Rescnance neutron absorptions are computed on the basis of a
single regonance energy. The edlt of the sclved problem produces
lattice-averaged values of the resonance escape probabllity, p; the
thermal utilization, f; the average, 1n; and the leakage-corrected I
static coefficient of reactlivity, k.

Three criticality searches bullt into the code permit variation
of a selected parameter in the calculations until crilftical require-
ments are reached. The variations may be made in the thermal absorp-
tion or thermal n parameter of a specified group of physically
identical lattice assemblies or in axial buckling of the lattice with
a coslne axial flux shape.




DISCUSSION

I. SUMMARY OF HERESY I EQUATIONS

This sectlon will present a summary of the eguations used in SRL. -
HERESY I. It is not meant to be a complete treatment of the theory
underlying the code, nor of heterogeneocus reactor systems In general.
Insofar as is possible, reference is made to original papers 1n which
the theory i1s developed. :

A. Equations Solved!2:8,%)

The general approach of heterogeneous reactor theory 1s to con«
sider the individual reactor lattlce elements (referred to as rods in
most of the text) as line sources and sinks of neutrons and to sum the
interactions between these elements tc obtain the over-all reactor
equation.

The fundamental egusatlon solved by the SRL - HERESY I Code 1is

N
m
Ynin ==E % Fom = frm)im ™= 1,2...N (I.4.1)
m=1
where
i, = number of thermal neutron absorptions per unit length

per second in nth rod in the lattice

vp = ratic of asymptotic neutron flux at the surface of
the rod (flux that would be calculated at the rod
surface using infinite-medlium line-source kernéls)
to the thermal neutron absorptions per unit length
per second in the rod

Ny = number of fission neutrons produced per thermal
neutron absorption 1n the mfh rod

Frp = fissioneto-thermal source kernel {(with resonance
absorpticn included). This factor gives the thermal
neutron flux at the nth reod due to fissions inm
rod. It is evaluated for an infinitely long line
source of fast neutrons in an infinite moderator at
2 source 1ntensity of 1 fisslon neutron per second
per unit length of the m rod. This factor includes
abgorptions in the moderator.

)
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= thermal source kernel. This factor gives the thermal
neutron flux at the n®h rod due to thermal neutrons
emitted at the.mth rod. It is evaluated for an
infinitely long line source of thermal neutrons in an
infinite mcderator at a source intensity of 1 thermal
neutron per second per unlt length of the mt? rod,

k = statle reactlvity coefficlent. It corresponds to the
effective multiplication constant and is used as &g
criticallty condition.

N = number of rods in the lattice. (Lattice symmetry will
enable this number to be reduced later, Section II-C.)

The F;m fission-to-thermal source kernel accounts for resonance
absorption by subtracting a neutron sink at the resonance absorption
energy from the fission-to-thermal source kernel without resonance
absorption. If F is the fisslon-~to-thermal source kernel with no
resonance absorption, then

N
* o T
t=1 _

where

Ay = ratio of resonance absorptions per unit rod length at

an equivalent single resonance energy to the asymptotic |
8lowlng down denslty averaged over rod t at this singile
equivalent energy

flssion to resonance slowing down kernel giving number

of neutrons per cubic centimeter per second slowing

down to the equivalent resonance energy at rod t due to

an infinite line source at rod m having a source strength

of 1 fission neutron per second per unlt length

&tm =

Fht = thermal neutron flux at rod n due to an infinite line
source at rod t with source strength of one neutron per
second per unilt length emitted at the single equivalent
rescnance energy

Sectlon II-D gives the details of the age diffusion theory kernels used.

BY:



B. BSelf-Consilstent Calculation for vy Values

It 18 not immediately clear how to compute a value of vy for
any rod. €. N. Klahr has made detailed studies of this problem for a
variety of 1attices(a’, and concluded that the best values are pro-
vided by the so-called Self-Consistent Method.

The value of v, in the Self-Consistent Method, 1s calculated
by consldering an infinite regular lattice of rods of the same physical
kind. Equation I.A.1 then becomes

o w0
!
T = *E F;m - :E: fom (1.B.1)
m=] =]

where 7 1s the eta value for the n®™® rod kind, and use has been made
of the facts that iy = 1, and n, = n,. From a relation shown by
Klahr{2) that

Z F;m=PZ Frm (1.B.2)

o [++]
m=1 m=1

where p is the resonance escape probability, and the fact discussed in
Section I-C that n, Includes e and fuel rod captures, equation I.B.1l
becomes, after setting k = nmpf and using I.B.Z2,

[ ]

!
'Yn‘?_Zan'

‘ (1.B.3)
m=1 m=1

fom

ja}

where f,, is obtained by a cell calculation or by experiment as

abs., in all cell components except mod. and cocolant
abs. in all cell components lncluding meod. and ccolant

fn=

Feinberg shows (8} that the First sum is approximately glven by

Z From & 7 ; (I.B.4)
=1 n<a

where V,, 1s the cell volume, and 2y is the moderator macroscopic
abscrption ¢rosgs section. Except for the diagonal elements, the second
term of I.B.3 can be summed by use of the Pclsson Sum Formula for an
infinite regular lattice.




In general the diagonal terms of the fj, sum are very sensitive
to the geometrical radius used for evaluation, since in the diffusion
theory approximation they are infinite if evaluated at r = 0. To e¢ir-
cumvent this difficulty, the physical radius of the rod may be used
to yield the following expression (valid in the diffusion theory

approximation):

-1 n
fon = 2nb,, KO(L') {1.B.5)
where L' 1g the moderator diffusion length corrected for axial leakage,

ry
and KO(L ) 18 the modified Bessel function of the second kind.

Using then the results stated in equations I.B.3, I.B.%, and
I.B.5 reduces all of equation I.B.3 (N identical equations) to

I
e~ 3 - 2yl

where the prime on the sum indicates the omission of the nth term.
After detailed work on summing over the f,. terms, this takes the
followlng form:

= 1 (l - f) 1 I‘n) 1 (L12)
T Y3, £ T 2Dy KO( ¥y, in Vn + 2.8741 (I.B.6)

The constant 2.8741 is geometrilcal in origin and corresponds to the
proper value for a hexagonal lattice; however, this constant does not
change appreciably for most lattices, so will give reascnably accurate
values for all lattice types.

Axlal leakage 1s taken into account in the computation of Tn by
assuming a cosine axial flux shape. The axial buckling then is
defined by

2 m &

where H 18 the height of the reactor, and A 1s the sum of extrapolation
distances at the top and bottom of the reactor. A correctlon may be '

applied to the moderator absorption cross section and thermal diffuslon
area to account for the leakage in the form

I-4
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L2
12 o
L T+ 178, %
(1.B.8)

24 = 55(1 + L7B,3)

1
where Ea and L2 are the uncorrected or axially infinite wvalues of Za
and L'Z, :

Fast axial leakage is accounted for by decreasing the reactivity
X by & factor exp(=1Bz%):

=]

e~TBy (1.B.9)

Keorr = kheresy

¢, Past Fission Correction

A first order correction may be made to 1 to take account of fast
fission. Basically this amounts to redefining n used in HERESY to be

1

———— () ge11¢
fheresy cell

NMheresy =

where € and (1f),e1] are obtalned separately from cell calculations,
and fheresy is the heterogeneous { defined in Section B.

D. Resonance Absorption Parameter

’ Several different methods have been devised to give reasonable
values of A. Klahr!?2) suggests one of the followlng:

1. An approximate method deriving & from resonance escape prob-
ability as

p=1- (I.D.1)

_A
Vn

where V,, is the lattice area per rod. This 1s applicable (in D0
lattices) only for lattice pitches 8 inches, for which the resonance

flux 1s approximately flat.

s
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2. A more exact form of equation I.D.1 derived from the self-
consistent form is

o
p=1-h, Z - (1.D.2)
m=1

3, If an effective rescnance Integral is available for the rod
in question, A is given by:

NeVp
A= m (RIeff) (1.D.3)

where all terme have their conventional meaning.

E. Method of Solving Equations

Equation I.A.l1 is first reduced to a standard eigenvalue problem
as follows:

1. The sum on the right side of I.A.l 1s broken into twe parts,
N

the Z fnmim belng brought to the left side of the eguatlon.
m=1

2. The equation 1is now rewritten in the form:

N N

1l L
D (fom + Yabpm) 1 = = Fhnin (I.E.1)
m=1 m=1

or, in matrix form:

AT =

~ e

BI (I.E.2)

3. Inverting matrix A and multiplying I.E.2 through by A=?! from
the left yileld

I= %; A~1BT or CI = kI (I.E.3)

where

I-6
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4, A standard power iteration 1s then used to solve for k as the
largest elgenvalue of equation I.E.3. The eigenvectors 1, normalized
to the largest value are algo determined from thls same power lteratlon.

5., ({riticality searches enter at thls point, 1f desired. The
three types of searches are:

a. Searches on mn merely change the B matrix in equation
I1.E.2, thus reforming matrix C of equation I.E.3, and re-solving the
eigenvalue problem 18 all that isg reguired to re-solve the equation.
Convergence 1s tested externally.

b. Searches on gamma demand that matrix A of equation I.E.Z2
be re-formed and inverted to form equation I.E.3. Hence matrix lnver
slon and solving the elgenvalue problem are regulired for each 1teration
of a criticality search on gamma.

¢c. Searches over axlal buckling alter the kernel matrices of
equation I.E.1l, hence require regeneration of these matrices from new
kernels formed with the current buckling value, Each iteration must
therefore, re-solve the entlre problem.

I-7




IT. DESCRIPTION OF CODE

A, (General Description -~ Machine Regqulrements

SRI, - HERESY I was written for an IBM 704 computer having a 32K
core storage, an on=line printer, and a minimum of flve tape units.

The program ltseif is in two parts or links, these being connected
by means of COMMON STORAGE using the CHAIN subroutine (see Appendix
D). Link 1 of the code has 13 primary subprograms, a package of
library function subroutlnes, and a package of FORTRAN II control
subroutines. The purpose of this link is to (a) read data; (b) check
input data for gross errors; (c) generate appropriate kernels and
geometries; (d) compute input parameters by the Self-Consistent Method
of Section I-B; and (e) cutput a summary of all input data and gen=-
erated quantlties.

Link 2 of the code takes the data generated in Link 1 and proceeds
to sclve the problem by the method discussed in Section I-E. This
1link contalns 15 primary subprograms, a package of llbrary subroutines,
and a package of FORTRAN II contrel subroutines, '

Links 1 and 2 have 15,725 words of COMMON STORAGE shared between
them. This enables information to be permanently stored in the machine
such that both Links 1 and 2 can use it. In general, Link 1 reads and
stores, computes, or modifies the information contained in the shared
storage portion of COMMON STORAGE, and Link 2 draws from thils modified
information the necessary data to solve any particular problem. Affter
a particular problem is completed, the numbers that are stored in the
shared storage are those that correspond to the solved problem. For
example, the inltial guess to the elgenvectors for the next problem to

"be run will be the solution to the problem just completed unless this

~quantity is re-specified in the input to the next problem. Again, if
a criticality search has been called for and completed, the 1 (or -y
or BZE) value in the shared storage will be that value corresponding
to the converged criticality search just completed. One might utilize
this latter feature in a sequence of problems in which the first prob-
iem normalizes z particular parameter to correspond To Kepp = 1, and
later problems then use this value of the parameter to determine
changes that arise from changing other lattice or rod parameters.

Several operations have been streamlined in the SRL code to
enable faster running time than for the coriginal HERESY code., An
example occurs in the first stages of eompytation in Link 2. The

r
matrices corresponding to the symbols {an}, {an ’ gnm}’ and fnm}




are formed in a subprogram, MATELM, and depend only upon rod coordi-
nates and the kernel used. These matrices are placed in the shared
portion of storage and re-used in sequences of problems using the same
kernel and geometry. This 1s of particular significance in problems
containing a large number of rod types, since the time required to
form these matrices for any problem increases approximately as the
square of the dimensionality of the matrices.

B. Geometry Tapes

The re-use of matrix elements in large sets of problems leads to
a convenience feature with rod coordinates. A total of 13,000 loca-
tions in shared storage are allocated to store the X and Y coordinates
of all rods (1.e., 6,500 rods maximum). To enable the matrices men-
tioned in Section II-A to be placed in the shared storage (a total of
10,000 locations are required), the X and Y coordinates of each rod
are wrltten out on bilnary tape for elther temporary or permanent
storage as the user specifles. The coordinates are always avallable
for use, when properly specified, 1f a new kernel reguires the matrices
to be re-formed. 1If new coordinates are generated in Link 1, a new
binary tape, either temporary or permanent, wlll be written out as
gpecified by the user.

Temporary geometry tapes are wriltten on, or read from, tape unlt
2, while permanent geometry tapes are wrltten on or read from, tape
unit 3.

A temporary tape will contailn one binary record of 13,000 words
of storage, or the entire contents of the X and ¥ coordlnate arrays.
If a new geometry 1s generated by Link 1 the subroutine XYLIB will
overwrite the previous record with the new coordinates, No END of
FILE mark is placed at the end of this tape at any time. The input
varlable NFILE must be zero to use this method of geometry storage.

A permanent tape will contain several sets of coordinates, each
set occupying two binary recocrds on the tape. The first of these
records is called the Flle Number and is specified by the number
NFILE in the input data. The second record is the 13,000 binary words
contalned in the X and ¥ coordinate arrays plus a checksum word as an
add-and-carry logical check on tape operatlon. Three lndicators are
necessary to specify the use of the permanent tape: (1) the number
NFILE, which is the file number cof the desired geometry to be used in
the problem; (2) the indlcator NWRITE, which tells if a new geometry
ls to be written out or not; and {3) K@PR 1f the initial geometry is
to be read from a permanent tape., NFILE may be any number pcsltive
or negative (but not zero) having up to five fixed peint digilts, but

I1-2




not exceeding 2%, NWRITE 1s elther zero (do not write new coordi-
nates on tape) or 1 {write new coordlnates on tape). Any time that
tape 3 1s read all coordinates taken from the tape will be scaled by
the current value of an arbltrary scale factor XCﬂR.

The followlng operations may be performed with the permanent
tapes:

1. If NFILE is specified, and no new coordinates occupy the X
and Y coordinate arrays ( NWRITE = 0), the coordinates 1n the second
record corresponding to NFILE in the first record may be read, but
writing out the coordinates 18 predundant, hence is skipped.

5., If NFILE is specified and new| coordinates occupy the X and ¥
coordinate arrays (NWRITE = 1), two cases arise:

a. If NFILE is a file number already on the tape, the new
coordinates will be written in place of the o0ld coordinates on the
tape.

b. If NFILE is a file number not on the tape, the two record
file number and coordinate geometry with checksum will be added at the
end of the tape. An END of FILE mark will be placed following the
last record on the tape.

Use of the permanent tapes allows often used geometries to be
utilized repeatedly for most rapld running of the code, {See Appendix
¢ for operating instructions on generating permanent tapes.)

.C. Rod Specifications R

The rods that make up any particular lattlce may be made of
geveral different materials, and may be placed in the reactor with
different degrees of flux symmetry. The following scheme is used
in SRL - HERESY I for specifying materilal properties and symmetry
properties.

The term "rod" is used to designate a lattice assembly of any
variety, i.e., a rod may be a fuel element, a control rod, a control
rod cluster, an instrument thimble, or any other assembly as speclfied
by the user.

The term "rod kind" is used to designate a rod with specific
material properties independent of any geometrical or flux symmetry-
properties in the problem.

1T-3
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The term "rod type" 1s used to designate rods of the same "rod
kind" that have the same geometrical and flux symmetry properties in
the problem. Usually several rods in the problem will have equivalent f
geometrical position and flux symmetry properties and, therefore, be .
of the same "rod type" by definition. The absorptions in these rods
are ldentical; it is only necessary to sclve for the absorption in
one rod of each given "type". This property enables the dimensional-
ity of the matrices considered in solving the problem (see Section
I-E) to be reduced to the number of different "rod types' that oceur
in the problem instead of the total number of rods. :

. In forming any problem, the rods are classified primarily accord-

ing to thelr respective "types". Coordinates are produced and classi-
fied according to "type", matrices are formed having indices based on
the number of "types", and running times are dependent mainly on the
number of "rod types". The maximum number of "types" is 50.

Each "rod type" (numbered from 1 to NTYPE) has assoclated with 1t
several other parameters in the code. The mnemonics NRPRT( I} give
the number of rods in the lattice of each "rod type'", the mnemonics
KIND(I) give the "rod kind" that 1s assoclated with each "rod type",
and the mnemonics NICPRT(I) supply information to the geometry
generators to Indlcate the number of Initial equivalent coordinate
sets that are input for a given "rod type".

A11 rod materlal parameters are entered by "kind" rather than by
"type", and through the mnemonlcs KIND(I) are internally assoclated “
with the correct rod type. The properties for each rod "kind" are | L
specified by three parameters: '

Nm = humber of fast neutrons per thermal abscrption
= figsion parameter '

Yp = ¢ asymp./i,
= thermal absorptlon parameter

A = resonance absorptions per slowing down density

regsonance ahsorption parameter

Calculations of <y, by the Self-Consistent Method are performed for
a rod "kind" by setting v for the "kind" to be calculated equal to
zero and supplying a value of f (mnemonic THERU(I)) and V,ep; {mnemonic
VCELL(I)) for this rod "kind". ‘

The maximum number of rod kinds 1s 48 for any problem.

II-4 *




D. Kernel (enerators

The SRL - HERESY I code utilizes two kernel generators: one in
Link 1 and a shorter version in Link 2. The larger generator in Link
1 examines the input information and calculated information for errors
prior to attempting to use the Information in solving the problem.
The small generator in Link 2 does not contaln any error checking
routines (data are assumed to be sufficiently checked in Link 1), and
is used only for the Buckling Criticality Search.

The kernels formed are age diffusion kernels having slowlng down
distributions q(r) of the form

3 2
B r
- 1 -
a(r) z — e” Lty
11

where r is the radial distance from the source line; 74 corresponds to
either fission-to-thermal age, or to fission-to~effective rescnance
energy age; and By 1s a welghting fraction corresponding to the speci-
fied Ty value. This 1s a triple gaussian sum with a single effective
neutron age, T.

Using the above definition of the slowing down scurce 1n the dif-
fusion theory approximation leads te the following kernels!?) (see
Chapter I for definlitions of symbols).

3 2
B r
1 -
g(r) =Z e
R T .
o ATy 1 i
3 1 z2
By L' ](Q( r) Ty Ty 4 2 ) ( ra)
Fr) =) z=e Ll T "\t T EpTE) BT
1=1
R
(71-11) 2
3 T2 R’
B L (Ty=Tq)
R i 1771 Y{gq=
Fir) = EE: D © KO(L?) oL e (11-71)
1=1
(2 + e o (52
- 2(1 YA B\ R, o) (11.D.1)
II-5
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In the thermal region, a standard diffusion theory kernel 1s used
of the form
1 rY (11.D.2)
t(r) = 35 Ko(L' )

Self-contributions (i.e., dlagonal elements of fny) of any rod 1
to 1tself in the thermal region have a speclal form since

Lim r
r—=o K, 52 Date

This problem 1s eliminated in the standard heterogeneous fashion of
evaluating these kernel elements at the rod radius. This leads to a
group of numbers (one for each rod type) designated the rod SMF(I) and

defined by
R
1 i
SMF(I) = £(Ry) = 53 Ko('i'l") (I1.D.3)

where Rj 1s the radius of the 10 pod.

Reference to equation I.B.6 shows that this quantity SMF(I) appears
as the second term of the right slde of that equation. However, the
quantities vy, and SMF(I) are never used separately, only as the sum of
the two. DBecause of thils fact i1t is more convenient usually to define

a new quantity 7£ as

Yy = T + SMF(I)
ta .
y! = viza Ll;f) + lébn (1n Lvn + 2.874-1) (I1.D.})

Thls equatlon now has no depehdence on the physical radius of the
lattice assembly and 1s far more convenient to use.

The use of the guantitiles 7A in the code 18 facilitated in the
following manner.

1. If rod radil are provided in the input data, -y, and SMF(I) are
calculated and have thelr respectively defined meanlngs.

I1I1-6




2, If rod radll are not provided (i.e., are zero) in the input
data a signel value of 0.10101 is assigned to each SMF(I) and the v,
corresponding to this value of SMF(I) is calculated. In thils case,
v, and SMF(I) do not individually have physilcal meaning, but their
sum vy, is correct.

Kernels are stored as tabular arrays of maximum size 250 polnts.
The finite height of a reactor 1s taken into account in the kernel
generators through a correction on L® and Zg. This correction is of

the form

L2 corr

2 2 2
: = s =
Loorr = T7 75, and I, (1 + L®B, %) 2,

and is the same correction as used in calculating certaln terms in the
expression for vy in equation I.B.6.

Two restrictions are applled to the kernels to assure that proper
Bessel's interpolation may be carried out for points not directly on
a kernel point. Such a conditlon occurs in the subprograms MATELM and
USKER where the kernel matrices are formed. The restrictions are:

e The mesh spacing must be less than or equal to one-half
of the smallest center~to-center rod spacing in the lattilce
ry -1
XMESH £ smallest value _3;2rwél|

e The kernel shall overlap the edge of the lattice on all
sides, by at least two points

247 *XMESH » largest value |ry - rJ|

The first restrictio arises due to the possibility that in some
problems the kernel poilhts used for interpolation might fall as much
or more than a full lattice pitch away from the position desired.
This does not affect the equations formulated iIn Chapter I; however,
it 1s physically unsatisfying to know that the interpolation 1s uslng
points this widely spaced. The value of 1/2 as the smallest center-
to-center rod spacing simply assures that the points used for inter-
polation are at most exactly one lattice piltch away from the rod in

question.
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The second restriction arises 1n order to prevent the use of the
2518t and 252nd points of a 250-point kernel from belng used. Obvi-
ously these points would pick up valués from other quantities stored
at these locations in the memory (see Chapter V, problem 3). Since -
one point is assigned at position zero, the outer edge of the kernel
is at 249 *XMESH cm from the origin point. Now, because Bessel's
interpolation uses points m-1, m, m+l, and m+2 for interpolation, m
can have a value of 247 at most. Therefore, the smallest kernel mesh
that may be used is equal to '

XMESH » largest center-to-cegﬁ$r spacing in lattice

For infinite lattices (Section ), this requirement 1s modified to the
extent that the largest center-towcenter spacing for a rod type is
considered to be the distance between the initlal coordinates of the
"rod type" as input to the infinite lattice generator and the rod that
is the greatest distance from 1it.

In addition to the radially infinite problems for which the above
kernels are defined, the code can alsc treat, in an approximate
manner, the problem of a radially finite reactor. Thls 1s accomplished
by forming kernel matrices that extrapolate to zero at some radius from
the center of the lattice.

The technigue used employs the method of images. Each rod in
the reactor is treated as having an image rod which provides a welghted
negative contribution to each kernel element balancing the positive R
contribution from the real rod. The welghting of the image rod 1s i
provided by a factor vpi/bo where py 18 the distance of the lmage recd
from the center of the reactor, and p, is the distance of the real rod
from the center of the reactor. The image rod is poésitioned a distance
cutside the reactor equal to the radial distance; the real reod is
situated inslde the specified reflector radius (mnemonilc RADRFL) which
may be lcosely defined as the reactor radius. '

In practice it has been found that a ratioc of the quantity RADRFL
to the actual extrapolation radius (Rextrap) for a uniform fuel lattice
varies over an approximate range

RADRFL
0.9 ==« 1.0

Rextrap

depending on the lattice. Because of this fact it is recommended that
a test problem using a uniform fuel lattice be run to determine the
real kernel extrapolation distance before using a particular finite
kernel.
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Another radius that may be input is the quantity ROEMIN which
causes the code to omit calculating image contributions for rods
within this radius, since thelr images are very far away from the
lattice. :

E. Crilticallity Searches

The SRL - HERESY I code has three buillt-in criticality searches
that may be selected as options. These enable any specified elgenvalue
(corrected for axlal buekling) to be searched for as a function of v,

ns or By=.

Searches on vy and 7 require a "red kind" to be specifled for the
search. Searches on BzE require that the SMF(I) all be equal to
0.10101 {Section II-D).

Two edit options are available with all searches. The user may
obtain edits for each iteration of the search, or edit only the final
tteration following convergence. A short summary of each jteration
will be printed out in this latter case.

The v searches recompute the thermal utilization (fheresy) based

on the vy value at convergence. This value is ingerted back into the
proper storage position for the "rod kind" specified in the search, "

F. Finlte Lattice Geometry Q(Generators

Three gecmetry generators incorporated into the code accept a
bare minimum of data to produce uniform lattices of rods on hexagonal
or square pltches, or patterns of rods on circles about the axis of a
eylindricized reactor.

1. Hexagonal Lattices

Hexagonal lattices require for input the X and Y coordinates of
each rod with angles in the range 0° { 6 < 60° inclusive. The code
then generates the remaining five rotationally symmetric elements
around the reactor. Provision is made for mcre than six rods at a
given radius to be of the same rod type. This is accomplished by
providing more than one set of initial coordinates for a particular
rod type to a limit of three sets of coordinates.

For hexagonal lattices, this latter provision 1s of ten used in the
outer hexes of the lattice. A second reason for 1ts incluslon 1s that
in studying large lattices i1t is often convenlent to approximate the
cuter edge of a reactor by making several distinctly different rods

equivalent to a single rod type.
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2. Square Lattices

Square lattices require for input X and Y coordinates of each rod
in quadrant 1 with angles in the range 0° € & ¢ 45° inclusive. The
code makes use of the fact that i1f a rod in this sector has polar
coordinates R and 6, then the rods of this type will have polar coordl-
nates of radius R and angles 6, n/2 - 6, n/2 + 8, m -6, ™+ 6, 3n/2 ~
6, 3m/2 + 6, and 21 - 6. Rods at 0° and 45° are not included twice.
Provision 1s made for two rods at different positions (same radius) to
be of the same rod type by allowlng more than one set of initial coordi-
nates to be input for a particular rod type.

3. Circular Patterns of Rods

This generator allows a pattern of rods all centered on circles
about the axls of the reactor to be produced. Three lnltial coordl-
nates are required in this case, these being the X and Y coordinates
of the first rod at a particular radius as one proceeds counterclock-
wise from the positive X axis, and the angular separation (in degrees)
between any two rods at the particular radius. Rods are generated
from the initial position (at angle 6) to an angle equal to the initlal
angle plus 360 degrees {or once around the circle). Single rods may
be generated by making the angular separation between rods greater
than 360 degrees.

It will be noted that a hexagonal lattlce is a special case of
this lattice; however, hexagonal lattices are used far more than these

circular patterns, hence are included as a speclal generator. |

With the use of these three basic types of lattlice patterns, most
lattices may be generated quite easily. If, in addition, the permanent
library tape option is used the generation of new lattlces becomes
more and more infrequent.

All three of the generators internally computé the number of rods

for each "rod type" and store them. It 1s therefore unnecessary to
enter these data when gecmetry 1s being generated.

G. Infinite Lattice Geometry Generator

The infinite lattice geometry generator considers only overlapping
patterns of rods on rectangular pitches. However, if*a block of rods
in a hexagonal or other type of lattice can be found that displays
infinite repeatability in rectilinear translation, the infinite lattice
generator may be used. The user would then specify each rod in the
block as a distinct "rod type" and the X and Y pitech of the rectangular
lattice of thils type as being the X and Y translational distance to
the next rod of that type in the nearest symmetry block.

II1-10
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The informabion necessary to generate 1attlces of.this‘type is
(a) the X snd Y pitches for each rod type (a® defined abové)s (p) the
X and Y coordinates of the nearest pod of each type to the origin, and
(¢) the maximum padius Lo which rods are to he generated.

As in the finite 1attice, the number of rods for each rod type
are determined by the generator and gpored.

H. print, Punch, and Plob Options

Along with the geometry generators go thesé three auxlliary sub=-
programs which will reSpectively 1ist the rod coordinates for each rod
type. punch & deck of cards suitable for direct inpub pack into the
code (this is restricted to finite 1attices only) s and plot to &
gpecified scale (XSCALE and YSCALE values) the 1attice geome LYy . These
routines may pe used Lo visually check each coordinate geome try for &
particular jattice, and as such are recommended during the fipst use
of any new 1attice geome LTy that may be generated. The punch aub-
routine allows s seldom used lattice to be stored away on reloadable
cards for future use, put 18 hardly the most convenient method of
storage: In addition 1t requires 2@ large amount of time tO punch &
deck for & blg 1attice.
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ITI. INPUT INFORMATION

A, Data Preparaticn

A11 data are broken down ilnto three groups and lnput In the follow-

ing order:

1.
2.

3.

For each problem run there must be at least one card of each type of
data for input. The three types of data are described separately in

the following paragrap

1. Alphanumeric Data

These data conslst of one card of alphanumeric symbols contained

Alphanumeric data (1 card only)
Fixed point data
Flcating point data

hs.

in columns 1-72. If a 1 1s placed in column 1, the output from the

code will begin on a new page; any other standard carriage control
symbol may be placed in column 1 (see IBM 704 FORTRAN Reference Manual,

028-6106, page 45).

2. FHFixed Point Data

Fixed peilnt data are inpuﬁ in a fixed card format that enables

any number of individual datum up to five to be read from a single

card. The card format

1 5

ig aschematically drawn bhelow:

Card Columns

6-12 13-24 25-36

37-48 40460 61-72

Last card Number of

indicator datum on
this card
(1f blank
or zero 1is
assumed to

be 5)

Relative Datum Datum Datum
location 1 2 3 4
of datum

1 of this

card {see

following

list)

ITI-1
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A1l fixed point input data are stored in a large block of core
designed as the LL{225) array. Each datum is assigned a relative
location 1n this array, and a list of these locations follows. The
relative location of datum 1 of the card being read is punched in
columns 6-12 of the card.

Data 2, 3, 4, and 5 are then stored in sequential relative loca-
tions in the LL(225) array. If it 1s not desirable to input a full
card of data {5 datum), 1t is only necessary to place the number of
datum actually appearing on the card to be read in column 5 {a blank
or zero will causge 5 datum to be read). For instance, 1f it 1s neces-
sary to change one property of one rod type in a list of 50 rod types,
the relative location of the datum may be determined from the follow-
ing 1llst and placed 1n columns 6=12, a number 1 placed 1n column 5 of
the card, and the new datum placed in the datum 1 fileld of the card as
defined above. All fixed point data are entered to the extreme right
of the field defined, blank columns belng read as zZeros.

The last card of fixed point data must have a 1 punched in column -
1 to so indicate 1t 1s the last card.

Relative locations for fixed point data are contalned in the
followlng liast:

Problem 8pecification Information

1. LL{1) = INF Finite - Infinite Indicator
= 0 Finite lattice,
=1 Infinite lattilce,.
2., LL(2) = KERNEL Kernel Generator Indicator
=0 Use old kernels.
= 1 Generate new kernels.
(Must be 1 for first problem).
3. LL{3) = K@¢R Coordinate Indicator
=0 Use previous coordinates.
=1 Generate new coordlnates
(Finite or infinite).
= 2 New coordinates are contalned
in the flecating point input
data.
=3 Read geometry from permanent

tape on unit 3.

ITI-2
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Iteration Criteria

L, 1.L(%) = N1 Maximum number of iterations for
matriz Inversion correction (set
equal to 20 1f left blank).

5. LI{(5) = N2 Maximum number of iterations on
eigenvalue iteration (set equal
to 200 if left blank).

6. LL(6) = N3 Maximum number of iterations on
criticallty searches (set equal
to 25 if left blank).

Kernel Information

(Must be included if KERNEL = 1)

7. LL{7) = NOGRID Number of grid points in kernel
(£250) .

Gecmetry Generator Infcormatlon

(Must be included 1f Kg@gR = 1)

8. LL(9) = LAT Lattice Type Indicator
(Finite lattice only)
=0 Uniform hexagonal lattice.
= 1 Uniform square lattice.
=2 Pattern of rods centered
on circles about axis of
reactor. ;

9. LL(10)... = NICPRT(J) Number of sets of initial
equivalent coordinates lnput for
each rod type. NIYPE NUMEBERS.
NICPRT(J) €3. Include for finite
lattices only.

10. LIL(60) = KPRNT Print Option Indicator
=0 Do not list geometry.
= 1 List geometry.
11. LL(61} = KPLOT Plot Option Indicator
= 0 - Do not plot generated geometry.
=1 Plot generated gecmetry.

I1T-3
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12,

13.
1%,

15-

16.

17.

18,

19.

20.

2]1.

Punch Optlon Indicator
(Finite lattices only)

Do not punch geometry deck.
Punch geometry deck.

Rod Information

LL(62) = KSPIP
=0
=1
LL{63) = NTYPE
LL{64) = NKIND

LI{65) ... = NRPRT(J)

tr{115) v.. = KIND(J)

LL(165) = ILORIT

L]

LL{ 166)

KSERCH

LL{167) = NSEPR

il
o

Number of rod types (50}
Number of rod kinds (g48)

Number of individual rods for
each rod type. NTYPE NUMBERS
(may be omitted if K@@R = 1;

the geometry generators then

supply these numbers).

Rod kind asscoclated with each
rod type. NTYPE NUMBERS.

Criticallty Search Indicator
No ceritlicality search.
Search on ETA,

Search on GAMMA.

Search on axial buckling.

Rod KIND to be searched over.

Edit Option on Criticality Search
Edit only converged solution.

Edit each iteration of criticallty
search. '

Miscellaneous Information

LL{168) KDAT
0

1

£ on

KTEST

LL(169)

il
(@]

Input Data Print Option
Data will be printed.
Cmit data print.

Last Problem Indicator
More problems follow.
Tast problem.

III-4
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NWRITE New File for Permanent Tape Indlcator

[l

22, LL(224)

= 0 Do not write new geometry file.
=1 Write new geometry file.
23. LL{225} = NFILE File number of geometry on designated

permanent tape (on unit 3){(if zero
uses scratch tape on unit 2).

3. Floating Point Data

Floating poilnt dats are also input in a fixed card format that
enables any number of individual datum up to five to be read from a

_single card. The card format is identlcal to that discussed for fixed

point data, the only change made for floating point data 1s for the
data to be read In FORTRAN FIXED DECIMAL FLOATING POINT notatlon
(standard FORTRAN F type conversion). The number 107° would thus
appear as 0,000001 on the input card. A floating point datum may be
placed anywhere wilthin the defined filelds on the card so long as the
decimal point is assigned the correct position in the number. If no
decimal point is written, 1t 1s automatically assigned a position
following the character appearing in the last column of the datum
field. Blank columns are read as Zeros.

All floating point input data are stored in a large block of core
designated as the AA(15,500) array. Each datum is assigned a relative
location in this array, and a list of these relative locatlons appears
pelow. The relative locatlon of datum 1 on the card must be punched
inte columns 6-12 of the card, and provision for reading less than
five datum is identical to that for fixed polint data.

The last card of floatling point information must haﬁe a 1 punched
in column 1 to so indicate it is the last.
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10.

Relative locations for fixed point data are contalned 1n the -

following list:

AB{1)

AA(2)

AA(3)

AA(Y)

AA(5B)

AA(B)

AA(T)

AL(8)

AA(9)

[

H

I

]

I

CR1
CR2

CR3

XCER
XSCALE

YSCALE

RADRFL

RPEMIN

EIGEN

AA(10) = XMESH

Convergence Criteria i

Convergence criteria on matrix inversion (if
left blank 1s set equal to 0.000001).

Convergence c¢riteria on eigenvalue iteration
(1f left blank 1s set equal to 0.00001).

Convergence criterlon on criticality search
(if left blank is set equal to 0.000C1).

Secale Pactors

Arbitrary scale factor (cm) applied to all
coordinates (finite or infinite lattices).

Plotting increment along X axis in geometry
plotter (if left blank is set equal to XCOR).

Pilotting increment along Y axls Iin geometry
plotter (if left blank is set equal to XCOR).

Reflector Information

Reflector outer radius (em) (if zero problem
is treated as having an infinite reflectorﬂ.

Radius (em) within which the reflector may
be treated as infinite.:

Criticality Search Information

Elgenvalue to be searched for (if left blank
will be set equal to 1.0).

Kernel Informatlion

(Must be included 1f KERNEL = 1)

Mesh spacing between kernel points (em) must

be such that

largest |ry - I smallest |ry = T
B J|.<XMESHg 1 =Ty
akT 2
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11.

12.

13.
1%,

15.

16,

17.

18.

19.

20.

21.

22.

23,
24,

AA(11) = BSQ

AA(12) = XLSQ
AA{13) = SIGA
AA(1H) ... = B(J)
AA(17) «o. = TAU(J)
AA(20) ... = TAUR(J)
AM%L“=xm%Q)
AA(TB) ... = STGC(J)

AA(125) ...
"AA(175) ...

AA{225) ...

AA(275) ...

AA(325) ...
AA(375) ...

i

VCELL( J)

GAMMA(J)

= THERU(J)

ETA(J)

AR(J)

RADIUS(J)

Axial buckling (1/cm®)

L® of moderator uncorrected for leakage
(em?)

3, moderator (1/cm)

Welghting factors on TAU's and TAUR's for
each term of triple Gausslan. {if left
blank uses values 0.56, 0.44, 0.0)

Fission to thermal age for each term of
triple Gaussian (cm?®)(if left blank uses
154.3, 68.3, ©.0).

Fission to rescnance energy age for each
term of triple Gausslan {em?®)(1f left blank
uses 126.,5, 40,5, 0.0).

Rod Information

12 for each rod kind. NKIND VALUES (em?),
if left blank are set equal to XL3Q.

%, used to compute v for each kind. NKIND
VALUES (if left blank are set equal to Iy
moderator) ,

Cell area used to compute 7y for each rod
kind. NKIND VALUES (em?®).

Thermal absorption parameter. NKIND VALUES.
(1f left blank must have THERU{J) value).

Thermal utilizatlon. NKIND VALUES (If GAMMA
(J) is zero, computes GAMMA(J) using this
value) .

Number of fast neutrons produced/thermal
absorpticn, NKIND VALUES.

Resonance absorptlon parameter. NKIND VALUES.

Rod radius {em). NKIND VALUES (If zero
asslgns SMF(J) = 0.10101).
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25.

26.

27 .

28.

29.

30.

31.

32,

33.

34,

AA(h25) ...
AA(HTS) ...
AA(525) ...
AA(BTS) ...
AA(625) ...
AA(BTS) ..
AA(T25) ...

AA(TT5) ...
AA(B25) ..

AA(875) ...
AA(925) ...
AA(9T75) ...
AA(1025) ...

AA{1075) ...

AA{1080) ...

AA(2500) ...

nu

nnn

Finlte Geometry Generator Informatlon

(1ineluded if K@PR = 1 and INF = 0)

X#(1,1)
x4 1,2)
Xg(1,3)

¥@(1,1)
¥(1,2)
Y94(1,3)

THETA{ I,1)
THETA( I, 2)
THETA( I, 3)

Initial X cocordlnates
21 € I & NTYPE}
see Notes 2 and 3 and Section-IT-E)

Initial Y coordinates
{1 ¢ 1 ¢ NTYPE}
(see Notes 2 and 3 and Section-II-F)

Angular separation in degrees between rods
on same radius about axis of reactor.
{1 ¢ I ¢ NTYPE} (see Note 2) (Not required for

. square or hexagonal lattilces).

Infinite Geometry Generator Information

(Included if K@PR = 1 and INF = 1)

WDX(J)

= WDY(J)

I
>
e
[

—~
2

vg( T}

X(J)

X pitch for lattice J. NTYPE VALUES (see
Note 3}. :

Y piltch for lattice type J. NIYPE VALUES (see
Note 3.)

X coordinate of rod nearest origin for lattilce
J. NTYPE VALUES (see Note 3.) |

Y coordinate of rod nearest origin for lattice
J. NTYPE VALUES (see Note 3).

Radius beyond which no more rods are considered
(em) .

Miscellaneocus Information

Initial guess to eigenvectors. NTYPE VALUES (if
left blank are set equal to 1.0)

X coordinates for all rods. (see Notes 1 and 3).

NTYPE
:E:NRPRT(I) VALUES
I=1
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35, AA(9000)... = Y(J) Y coordinates for all rods. (see Notes 1 and
- 3).

NTYPE
:E:NRPRT(I) VALUES
=1

Note 1

Coordinates are input in seqﬁence starting with rod type 1 and running over
all rods of that type. These are followed by rod type 2, 3, 4,.,, where, for
each type, the coordinates of all rods of that type are successively entered.

Note 2

Entering the initial coordinates X@(I,J), Y@(1,J), and THETA(I,J) for the
finlte lattilce geometry generator must be done in a gapecilal order. The
matrices for these quantities are 50 by 3 or 50 rows and 3 columns. Data are
entered columnwise which implies that for each value of J the index I runs
through its full range. Hence using XO as an example the values would be
entered as follows:

x¢(1,1)...,x¢(1,1)...,xﬁ(so,l),xg(l,e)...,xg(I,e)...
X@(50,2) ,X@(1,3) oo o, XF(1,3) 5 .., XPF(50,3)

Some relative locations assoclated with these are:

F(%25) = x¢(1,1) F(575) = ¥9(1,1) F(725) = THETA(1,1)
F(475) = Xg(1,2) F(625) = ¥@(1,2) F(775) = THETA(1,2)
F(525) = X@(1,3) F(675) = ¥@(1,3) F(825) = THETA(1,3)

1

Note 3

All coordinates and pitches contained in 1ltems 25, 26, 28, 29, 30, 31, 3%, and
35 will be multiplied by the number XC@R contained in 4.
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B. Problem Sequencing

The data that are input into the code according to the format
described in Section III-A are stored permanently in the memory of the
computer and may be re-used at any time. In survey type calculatlons
or where a sequence of different values of one or more parameters are
the only changes from one problem to the next, it is only necessary to
enter the changes to the lmmedlately previous problem. However, the
restriction that each problem has at least one card of each of the
three types of data (see Section IIX-A) 18 maintained and must be
satlsfied.

This type of data input, while convenient, has some pltfalls that
requlre care to avoilid. The more important of these pitfalls are the
fellowling:

1, If geometry 1s generated in the 1st problem and 1s re-used in the
2nd problem, the data for the second problem must "turn off" the
geometry generator or elge the geometry will be regenerated. A similar
comment applies to the kernel generator, geometry print, geometry plot,
and geometry punch options.

2. If the self-conslstent method is to be used to calculate a vy in any
problem after the first, the y value must be set equal to zero in the
input data as a signal to perform this calculation.,

3. In buckling searches an additional requirement ls made that the
SMF(I) values be those specified by the code {see Section II-E).

4. At the end of any criticality search the values stored in the
memory will be those corresponding to the converged search values, If
the original input data are desired, 1t must be restored in the input
for the next problem.

5. When a new kernel 1s to be generated with different moderator prop-
erties from a previous problem, care must be taken to see that Z; and
L® values for each rod kind used in the Self-Consistent calculation

are correctly reassigned for the new moderator.
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IV. ERROR MESSAQES

Error messages are produced at all levels in the SRL =~ HERESY I
Code. A special subroutine checks the input information for each
problem to see that no gross errors have been made that will lead to
an error stop at a later time. In each subroutine as it 1s called,
both in Link 1 and in Link 2, certain conditions can arise which will
lead to error messages belng placed on tape 10 and/or on the on-line

printer.

Another class of messages that are printed out give information
concerning certain conditions in the program that are not harmful to
the successful sclution of the problem.

A11 error messages, infcrmatlion messages, or error conditions
digplayed in the computer address lights that are bullt into this code
are shown in the following 1list, subroutine by subroutine, as well as
the meaning of the message. The notation in parentheses indlcates
where the message will be output (i.e. on tape 10 or on-line}.

Link 1

A. Main Program 1 {Link 1 executlve program)

AN ERROR HAS BEEN DETECTED IN THE INPUT DATA FOR THIS PROBLEM.
AN ATTEMPT WILL BE MADE TO CONTINUE WITH SUCCESSIVE PROBLEMS (on-1ine) =
This message appears on the on-line printer followlng the alphanumerilc
card for the problem. It means that an error has been detected in the
input information and a dlagnostice placed on tape 10, Problems that
follow will be attempted, but no guarantee 1s made they will run even
if the data are correctly input. Any error detected in main Program 1
will produce thils on-line message.

B. Subroutine DATCHK (data checking routine)

1. THE NUMBER OF ROD KINDS IS GREATER THAN THE NUMBER OF ROD TYPES
(tape 10) = self-explanatory.

2. THE NUMBER OF ROD TYPES EXCEEDS 50 (tape 10) =« self-explanatory.

3. A ROD TYPE HAS ZERO RODS (tape 10) - This can arise from incorrect
input data, or errors in Iinputing data to the gecmetry generators.

4. A ROD TYPE HAS NO KIND NUMBER ASSIGNED (tape 10) - self-explanatory.
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5. THE LATTICE TYPE TO BE (ENERATED IS NOT OF A RECOGNIZED TYFPE (tape
10) - The mnemonlc LAT »2.

6. A ROD KIND IS NOT SPECIFIED FOR THE CRITICALITY SEARCH (tape 10} -
Can only occur for criticality searches on vy and 7.

7. THE INFORMATION GIVEN FOR THE KERNEL GENERATOR IS INSUFFICIENT
(tape 10) = One or more of the three quantitles XMESH, XLSQ, or SIGA
is (0. '

8. THE INFORMATION GIVEN FOR ROD KIND (I) IS INSUFFICIENT TO COMPUTE
A GAMMA (tape 10) - -y, is zero hence calculation of a gamma value 1s
called for using the %hermal utilization fy. One of the two quantities
THERU(I) or VCELL{I) is <0; hence calculation of the yy value cannot

be done.

Following each of the above errors, the following message wlll be
placed on tape 10:

BECAUSE OF THE ERROR(S) DETECTED ABOVE THIS PROBLEM
CANNOT BE CONTINUED. SUCCESSIVE PROBLEMS WILL BE
ATTEMPTED, ALTHOUGH THEY MAY BE AFFECTED BY THE
ERRORS ABOVE (tape 10).

¢. Subroutine KERGEN (kernel generator)

1. THE ARGUMENT OF THE E, INTEGRAL IN THE KERNEL GENERATOR EXCEEDS
87.3/THE VALUE OF THE INTEGRAL WILL BE SET EQUAL TO 1.0E-30 AND COM=- ]
PUTATIONS WILL CONTINUE {tape 10) - An information statement arising
due to the fact that the exponential subroutine has a maximum argu-
ment of 87.3. ‘

2. THE ARGUMENT OF THE E; INTEGRAL IN THE KERNEL GENERATOR IS WITHIN
1,0 E-O5 OF ZERO/THE VALUE OF THE INTEGRAL WILL BE SET EQUAL TO 1.0E+30
AND COMPUTATIONS WILL CONTINUE (tape 10) - An informatilon statement
concerning a condition that could create an accumulator overflow and

lead to a HPR 77(EFM) program stop.

3. A TAU(R) VALUE I3 LARGER THAN OR EQUAL TQ ITS CORRESPONDING TAU
VALUE. A KERNEL CANNOT BE GENERATED UNDER THESE CONDITIONS (tape 10} -
An error condition arising from placing the effective resonance energy
lower than thermal energy.

4, A MACHINE ERROR HAS OCCURRED IN THE KERNEL GENERATOR - RESTART
PROBLEM (tape 10 and on-line} - Arises from a branching error by the
machine.
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D. Subroutine GEOM (geometry executive routine)

1.. THE NUMBER OF RODS EXCEEDS 6500 (tape 10) - Arises due to the fact
that 6500 rods 18 the maximum number available for scolving problems.

E. Subroutine INGECM (infinlte geometry generator)

1. THE NUMBER OF RODS EXCEEDS 6500 (tape 10) - Same as above for sub-
rcutine GEOM.

2. A MACHINE ERROR HAS OCCURRED IN GENERATING AN INFINITE LATTICE -
RESTART PROBLEM (tape 10 and on-line) - Arises from a branching error
that cccurred.

F. Subroutine HEX and SQUARE (hexagonal and square lattice geometry
generators)

1. ERROR IN GEOMETRY GENERATOR - INITIAL COORDINATES ARE IN WRONG
SECTOR (tape 10) - Arises when the initial X and Y coordinates for a
rod type are not in the sector 0° ¢ © ¢ 45° for the square lattice
generator, or not in the sector 0° ¢ 6 < 60° for the hexagonal lattice
generator.

Link 2

G. Subroutine USKER (Bessel's interpolation of kernel)

1. FRROR - KERNEL SIZE IS TO0O SMALL FOR LATTICE BEING USED (tape 10) -
'‘Arises because the required condition that the distance éorreSponding
to the 250th kernel point be at least two mesh intervals larger than
‘the largest center-to-center rod spacing in the lattice is not met.

5. ERROR - KERNEL MESH IS TOO LARGE (tape 10) - Arises because the
required condition that the mesh spacing XMESH 1/2 times smallest
center-to~center rod spacing is not met.

Following elther of the above two error conditilons, the following will
be placed on tape 10 and on the on-line printer respectively.

*  THIS ERROR OCCURS IN FORMING THE MATRICES FROM THE KERNEL
AND GEOMETRY/AN ATTEMPT WILL BE MADE TO RUN SUCCESSIVE
PROBLEMS, BUT IT IS UNLIKELY THEY WILL RUN (tape 10).

* PROBLEM DID NOT RUN TO END (on-line).
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H. Subroutine INVERT (matrix inversion)

i. THE SPECIFIED NUMEBER OF ITERATIONS ON MATRIX INVERSICN HAS BEEN

EXCEEDED/NO. ITERATIONS COMPLETED = (N1 + 1) CONVERGENCE CRITERION = .
(CR1) /MATRIX TO BE INVERTED FOLLOWS {tape 10) -~ Arises from the number

of iterations through the inversion process requiring more than N1

passes. Following this message a listing of each matrix element will

appear in the order M(1,1)...M(1,I)...M{(1,NTYPE), M(2,1)...M{2,I)...

M(2,NTYPE), M(3,1)...M{(3,I)...

Double spaces wlll appear in the listing at each point at which the
first index changes. Following this listing N1 is increased by 10 and
the iterations will continue. If the number of lterations exceeds

N1 + 10 the problem is aborted and conditlons are reset to start
another precblem. If this occurs a line wlll be placed on the on-line
printer which reads PROBLEM DID NOT RUN TO END (on-1ine).

I. Subroutine EIGEN1 (power ilteration to determine maximum eigenvalue)

1. THIS PROBLEM HAS EXCEEDED THE MAXIMUM NUMBER OF ITERATIONS SPECI-
FIED FOR THE EIGENVALUE ITERATION (N2)/CURRENT ITERATION NUMBER =
(N2 + 10M, M = 1,2...), CURRENT EIGENVALUE = (FK2)/

(followed by heading) EIGENVECTOR V2/A2 .
n 1]

" n

n " (tape 10)

Arising from the stated conditions, the above heading is shown first
at iteration number N2 + 11 and then for every tenth iteration until
the iteration number reaches 2*N2. At this time the problem is
aborted and condltions are reset for a new problem. If thls aborting
oceurs, a line is printed on the on-line printer which reads PROBLEM
DID NOT RUN TO END (on-line). The values listed under the headings
of EIGENVECTOR and V2/A2 are respectively the absorptions computed
during the current iteration (un-normalized) and the ratio of absorp-
ticons fo maximum absorption (1.e. normallzed eigenvectors).

J. Subroutine CONVER (convergence test for criticality searches)

1. THE MAXIMUM NUMBER OF ITERATIONS HAVE BEEN EXCEEDED IN THE SEARCH
WITHOUT CONVERGING. THIS PROBLEM WILI, BE SKIPPED OVER AND SUCCESSIVE
PROBLEMS RUN (tape 10) - Arises because the ilteration counter for
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eriticality search has exceeded N3. Due to the time Involved 1n some
searches no extra allowance is made for this condition. An edit of
the current iteration will follow this statement so that the speed of
convergence c¢an be estimated and proper alteration of the problem
made. If this occurs a line will be put out by the on-line printer
which reads PROBLEM DID NOT RUN TO END (on«line); conditions are then
reset for more problems to be run.

K. Subroutine KERGEN (kernel generator for Buckling Search)

1. A MACHINE ERROR HAS OCCURRED IN THE SUBROUTINE KERGEN-RESTART
PROBLEM FROM THE BEGINNING (on~line) - Arises from a machine branching
error that occurred.

L. Errors Leading to Program Stops

The atandard BSS or LUCY loader errors are all in force during
the running of both links of the CHAIN PROGRAM. In addition, the
following program stops may occur in the course of running a problem
which may be interrogated by the address lights.

Storage Register Subroutine in

Address Lights Which Stop Occurs Reason for Stop
HPR 77 LFM - EFM Accumulator overflow.
HTR 3,4 CHAIN Program link called for

is not on the designated
tape unit. (Push start
to transfer back'to
calling program) .

HTR 5,4 XYLIB Flle number called for
: is not on the tape
mounted on tape 3.
( Push start to transfer
back to calling program).

HPR 464 XYLIB Checksum error in reading
tape 2. (Push start to
ignore this).

HPR 547 XYLIB Checksum error in reading
tape 3. (Push start to
ignore this).

HPR 610 XYLIB Misplaced EOF or misread
of tape 3. (Push start
to return to calling
progranm) .

gy




V. EXAMPLE PROBLEMS

The objective of this chapter ig to give several examples of cal-
culations made with the SRL - HERESY I code so that verification of
the code's accuracy may be initlally or perlodically tegted, and to
give examples of the input and the output to and from the code in a
manner designed to clarify questions that may arilse.

A. Finite Lattice Problems

Problem 1. Control Rod at Center of Small Fuel Lattice

Because of 1ts rapld running time, this problem is the basic
debugging problem for SRL - HERESY I. The lattice is shown in Figure 1.
It consists of a control rod situated at the center of a small array
of fuel assemblies. The lattice 1s a square type wlth a plteh of 10.0
inches (25.4 cm). It has 8-fold symmetry, and hence can be generated
by the square lattice generator. The problem was treated wlthout
axlal leakage (Bz® = 0), and the values of B(I), TAU(I), and TAUR(I)
wlthin the code were used. An infinite moderator was used. GAMMA
values were computed by the self-consilstent method from thermal utili-
zations. SMF's were specified internally by setting rod radii to zero.

O O O o

O O o 0 -L
X @ = Control Rod

O = Fuel Rods
FIG. ' LATTICE FOR SMALL FINITE TEST PROBLEM
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‘The baslc problem was run with no critlcality searches, then each

of the criticality searches was applled in fturn to the basiec problem.
A listing and plot of geometry were obtained, but are not shown since
they were used only to verlfy the correctness of the geometry as
generated. Figure 2 shows a summary, as produced by the code, of

the 1input data for the baslc problem. Figure 3 shows the solution to
the problem.

FIGURE 2
1 SMALL TEST PROBLEM FOR FINIVE LATTICE«#SRL—-MHERESY [w#wBASI1C PROBLEM
SUMMARY OF HERESY INPUT DATA
INPLT OPTICNS

FINdTEFINFINITE OPTION = O KERNEL OPTIGN = 1 COORDINATE GPTION = 1 PURE THERMAL KERNEL OPTION = O
LATTIGE TYPE = 1 CEOMETRY PRINT = C GEOMETRY PLOT = O GECMETRY PUNCH = O

CONVERGENCE CRITERIA
MATRIX INVERSION ITERATIONS = 20 EIGENYALUE ITERATIONS = 290 CRITICALLITY SEARCH ITERATIONS = 25
INVERSIBON CONVERGENCE = ,000001 EIGENVALUE COWVERGENCE = .COGOLD CRITICALITY CUNVERGENCE = ,000010

KERKEL DATA

NUBBER OF GRID POINTS = 250 PESH SIZE = 1.0C0 CM
-39 X = f.58 £12) = LICLS B{3) = <.
TALLLE = 154.30 tutzy = 68.30 TAUL3) = 0.
TAURLL) = 126450 TAUR(2) = 40.5C TAUR[3) = G
B SRUARE = . L SQUARE = 12626.7000 NCDERATOR SIGNALA) = 0.00006963

REFLECTER RACIUS = €. RHQ{MIN} = LY
CATA FOR EACKH ROC KIND

REG XIND GANMA SMF 1o/ {GAN+SHF) E¥A RESs CCEF. LSG SIGMALA) F CELL vOL. RADIUS

1 1.14909 8.10101 0.799934 Ce 0. 12626.7 «0000696 0.93544 322.48000 d.
2 0.74648 0.10101 1.17967¢& 1.3053¢ 58.824690 1262647 « 0000696 0.98590 645,16000 0.

DATA FOR EACH ROD TYPE

RBD TYPE ROD KIND k0. RODS GAMNA SHF 1./{GAMMASSMF)
1 1 i 1.14909 8.101<1 0.799934
e 1 b 0.T4608 C.101C1 1.179676
3 2 8 0. 14608 g.1C1¢C1 1.179676 ’
4 2 4 TT4488 f.101C1 1.17T9676
13 2 8 C.T4048 0.1C1Cl 1.179876
¢ 2 8 QTG40 Q.1C1€) 14179876
1 2 4 G 14648 0.101¢1 1.17T9676
B 2 8 Q. T4668 0.10101 1.179616
% 2 8 C. 746068 0.1¢1C1 1.179676
FIGURE 3
NO EIGENVAMLUE ITBRATICKS EIGENVALUE PREVIOUS EIGENVALUE
21 1.CH284%3 L.c828522
ABSORPTIONS FCR EACH ROC TYPE
RELC TYPE NU RODS/TYPE ROD SMF GAMEA ETA A THERMAL ABSRE RESONANCE ABSRB
1 0.10IC1 1.149093 C. 0. 04417634 .
é & 0.101C1 0.74668C 1.3063¢C 58,8260 0.943900 Q.121672
2 L} 0.101C1 0.74668C 1.30853¢0 58.8260 1.0000CC 0.125911k
4 4 Ce10101 0.74668C 1.3053¢C 58.8260 0.975385 0.,122873
H B 0.101C1 0.74663C 1.3053¢ 58,8260 0.936830 0.118093
£ 8 0.101C01 0. T46E9C 1.30530 §8.8260 D.B926B9 0.111465
1 4 0.101€1 0. 746680 1.3053¢ 508.8260 0.827345 0.091342
€ g 0.10101 0.T4668C 1.30830 58.8260 0.815398 0.094986
g 8 D.101C1 0. T4068C 1.3053¢ 58.8260 0.792690 0.085284
EIGENVALUE CORRECTEC FCR FAST AXTAL LEAKAGE = 1.08234929 AVERAGE ROD ABSGRPTION = 0,8834916
AVERAGE ETA = 1.2934320 THERMAL UTILIZATION = C.9B5B9589 AESONANCE ESCAPE PROBABILITY = D.899356797
APPRCX MCDERATCR THERMAL ABSORPTICONS = g.66987 TCTAL LEAKAGE = 2.8168 NON-LEAKAGE PROBABILITY = 0.9440176

AVERAGE ABSCRPTIGAS FCR EACLH RCC KIND
ROD KING TOTAL RODS AVG, THERNAL ARS. AVG. RESONANCE ABS.
1 1 0.417634 .
2 52 0.892450 0.108259




Using this basic probiem as a starting point for each criticallty
search 18 next in order. Figure 4 shows the summary of Iinput data
produced by the code for a search over the n value of rod kind 2. It
was specified that this problem edit each iteration of the search, and
these edits are shown in Figures 5, 6, and 7. Figure 8 shows the
input data summary for a gamma criticality search and the summary of
the search that is provided when each iteration is not edited. The
edited final solution 1s shown in Figure 9. A new thermal utllizatlon
is computed in this case; however, if < is not originally obtalned
from a self-consilstent caleculation, the re-computation of the f cor-
responding to the new <y value is not possible,.

FIGURE 4
1 SMALL TEST PROBLEM FOR FINITE LATTICE=eSRL-FERESY I=<ETA SEARCH
SLUMMARY GF HERESY INPUT DATA
INPUY QPTIONS

PIR{TE/INFINITE OPTION 2 =0 KERNEL OPTIQN = -0 COORDINATE OPTION = -0 PURE THERMAL KERNEL OPTION = O

CONVERGENCE CRITERIA
PATAIX INVERSION ITERATIONS = 20 EIGENVALUE ITERATICNS = 200 CRITICALITY SEARCH [TERATIONS = 25
INVERSION LONVERGENCE = .000001 EIGENVALUE CONYERGENCE = .COCOLD CRITICALITY CONVERGEWCE = .0000L0

KERNEL DATA

NUKEER OF GRID PCINTS = 250 MESH SIZE = 1.000 €M
BL1) = G55 B{2) = 0.464 BiL3) = 0.
TAU{LY = 154.3¢ 1E2r = &8.30 TAU{3Y = 0.
TAURIL) = 126.%0 TAURL2) = 40.5C TAUR(3) =
B ERUARE = . L SQUARE = 12626.7000 HODEkATCR SIGHPA(A) = 0.00008963

REFEECTOR RADIUS = C. RHOENIN) = 0.

CRITICALITY SEARGH OK ETA — EIGENVALUE TO BE SEARCHED FOR = 1.,00000CC
RBD WIND TC 2E SEARCHEL ON = 2

DATA FOR EACH ROC KIND

RED KIND GAMMA SMF 1./{GAM+S¥F) £7A RES. CGEF. L5Q SIGHALA) F CELL ¥OL. RADIUS
1 1.14909 0.10101 0.799934 Q. 0. 12626.7 +00008%4 6.985&# 322.48000 0.
2 0.T4668 o.10101 1.179867¢ 1.3053¢ £8.82460 12626.7 «00006%6 0.98590 645.16000 Qe

DATA FOR EACH ROD TYFE

RBO TYPE ROD KINT NO. RODS GAMMA SMF L la/(CAMNA+SMF)
1 1 1 1.14909 0.101CE £.799934
2 2 4 0.T4668 0.1¢1¢C1 1.119676
3 2 8 0.74648 0.101¢1 1.179676
4 2 4 0.74648 0.121C1 1.179676
5 2 L} 0.74688 0.101CE 1.179678
8 2 8 0.T4£68 0.10101 1.119676
7 2 4 0.74668 0.101¢1 1.179676
] 2 8 0.74668 0.10101 1.179676
9 2 8 Q. T4668 0.10101 1.179676
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FIGURE 5

CRITICELITY SEARCH ITSRATION NC Q

NE EIGENVALUE ITERATIONS EIGENVALUE PREVIOUS EIGENVALUE
15 1.0828290 1.0828367
X ABSORPTIONS FL{R EACH ROC TYPE

RBE TYRE NO RODS/TVPE ROC SKF GAMMA ETA A THERMAL ABIRE RESONANCE ABSRB

1 1 010101 1.149093 . 0. 0.44T642 .

2 & 0.10101 0. 746680 1. 3053¢ 58.8260 0.943913 0.12L6T4

3 & 4.101C1 0.T4668C 1.3053¢0 58.8260 1.0000Q0¢ 0.125912

4 4 0.10101 0. T4668( 1430530 58.8260 0.975375 0.122872

5 & 4.10101 0.T46680 1.3053¢ 58,8240 0.936817 0.118091

L ] 0.101C1 Q. 74668C 1.3062¢ S8.8260 0.892864 0111463

1 4 04.10101 a.1e668C 1.30530 58.8260 0.82731% 0.091339

8 ] g. 10181 0. T4E68C 1.30530 50,8260 0.815347 0.094984

] & 0.101C1 0.T450680 1.30530 58.8260 0.782659 0.0a5281
EIGENVALUE COMRECTED RCR FAST AXIAL LEAKAGE = 1.08283895 AVERAGE ROD ABSORPTION = 0.8834738
AVERAGE €TA = 1,293657% THERMAL UTILIZATION = 0.98589389 RESCNANCE ESCAPE PROBABILITY = 03.89%356788
APPRCX MOGERATOR THERMAL ADRSORPTIONS = 0.5686985 TOYAL LEAKAGE = 2.8170 NON-LEAKAGE PROBABILITY = 0.9440090

AVERAGE ABSORPTIONS FOR EACE ROD XIKD
ROD KIND T0TAL ROCS AVG. THERMAL ABS. AVG. RESONANCE ABS.
1 1 0.417642 0.
2 52 0.892432 0.108258

FIGURE 6

CRITICALITY SEARGH RTERATION NO |}

NE EIGENVALUE ITERATICNS EIGENVALUE PREYICUS EIGENVALUE
1 0.9931400 0.5931391
- ABSORPTIONS FOR EACH ROD TYPE

ROE TYFE NO RGRS/TYPE ROC SPF GAMMA ETA A THERMAL ABSRB RESCNANCE ABSRB

1 1 C.10)401 1+143093 Ce G, Ce%1TH40 .

2 4 0.101C1 O.T4668C 1.19717 58.8260 0.943910 4.121672

3 a 0.10101 C.T46680 1.19717 58.8260 1.0006000 £.125912

4 4 Q.10101 0. T4668C 1.19717 $B.0280 0.975378 0.122812

§ ] 0.10101 0. T4668C 1.1971%¢ 58.8240 0.936821 c.118092

4 g 0.10101 0. T48468L 1.19717 SB.B260 0.892670 0.111463

T 4 D+ 101CL 0. T45680 1.19717 SB.8260 0.B27322 6.091340

B 8 0.101C1 0.T46468C 1.19717 58.8280 0.815374 0.094985

9 8 0.10101 0.74668C 1.19717 5B.0240 0.702647 0.085282
EIGENVALUE CORREGTED FCR FAST AXIAL LEAKAGE = 0.99314001 AVERAGE R(D ABSORPTION = 0.8834781
AVERMGE ETA = 1.1B64924 THERNhL UTILIZATION = 0.98589%9¢ RESCNANCE ESCAPE PROBABILITY = 0.89936790
AFPRCX MCOERATOR THERMAL ABSCRPTIONS = 0. 66986 YOTAL LEAKAGE = 2.8169 NON-LEAKAGE PROBABILITY = 0.9460240

AVERAGE ABSCRPTYIONS FCR EACK ROC KIND
. RGD KIND TOTAL RODS AVG. THERMAL ABS. AVG. RESONANCE ABS.
1 1 0.41T&40 Q.
& 52 0.892437 04108258
i
FIGURE 7

GWH&[CH&ITV SEARCEH ITERATION NO 2
NB EIGENVALUE ITHRATIONS EIGENVALUVE PREVIOUS EIGENVALUE

. a 1.00C0008 1.009000C

ABSGRPTIONS FOR EACH ROC TYPE

n TYRE KO RODS/YYPE ROD SKF GAMMA ETA A THERMAL ABSRB RESONANCE ABSRE

1 1 0.10101 1.149092 Qs 0. Q. 417640 0.

.2 4 010101 0. 746680 1.2054% 38.8260 0.94390% 0.)21673

3 [} 0+10101 0. T46680 1. 20544 58.8260 1.00000¢ 0.125912

4 4 0.10101 0. T4660¢ 1.20844% 58.8280 0.975374 D.122872

5 a O.10l01 0.T46600C 1.20544 58.8260 0.9346823 9.118092

] & 0.10101 Q.746680 1. 20544 58.8260 0.892671 0.111463

1 4 0.10101 0. 746680 1.20344 58.8260 0. 827324 0.091340

] -1 0.10101 Qu7H6HEC 1.20544 58.8260 0.815376 0.094985

9 8 0.18101 0. 7464680 1.20544 58.82860 0.782669 0.085282
EIGENVALUE CORRECTED FCR FASY AXIAL‘LEIKAGE = 1,0000C082 AVERAGE ROD ABSCRPTION = 0.8834792
AVERAGE ETA = 1.1946082 THERMAL UTILIZATION = 0.98589590 RESONANCE ESCAPE PROBABILITY = 0.89926791
APPRGX MODERATCR THERMAL ABSORPTIONS = 0.66986 TOTAL LEAKAGE = 2.8168 NON-LEAKAGE PROBABILITY = 0-9&401i?

AVERAGE ABSCRPTIONS FCR EACK ROC KIKD
ROD KIND TOTAL RODS A¥G. THERMAL ABS. AVG, RESONANCE ABS.
1 1 C.41TEHD Q.
2 52 0.892438 0.10825%8
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FIGURE 8

1 SMALL TEST PROBLEM FOR FINITE LATVICE##SRL-WERESY [weGAMMA SEARCH
SUMMARY OF HERESY INPUT DATA

INPUT OPYIONS

FINITE/INFINITE GPTICN = -0 KERNEL GPTION = =G COGROINATE OPTION = =0 PURE THERMAL KERNEL OPTION = ¢ £
CONVERGENCE CRITERLA
MATRIX INVERSION ITERATIONS = 20 EIGENYALUE ITERATIONS = 200 CRITVICALITY SEARCH ITERATIONS = 25
IMVEASIOK CONVERQENCE = .000001 EIGENVALUE CONYERGENCE = .COCOLO CRITICALITY CONYERGENCE = .000010
KEANEL DATS B
NUNMBER QF GRID POINTS = 250 MESH SIZE = 1.0C0 CMm :
L) = Q.58 El2} = D44 B3 - Q.
TAULE) = 154.30 Tayiz) = 68.30 TAU(3) = 0.
TAUR(1) = 126.5C TAUR(2} = 40,50 TAUR(3) = 0.
B SEUARE = . L SQUARE = 12626.7000 MODERATOR SIGMAL(A) = 0.00006962

REFLECIOR RACIUS = C. RHO(MIN) = Ue

CRITICALITY SEARQH DN GAMMA - EIGENVALUE TC BE SEARCHED FOR = 1.000C000 ;
ROB RIND TO BE SEARCHEL ON = 2

DATA FOR EACH ROC KIND

RED KIMG GAMBA SHF I./(GAMSSNF) ETA RES. CCEF. is¢ SIGHMALA) F CELL VOL. RADIUS L
1 1.14909 c,10301 0.799934 0. 0. 12624.7 «000CA%S 0.98544% 322.48000 0. i
2 0. 74668 c.10101 1.17967¢ 1.3053¢ 58.8260 12626.7 0000696 0.98590 £45.16000 0.

TATA FOR EACH ROC TYPE

REC TYFPE ROD KINE &0, RODS GANMA SMF Lo/ (GENRA+SMF}
1 1 1 14149509 0.101€C1 04799934
2 2 4 G.T4840 Q.10101 L. 179676
2 2 8 0.T4668 0.101¢1 1.179676
4 2 4 0.74668 Q.101cC1 1.179676
] 2 8 Q.T45668 0.1C1Ch 1.179676
£ 2 [ 0.T4668 G.1C101 1.179616
1 2 4 0.T4468 0.1€101 1-1796%6
[ 2 8 0.T74668 0.1C101 1.179876
4 2 L} 0.746568 0.1011 1.179676
SUNKARY OF CRITICALITY SEARCH
EIGENVALUE BEING SEARCHEC FOR = 1.00C00C0
ITERATION NO CURAENT E1GENVALUE PREVIOUS EIGENVALUE CURRENT GAMMA VALUE ROD KIND BEING SEARCHED CN
1 1.0947708 1.0828446 C.6818 2
2 C.90T9699 1.0947788 1.8940 2
3 1.0335259 0. 9079699 1.0307 2
4 1.0096140 1.0335259 1.1785 2
L] C.9905274 1. 0096160 1.249% 2
& 1.0000483 0,49925274 1.2394 2
7 t.0000022 1.0000483 1.2299 2
FIGURE 9
KB EIQENVALUE ITERATIONS EIGENVALUE PREVICUS EIGENVALUE
) I.00GC0032 1.€000027
ABSORPTIONS FCR EACH ROC TYPE
RBL TYPE NC RODS/VYPE ROD 3KF GAMMA ETA A THERMAL ABSRE RESONANCE ABSRE
1 1 0.10101 1.149092 [ 0. 0.936613 0.
2 4 0.1010% 1.23993%5 1.30%30 58.8260 0.932519 0.130471
3 8 0.10101 1.23993% 1430530 58.08240 1.000900 0.136275
4 4 ¢.10101 1.229933 1.3053¢ 58.8260 0.9768120 0.13326T
5 ] ¢.10101 1.239935 1.3053¢ 58.8280 0.9401563 0.120065
[ ] ¢.10101 1.23993% 1.30530 $8.08280 0,2933482 0.120481
1 4 0.10101 1.239935 1. 30530 56.08260 0.807285 0.096972
8 8 ¢. 10101 1.239935 1.3053¢ 58.8260 0.804716 0.10161%
$ a 010101 1.239935 1.30530 58.8260 0.761840 0.090280
EIGENVALUE CORRECTYED PCR FAST AXIAL LEAKAGE = 1.00000319 AVERAGE ROD ABSORPTION = 0,8870377
AVERAGE ETA = 1.,2792953 THERMAL UTILIZATION = 0.96522497 RESONANCE ESCAPE PROBAEILITY = 0.B89929T7635
ARRRGX MODERATOR THERMAL ABRSQRPTIONS = 1.69378 TOTAL LEAKAGE = 5.2800 NON-LEAKAGE PROBABILITY = 0.3005308

AVERAGE ABSCRPTIONS FOR EACK ROD KIND
RAD KINC FOTAL RODS = AVGE. THERMAL ABRS. AVGs RESONANCE ABS.
1 1 0.93646113 Q0.
2 52 0.886084% 0.116473

THE VALUE GF THERMAL UTILIZATION CCRRESPONDLNG TO A GAMMA VALUE COF 1.239935 FOR ROD TYPE 2 IS 0.96482265 ’
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The last problem of thils set of four problems 1s that of a bucke - b
ling search starting from the basic problem. This prchiem requlres a '
longer running time than the previocus three combined. Figure 10 sum-
marizes the input data and search summary, and Figure 11 sheows the .
converged solution.

FIGURE 10 :

1} SMALL TEST PRCALEM FOR FINITE LATTICEwsSRL—HERESY Is#BUCKLING SEARCH ;

;

SUNNARY OF HERESY INPUT DATA :

INPUT OPTIONS ?

FIKETE/INFINITE OPTION = -0 KERNEL OPTION = =0 CCORDINATE UPT}DN = -0 PURE THERMAL KERNEL CPTION = 0 3

CONVERGENCE CRITERIA i

BATRIX INVERSION ITERATIONS = 20 EIGENVALUE ITERATIONS = 200 CRITICALLTY SEARCH ITERATIONS = 25 H

INVEASION CONVBRGENCE = .000001 E1GENVALUE CONVERGENCE = .COOOLO CRITICALITY CONVERGENCE = .000010 ;

KERNEL DATA :

NUKBER OF GRID BOINTS = 250 MESH SIZE =  1.0CQ CM ;

8(1F = 0.5 W21 = .4k BL3 = Q. i

TAULL) = 154.30 18UE2) = £8.30 TAY{3) = O ;
TALR{1) = 126.50 TAUR{Z2) = 40,50 TAURIS) = 0.

8 SRUARE = . L SQUARE = 126246.7000 NODERATGR SEGMA{A) =  0,00006963 :

REFEECTOR RACIUS = C. RHOIMIN) = 0. ;

CRITICALITY SEARGH ON BUCKLING — EIGENVALUE ¥O BE SEARCHED FOR = 1.C00C000

DATA FOR EACH ROT KIAND

RED KIKD GAMMA SMF 1./IGAMESKF ) ETA RES. COEF. LsQ SIGMALA} F CELL vOL. RADIUS
1 1.14909 €.10101 0.799924 Q. G. 12626.7 « 0000696 G, 98544 322.48000 0. ;
2 0.T4668 C.10101 1.179876 1.3C53¢C §8.8260 12626.7 0000598 0.98590 645.16000 0.

DATA FOR EACH ROC TYPE

ROD TYFE ROC KIND KO. RGOS GAMMA SMF L./ IGAMMA+SHF )
1 1 1 1.14909 0.1C1cCt C.799924 -
2 2 4 0. 74468 g.10101 1.179518
3 2 ] 0.74888 d.1€c1L1 1.179614
4 2 5 C.74468 0.101C1 1.179678
5 2 -] C.74688 0.10101 1.179676
£ 2 B 0.746568 0.1cCl01 L.179676
T 2 & 0.74648 0.101C1 1.179678
g 2 ] 0.74868 0.1C0101 t. 179676 ’ -
s 2 & 0.T4668 0.101C1 1.1796%6
SUNKARY OF CRITIGALITY SEARCH
EIGENVALYE BEING STARCFELD FOR = 1.0000000
ITERATION WO CURRERT ETCENVALUE FREVIOUS EIGENVALUE CURRENT BUCKLING VALUE
1 C.9837358 1.CB28429 0.00025000
2 £.9975945 0.3837358 0.00020897 i
E] 1.00005624 C. 9975545 0.00020185
4 1.00000%94 1.0000£24 0.00020203
FIGURE 11
N8 EIGENVALUE ITERATIONS EIGENVALUE PREVIOUS EIGENVALUE
2 1.0238174 l1.C2381985
ABSQRPTIONS FCR EACHK ROC TYPE
ROD TYPE NO RODS/TYPE ROD SMF GAMNA ETA A THERMAL ABSRE RESONANCE ABSRE
1 0.10101 1.03439% C. 0. 0.432026 T,
2 0.101CH 0.631901 1.30530 S8.8260 0.9608079 0.134405
3 8 0.101C1 0.5631981 1.30530 58,8240 1.000000 O.135665
4 4 0.10101 C.631981 1.30530 58.8260 0.950584 0.129016
5 L} 0.10101 C.6351981 1. 30530 58.8260 0.889412 O.1207%2
& -] 0.10101 0.621981 1. 30530 58.5260 0.021611 GalloTaz
7 4 0410101 G.03L981 1430530 58,8260 DeTUBL4Q G. 085573
e ] 0.101C1 G.63198) 1.30330 58.8260 0.701128 0.089272
9 8 0.10101 C.631981 1.30530 58,8260 0646464 0.0776G1
EIGENVALUE COMRECTED #OR FAST AXIAL LEAKAGE = 1.0000C95% AYVERAGE ROD ABSORPYION = 0,8188709
AVERAGE ETA = 1.29238&4 THERMAL UTILIZATION = 0.98%89542 RESCNANCE ESCAPE PROBARILITY = 0.89892645
'
APPRCX MCDERATOR THERMAL ABSORPTICNS = 0.62099 TOTAL LEAKAGE = 643959 HON-LEAKAGE PRCBABILITY = 0.8T31395

AVERAGE ABSCRPTIONS FCR EACH ROD KIND
ROD KIND TOTAL RODS AVG. THERMAL ABS. AVG. RESONANCE ARS.
1

1 0.432026 0.
F 52 ¢.826310 0.109015 he




A listing of the input cards for these problems is shown in
Flgure 12.

FIGURE 12

i SMALL TEST PROBLEM FOR FINITE LATFICE##SRL-HERESY [#®BASIC PRURLEM
i ¢ 1

3 i
5 7 250 0 1 1 1
5 12 1 i 1 1 1
2 17 1 1
2 63 9 2
5 115 1 2 2 2 ’
I 4 120 2 2 2 2
i 4 1247
4 10 1.0 0.0 12626.7 00006963
2 125 322.48 649.16
2 225 98544 «98590
2 275 0.0 1.3053
2 325 0.0 58.826
5 425 0.0 1.0 3.0 3.0 540
4 430 5.0 50 7.0 7.0
5 575 0.0 1.0 1.0 3.0 1e0
1 4 560 3.0 5.0 1.0 3.0
1 SMALL TEST PROBLEM FOR FINITE LATTICEwwSRL HEWESY [ew XYLIB TEST
2 224 1 1
2 175
| SHMALL TEST PRDOBLEM FOR FINITE LATTICE®sSKL-HERESY TesGAMMA SEARCH
5 1
2 224 L ]
i 2 165 2 2
1 4 1.0
L, 1 276 1.3053 ;
£ SMALL TEST PROBLEM FOR FINITE LATTICEw#SRL-HERESY [##ETA SEARCH
T3 165 1 2 1
2 175
¢ 2 225 .98544 L9859 .
1 SMALL TEST PRODLEM FOR FINITE LATTICE#wSRL-HERESY [+#BUCKLING SEARCH
t 5 165 3 1
1 1 JT6  1.3053
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Problem 2. Large lattice of Fuel and Control Rods

This problem is an extension of the previcus problem io that of
determining the control rod effects 1in a large lattice of fuel assem-
blies. Total rod types in this case is 48, of which 8 are control
rods, as shown in Figure 13. Once more 8-fold symmetry is exhiblted
by the square lattice taken at a 10-inch (25.4-cm) pltch; hence, the

internal lattice generator was used.

Parameters for input were pre-

pared in exactly the same manner as for Problem 1, and it will be
noted that the fuel is the same as for Problem 1.

FIGURE 13 Sector of Large Finite lLatfice
O @] O O O O O
o ® ®
, @] QO (@) O O O a6
@] (8] O O O 35 Qa0 Oa7
@ o 29 @4
O @] @] O 23 Oz Oz ©Oaa Ogs i
0 O (0] 4 O Q25 Oz Ozr O |
o 1 9 @33
0 O o Or Or Oz O Oz Os
—————————— = !
O 4 i Os Op Oz O Oz Oz Oz
2 i @ LT @7
| O:{ Os Os O O Oz4 Oz Oz
i -
@ = Control Rods
Center of # O = Fuel Rods

EXAMPLE FPROBLEM




The input data for Problem 1 is summarized in Flgure 14.

FIGURE 14
1 LARGE TEST PROBLEM FOR FINITE LATTICE #+ SRL-HERESY I
SUMMARY OF HERESY INPUT DATA
INPLT OPTIONS
FINITE/INFINITE DPTION » © KERNEL OPTION = t COORDINATE QPTVION = 1§ PURE THERMAL KERNEL OPIION = O
LATTICE TYPE = 1 GEOMEYRY PRINT = 1 GEQMETRY PLOT = | GEOMETRY PUNCH = 0O
CONVERGENCE CRITERIA
MATRIX INVERSTON ITERATIONS = 20 EIGENVALUE ITERATIONS = 200 CRITICALITY SEARCH ITERATIONS = 25
INVERS IOM CONVERGENCE = .000001 EIGENVALUE CONYERGENCE = , 000010 CRITECALITY CONVERGENCE = .000010
KERNEL DATA
NUMBER OF GRIQ POINTS a 250 MESH SIZE = 2.500
Bl1) = 0.56 pi2} Q.44 B13) = 0.
TAYCLl = 154.30 TAU{Z) = 6B.30 TAU(3) = Q.
TAUR(E) = 126.50 TAURLZ) = 40,50 JAURI3) = 2.
B SCUARE = , L SQUARE = 12526.7000 MODERATOR SIGMALA) =  0.D00G6963
REFLECTOR RADIUS = =-G. RHO(MIN} = -0,
DATA FOR EACH ROD KIND
ROD KIND GAMMA SMF 14/ (GAH+SNF) ETa RES. COEF, LsQ SIGMALA} F CELL VOL.  RADIUS
1 0.74568  0.10L01 1.179678 1+30530 58,8260 12626,7 0000696  0,985%0  645.16u00 0.
2 4.1723%  0.10101 0,234008 . a. 12626.7  ,0000696 0.92365  322.48000 C.
DATA FOR EACH ROD TYPE
ROD TYPE  ROD KIND  KD. RODS  GAMMA SMF Lo/ (GAMMA+SMF)
i 1 4 0.74668  0.10101 1-AT96TE
F3 2 4 4.17239  0.10140L 0.234006
3 1 [ 0.74668 0,10101 1179676
4 1 4 0.74668  0.1010L 1.179676
5 1 8 0.74668  0.10101 1.179676
& 1 8 D.74668  0.10101 1.179676
7 2 [ 4.17230  0.101901 0.234006
] 1 8 0.74668  0.10101 1179676
] 1 & 0.74668  0.10101 1.179876
10 1 8 0.74668  0.10101 1.179676
1 2 a 4.17239  0,10L01 0.234006
12 1 8 0.74668  0.10101 1.179676
13 1 8 0,74668  0,10101 14179676
14 1 8 0.74668  0.10101 1.179676
15 1 8 0.74658  0.10101 1.179676 i
Iy 2 8 4.1723%  0,10101% 04234006
17 1 8 0.74668  0.10101 1.179676
18 1 8 0.74668  0.10101 1.179676
19 1 1 0.74668  0.1010} 1, 179676
20 1 a 0.74660  O.1L010G1 1.179676
21 2 8 4.17239  0.10101 0.234006
v22 1 8 0.74668  0.10l01 1.179676 ,
23 1 4 0.74668  0.10101 1.179676
24 1 8 0.74668  0.10101 1179676
25 1 ] 0,74668  0.10101 676
26 1 3 ©.74668 0.10101 676
27 2 8 4,17239  ©.1010L 0,234006
2 1 a 0.74648  0,101061 1.179676
29 2 4 4.17239  0,10101 0.234006
10 1 ) 0.74668  0.10L01 1.1796 74
3 1 [ 0,74568  0.10101 1. 179676
3 1 L} 0,74668 0.10101 L. 179674
33 2 B 4.17230  0.10101 0.234006
34 1 8 0.74668  0.1010% 1.179576
35 1 4 0.74668  0.10101 1.179676
36 1 ] 0.74668  0.10101 1.179675
EY] 1 a 0.74668  0.10191 1.179676
28 1 B 0:74668  0,1010) Aa1T90670
39 1 8 0.74668  0.10101 1179676
40 1 8 0,74668  0.10101 2179676
4 2 8 4.17239  0.10101 0.234006
42 1 [} 0.74668  0.10101 L. AT9676
43 1 8 0.T4668  0,10101 14179676
44 1 ] 0,74668 0.1010) LeAT9676
45 1 8 0+T4668 0.10101 1.179676
46 i 4 D.T4668  0.10101 1.179676
47 1 8 0.74668  0.10L01 1.179676
48 1 8 0,74668  0.1010L 1.179676
'
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The solution to Problem 2 is sheown in Figure 15. The number of
iterations for the eigenvalue power iteration have markedly increased
over the 9 rod types of Problem 1. This, however, is expected due .
simply to the increasge of rod types. In fact, a simple ratio of rod
types shows:

No. typesp 48 Nc. iterationsp 101 _ 48005
=3 =4,

No. types; = 5.3333 = 7, iterations, 21

from which the time increase iz evlidently falirly linear with number of
rod types. Not shown by the output is the increase In time required
to form the matrix elements., Thils should be proportional to the
number of matrix elements formed times the total number of reds in

the lattice:

(No. elements 2)(No. rods 2) _ (48)2(352)

= = 188,
(No. elements 1)(No. rods 1) (9) #(53) 7
FIGURE 15
i EIGENVALUE ITERATIONS E1GENVALUE PREVIOUS EIGENVALUE
101 1.1031582 1.1031%90
ABSURPTIONS FOR EACH ROD TYPE
ROD TYPE NO RODS/TYPE ROD SMF GAMMA ETA A THERMAL ABSRB RESONANCE ABSRE
1 4 0.10161 0. 46650 1.30530 5848260 1.000000 04124763
2 L] 0.1010% 4 L 0. 1] 468, 0a
E] [] 0. 10101 7. T46680 1.30530 58,8260 0.980397 0,122319
by 4 Qs 10301 0746680 1. 30530 58,8260 0.957996 0,119513
5 [} 0.)10101 0. 746880 1.30530 58.8260 0. 946001 6.118022
6 e 0.10101 0. 746680 1. 30530 0.910903 04116074
1 [l 0,10101 4172394 ‘B 0.090236 0.
8 ] Q. 4010} 0. 746680 1.30530 Q894804 Q4103923
] 4 0.746680 1,30530 0. 860294 0110252 i
1t 8 0. 756630. 1+3053¢ B.TH 96 d.123812
11 [] 4.172394 0. 0.081147 0.
12 8. G- 746680 1. 30530 58,8260 0. TT0296 0422271
13 8 0.T46680 1.30530 58.8260 0.764106 0.118380
14 L3 2. T46580 L+ 30330 58,8260 02824559 0,111796
is [ 0. ¥48080 £+ 30530 5846260 0. 756574 0.12295% ™
16 ] 4.172394 0. 0. 0,077800 0. l
17 8 0.T46880 1.30530 5848260 0+86T64) 0.102111
18 8 07456680 1.30530 58,0260 0.829320 0.105578
19 ] 0.746680 1.30530 5848260 0.840363 0.10k647
20 B 0746680 1230530 58,8260 0.841596, 0.10199%
3 B 4,1 72394 0. 0. 04082167 0.
» 22 8 0.T46680 1.30530 58.8260 0.819485 0.101046
23 4 0. 746680 1.30530 58,8260 050803758 0,099230
24 g 0.1465680 1.305130 58.8260 0.792883 0.098896
25 B 0. 746680 1.30530 5848260 0.791336 0.098810
26 8 0.146680 1.3053%0 58,8260 0.784054 0.09T838
27 [] 4.17239% 0. B. 0.075373 0.
28 8 0. Tab680 1.30530 58,8260 . 0. Te8A%4 0.095521
29 4 4.172394 0. . 0.075121 0.
30 8 0.746680 1.30530 58,8260 0.753404 0.094021
n ] 0. 145680 1.30530 50,8260 0. 7134786 0.091678
32 8 0.T46680 1.30530 68,8260 0.725331 0.090617
33 8 4,172394 0. 0. 0.071332 Oa
34 a 0.746680 1.30530 58.8260 0.715163 0.089354
35 4 0.T45680 1.30530 58,8260 0. 700009 0.08T42%
36 a 0.7466B0 1.30530 58,8260 0. 694434 Q.086751
37 a 0.746680 1.30530 58.8260 0.560562 0.082562
38 ] D.145680 1.3053¢ 58,8260 0.691595 0.0B6294
39 8 0.746680 1.30530 58,8260 0.659965 2.075347
&0 8 0.746680 1,30530 58.8260 0.635764 U.078599
&1 8 4.172394 0. 0. 0.062264 0.
42 ] 0.746680 1.30530 58.8260 0649481 0.074159
43 P 0.7456680 1. 30530 58,8260 0.627870 0,071709
44 8 0.746600 1.30530 58.8260 0.615239 0.076103
45 8 0. 746680 1.30530 56.8260 0.593526 0.067842
46 4 0.746680 1.30530 58,8260 0.598279 0.064728
47 8 0.10501 0746680 1.30530 58.8260 0.578067 0.062829
48 8 0.10101 0.745680 1.30530 58.8260 0.556709 0.0594T3
EIGENVALUE CORRECTER FCR FAST AXIAL LEAKAGE « 1.10315818 AVERAGE ROD ABSOQRPTION = D.6349238
)
AVERAGE ETA = 1.2760129 THERMAL UTILIZATION » 0.98441141 RESONANCE ESCAPE PROBABILITY = 0.89282393
APPROX MODERATOR THERMAL ABSORPTIONS =  3.53911 TOTAL LEAKAGE = 3.7139 HOM~LEAKAGE PROBABILITY = 0.98356492
AVERAGE ABSORPTIONS FOR EACH ROD KIND .
ROD KIND  TOTAL RGDS AVG. THERMAL ABS.  AVG. RESONANCE ABS.
1 284 0758607 0.096203
F] 6% D.0T8352 0.
V-10 -
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This problem 1s a reasonable example of the use of SRL - HERESY I
in practical problems. The tendency to approach nearly 50 rod types
in most problems has been observed in practice, and arises from
attempting to approximate real lattlces to as fine a detall as
possible.

Data cards for this problem are shown in Figure 16.

FIGURE 16

1 LARGE TEST PROBLEM FOR FINITE LATTICE #& SRL-HERESY I
1 0 1 1
7 250
12
17
22
27
32
37
42
47
52
57 ‘
63 &
115
120
125
130
135
140
145
150
155
I 160
4 12.7
10 2.5 12626.7 00006963
125 645.16 322.48
225 ,9859 « 92365
275 1.3053 0.0
325 58.826 0.0
425 1.0 240 3.0
430 5.0 6.0 7.0
435 6.0 Te0 . 9.0
440 10.0 9.0 11.0
445 10.0 11,0 9.0
450 13.0 14.0 13.0
455 13.0 15.0 14.0 15.0 11,0
460 15,0 150 13.0
465 14.0 17.0 17.0 15.0 17.0
470 13.0 15.0
575
580
585
590
595
600
605
610
615
1 620
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B. Infinite Lattice Problems .

Problem 3. PFundamental Methods Asscclates, Ine., Test Problem II

As the first example of the infinlte lattice problem, the test
problem formulated by Fundamental Methods Asscclates, Inc. described
in Reference 1, p 59, was run on the SRL - HERESY I code. Input data
are summarized in Figure 17 by the code, and reference to the original
work cited above shows ite source. (Note the change of the maximum
rod radius to 260.0 cm rather than 280.0 e¢m as given by Fundamental
Methods Assoclates.)

Results for thils problem are shown in Figure 18 and are not the
same ag those quoted by Fundamental Methods Asscciates, Tne. Using
thelr original versicn of HERESY I produces the results shown in
Figure 18 for a maximum outer radius of 260.0 <¢m, but SRL - HERESY I
cannot produce Fundamental Methods Assoclates! HERESY I results for a
maximum outer radius of 280.0 em. This problem arises because the
original HERESY I code uses the 6lst kernel point (with a maximum
kernel size of 60 points) in its Bessel's interpolation of the kernel.
Reducing the maximum outer radius of rods considered to 260.C cm
avolds this problem and produces agreement between the two codes.

Input for this problem is shown in Figure 19.

FIGURE 17
! FUNDAMENTAL METHODS ASSCCIATES, INC. TEST PROBLEM II #s SRL-HERESY 1
SUMMARY DF HERESY INPUT DATA
INPUT OPTIONS |
» FINITE/INFINITE OPTION = 1 KERNEL OPTION = 1 COQRDINATE OPTION = 1 PURE TMEAMAL KERMEL OPTION = O

LATTICE TYPE = -0 CEOMETRY PRINT = 1 GEOMETRY PLOT = 1 GEOMETRY PUNCH = 0

CONVERGENCE CRITERIA
MATRIX INVERSION ITERATIONS = 20 EIGENVALUE ITERATIONS = 200 CRITICALITY SEARCH ITERATIONS = 23
INVERSION CONVERGENCE = .000001 EIGENVALUE GONVERGENCE = ,000010 CRITICALITY CONVERGENCE = 000010

' KERNEL DATA
NUMBER DF GRIC POINTS = 1) MESH SIZE = 5.000 Ch
Bil) = 1.00 812r = 200 8131 - Q.
TAULL) = 350.00 TAU{2) = 68430 Tautsr = g,
TAURLY) = 262.50 TAUR(2) =  40.50 TAURI3) = O,
B SQUARE = . L SQUARE = Z800,0000 MODERATOR SIGMA(A} =  0.00040000

REFLECTOR RADIUS = -Q. RHOIMIN) = -0,
RADIUS BEYDND WHICH NO MORE RODS ARE CONSIDERED = 260.000
DATA FOR EACH RGD KIND

ROD KIND GAMMA SMF 1./ (GAMFSHE ) ETA RES. COEF. L@ SIGMALA) F CELL ¥OL.  RADIUS
1 0,25500  0.48216 1.356558 1.34000 51.0600 2800.0  .0004000 0. 0. 2.0000
2 0.17800  0.48216 1.514784 1.60500 51.0000 2800.0  .0004000  O. 0. 2.0000

DATA FOR EACH ROD TYPE

ROL TYPE ROD KIND ND. RODS GAMNA SMF L./ {GAMMA+SMF)
1 1 127 0.25500. 0.%8216 1.356558
2 1 121 0.25500 0,48216 L. 356558
3 1 127 D, 25500 Qa48216 La 356558
4 1 127 0.25560 D.48216 1.354558
5 2 127 0.17800 048216 L.51478%

v-12 @

o
Ry




FIGURE 18

NO EIGENVALUE ITERATIQNS EIGENVALUE PREVIOUS EIGENVALUE
3 141125614 1.1125614
ABSORPTIONS FCR EACH ROD TYPE
ROD TYPE NQ RODS/YYPE ROC SMF GAMMA ETA A THERMAL ABSRB RESGNANLCE ABSRB
1 127 Q48216 0.255000 1.340600 51.0000 0.962513 0.193800
2 127 De%82l6 0.255000 1. 35000 51.0000 0.962513 0.193800
3 127 0.40216 0.255000 1. 34000 51.0000 0.962513 04193800
4 127 0.48216 0.255000 1.34000 51.0000 0.962512 0.193800
5 127 0.48216 0.178000 1.60500 51.0000 1.0000900 0.1%4092

A THERMAL UTILEZATION VALUE FOR A ROD KIND IS ZERD. MODERATOR THERMAL ABSORPTIONS CANNOT BE SULVED FOR.
THE MDDERATOR ABSDRPTICNS WILL BE LUMPEQD INTO THE TOTAL LEAKAGE

ETGENVALUE CORRECTED FUR FAST AXIAL LEAKAGE » 1.11256137 AVERAGE ROD ABSODRPTION = 0.5700101 !
AVERAGE ETA = 1.3946386 THERMAL UTLLIZATION = L.0C000000C RESONANCE ESCAPE PROBABILITY = 0.8405697¢ :
APPROX MODERATOR THERMAL ABSORPTIONS = C. TOTAL LEAKAGE = 33,0685 NON-LEAKAGE PROBABILITY = 0.9430488
INFINITE LATTICE MATERIAL BUCKLING = 0.00030475

AVERAGE ASSORPTIONS FOR EACH ROD XIND

ROY KiIND TOTAL RCDS AYG. THERMAL ABS. AVG. RESONANCE ABS.
1 508 0.962513 Ca 193800
2 127 1.9090009 0u 194092

FIGURE 19

1 FUNDAMENTAL METHODS ASSOCIATES, INC. YEST PROBLEM I1 #e SRL~HERESY 1
i |8 i

1
7 60
60 i 1 0 ] 2
115 1 1 1 L 2 ’
1 165 1
& 2040 10.0 10.0
10 5.0 0.0 2800.0 «0004 1.0
15.00000000001 9.0 350.0 0.0 0.0 .
: 20 262.5 0.0 0.0 ;
175 .255 «178
275 1434 1,605
' 325 51.0 51.0
3715 2.0 2,0
aT% 2.0 2,0 20" 2.0 2.0
925 2.0 2.0 2.0 240 2.0
973 0.0 1.0 0.0 1.0 0,5
1025 0.0 0.0 1.0 1.0 0.5
1 1075 260.0
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Problem 4. Large Infinite lattice Test Problem

This problem is the extension of Problem 2 to as large a radlus
as poesible without exceeding & maximum of 6500 rods as specified by
the code. The problem contains a total of 6355 rods or 1271 rods of
each of Ffive rod types. Flgure 13 shows the infinitely repeating
pattern of five rods within the dashed lines near the center of the
lattice. Figure 20 shows a summary of the input data, and Flgure 21
showsg the results of the calculations.

Comparing "rod type" 2 of the Finite Lattice Problem 2 and "rod
type" 5 of the infinite lattice problem indicates about 0.1% differ-
ence between them. This 1s reasonable agreement for the two problems
since the finite lattice considered is large encugh to approach being
a seml-infinite lattice near 1lts center, and the effects of the infi-
hite moderator are clearly small near the center.

The input cards for thils problem are shown in Filgure 22.

FIGURE 20
1 LARGE TESY PROBLEM FOR INFINITE LATTICE #» SRL-HERESY I
SUMMARY OF HERESY INPUT DATA
INPUT OPTIONS

FINITE/INFINITE OPTION = 1 KERNEL OPTION = 1 COORDINATE OPTION = § PURE THERMAL KERNEL OPTION = O
LATTICE TYPE » =0 GEOMETRY PRINY = 1 GEOMETRY PLOT = 1 GEOMETRY PUNCH = 0

CONVERGENCE CRITERIA
MATRIX INVERSTON ITERATIONS = 20 YGENVALUE 1TERATIONS = 200 CRITICALIYY SEARCH ITERATIONS = 25
INVERSION CONVERGENCE = .000001 ETQANVALUE CONVERGENCE = .000010 CRITICALITY CONVERGENCE = .0Q000LD

KERNEL DATA

NUMBER OF GRID POINTS = 250 WESH SILE = 4,500 CM
Bil) = 0.56 B2 = 0.4% B3} = 0.
TAU{l) = 154.3¢Q ThUL2) = &B.30 TAUL3) = 0.
TAURLL) = 126.59 TAURI2} = 40.50 TAUR{3) = 0.
8 SQUARE = . L SQUARE = 12626.T7000 MODERATOR SIGMA[A) = 9.000066963

REFLECTOR RADIUS = -0. RHOIMIN} = =0.
RADIUS BEYDOND WHICH NO MGRE RODS ARE CONSIDERED = 1025.000

DATA FOR EACH ROD KIND

ROD KIND GANMA SMF 1./{GAM+5MF) ETA RES. CODEF. LsQ SIGMALA) F CELL VOL. RADIUS
1 Q. TRGEE 0.10101 1.179676 130330 58.8260 12626.7 - 0000696 0.385%90 £45.15000 0.
2 4.17239 0.10101 0.234006 a. 0. 12626.7 0000698 0.92345 322.48000 0.

DATA FOR EACH ROD TYPE

ROD ¥YPE ROC KIND NO. RODS GAMKA SMF 1./ tGAMMA+SHF }
1 1 1271 0.T4668 0.10101 1.179676
2 1 1271 0.T46068 0.10101 1.179676
3 L 1271 0.T4é68 0.10101 1.179676
4 1 1271 0.T74668 0.10L01 1.179676
] 2 RYAi N 411235 . 0.1010} 0.234004 .
V-14
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FIGURE 21

NO EIGENVALUE ITERATIONS EIGENVALUE PREVIOUS EIGENYALUE
1 1.1232000 1.1232004
ABSORPTIONS FGR EACH ROD TYPE

ROD TYPE NO RODS/TYRE ROD SMF GANMA ETA A THERMAL ABSRS RESONANCE ABSRS

1 1271 0. 10101 0.746680 1.30530 58.8260 0.999999 0.122910

2 12710 6.10101 0.746680 1.30530 58.8260 1.000000 0.122910

3 1271 0.10i01 0.746680 1.30530 58,8260 1.000000 0.122910

4 1271 B. 10101 0.74656B0 1.30530 58.8260 0999999 0ul22910

5 121 4.10101 4.172394 0. Q. 0.099292 ) U
EIGENVALUE CORRECTED FCR FAST AXIAL LEAKAGE = 1.12320000 AVERAGE RGO ABSORPTION = 0.8198580
AVERAGE ETA = 1.2736834 THERMAL UTTLIZATION = 0.9B429321 RESONANCE ESCAPE PRUBABILITY = 0.894235694
APAROX MODERATOR THERMAL ABSDRPTIONS = 83.14140 TOTAL LEAKAGE = -9.9669 NON-LEAKAGE PROBABILITY = L.0018865

INFINITE LATTICE MATERIAL BUCKLING = 0.2003¥757
AVERAGE ABSORPTLIONS FOR EACH ROD KIND
RCD KIND TOofAL RODS A¥G. THERMAL ABS. AVG. RESONANGE ABS.
1

5084 1.000000 0.122910
2 1271 0.099292 0.

FIGURE 22

} LARGE TEST PROBLEM FOR INFINITE LATTICE =& SRL-HERESY I
1 1 1 1
7 250

&0 1 i [ 5 2
i 115 1 1 1 1 2
4 12.7
10 4.5 12626.7 + 00006963
125 645.16 322,48
175
225 .9859 92365
275 1.3053 0.0
325 58.826 d.0
875 4.0 4.0 4.0 4.0 4.0
925 4.0 4.0 4.0 4.0 4.0
975 1.0 3,0 L.0 3.0 2.0
' 1025 1.0 1.0 J.0 3.0 2.0
1 1075 1025.9
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VI. OQUTFUT INFCRMATION

The SRI HERESY - I code outputs a varlety of informatlon both as
a data summary and as an edit of the solved problem. In some cases
information is printed more than once for convenience. The cutput
format changes according to the particular problem being run so that
additional lines appear in a few cases.

A. Equations Used in Edit of Scolved Problem

At the end of the sequence of mathematical operations described
in Section I-E, the code has solved for the thermal absorptlon in
each rod type (normalized to the largest absorption), and the largest
eigenvalue, Kk, of the system of equations given in equation TI.A.L1.
These quantities are then used, with the input parameters, to obtain
a variety of lattice parametfers.

The lattice parameters calculated by the edit routine satlsfy the
relation

LY = Keopp (VI.A.1)

where K,,pp is the eigenvalue soclved for above corrected for fast
“axial Jeakage, ¥ 1s the lattice nonleakage probabllity, £ is the
lattice thermal utilization, p 1s the lattice rescnance escape prob-
ability, and W is the lattlice average 7 value. The equatlons used to
obtain these parameters, as well as other quantitles of interest, are
given in the following paragraphs.

1. Eigenvalue (Corrected for Fast Axlal lLeakage

The eigenvalue obtained in solving equation I.A.1 takes into
account both fast and slow radial leakage, but only slow axlal leakage.
Fast axlal leakage is accounted for by assuming a cosine axial flux
shape, and leads to a corrected k given by

k = k exp(~1Bz%) (VI.A.2)

corr

where k 18 the eigenvalue solved for in I.A.1l, T 18 the thermal age,
and BZE is the axlal geometrical buckling. The age T 18 glven by

3
y =Z ByTy (VI.A.3)
J=1
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where the B, are welghting fractlons and the T. are thermal agesd for
escnh of the three components of the triple gauBsian slowing down dis-
tribution given 1n gection II-D.

2, Resonance Abscrptions

Resonance absorptlons occur 1n rods at the single equivalent ;:
regonance level, and are normalized to the highest thermal absorption. i
They are computed from the equation

R o er 1 (VI.A.H)
in =% Bnm mm B
cory 1

where N is the number of rod types in the labtice, My ig the thermal

n parameter for the mPh rod type, in is the thermal absorption for the
nth rod type, &py 18 the qumber of neutrons born in all rods of type
m that reach the regsonance €nergy at a rod type 1, An 1is the resonance
absorption coefficilent (see Section 1.D) for rod type 1, and Kgopp 18
the corrected k from equatlon VIi.h.2.

3. Agproximate Moderator Thermal Absorption .

The calculation of moderator absorption makes use of the definition
of %he heterogeneous f parameber given in Section I-B. From this
definition, the relationship between moderator apsorptlions and rod
absorptions in a cell with reflecting boundaries 18 j

(1 - £y
A - (VI.A.5)

Imod = *rod fy

where 1.,4 is the total rod thermal absorptions, imod 1s the total
moderator thermal absorptlons, and £__ 1s the HERESY—defined parameter
taken from an appropriate cell calculation.

This same expresslon may be extended in approximate form to the
1attice calculation as

_ (1-1£3)
M= :E: Njiy —-“gi;JL“ (VI.A.O)
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where K is the number of rod kinds, N, is the number of rods in the
lattice of the k™ rod kind, and £y is the HERESY-defined thermal f
parameter for the k" rod kind. M 1s the moderator thermal absorptions.

4, Total Leakage

The total leakage is defined as the difference between the total
fission source and the number of neutrons absorbed (1) at resonance
energy, {(2) thermally absorbed in rods, and (3) thermally in moderator.
This 1s expressed by

N : N
1
L = i N, - N A - N,i, = M VI.A. ‘
Koorr 21: mm{ Ny tz; tAtBtm) z m+m ( 7)

m= = :

where Ny is the number of rods of the mth rod type in the lattice, and
all other symbols are defined as previously.

5. Nonleakage Probability

This gquantity is defined to be the total thermal absorptions
divided by total thermal neutron source.

N
ENmim + M
X = m=1

~ N
’ ZNmim+M+L

ms=1

(VI.A.8)

where all symbols have been defined previously.

6. Thermal Utilization

The definition of this gquantity for the lattice is much the same
as for the individual rods.

P - Total thermal absorptions in rods
lattice ~ Total thermal absorptions in rods plus moderator

or

VI-3
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N
D
m=1

Tiattice = W (VI.A.9)
ZNmim + M
m=21
where all symbols have been defined previously.
7. Rescnance Escape Probability
A standard definltion is used for computations as
N
Ei:Nmim + M+ L
me=1
Plattice = W W . (VI.A.10)
Z Nplp + M+ L + Nmim
m=1 m=1

where alil symbols have been defined previously.

8. Average Rod Absorption

This is cbtained by a simple arithmetic average over the rods in |
the lattice.

N
:E:Nmim
T=0=1 | (VI.A.11)
= ,
2N
m=1

where all symbols have been previously defined.
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9. Average Thermal Eta -

4 simple arithmetic average welghted by thermal absorptions is
used as

N
:E:Nmnmim

- m=1
N
VI.A.12
2 n (V1422
m=1

where all symbols have been defined previously.

10. Average Absorptions for Each Rod Kind

A simple arithmetic average 1s made as

T - Absorptlons in all rods of kind p (VI.A.13)
p Total number of rods of kind p e

-

11. Infinite lLattice Material Buckling

If the lattice consldered is radially infinite and BZ2 = 0, then
the elgenvalue found from solving equation I.A.l 18 k,. For this case,
the material buckling of the lattice may be soclved for under the

asgumption that

2 2
Llattice ={1- flattice)lmoderator (VI.A.1H)

The material buckling is obtained by successive iterations on the age-
diffusion critical equation 1n the form

ke = [1 + L2 4(1 - £)B,®lexp( 7B, ®) (VI.A.15)

where all symbols have been defined previously.

VI-5




AF

B. Qutput Formats

Several examples of output formats for both finite and infinite
problems were shown in Section V. The quantities are output in a
particular order subject to modification by gelection of the many
options. The order of output for a routine problem is given, then
possible modifications that can occcur are itemlzed.

1. Routine Problem Format

A& standard problem will procduce the following format:

* A line summarizing the number of lterations necessary to
converge to the final elgenvalue, and the last two eigen-
values used in the iteration. A comparison of the two
elgenvalues sesures that the problem did indeed converge.

* A table summarizing the rod parameters, thermal absorptions,
and resonance absorptions for each rod type.

* A 1ist of the edited lattice parameters. This includes

Keorps E;qﬁ: f, p, M, L, and X.

* A table summarizing the average thermal and resonance absorp-
tions for each rcd kind.

2. Modifications to Routine Output Format ]

* If an edit of each iteration of a eriticality search 1s
regquested, a line 1s printed prior to the line of the
routine format (first item) giving the number of the
current iteration (Figure 5).

* If the thermal utilization is zero for a rod kind, it 1s
not possible to calculate the moderator abscrptions as
given in Section VI~A-3. Under these conditions, the
value of M 1s set to zero and a line is printed under
second item of the routine format to so lndicate this.

The effect of setting M = 0 1s to force f to equal 1.0
and lump the moderator absorptions into the total leakage,
however equation VI.A.l i1s stilil satisfiled.

vI-6
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If the problem concerns an infinite lattice and BZ2 1s zero,
the lattice material buckling 1s computed as described in
Section VI-A-11 and inserted following third 1tem of the
routine format.

If a criticality search on gamma of a rod kind has been
performed, a line will be inserted followlng fourth item
of the routine format giving the fthermal utilizatlon cor-
responding to this gamma value 1f 1t 1s possible to
re-compute f. If insufficient information is avallable
to re-compute £, a line will be 1nserted to so indicate.
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APPENDIX A - Mnemonics Used in Code

The list below contains all of the primary symbdls used in SRL -
HERESY I, their dimensions, and thelr locatlons in the three large

storage arrays.

The code uses three arrays in COMMON STORAGE to store

data, designated as the LL(225) or filxed point array, AA(15,500) or
Link 1 floating point array, and the AAA(10,250) or Link 2 floating
point array. Main Program 1 uses only the IL(225) and AA({15,500) arrays

while Main Program 2 uses the LL(225), AA(315,500), and AAA (10,250
Shared storage is made up of arrays LL(225) and AA(15,500), the AAA(10,250)

being the necessary amount of temporary storage to handle the 50 x 50
srrays used in Link 2,

The followlng list contains the majority of the nnemonics used.
Those used internsally, hence not appearing in the input, are indicated

by an asterisk.

Mnemonic Location Use
* A(50) AA(2342)... Resonance asbsorption parameters for
" each rod type
* Al AA(1056) Maximum value of V1 matrix
* AD AA(1077) Maximum value of V2 matrix
AR(48) AA{325)... Resonance absorption parameters for
each rod kind
*  ABSRB(50) AAA(10001)... Normalized thermal absorptions for
each rod type
B(3) AA(1%)... Welghting fractions for each term
of triple Gaussian slowing down
distribution '
* BGF(250) AA (1142}, .. Fission to thermsl kernel values

*  BGFR(250)
BSQ

CR1

AA(1392)...
AA(11)

AA(1)

Resonance to thermal kernel values

Axial buckling

Convergence criterion on matrix
inversion

A-1
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Mnemonic Location Use

CR2 AA(2) Convergence criterion on power
iteration

CR3 AA(3) Convergence criterion on
criticality search

D(48) AA(2192) ... " Moderator diffusion coefficlent
for each rod kind

EIGEN AA(9) Eigenvalue to be searched for

 ETA(50) AA(2292) Eta values for each rod type

ETAI(48) AA(275) Eta values for each rod kind

FK1 2A(1078) Value of uncorrected elgenvalue for
the current iteration minus one

FK2 AA(1069) Value of uncorrected eigenvalue for
current lteration

FEMAX (50 ) AA(2442). .. No. rods/type in floating point

GAM(IL) AA(1T5)... Gamma values for each rod kind

GAMMA (I ) AA(2242)... Gemma values for each rod type

IMAX] IL(174) Number of largest element of V1
array

TMAX2 LL(175) Number of largest element of V2
array

INF LL(1) Finite/infinite lattice indicator

IT1 LL(170) Iteration counter for matrix
inversion

IT2 LL(171) Iteration counter for power
elgenvalue lteration

IT3 LL(172) Print counter in power eigenvalue
iteration

IT4 LL(173) Tteration counter for criticality

search




Mnemenic Location | Use

KDAT LL(168) Omit data print indicator

KERNEL LL{2) New kernel indicator

KIND(50 ) LL{115)... Rod kind for each rod type

KCOR LL(3) New coordinate indicator

KPLOT 1L{61) Geometry plot indicator

KPRNT LL(60) Geometry list indicator

KSEPR LL{167) Separate edit indlcator (criticality
searches)

KSERCH LL(166) Rod kind to be searched over

KSKIP LL(62) Geometry punch indicator

KTEST LL(169) Last problem indicator

LAT LL(9) Lattice type indicator

LCRIT LL{165) Criticality search indicator

N1 LL(94%) Max. No. iterations on matrix
inversion

N2 LL{(g5) Max, No. iterations on eigenvalue

N3 LL{S6) Max. No, iterations in cfiticality
segrch

NERR AA(24) Er?or indicator

NF{50) LL{9176)... Indicator for f calculation for each
rod kind

NICPRT({50) LL(10)... No. initial coordinates for each rod
type

NKIND LL(64) Number of rod kinds

NOGRID LL(7) Number of kernel mesh points
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Mnemonice Location Use

NTYPE LL(63) Number of rod types

NWRITE LL(224) Write indicator for library tapes

RADII AA{1075) Radius beyond which neo more rods
are considered in Infinite lattices

RADIUS (48) AA(375)... Radius of each rod kind

RADRFL AA(T) Reflector radius

RESABS (50) AAA(10051)...  Resonance absorption for each rod
type

ROEMIN AA(8) A radius within which the reflector
mey be consgldered infinite

SIGA AA(13) Moderator absorptlon cross secticn

sIGC(48) AA(TS). .. Absorption cross section for gamma
calculations for each rod kind

SM(48) AA(2142)... Self-contribution to thermal
diffusion kernel for each rod kind

SMF (250 ) AA(1892)... Thermal diffusion kernel points

SMFO(50) AA(2392)... Self-contribution to thermal
diffusion kernel for each rod type

SMGR (250 ) AA(1642)... Resonance to thermal kernel values

SR(50,50) AA(8500)... Resonance to thermal slowing down
matrix

T(50,50) AA(3500)... Fisslon to thermal slowing down
matrix

T1(50,50) AAA(1)... Temporary metrix for computations

T2(50,50) AAA(2501)... Temporary matrix for computations

T3(50,50) AAA(5001);.. Temporary matrix for computations

T4 (50,50) AAA(T7501)... Temporary matrix for computations

A-}

RN

N R N S R T T



Mnemonic Location Use

T5(50 ) AA{13,500)... Temporary matrix for computations

T6(50) AA(13,550)... Temporary matrix for computations

TAU(3) AA(QQT). .. Fission to thermal age

TAUR(3) AA(20)... Fission to resonance age

TAUTOL AL (23) = EXPF {-BSQ*[B(1)*TAU(1)+
B(2)*TAU(2)+B(3)*TAU(3) ]}

THERU (50 ) AA(225)... Thermal utilization for each rod
kind ;

THETA (50,3 ) AA(T2B ). .. Angular initial coordinates

TITLE{12) AA{1130)..,. Problem alphanumeric data

TR(50,50) AA(6O0O). .. Fission to rescnance slowing down
matrix

v1(50) AAA(10151)... Previous set of unnormalized
elgenvectors

V2 (50) AAA(10201)... Current set of unnormalized
eigenvectors

VCELL(48) AA(125)... Cell volume for each rod kind

VO (50) AA{10B0)}... Tnitial approximation to
elgenvectors

VRATIO(50) AAA(10101). .. Ratlo of V2/A2 for each rod type

Wi{8) AA{2%92)... Miscellaneous transfer locations

WDX (50) AA(B75)... X direction pitch in infinite
lattice

WDY (50 ) AA(925)... Y direction pitch in infinite
lattice

WX1(50) AA(975)... Initial X position in infinite
lattice
A-5
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Mnemonic Location Use
WY1(50) AA{1025).., Initial Y position in infinite
lattice -
X (6500) AA(2500) X coordinates of all rods
XCOR AA(5B) Scale factor on all coordinates
X1sQ AA(12) 1? for moderator
XLSQ2 (50) AA(25)... 12 of moderator for each rod kind -
used in self-consistent calculation
of Y
XMESH AA(10) Mesh size for kernel
X0(50,3) AA(425)... Initial X coocrdinates
XSCALE A4(%) Scale increment along X axis in
plotter
Y (6500) AA(9000),., Y coordinates of all rods
Y0(50,3) AA(5T5)... Initial Y coordinates )
YSCALE AA(6) Scale Iincrement along Y axis in
plotter
* Z(50,50) AA(11,000)... Thermal diffusicn kernel matrix

The three Arrays LL, AA, and AAA are stored in order in common
storage, i,e, LL(1) = location 774623 in storage. All mnemonics are
then assigned to locations in these three arrays by EQUIVALENCE state-

ments, Information concerning the three large arrays follow.
First Pogition Lagt Position
Array in Storage in Stcorage
LL(22510) 32,562lO or 774628 32,33810 or 77l22g
AA(lB,SOOlO) 32,33710 or 771218 16,838lO or 407068
AAA(lO,QBOlO) 16’83710 or 407058 6,588lo or 14,6748




APPENDIX B - FORTRAN Il Listings

The source decks for all FORTRAN II and IBM 704 SAP subroutlnes
used in SRL - HERESY I are listed on the following pages. Two sectlons
appear which correspond to the two links in the CHAIN code., The CHAIN
subroutine and related codes {i.e. CPTG, EPTC, and SLCI routines) are
gspecial versions not avallable from another source. Appendix D gilves
information on the CHAIN codes, as well as listings of thelr source
cards.

Link 1
Link 1 consists of 13 FORTRAN II subprograms, & package of library
function subroutines, and a package of FORTRAN II control subroutines.

COMMON STORAGE beglns at location 407058 in this link.

FORTRAN II Subprograms

Subprogram Name Function

MAIN PROG. 1 Main Prog 1 executive routlne
DATIN Data reading subroutine
DATCHK Data checking subroutine
KERGEN Kernel generator subroutine
GEOM Finlte geometry subroutine
INGEOM Infinite geometry subroutine
PLOT Geometry plotting subroutine
PRINT Geometry listing subroutine
DATPRT Data summary output subroutine
HEX Hexagonal geometiry subroutine
SQARE Square geometry subroutine
CIRCLE Circular pattern geometry subroutine
PUNCH Geometry punch subroutine
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FORTRAN II ILibrary Function Subroutines

The following functions must appear in the program with the call ]
nemes as listed: L

L
FORTRAN Name Function
BESSKK (arg) | K, (arg) ;
ATANF (arg) tan™t (arg)

LOGF (arg) in (arg)

EXPF (arg) e (arg)

EXPIF (arg) E,; (arg) integral

SINF {arg) sin (arg)

COSF (arg) cos (arg)

SQRFT (arg) Jarg

FORTRAN II Control Subroutines

FORTRAN Name Qperation
(PIL) Format interpretive loader
(BDC) Binary to decimal conversion )
(DBC) Decimal to binary conversion
(I0H)O Input - Output Hollerith, Output } )
(TOH)I Input - Output Hollerith, Input
(SPH) Storage to printer Hollerith
(STH) Storage to tape Hollerith
(TSH) Tape to storage Hollerith
(scH) Storage to card Hollerith
(RTN) Return
(LEV) Leave
(LFM) Leave floating point trap
(EFM) Enter floating point trap
CHAIN Link search routine
CPTG Program tepe link generator
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DIMENSION DECK FOR SRL HERESY 1 MAIN PROGRAM 1

DIMENSION DECK FOR MAIN PROGRAM 1 VERSION OF 10/2/64

DIMENSION LL{225),AA{15500) ‘
_DIMENSION NICPRT{50),sNRPRT{50),KINDI50),NF(50)
DIMENSION B{3),TAU(3),TAUR{3),XLSQ2(50),SIGC{50),VCELLI{50),GAM{5

-1
2
3
4

+ THERU(S50) ,ETAI(50) 4AL{50)}, RADIUS{50)4X0{5043)9Y0O(5043),

THETA{50Q43) 4+ WDOX{50) »WDY(50) ¢WX1{50)},WYL(50),VOI50),W{8B),

TITLE(12}38GF1250),BGFRI250),SMGR{250):SMF(250),SM{50),D(504
CAMMA(S50),ETAL50) ;AI50);SMFO{50),FKMAX(501,X{6500),Y{6500)

COMMON_LL,AA

EQUIVALENCES FOR. LL ARRAY

EQUIVALENCE {INEaLL(1)¥s(KERNEL,LL{2)),(KOOR,LLI3)), (N1,LL{4)),

1
4
3
4
5
6

(N2oLL{53 )L IN3,LL{6) ), (INDGRID,LL{T) ), (NTHER,LL(8) ), (LAT,
LE{9) s INICPRTLLI10))» {KPRNT4LL(60)), (KPLOT,LL {61}, (KSKIP,
LL{62)) s INTYPESLL(63)) ¢ INKINDsLLI64) )y INRPRT,LL(65)), (KIND,
LLI115)) s (LORITsLL(165) ), (KSERCHILL(166)) s INSEPR,LLIL6T) ),
HKDATLLEL6BE), {KTEST,LLI169) ), {ITL,LLLI170)), (IT2,LLEILT1)),
A3, 0L 01720 Xa (1T 420 0173)) s LIMAXL,LLL1T4) ), { IMAX2,LLL175) ),

TENFLLLE1T6) )

. EQUIVALENCES FOR AA ARRAY

EQUIVALENCE {CRL+AA(1)}),{CR2,AA{2) ), (CR3,AA(3)), {XCOR,yAAL4)]),

LR JU R BT RN R

{ XSCALEAA(5)) s {YSCALE,AA(6)) ¢ [RADRFL,AAL7) ), (ROEMIN,AALS)) .

(EIGEN,AAL9) ), (XMESH,AA{L10) ), (BSQyAA{11)),(XLSQ,AAL12)),
{S1IGA,AALL3) )4 By AA(LSA) ), (TAU,AAL17)), [TAUR,AAL20)),{TAUTOL,

AA{23)) 5 INERRy AA{ 24} ) IXLSQ2,AA(25) ), (STGCsAALT5) ), {VCELL,

AA(125) ), (GAMsAATLT5) ), {THERU,AA(225) ), {ETAI, AA(275) ), (AL,
AA(325) ), (RADIUSyAA(375) )y {XOsAA(425) ), {YOy AAL5T5) ) s {THETA,
AAL 725)), (WDX2AAL 875)), {WDYAAL 925) 1, (WX1y AAL 9751))4 (WY1,
AAL1025)), (RADIT,AA(1075) ), (A1, AA(1076}), (A2, AALLI0TT)), (FKL,
AR(1078)),({FK2,AA{1079)),{V0,AAL1080)), (W,AA(2492)) :

EQUIVALENCE (BGFsAA{1142)),[BGFR5AA(1392) )}, (5MGR, AA[1642)),

(VY R

{SMF2AA(1892) )5 {SMg AAL2142) ), (D,AAL2192)), [GAMMA, AAL2242) ),
(ETA,AA(2292) ), (AsAA(2342)), (SMFO,AAL2392) ), (FKMAX, AAL2442))
1X5AA(2500)) 4 (¥,AA(9000)), (TITLE, AA(1130))
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SRL HERESY X MAIN PROGRAM 1 VERS ION OF 10712764 HER-P .

SUBROUTINE MAIN : HER-P
: DIME i

INSERT DIMENSION DECK (FOR MAIN PROGRAM 1 - ' .
CALL EFM : HER=P
IN=8 . o > HER=P .
NOUT=10 ¢ - HER~P
5 READ INPUT TAPE LN,lo.ttlTLEtxl;1=1,1zl HER-P
10 FORMAT(12A6) : ‘ : HER-P
- NERR=0 \ HER~-P
PRINT 15.1111LE{;;;1a1,;z1. '  HER-P
15 FORMAT(1HO,12A6) S ‘ HER-P
WR1TE OUTPUT. TAPE NBUT,IO,lTITgE(I);1=1.12} HER-P
CALL DATIN ‘ HER=-P
CALL DATCHK HER=P
1F (NERR) 4040520 HER-P
20 PRINT 30 , HER-P
30 FORMAT(1HO»61HAN ERROR HAS BEEN DETECYTED IN THE INPUT DATA FOR THIHER~P
1S PROBLEM/1IH 4.60HAN ATTEMPT WILL BE MADE 10 CONTINUE WITH SUCCESSTHER-P
2VE PROBLEMS) ' HER-P
co TO 5 . HER-P
40 LF(KERNEL)60,60+50 HER-P
50 CALL NERGEN HER-P
1F INERR} 60560920 HER-P
50 lﬁ,(mm_it—l;amorm,ﬁmu HER~P
70 1F{INF)90,80,90 HER=P
80 CALL GEOM HER-P

IF(NEmnoo.mO,m HER-? -
90 CALL INGEOM HER=P
IF{NERR 1005100520 _ HER-P
1oo‘LEt$PLurxga5,105.101 : HER-P

101 CALL PLOT o HER-P .
105 IFCKPRNT) 109,109,106 ‘ HE R-P
106 CALL PRINT HEA-P
109 DO 110 I=1.NTYPE _ HER-P
110 FXKMAX{ T 1=ENRPRYLL) & HER-P
TAU10L=ExPPt-psu-th;1atau111+a(z)vrnu12)+3131-TAU(3))1 HER~P
DO 160 I=1,NKIND HER~P
DIL)=XL5G2(11=S16C(1) HE R=P
XYLSQ=XLSQZ!IlII13*B$QGXLSQ2(I)) HER-P
XXLSQ=SQRTF{XYLSQ) ; HER-P
IF(RADLUSl}}ilzurIZO.IBO HER=P
120 SM(1)=0.101010 MA {
GO TO 140 HER-P
130 ARGI=RADIUS(I)/XXLSQ HER-P
ARG2=0.9 HER-P
ARG3=0.0 HE R~P
ARG4=0.0 HER-P
ARE5=0.0 HER-P
ARG6=0.0 HER-?
ARGT=0.0 _ HER=-?
CALL aessitARGl.Aasz.Aass.ARGA.ARGS) HER-?
CALL BESSKK&ARleAKGZ,ARGB,ARGA,ARG5.AR36,ARG?3 HER-P
SH(I)=(1-1{6.2831852iDl1l)l-ARG& HER=-P
140 TFLGAM{ T} 116041504160 HER~P

150 GAH(1)&!LSQZ(IJ!(1;~THERU!l})I{DlI3|VCELL(llGIHERU!Il}+ HER-P .

1(1./7¢¥2.56637 «D{11))sLOGFL XYLSQIVCELL(I]l9.22871410l1)-SM(I) _HER-P

B-4
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160

176
180
190
200
210

220
230

10
20

22
24

30

40
50

52

60
T0

R

NF{I)=1

CONTINUE

DO 170 1=1,NTYPE
NX=KIND{I}
ETA(I)=ETALINX)
GAMMALT)=GAM(NX)
ALI)=ALINX)
SMFO{I}=SM{NX)
IFIKCOR-2)210,180,210
NX=0

DO 190 I=1,NTYPE
NX=NX+NRPRT(I}

DO 200 I=1,NX
X{IY=X{TI}#XCOR
Y{LI=Y{I}=XCOR
IF{KDAT)220,220,230
CALL DATPRT

CALL CHAIN(2,1)
END(Z251,0,0,0)

SRL HERESY 1 SUBROUTINE DATIN

SUBROUTINE DATIN

INSERT DIMENSION DECK FOR MAIN PROGRAM 1
CALL EFM

IN=8

READ INPUT TAPE INy20,LAST¢NUMD,LOCATE, (KK{I),1=1,5)
FORMAT{I1,3XI1,2X15,5112)
IFINUMD)22,22,24

NUMD=5

DO 30 I=1,NUMD

M=LOCATE+]~1

LLIM)=KK{T])

IFLLAST)10,10,540

READ INPUT TAPE IN150:LAST1NUHD,[OCATE,(AX(!)91=1.5)'

FORMATII1,3XI1,2X15,5F12.)
IFI{NUMD)}52,52,54 '
NUMD=5

DU 60 I=1,NUMD

M=L DCATE+1-1

AAIM)I=AX{1)
IF{LAST)40,40,70

RETURN

END{241,040,0)

B-5

VERSION OF 10/2/64

Hep-?

HER=-D
HE -0
M-y
Hip®-3
}.;('. E!\.. 3
Hi =27
HeEp=
HLR="
Hy B="
Hpo="
Hi ="
HER-"
HEZa=
iz -
Ho R
HLR=17
45 e D

DA
DA
DA
DA
DA
DA
DA
oA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA



POy

40

50
60

7O
80

90
100
105

it
120

125
2%
130
140
150

150
17¢

120
i70

200

203
208
210
220

230

240
250
255
261

270

2890
290
390
310
320
330
340
350
360
370

SRL HORESY 1 SUBROUTINE DATCHK VERSIOGN JF 10/2/64 DAT

AT
SUBRNUTINE OATCHK AT
DIME

INSERT DIMENSION DECK FOR MAIN PROGRAM 1
DIME
CALL EFpM DAT
NOUT=10 BAT
IFINKIND-NTYPE)TD,70,50G BAT
WREITE OUTPUT TAPE NDUT,60 _ DAT
FORMATU1HO63HTHE NUMBTR OF ROD KINDS IS GREATER THAN THE NUMBER O DAT
IF ROD TYPES) DA
NERR=1 DAT
[FA{NTYPE=50) 100,100,420 DAT
NFRER=1 DAT
WRITE OQUTPUT TAPE NOUT,9D DAT
FORMAT(LHO p34HTHE NUMBER OF ROD TYPES FXCEEDS 50) DAT
IFIKOOR-1)105,123,10% paT
DO 125 1=1,NTYPE DAT
IFINRPATIINILLION1LD,129 DAT
WRITE DUTPUT TAPE NIUT,120 DAT
FORMAT{1HO,26H A RUD TYPF HAS ZLRU RDDS) DAT
NERR=1 DAT
CONTINUE DAT
D 160 I=1,NTYPE OAT
TE{KIND{I) 140,140,160 AT
WRITE OQUTPUT TAPE NOUT,130 DAY
FORMAT(1HD,28HA ROD TYPE HAS NO KIND NUMBER ASSISNED) DAT
NERR=1 DAT
CUNTINUE DAT
IF(NL)L70,170,180 DAT
N1=20 DAT
IF(N2)190,4190,250 DAY
N?=200 AT
1F{N3) 223,203,203 AT
N3=25 DAT
IFIKO0OR=1) 240,210,240 DAY
TF{LAT-2)240,240,220 ‘ DAT
WRAITE OUTPUT TAPE NDUT,220 ' OAT
NERR=1 DAT
FORMAT{ 1HO,60HTHE LATTICE TYPE TO BE GENERATED IS NDT OF A RECOGNI  DAT
LZED TYPE) . : DAT
IF(LCRITIZ230,280,250 DAT
IF{LCRIT-2)255,255,280 DAT
IFIKSERCH) 260,260,280 DAl
NERR=1 DAT
WRITE QUTPUT TAPE NDUT,27¢0 DAT
FORMAT(1HO,54HA ROD KIND 1S NIF SPECIFIED FOR THE CRITICALITY SEAR  DAT
1CH) OAT
IF{GR11290,290,300 DAT
CR1=.0000G01 DAT
TFLCR2) 310,310,320 DAY
CRZ2=.00001 DAT
IF{CR31330,330,340 DAT
£R3=.00001 DAY
[F(B{1))350,350,3560 DAT
B{1)=0.56 DAT
IF{B(2))3T043704380 DAT
BLZ2)=0.45% DAY

B-6
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380 IF1813))3%0,390,400 DAT

390 8{3)=0.0 DAT
400 IF{TAU(11)410+410,420 DAT
410 TAU(1)=154.3 . DAT
420 IF{TAUC2)3430,430,440 DAT
430 TAU{2)1=68.3 DAT
4%0 IFITAU(3))}450,450,460 DAT
450 TAUI3Y=0.0 DAT
460 IF(TAUR(1)}4T0,470,480 DAT
470 TAURL1)}=126.5 , DAT
480 IF{TAUR{2))490,490, 500 DAT
490 TAUR{2)=40.5 DAT
500 IF{TAUR(3))510,510,520 DAT:
510 TAUR{3)=0.0 DAT
$20 DO 560 1=1,NKIND DAT
IF{XLSQ2{1)1530,530,540 DAT

530 XLSQ2LI1=XLSQ DAT
560 IF{SIGC(I)}550,550,550 DAT
550 SIGCI1)=SIGA DAT
S50 CONTINUE DAT
IFIXCOR)558,555,558 DAT

555 XCOR=1.0 DAT
558 IF{KOOR-116104570+610 DAT
570 IF{XSCALE)5804+580,590 DAT
580 XSCALE=XCOR DAT
590 IF({YSCALE}600,600,610 DAT
600 YSCALE=XCOR DAT
610 IF{LCRIT)630,630,620 DAT
620 IF(EIGEN)G25,625,630 DAT
625 EIGEN=1.0 DAT
630 DD 650 I=1;NTYPE DAT
TE(VOUI ) ) 64046404650 DAT

640 VO{l)=1.0 ‘ DAT
650 CONTINUE DAT
IF{KERNEL=-1)T720,675,675 DAT

675 IF{XMESH} 700,700,680 DAT
680 IF{XLSQ)700,700,5690 DAT
690 'IF{SIGA)YT00, 700,720 : DAT
700 NERR=1 DAT
WRITE DUTPUT TAPE NOUT,710 DAT
710 FORMAT{1HO,62HTHE INEORMATION GIVEN FOR THE KERNEL GENERATOR IS IN DAT
1SUFFICIENT) : : DAT
720 DO T8O I=1,NKIND DAT
IF(GAMUI) ) T30, 730,780 DAT

730 IF{THERU{I)}} 760,760,740 DAT
740 IF(VCELLUI))T760,760,750 - DAT
750 IF(SIGCIIY 760,760,780 DAT
T60 NERR=1 DAT
WRITE OUTPUT TAPE NQUT+770s1 DAT

770 FORMAT(1HO,35HTHE INFORMATION GIVEN FOR ROD KIND 12,35H IS INSUFFI DAT
1CIENT TO COMPUTE A GAMMA) : DAT
780 CONTINUE DAT
IFINERR}B10,810,790 : DAT

790 WRITE OUTPUT TAPE NDUT,800 . DAT

800 FORMAT{1HO,TIHBECAUSE OF THE ERRDR{S) DEVTECTED ABOVE THIS PROBLEM DAY
1CANNCT BE CONTINUED/1H- ,88HSUCCESSIVE PROBLEMS WILL BE ATTEMPTED, DAT

2ALTHOUGH THEY MAY BE AFFECTED BY THE ERRORS ABOVE) DAT

810 RETURN DAT

END(24150,0,0} _ DAT
B-7
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SRL HERESY 1 SUBROUTINE KERGEN 1 VERSION OF 10/2/564% .

SUBROUTINE KERGEN.

INSERT DIMENSLON .DECK FOR MAIN PRIGRAM .1 -

CALL .EEM

NOUT=10

11=0

12=L

DENL=1.+BSQ#XLSQ
XXLSQ=XLSQ/DENL
SIGMA=SIGA=DENL
CC=1./16.2831852=XXL5SQ*SIGMA)
RLSQ=SQRTF{XXL5Q])

. IFUABSF(B(2)))340,20,10
10 1F{ABSF(B{3))K340,30,40
20 NN=1

&0 TO 50
30 NN=2
G0 TO 50
40 NN=3
50 DO 380 I=1,NOGRID
FI=I~1
DX=F3 #XMESH
ARGL=DX/RLSQ
IFLARGL) 2405 60,70
50 IFPATH=3
GO TD 80

70 IFPATH=1 -

ARGZ=0.0
ARG3=0.0
ARG4=0.0

ARG5=0.0 f -

ARG6=0.0
ARGT=0.0
CALL BESSI{ARGL,ARG2,ARG3,AR54,AR55)
CALL BESSKK(ARG1,ARGZ,ARG3,ARG%, ARGS4ARGH, ARST)
80 SMGR11)=0.0
D2BY4=0X%22 /4.,
D0 90 J=14NN
90 SMGRIT)=SMGR{LII+{B{J)I/(TAURIJII=12,.5663T725))=EXPF(~D28Y4/TAUR(J]))
DO 100 -J=1,NN
100 WTAULJ)=TAULJ)
105 WBG=0.(
GO0 TO (210,210,110,110},IFPATH
110 PO 180 J=1,NN
IF(ABSF{WTAULJ) /XXLSA)-8T.3)140,140,120
120 IF(I1)125,125,135
125 WRITE QUTPUT TAPE NOUT,.130
130 FORMAT{1HO,6BHMTHE ARGUMENT OF THE E1 INTEGRAL.IN THE KERNEL GENERA
1TOR EXCEEDS 87.3/1H »85HTHE VALUE OF THE INTEGRAL WILL BE SET EQUA
2L TO 1.0E~-30 AND COMPUTATIONS WILL CONTINUE)

il=1
135 CON(JI=1.0E~30
60 TO 180

140 LF{ABSRIWTAU{J}/XXLSQ}=.00001)150,150.270. .
150 IF{12)155155,165
155 WRITE QUTPUT TAPE NDOUT,160

B-8




160 FORMAT(1HO,81HTHE ARGUMENT DF THE E1 INTEGRAL .IN THE KFRNEL GENERA
1TOR IS WITHIN 1.0E-05 OF ZERO/LH »B8SHTHE VALUE OF THE INTEGRAL WILL
21 AE SET EQUAL TO 1.0&+430 AND COMPUTATIONS WILL CONTINUE]

12=1
165 LONUJE=1.0E+30
60.. TG 180

110 CQH(JI=EXPiElﬁHTAULJlIXXLSQ}
180 -CONTINUE
B 190 .J=1,NN
190 -HAG=WBG-(B(J)/2.)¥CO=EXPF{AMTAULJ)/XXL5Q)#CON(J)
B0.T0 (340,340420053560),1FPATH
200 BGE{L}=WBG
LFPATH=% .
G0 T3 290
210 DD 260 J=]1,NN
IF{ ABSR{D2BY4/WTAUCI) )~ 87.3l230’230.220
220 1F11)X}1225,225,228
225 WRITE OUTPUT TAPE NOUT,.130
11=1
228 aoutJu-lmoe-ao
GO T 260 .
230 IF(ABSFIOZBY4/NTAULJD))~.00001) 24042404250
740 LF112)Y245,245,248
245 WRITE QUTPUT TAPE NDUT,160 -
12=1
258 CON{J)=1.0E+30
£0 .70 260
250 CON{J)I=EXPIF{=DZBY4/WTAU(J]})
260 CONTINUE
B0 270 :J=14NN
270 WRAGSWBGHCCREXPFIMTAULJ) ZXXESQ)I#B LI R{ARGAH (NTAULJL/ 2./ XXL5Q)»
LEXPE(~DZBY4/WTAULJ) )4+ (.5+D2BY&/{2.#XXL5Q) I =CONLJI))
GO .TO £280+360453404340),IFPATH
280 BGEL{1)=WBG
IFPATH=2
290 DD 300 J=1,NN
300 WTAUCJ)X=TAU(JI-TAUR{J]
DD 330 -J=1,NN
LIF{NTAUL{J) }310.3105330
310 WRITE OUTPUT TAPE NOUT,320
320 FORMAT({1HOs69HA TAU(R)} VALUE IS5 LARGER THAN OR EQUAL TO ITS CORRES
1PONDING TAU VALUEZIH .S1HA KERNEL CANNOT BE GENERATED UNDER THESE
2CONDITIONS)
NERR=1

RETURN.
330 CONTINUE
G0 TD .{3405105,3405105) IFPATH
34D WRITE OUTPUT BAPE NOUT:350
350 FORMAT{1HO:TOHA MACHINE ERROR HAS OCCURRED IN THE KERNEL GENERATOR
1 - RESTART PROBLEM}
PRINT 25D
NERR=z1
RETURN
350 BGFRIIY=WBG : 380 EDNTINUE

SAFL111=CCsARG4 430 RETURN

LF¢NTHER)}380,380,370 END(2+150+040) .

270 BGELL)=SME(L}
BGER(LY=SMF{1)
SMGR{Li=1.
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SRL HERESY 1 SUBRDOUTINE GEOM VERSION OJF 10/14/64

SUBROUTINE GEOM
INSERT DIMENSION DECK FOR MAIN PRIGRAM 1

Qa0 Ot

CALL EFM
NOUT=10
IF{LAT)I10, 10420

10 CALL HEX
GO TQ 50

2D IF{LAT~1)30,30,40

30 CALL SQUARE
G0 TO 50

40 CALL CIRCLE

50 IF(KSKIP)90,90,80

80 CALY PUNCH

90 NX=0
DO 120 I=1,NTYPE

120 NX=NX+NRPRT(I)
DO 130 I=1,NX
XtI)=X{I)=XCOR

130 viI)=Y{I)=XCOR
IFINX~-6500}160,160,14%0

140 WRITE QUTPUT TAPE NOUT,150

150 FDRMAT{1HO,37THTHE TOTAL NUMBER OF R3IDS EXCEEDS 6500)
NERR=1

160 RETURN
END{2,1,0,0,0)

o
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" SRL HERESY .1 SUBROUTINE HEX VERSION 23F 10/2/564

SUBROURINE HEX
INSERT DIMENSION DECK FOR MAIN PROGRAM 1

CALL EFM
NDUT=10
K=0
DO 160 I=1,NKTYPE
L=1
J=0

S IF(YDLL,L)Y10,40,10

10 IF(X0(1,L))60,20460

20 NERRs1 _
WRITE OUTPUT TAPE NDUT,.30

30 FORMAT(1HG,69HERROR IN GEQMETRY GENERATOR - INITIAL COORDINATES AR

1E IN WRONG SECTOR)

RETURN
40 ANGLE=0.0

LF{XOtL, 1) }70,50,70
50 hNN=1

M=K+NN

X({M)=0.0

YiM)=D.0

60 70 150
0 TAN=YO{I,4L}/XOLI,L)

ANGLE=ATANFITAN)
70 RADIX=SQRTF{XO{E,L)#XD{I,L)+YO(I,L)*#YD(I,L))

DO 120 N=146

XN=FLOATF{N)

NN=J+N :

M= JENTK '

X{M)=RADIX#COSF{ANGLE+ (XN-1.}#1.0471975)
80 Y{M)=RADIXsSINF{ANGLE+(XN~-1.}#1,0471975)

IF{ABSELX(M))~.001)90,90,100
30 XtM1=0.0

100 IF(ABSF(Y{M)}~-.00L)110,110,120
110 YiM)=0.0 -
‘120 CONTINUE

130 IF{NICPRT{1)=-L)150,150,140
140 L=L+1
J=J+b
60 TD 5
150 NRPRT{L)=NN
K=K +NN
150 CONTINUE
RETURN
END{245150450,0)
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Gty Do

10
20
30

35

40
50

50
70
80

90
100
il0
120
130
140
150
150
170
180
190
200
210

220
230

SRL HERESY 1 SUBRDUTINE SQUARE
SUBRDUTINE SQUARE
INSERT DIMENSION DECK FDR MAIN PRIGRAM 1

CALL EFM

NOUT=10

K=0

DO 260 1=1,NTYPE
L=1

J=0

N=1
IF(YO{LyL))20440+20
IFLX0(I,L))60430460
NERR=1

WRITE OUTPUT TAPE NODUT,35

VERSION OF 10/2/64

FORMAT(LHO+69HERRDR IN GEDMETRY GENERATIR - INITIAL fSﬂRDINATES AR

IE IN WRONG SECTOR}

RETURN

ANGLE=0.0

IFIXOUTI,L))T0+50,T0

M=K+N

X{M)=0,90

Y{M)=0.0

GO TO 250

TAN=YO{I,L)/XO(I,1)

ANGLE=ATANF{ TAN)
RADIX=SQRTFIXO(1,L)=X0tTI,L}+YO(I,L}=YD{I,L)})
ANGLEL=ANGLE

M=K+N

X{M}=RADIX#COSF(ANGLEL)
Y{M)=SRADIX#SINF{ANGLEY)
IFIABSF{X(M})~.001)92,90,102

X(M})=0,0

IFCABSF(Y{M)}=.001)110,110,129

Y{M)}=0.0

J=J+1

GO T3 1150,160,170,180,190,200,210+230),J
IF{ABSF{ANGLEZ-ANGLEL)-.0010120,120, 140
N=N+1

ANGLE1=ANGLE2

GO TO 80

ANGLEZ2=1.5TOT9563~ANGLE

GO T2 130

ANGLEZ=1.57T0T963+ANGLE

GO T3 130

ANGLE2=3.1415925—-ANGLE

GO TO 13D

ANGLEZ=3,1415926+ANGLE

GO 10 130

ANGLE2= 647123889-AQGLE

60 TO I3D

ANGLEZ2=4, 7123839+AVGLE

GO TO 1390

ANGLEZ2=6.2831852-ANGLE
LF(ANGLE2-6.2831852)2204120,120
IF(ABSF{ANGLE2-5.2831852)=-.001)120,120,130
IF{NICPRTI[1)-L}250,250,240

240

250

260

L=L+1
N=N+1

J=0

60 TO 10
NRPRT({1L)=N
K=K+N
CONTINUE
RETURN

END{2,1,0,0,0)
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20
40
50

50

70

30

100

110

120

"130

150

150

160
170
180
130
200
210

220
230

SRL HERESY ‘1 SUBROUTINE CZIRILE VERSION OF 10/2/64%
SUBROUTINE CIRLLE
INSERT DIMENSION DECK FOR MAIN PRIGRAM 1

CALL EFM

NOUT=10

K=0

DA 250 I=1,NTYPE

L=1 i

J=1

IF(X0{1,4L))70,30,70
IFIYD(TI4L))40,60,450

ANGLE=4.T7123889

G3 TO 140

ANGLE=1.5707963

GD TD 147

M=K+J

X{M}=0.2

Y{M)=0.0

60 TO 24D

IF{X0(I,L))80,80,4110
IF{YOlI,L))90,100,1030

YOI(I L)=ABSFIYO(I.L))
XO(I,L)=ABSFIXOUI,L))
ANGLE=3.1415926+ATANE(YO(I,L)/XD{I,L))
62 TO 140

YO{I,.L)=ABSF(YD({I,L))
XO({I+L)=ABSF(XO(1,L})
ANGLE=3.1415926~ATANF{YOLI,L)/X0{I,L))
60 TU 140

IF(YDUL,L))2205120,4130
¥YI(1,LY=ABSFIYO(I,L))
XO(I,L)=ABSF{XD{I,L))
ANGLE=6.2831852-ATANF(YD(T1,L)/X2(IsL2)
GO TO 140

YO{I,L)}=ABSFIYO(I,L)Y

XO(I+L) =ABSFIXO{1,L))
ANGLE=ATANFIYO(I,L}/XO(IsL)}
RADIX=SQRTFIXU{IrL)*KD(I:L)*YO(I:L)*YD(I:L))
ANGLE1=ANGLE '

M=J+K

X{M}=RADIX*COSF{ANGLE1)
Y{M)=RADIX*SINF{ANGLEL)
IF{ABSE(X{M))=.001)1160,160,170
X(Mi=0.0
IF{ABSF{Y(M))-.001}180,180,190
Y(M)=0—D
ANGLE2=ANGLE1#THETA{I,L)/57.29578
IF(ANGLEZ2~ANGLE-5,2831822)200,200,220
IF(ABSP{ANGLE2-ANGLE-6.28318521-.001)222,220,210
ANGLEL=ANGLE2

J=J+1

G0 TO 150

IF{NICPRT(I)-L)240,240,230 240 NRPRTLI)=J

i=L+1 K=K+J

Je=d+1 250 CONTINUE

60 TO 20 RETURN
END(24.17050,0)
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SRL HERESY Y SUBROUTINE PRINT VERSION OF 14/2/5% -

SUBROUTINE PRINT
INSERT DIMENSION DECK FOR MAIN PROGRAM 1 .

10

20

30
40

CALL EFM
NOUT=10

K=0

WRITE QUTPUT TAPE NOUT,10,{TITLE(I),1=1,12),XC0R

FORMAT{LHL ,4TX26HLISTING OF HERESY GEIMETRY/LHO,23X128671H0y THXCIK
= F10.3)

DO 40 I=14NTYPE

WRITE GUTPUT TAPE NOUT,20,1

FORMAT(1H0,10HROD TYPE 13/140,5(3X1HXs9XLHY 14X))

L=K+1

M=K+NRPRT{1) .

WRITE QUTPUT TAPE NOUT,30s (CIX{N) Y (N))sN=Ls4)

FORMAT{5{4XF9s%s LXF9.4))

K=K +NRPRT( 1) ‘

CONTINUE

RETURN
ENDL2,1,040,01}
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SRL HERESY 1 SUBROUTINE PUNCH VERSION OF 10/2/64%
SUBROUTINE PUNCH
INSERT DIMENSION DECK FOR MAIN PRIGRAM 1

CALL S&EM

K=5

NX=0

N=0

DO 10 I=1,NTYPE

10 NX=NX+NRPRT{I}
LOCATE=2500

15 IFINX-K}40,20,20

20 PUNCH 30,L.0CATEsAA(LOCATE) s AATLOCATE+1) 4 AALLOCATE+2)AA{LOCATE+3),
1AA{ LOCATE+4)

30 FORMATII12,5F12.6)
LOCATE=LOCATESS
K=K+5
GO TD 15

40 K=K-5
M=N XK
DO 50 I=1,5

50 BB{1)=0r.0
D0 60 I=1.+M
MX =t OCATE~1+1

60 BBLI)=AAIMX) .
PUNCH 30,L0OCATE,{BB(I)s1=14M).
IFIN}TO.70,80

70 LOCATE=9000
K=5
N=1
&0 10 15

80 RETURN
END{2s1+0,050)
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SRL HERESY 1 SUBROUTINE PLOT VERSION JF 13/2/54
SUBROUTINE PLOT
INSERT DIMENSIDN DECK FOR MAIN PRIGRAM ]

CALL EFM
NOUT=10
K=0
KMAX=0
00 10 I=1,NTYPE
10 XMAX=KMAX+NRPRT{I}
LPAGE=1
WRITE OQUTPUT TAPE NOUT,20,LPAGE
20 FORMATI(1H145X29HPLOT OF FINITE HERESY LATTIZE.38XSHPAGE 12)
WRITE DUTPUT TAPE NOUT,30(TITLE(I)sI=1,12}
30 FORMAT(1HD,23X12A6)
WRITE OUTPUT TAPE NDOUT .40, XSCALE,YSCALESNTYPE
40 FORMATIIHD,35HEACH INCREMENT ALONS X AXIS EJUALS FLl2.592X2HC Y, 53X
135HEACH INCREMENT ALDNG Y AXIS EQUALS Fl2.592X2HCM/L1HD 55X 20HNUM3ER
2 DF ROD TYPES 12)
IFINTYPE~-25)80,80,50
S0 WRITE OUTPUT TAPE NOUT50,{1,1=1,25)
50 FORMAT(1HO,SX8HROD TYPE.25(2XI2})
WRITE QUTPUT TAPE NOUT .70, (NRPRT(I},I=1,25)
70 FORMATI{1H S16HNO RODS/R0O0D TYPE,25(I4))
LX=26
LH=NTYPE
60 TO 90
80 LX=1
LH=NTYPE
90 WRITE OUTPUT TAPE NOUT 60, (I,I=0LX,LH}
WRITE QUTPUT TAPE NOUT .70, (NRPRT{I),I=LX,LH)
L=1
100 LPAGE=LPAGE+1
WRITE QUTPUT TAPE NDUT 110, (TITLE(TI),I=1,12),LPAGE
110 FORMAT(1HL ,12A6,40X5HPAGE [2) ;
GO TD (12G5130,140,150)4L
120 DO 125 I=1,26
KX{1)=—26+]1
125 NNIT)=26-1
G0 TO 160
130 DO 135 1=1,26
KX(1)=1-26
135 NN(1)=1-1
60 TO 160
140 DO 145 I=1,26
KK{I)=1-1
145 NN(I)=26-1
GO TQ 160
150 P2 155 I=1,26
KK{I)=1~1
155 NNt1)=1-1
160 WRITE OQUTPUT TAPE NOUT.170,(KKI{I)}y1I=1,26)
170 FORMAT{LHO,13HX INTERVALS =,26(1XI3)//12H ¥ INTERVALS)
DO 330 N=1.,26
FN=FLOATF(NNIN]})
DO 180 LXY=l,26
180 MMILXY)=D

B-16
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190
200

210
220
230
250
290
300
310
320
330

340

DD 310 K=1,KMAX

IF(Y(KD) —{FN—.5}#YSCALE)}310,4133,192
IF(Y{K)~(FN+ 5 )#YSCALE) 200,200,310
DO 300 I=1,26

FI=FLOATF(KKII))
IF(X{K)~{FI+.5)»XSCALE)210,210,300
IFUX{RI-(FI-.5)#XSCALE 300,220,220
KRAX=NRPRT (1)

DD 290 KX=1.NTYPE
IF{K-KRAX)250,250,230
KRAX=KRAX+NRPRT{KX+1)

G0 TO 290

MM(I)=KX

G0 TO 310

CONTINUE

CONTINUE

CONTINUE

WRITE QUTPUT TAPE NOUT,320,NNIN), {MMIK)s+K=1y25])
FORMAT(1HO,10X13,26{1X13))
CONTINUE

L=1L+1

IF{L-4)100,1004340

RETURN

END{2+150+0,0)
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12

44

30

40

50

50

70

80

SRL HERESY 1 SUBROUTINE INGEDIM

SUBROUTEINE INGEOM

INSERT DIMENSION DECK FOR MAIN PRIGRAM 1

CALL EFM
NIUT=10

IxX=1
RSG=RADII##2

D3 80 I=1.NTYPE
KOX=WDX{1)=XCOR
YDY=WDY(1)#XCOR
AX1=WX1(I)=XCOR
YYL=WYL(I)*XCOR
NRPRT(I)=0
MAXX=RADII/XDX
X(1X)=0.0

P3 20 J=lyMAXX

MAXY=(SQRTFIRSQ-XLIX)#%2) ) /Y0¥

YiIX)=0.0
NRPRT(I)=NRPRT(L}+1
0D 10 K=1,MAXY
IK=1X+K
YUIK)Y=Y{IK-1)+¥YDY
ALIK)=X{IX)
NRPRT{L}=NRPRTI(I]+1
KX=IX+MAXY+1
XIKX)=X(IX)+XDX
IX=KX

IX=IX-1
K&=IX-NRPRT{I)+1
Kz2=0

DD 40 J=K4,IX
IF{X{J}}Y90,40,30
K2=K2+1

K3=IX4K2

Y(K3)=Y{J)
X{K3}==X{J}
CONTINUE

IX=IX+K2
NRPRT{I)=NRPRT{I)+K2
K2=0
Ke=1X=NRPRT{(I)+)
DD, 60 J=K&,IX
IFLY{J))90,60,450
K2=K2+1

K3=TX+K2
YEK3)==Y(J}
X(K3)=X{J}

CONTINUE
NRPRTI{L)I=NRPRT{IVI+K2
IX=IX+K2
KasIX=NRPRT(I)+1

DD 70 J=K4,IX
X(J)=X1J)+XX1
Y{J)=Y{J)+¥YYl
IX=IX+1

CONTINUE

VEISION 3F 10/8/6%




GD TO 105
90 NERR=1
WRITE OUTPUT TAPE NOUT,100
100 FORMAT(1HO,81H A MACHINE ERRIR HAS 3CLURRED IN GENERATING AN INFIN
LITE LATTICE — RESTART PROBLEM)
GJ TO 140
135 1IX=0
D3 110 I=1,NTYPE
110 IX=IX+NRPRT(I)
IF(IX-6500)140,140,120
120 WRITE DUTPUT TAPE NDUT,13D
130 FORMAT(1HO,31HTHE NUMBER DF RJDS EXCEEDS 650))
NERR=1
140 RETURN
END(25150,0,0)
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SRL HERESY .1 SUBROUTINE DATPRT VERSION OF 10/15/64

SUBROUTINE DATPRY

INSERT DIMENSION DECK FOR MAIN PROGRAM 1

CALL EFM
NBUT=10
WRITE DUTPUT TAPE NOUT,5,{TITLE{I),I=1,12)
5 FORMATU1IH1,23X12A6)
WRITE OUTPUT TAPE NOUT.10
10 FORMAT(1HO,45X29HSUMMARY OF HERESY INPUT DATA/1HO,53X13HINPUT OPTI
10NS)
WRITE OUTPUT TAPE NDUT,20, INF,KERNEL,KOOR,NTHERM
20 FORMAT{1H ,25HFINITE/INFINITE OPTION = I2,5X16HKERNEL OPTION = 12,
15X20HCOORDINATE OPTION = I2,5X29HPURE THERMAL KERNEL OPTION = 12)
IF{KOOR-1})62,50,62
50 WRITE DUTPUT TAPE NOUT602LATKPRNT  KPLOTKSKIP
&0 FORMATU1H ,1S5HLATTICE TYPE = 12,5X17HGEOMETRY PRINT = I12,5X16HGECM
1ETRY PLOT = 12,5X1THGEOMETRY PUNCH = 12)
62 IF{KOOR-3)70465,7C
65 WRITE OUTPUT TAPE NOUT,6B8,NF{50)
68 FORMAT{1HO,25HGEOMETRY TAKEN FROM FILE 14,32H OF PERMANENT TAPE ON
1TAPE UNIT 33
TO WRITE CQUTPUT TAPE NOUT»30eN1yNZyN3,CR19CR2Z4CR3
80 FORMAT{1HO,49X20HCONVERGENCE CRITERIA/IH ,30HMATRIX INVERSION ITER
1ATIDNS = I4,5X24HEIGENVALUE ITERATIONS = I5,5X32HCRITICALITY SEARC
2H 1 TERATIONS = J4/1H ,24HINVERSION CONVERGENCE = FT.65X25HEIGRENVA
3LUE CONVERGENCE = F7.6,5X26HCRITICALITY CONVERGENCE = F7.8)
WRITE OUTPUT TAPE NDUT,90,NOGRID,XMESH,B(1},B{2},8(3),TAU{1),TAU(2
1} TAUU31 s TAUR(L) o TAURLZ) 2 TAU(3},BSQ,XLS5Q:SIGA
90 FORMATU1HO,58X11HKERNEL DATA/IH ,24HNUMBER OF GRID PQINTS = 15,%X

112HMESH SIZE = F8.3,2X2HCM/1H ,10HBI1) = F6.2,5X10HE(2) = Fb6
2.2,5X10HB(3) = FA.2/1H s 10HTAULL) = Fb6.295X10HTAUL2) = F6.2
ASX1OHTAUL3) = F6.,2/1H  10HTAUR{1) = F6.2,5X1C0HTAUR{Z) = F6.2,5X10

4HTAUR(3) = F6.2/1H ,11HB SQUARE = F7.6,5X11HL SQUARE = F10.4¢5X21H
5MODERATOR SIGMA(A) = F12.8) .
WRITE OUTPUT TAPE NOUTy100,RADRFL,ROEMIN

100 FORMAT(1HOs19HREFLECTOR RADIUS = F6.2,11HRHO{MIN} = F6.2)
TF(INF)108,108,102

102 WRITE OUTPUT TAPE NOUT,104,RADII

104 FORMAT(1HO,52HRADIUS BEYOND WHICH NO MORE RODS ARE CONSIDERED =
1F8.3)

108 TF{LCRIT)220,220,110

110 IF{LCRIT-1)120,120,140

120 WRITE OUTPUT TAPE NOUT,130,E1GEN

130 FORMAT(1HO,60HCRITICALITY SEARCH ON ETA — EIGENVALUE TO BE SEARCHE
10 FOR = F10.7)
60 TO 190

140 TFULCRIT-2)150,150,170

1506 WRITE OUTPUT TAPE NOUT,160,EIGEN

160 FORMATUTHO, 6ZHCRITICALITY SEARCH ON GAMMA — EIGENVALUE TO BE SEARC
1HED FOR = F10.7)
60 TO 190

170 WRITE OUTPUT TAPE NOUT,180,EIGEN

180 FORMAT{1HO,65HCRITICALITY SEARCH ON BUCKLING ~ EIGENVALUE TG BE SE
1ARCHED FOR = F10.7)
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DATP
DATP
DATP

DATP
CATP
DATP
DAT?2
DATY
DAT?
DAT»
DAT®
DATR
DATR
DAT#
DATV
DATS
DAT?

DATPRT

DATH
DAT
CAT?
DATP
DAT
DAT?S
OATP
DAT?
DATP
DAT
DAT?
DATS
DﬁT?
LDAT
DATY
DAT?
NAT
RATS?
DATY
DAT
DAY,
DAT
DAT?
DAY?
DAT?
UATRP
DAT®
DAT?
DAT?
CATP
DAT?
DAT
OAT
NAY>
DATD
DAfP



190 IFL{LCRIT-2)200,200,220
200 WRITE OUTPUT TAPE NOUT,210,KSERCH
210 FORMAT{IH ,29HROD KIND TO BE SEARCHED ON = 13}
220 NRITE OUTPUT TAPE NOUT,.23C
230 FDRMAT{1HO48X22HDATA FOR EACH ROD KIND)
" WRITE OUTRUT TAPE NOUT,240
240 FORMAT({1HO, SHROD KINDs&XSHGAMMA,6X3HSMF,5X12H1 ./ (GAM+SMF]),5X3HETA
1s5X10HRESs COEF .3 5XIHLSQ,SXBHSIGMA{A) y6X1HF ,6XIHCELL VOL. y3X6HRADI
2us//7)
DD 250 I=1,NKIND
. XXLL=l./(GAM{TI+SM(I)}]) .
250 WRITE OUTPUT TAPE Nﬂ“T'Z60'IQGAH(I)oSM(I,sXXLLoETAI(IIQALlI}rXLSQZ
181)oSIGCIT) s THERUCT } o VCELL(I),RADIUS(I)
260 FORMATI{1H ¢3XI12,6XF7e5y3XF 755X XFBu6y5XFT.5+4XFBe%y4XFT.1y3XFB. T,
13XF7.593XF9.5:3XF6.4)
NRITE QUTPUE TAPE NOUT.270
270 FORMAT{1HO,48%22HDATA FOR EACH ROD TYPE)
WRITE QUTPUT TAPE NOUT,280
280 FGRH‘T(]._HO.SHROD TYPE,3XBHROD KIND, 3X8HND. RODSs4&XSHGAMMA 46 X3HSMF,
15X14H1 ./ (GAMMA+SMF)//)
DO 290 I=1.NTYPE
XXLL=1./(GAMMA{ I Y+SMFOII}}
290 WRITE OUTPUT TAPE NOUT,300,I,KIND{T},NRPRTII} GAMMA(I). SMFO{1),
TXXLL
300 FORMAT(LIH »3XI2,9XI2:TXT436XFT7.5:3XFT7.5,6XF8.5)
RETURN
END{2,140450,0)
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DATP
DAT?
DATP
DATP
DATP
DATP
DATP
DETP
DATP
DATP
DATP
DATP
DAT?
DATP
DATP
DAT?
DATP
NATP
DATY
DAT?
DATP
DAT?
DATP
DATE
DATP
DATP
DATP
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Link 2

Link 2 of the program tape consists of 13 FORTRAN II subprograms,
2 SAP subprograms, a package of library functlion subroutines, and a
package of FORTRAN II control subroutines. COMMON STORAGE begins at
location 146738 in this 1ink,

FORTRAN IT and SAP Subprograms

Subprogram Name

MAIN PROG 2
XYLIB (SAP)
MATELM
INVERT
EIGENL
EDIT

HEAD

COUT
CONVER
ETASER
GAMSER
BUCK
KERGEN
LEQ(SAP)
USKER

Funetlion

Link 2

- executlve routine

Library tape routine

Slowlng down matrices

Matrix

Inversion

Eigenvalue power iteration

Edit solution and output result

Write heading for search summary

Qutput

gearch summary

Test for criticallty convergence

Eta search routine

Gamma search routine

Buckling search routine

Kernel generator

Linear equation program

Bessel's interpolation routine

The following are 10 small matrix routines used in code:

ABMXVC
DGMPMX
MXADDG
MXMPCV
MXMPDG
MXMPMX
MXSBMX
~ RVMPCV
RVMPDG
RVMPMX

Finds mex, value of & column vector

Diagonal mx. multiplied by a sguare mx.

Square
Square
Square
Square

Square

mx. added to a dlagonal mx.

mx. multiplled by a column vector
mx. multiplied by diagoﬁal mx,
mx. multiplied by square mx,

mx, subtracted from square mx,

Row vector multipled by column vector

Row vector multipled by diagonal mx,

Row vector multlipled by square mx,
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FORTRAN IT Library Function Subroutineg

FORTRAN Name

EXPF (arg)
10G (arg)

EXPIF (arg)
SQRTF (arg)

Function

elarg)
in(arg)

Ei(arg) integral
Varg

FORTRAN IT Control Subroutines

Subroutine Name

XLOCF (arg)

LFM
EFM
(FIL)
(DBC )
(BDC)
(ToH)O
(IOH)I
(RTN)
(LEV)
(STH)
(SPH)
CHAIN
CPTG

Qperation

Locate variable in storage
Leave floating point trap
Enter fleating point trap
Format interpretive loader
Decimal to binary conversion
Binary to decimal converslon
Input - Output Hollerith, Output
Input - Output Hollerith, Input
Return

Leave

Storage to tape Hollerith
Storage to printer Hollerith
Chain search routine

CHAIN program tape generator
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DIMENSION DECK FOR SRL HERESY 1 MAIN PROGRAM 2
DIMENSICN DECK FOR MAIN PROGRAM 2 VERSION OF 10/2/64

DIMENSION LL(225),AA015530),AAA(1LD250)

DIMENSION NICPRT(50),NRPRAT(5D),KIND{50)yNFL5D)

DIMENSION B(2),TAU(3) s TAUR(3},XLSQ2(50),SIGC{50),VCELL(50),0AM(5
1 s THERUISO I 3ETAI(53) +AL(50) s RADIUSI50) ¢ XO[ 3053}, YD(50531,

2 THETA([50,3) 4 WRXI50) WY (S0) o HXL(30),W¥1L50),V0(50),%(8),

3 TITLE(LZ2) ,BGF(250) 4 BGFRI250),SMGRI257) s SMFL250),5M{30},4D150;
4 GAMMALSCYyETALS0) AL50) ySMFO{50 ), FKMAX(501,X(6503),Y{3500)
DIMENSION T1(50,50),T2(50,501,T3(50,50),T4(50,50),T5(50)4T6(5C),
1 TU5055C) o TRI53,50)45R(50,50),2(50,50),ABSRBI50),RESABSI5D1,
2 VRATIC(50),V1(50),V2(50) .

COMMON LL,AA,AAA
EQUIVALENCES FOR LL ARRAY

EQUIVALENCE (INF,LL{L1) ), (KERNEL,LL{Z)),(KOOR,LL{3})y (N1, LLU4D),

1 (NZyLLUS) ) o {NB9LLIS) )y {NOGRID,LLLIT) )y EINTHER,LL(S)), LLAT,

2 LL{9) )y (NICPRT,LLILC)} 4 {KPRUTSLLLG0) ) o (KPLOTyLL(EL) ), (KSKIP,
3 LL{62) ) o {NTYPE LLEG3) ), [NATHND s LLISS) ) LARPRT,LL{ISG) )y [KIND,

4 LLI115) )4 (LCRIT4LLL165) )y [XKSERCHyLLILEG } )4 INSEPRyLLLILET)),

] AKDATSLLI168)) o {KTESTLLILA9Y Y, {ITL,LLELITONY, (1T2,LLL171)),

] (IT3,LL0172)) o {ITA,LL{173) ) {IMAXI,LLOL1T4)),( IMAX2,LLLLIT5)),
7 .

(NFoLL(176))
EQUIVALENCES FOR AA ARRAY

EQUIVALENCE (CRL4AA{L)),(CR2,AA(2)),(CR3,AAL3)), (XCOR,AALAD),
(XSCALE JAA(S) ) (YSCALEsAA(O}) s (RADRFL,AALT) ),y (ROEMIN, AACR)],
(ETGENyAALD) )y [XMESH,AA(LO) ), (BSQsAACLL) ), (XLSQ,AALL2)), }
(SIGA,AA(IB]).{B,Aatlé))yITAU'AA(17))o(TAUR.AAlZO))yiTAUTULq
AAL23)) , INERRyAA(24)), {XLSQA2,AA(25)),{SIGC,AA{TS5) }, (VCELL,
AAL1I25)), {GAMa AALLTS)) s (THERU,AAL225) ), (ETAT, AAL275)), (AL,
AAL325)) 3 {RADIUS o AA(375) )y (XD AALG25) ) (YT4AALDT5) ), (THCTA,
AAL T25)) , (HDXAAL 37500, (ADYAAL 925)), (WXL, AAL 975) ), WYL,
AALLD25)), (RADITAALLO75) )5 (AL, AALLOT6) ), (A2, AA{LO7T}), (FKR1,
AA{1078)) s {FK2,AAL1079)), [VO,AA(1080)), (H,AA2492))

EQUIVALENCE (BGF,AAL1142)) 4 IBGFL,AAL1302) ), (SMGR, AA{1642)),
(SMF,AATLST2)) o {SMaAAL2142) ),y (D AAC2192) )5 (GAMMA, AA(22421)),
(ETA AALZ2272) )5 (AL AALZ2342)) s {SMFOAA(2392) 1, ( FKMAX,AA(2442))
(X AA(2500) 1, {YsAALS000)) s (TITLELAA(L130)),IT,AA(2500)),
(TRyAALS00GY) 4 (SR,AALT500)) 4 (Z4AAL10000))4{T5,AA(12500)),
{T6,AA(12550))

[Nele BN I T, B RR VRN N ]

W N e

EQUIVALENCES FOR AAA ARRAY
EQUIVALENCE (TLsAAALL} ), {T2,AAA(2501)),(T3,AAA{5001)), (T4,

1 AAA{75C1) )+ (ABSRB,AAA[10D01))},({RESABS,ABA(10051)),(VRATIO,
2 AAA{101C1)),(V1,AAA(1D150)),1VZ,AAA{10201]))

B-24
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WS N

10
45

220

360
370

380
3%0

400
410

420
430

435
450

450
460

470

480
490
500
510
520

SRL-HERESY 1 MAIN PROGRAM 2 VERSION OF 10/19/64 MAT

MAT
SUBROUTINE MAIN MAI
DIME
TNSERT DIMENSION DECK FOR MAIN PROGRAM 2
MA T
CALL EFM MAI
NOUT=10 MATL
NTEMP=2 MAT
RERWIND NTEMP MA1
I1T4=0 MA L
IFIKODR Yae 4y 2
GO TO {848,5)yK00OR
IFIKERNEL)45,45,:5 MAT
CALL XYLIBINF{49),NF(50),0,XCOR) M.
CALL MATELM MAI
CALL XYLIB(NFl49),NF{50),1,XCOR) M.
D0 10 I=1,NTYPE MAT
DO 10 J=1.NTYPE MAI
TL{I4J)=TI{1yd) MAI
TRUI»J)=T2014d]) MA1
SRUYI»J)=T3{1,4) MAT
il J)=T4(1y4) MAI
CALL MXADUGINTYPE.Z,GAMMA,T1) MAT
CALL INVERT MAT
CALL DGMPMXINTYPE,A,SRyT2) MAT
CALL MXMPMMINTYPELTR,T2,T74) MAI
CALL MXSBMXINTYPE.T,T4,T1) MA1I
CALL MXMPOGINTYPEWTL1,ETA,T4) MA L
CALL MXMPMXENTYPEST3,T4,T1) MAT
CALL EIGENL MAT
N0 370 1I=1,NTYPE MA T
vo(I)=vzil} MATY
IF(LCRITI490,490,380 MAT
IF{NSEPR)400,400,390 MAT
CALL EDIYTY MAT
60 TGO 430 i MAL
IFLIT4Y420,410,420 : ' MA 1
CALL HEAD MAT
G0 TO 430 MAT
CALL COUT . . MA1
CALL CONVER MA 1
NANANX=1IT1 MAI
GO TO [435,480,490)  NXNXNX M,
IFILCRIT-1)480,440,450 MAT
CALL ETASER MA 1
60 TO 220 MA T
IF(LCRIT-2)430,460,470 MA 1
CALL GAMSER MAT
GD TD 45 MA I
CALL BUCK MAT
GO 10 5 MAT
IF(NSEPR)490,490+500 MAL
CALL EDIT MAI
IF(KTESTYS510,510,520 MAT
CALL CHAINI(1,1) MAT
CALL CHAIN{1,50) MA T
END(251,04040) MA1
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REM FORTRAN II SUBRDUTINE XYLIA VERSION OF 10/21/64% XyLs

REM XyYLs
REM TAPF CONTROL SUBROUTINE FOR SRL~HERESY [ GEUOMETRY TAPES XyYLs
REM ' . XYLB
FuL P C G XYLB
ORG O R A& E XYLB
MZE 2, 4,ENTRY~-2 G R N XYLB
PZE &G D E XYLB
PZE BREAK,yq0 R R XYLB
PZE 32562 A A XYLB
BCO 1XYLIB M T XYLB
PIE £P 0 XYLB

ENTRY EQU = R XYLB
ORG 0 XYLB
REL XYLB

STORE PZE XYLB
PIE XYLB
PZE XYLB
PTE O

FILE PZE ©
PZE O

SCALE PIE O

EP SXD STORE,1 STORE INDEX REGS. XYL

SXD STORE+1,2 XYLB
SXD STORE+Z.4 Xyis
SXD FOF.2 XYLB
TXI =+1,42,1 XYt3
CLA 1.4
STA =+1
CLA ==
STO STORE+3 STORE WRITE INDICATOR
CLA 2,4% '
STA *+1
CLA == i
STO STORE+4 STORE FILE NMUMBER
CLA 3,44
STA =+1]
CLA #=»
ST STORE+S STORE READ-WRITE INDICATOR
CLA 4,4
STA #+1
CLA ==x .
STO STORE+S STORE SCALE FACTOR
CLA STORE+4 GET FILE NUMBER
TNZ RDID BRANCH ON NON ZERD TO LIBRARY TAPE XYLB
CLA STORE+S GET READ-WRITE INDICATOR
TNZ WRITE ARANCH ON NON ZERD TD WRITE ROUTINE XyLs
CLA ZERD XYLB
LXA ONE,1 AYLB
RTB 2 READ BINARY TAPE 2 XYLB
CAD 29839,1 XYL
TRA #+43 XYLB
TRA ERRDR TRANSFER T0O HPR 550 XYLB
TRA ERRDR TRANSFER TO HPR 550 XYLB
TIX =~441,1 XYLB
SLW CHECK :
A CHECK
CrY CHECK XYLB
SUB CHMECK XYLB
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WRITE

RDID

RDOTP

YZE =42

HPR
REW_
TRA
LXA
CLA
WTB
CAD
TIX
SLW
cPyY
REW
TRA
RTB
CPY
TRA
TRA
TRA
CLA
SUB

JZE
FOE

CLA
SuB
TNZ

= TEX

TRA
CLA
TIE
CLA
TNZ
TRA
CiLa
LXA
WTB
CAD
TIX
SLH
Cry
TRA
L XA
CLA
RTE
CAD
TRA
TRA
TRA
TIX
SLW
CLA
CPY
SUB
TIE
HPR
LXB
EFM
LDQ
FMP
STG
TIX

*

2

RETN
ONEyd
ZERD

2
29839,1
*.- 1,"..1..': 1
CHECK
CHECK

2

RETN

3

FILEL
*+3
TEST-1
TEST-1
FILE
FILEL
RIGHT

FILEl
RDID
REWTP 4240
TEST
STORE+S
RETP
STORE+3
42
RETN
ZERD
ONE, 1

3

29839,1
#=-1,51,1
CHECK
CHECK
RETN
ONE,1
ZERD

3
29839,1
*+3
ERROR
ERROR
%=441,1
CHECK
CHECK
CHECK
CHECK
n¥2
ONE,s1

SCALE

29839,1
29839,1
""'3h1-1

'CHECKSUM ERROR - HPR 424
REWIND FAPE 2
TRANSFER TQ EXIT

WRITE BINARY TAPE 2

REWIND TAPE 2
TRANSFER TO EXIT
BEGIN FILE SEARCH ON TAPE 3

TRANSFER TO MAKE NEW TAPE

FILE IS CORRECT
FILE IS5 NDT CORRECT

TRANSFER TO READ NEW RECORD

REWIND TAPE ONCE ON FOE MARK

FILE NOT ON TAPE,TRANSFER TOD TEST

FILE IS CORRECT,GET READ-WRITE INDICATOR
TRANSFER TO TAPE 3 READ

GET NEW COORDINATE INDICATOR

TRANSFER TD NEW CODRDINATE WRITE
TRANSFER TOD EXIT

WRITE NEW COORDINATES IN OLD FILE

READ FILE FROM TAPE 3

READ COORDINATES FROM OLD FILE

TRANSFER TQ HPR 550 .
TRANSFER TO HPR 550

CHECKSUM ERROR « HPR 507

PLACE SCALE FALTOR IN MQ
FLOATING MULTIPLY EACH COORDINATE VALUE
STORE BACK IN CODRDINATE ARRAY
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XyLB
XyLs
XYL3
XYLB
KYLB
XYLB
XYLB
XYLB
XYLB

XYL3
XYLB
XYLB
XYLB
XYLB
XriB

XYLB
XYLS

XYLB

AYLB
XYLB
XYLB
XyLs

XYLB
XYLB

XyLs
XYLB
XYLB
AyiLd
XYLs
XYLB
xyLg

XYLB

XYLB
XYLB

XYLB

XYLs
XYL3
Xyis
XYLs
XYLP
XYL
XYLE




REWTP

TESY

ERROR
RETN

ONE
FILEL
ZERO
CHECK
FOE
BREAK

LFM
TRA
REW
TRA
REW
CLA
TNZ
LXD
LXD
LXD
HTR
BST
WTE
cey
CLA
LXA
WT8
CAD
TI1X
SLw
cPY
WTB

CPY "

WEF
REW

HPR
LXD
LXp
LXD
TRA
PZE
PZE
PZE
PZE
PZE
EQU
END

RETN

3

RDID

3
STORE+3
*+5
STORE,1
STORE+1,2
STORE42,4
Se4

3

3
FILE
ZERD
ONEs1

3
29839,1
#=141,1
CHECK
CHECK

3

FOE

3

3

RETN

»
STORE, 1
STORE+1,2
STORE+2+4
S5y4
13000

0

4]

0

64625

-

» &

REWIND TAPE 3

TAPE 3 REWIND FOR NEW TAPE

"TRANSFER TO WRITE NEW COORDINATE FILE

ERROR - FILE IS NOT ON TAPE HTR 5,4
BACKSPACE TAPE 3 ONE RECORD

WRITE NEW FILE NUMBER

WRITE NEW COORDINATES

WRITE CHECKSUM ON TAPE 3

WRITE FOE MARK ON TAPE 3

END FILE TAPE 3

READ ERRDR ON TAPE 2 OR 3 HPR 550

EXIT TG MAIN PROGRAM
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XYLB
XyLp
XyLB
XYL

XYLB
XYL3
XYLB
XyYLB
XyLs

XYLB
AYLB
XYLB
XYLs
XYLB1l
XYLB1
XyLp1

XYLEB1
XyLal

XYLB1
XYLB1
XYL81
XYLB1
XYLB1
XYLB1
XYLB1
XYLB1

XYLBI
XyLsi

e




00 00

SRL HERESY .1 SUBROUTINE MATELM

SUBROUUTINE MATELM

10
20
30

40

50

50

70

20
100 -
110

INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL EFM

P1=3.1415926

KMN=1

DD 110 1=1.NTYPE
N=NRPRTI(I}

KR=1

KMNN=KMN+N-1

DD 100 Js1,NTYPE
T1{J+1)=0.0

T2l 1)=0.0

T3(Jy1}=0.0

Tald,L3=20.0
IF(RAORFL)10,10,20

IRL=0

G0 TO 40
ROERL=SQRFF{IX{KMN) ##2+Y{KMN) #=2)
IF(ROERL-ROEMLN]) 104103430

ROEIM=2 . =RADRFL-ROERL

THET=aROEIM/ROERL

iRL=1

DO 90 K=KMN,KMNN
IF{KR~¥K)60,50460
TI{JeI3=T1{J, 1)+BGF(1)
T2{ 4+ 13=T2(Jy I 1+BGFR{1)
T3{ded)aTA{ A, TIHSMGRIL)
T4{Jdy 1V=T4({J, T }4+SMFOLT )
GO TQ 70
DX=SQRTF{ILX{KR)}~X(K}) %92+ { YIKR) =Y (K} )en2)
FF1=1.0

CALL USKER{DXyFFls1:J]
IF{IRL-1}90,80,90
XIMAG=THET*X{K)
YIMAG=THET#*Y{K)
DX=SARTFUIX{KR)-XIRAG) # 22+ {YIKR) ~YIMAG ) #=2)
FF1=-SQRTF{ROEIM/ROERL)
CALL USKER(DXsFFls14sJ)
CONTINUE

KR=KR+NRPRT{J}
KMN=KMN+N

RETURN

END( 2’1. 0 1\0."0.)

B=-29

VERSION OF 10/2/64%




a0 OO0

SRL .HERESY 1 SUBRGUTINE USKER VERSION OF 10/2/5%
SUBRDUTINE USKER(DX,FIMREL.I,J)
INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL EFM
NTEMP=2
NOUT=10
FNOGR=NDGRID
1F (DX~XMESH= (FNOGR-3.))30,30,10
10 WRITE QUTPUT TAPE NOUT,20
20 FORMAT{1HO,55HERROR - KERMEL SIZE IS TOJ SMALL FOR LATTICE BEIING J
1SED)
GG TO 70
30 M=DX/XMESH+1.0
IF{M=-2)40,60460

40 WRITE OQUTPUT TAPE NOUT,50

50 FORMATU(1HD,32HERROR ~ KERNEL MESH IS TO3 LARGE)

G0 10 70
60 U=(MODF(DX,XMESH))/XMESH

P=Us{U-1.)/4.

Q=1.-4-P

R=U=~P

FLF=FIMREL#(P= (BGF{M-1)+BGF{M+2))+(#BEF(M)+3#3CF{M+1))

T1(J, 1)=TiJ,T)4FLF

F2F=FIMREL# (P*{B5FR(M~1)+B5FX{M+2} ) +Q#BSFR(M)+ReBGFR{M+1))

T2{JsI1}=T2(J 1} +F2F

F3F=FIMREL* (P {SMGRIM=-1)+SMGRIM+2) ) +Q#SMER (M) +ReSNGR(M+1))

T3{J,1)=T3(J,1)+F3F

FGF=FIMREL* (P# {SMF{M=1)+SMF(M+2) ) +3#SMFE{ M) +R*SMF(M+1))

Tald, I3=Ta(d,1)+F4F

RETURN
TO WRITE TAPE NTEMP,[AAI1),1=2500,15500)

REWIND NTEMP

WRITE OQUTPUT TAPE NDUT,80
80 FDRMAT{1H ,70HTHIS ERROR OCZCURS IN FORMING THE MATRICES FROM TA= £

1ERNEL AND GEDMETRY/L14 ,84+AN ATTEMPT WILL BE MAJE TD RUN SUCIESSTV

2E PROBLEMS, BUT IT IS UNLIKELY ¥FHEY WILL RUN)

PRINT 30
30 FORMAT(1H ,26HPROBLEM DID NOT RUN TJ END)

CALL CHAIN {1,1) ’

END(2y1+0,0,0}

B-30




OO0 (2N el

50
60
10

15

8o
90
100
110
120

125
130

140
150

150

170
i75

130

190

200
210

-4
i
H

SRL HERESY 1 SUBRDUTINE INVERT VERSION OF 10/2/64
SUBROUTINE INVERT
INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL EFM
NOUT = 10
IT1=0
NXN=0

DO 7O I=1,NTYPE

D3 70 J=14NTYPE

T2{1,J)=Ti{1,4J)

IF{1-J)6D,50,60

T3(I5J)=1.0

60 10O 70

T3{I1,J)=0.0

CONTINUE
KIAX=XLOCFIT211,1))=XLOCF{T2{1,2})
CALL LEQITZ,T3,NTYPE,NTYPE,KIAX,K1AX,DET)
CALL MXMPMXINTYPE,T1,73,74)

D3 100 T=1,NTYPE

DO 100 J=1l.,NTYPE

IF{I=J)904+80,90
IE(ABSF(T4(153)~1.0)-CR1)100,100,110
IF(ABSF{T4{I,J))}-CR1)100,100,110
CONTINUE

RETURN

IT1=1T1+1

IF(IT1-41)180,180,120
IFINXNIL254125,170

WRITE CUTPUT TAPE NDUT,130,IT1,CR1

FIRMAT(1H1l,72HTHE SPECIFIED NUMBER JF ITERATIONS ON MATRIX IVVERSL 
10N HAS BEEN EXCEEDED/LH ,26HND ITERATIONS COMPLETED = 144 5X25H0INY
2ERGENCE CRITERION = F10.7/1H0,29HMATRIX TO 3E INVERTED FOLLOAS)

DO 140 I=1,NTYPE

WRITE OUTPUT TAPE NOUT4150:{TL{I4J)sd=1,NTYPE)
FORMAT{1HO48E14.7/7l1H 4BEL4.T))

N1=N1+10

NXN=1

63 T3 180

PRINT 175 :

FORMATU1H ,26HPROBLEM DID NJOT RUN T3 END)
CALL CHAIN{1l,1)

DO 210 I=1,NTYPE

DO 210 J=1.NTYPE

T2{I4J)=T3({14J)

IF{1-~J)200,190,200

TallyJ)}=2.-T4l1,J)

33 TD 210

T41I.J)Y==T4{1,J)}

CONTINUE

CALL MXMPMXINTYPEsT2,T4,T3)

GO 1O 75

END{24+140404+0%
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230

240

250
260
270
280

290

SR1L HERESY 1 SUBROUTINE EIGEN VERSION OF 10/2/64
SUBROUTINE EIGEN1
INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL EFM

NOUT=10

NN=2

DO 230 1=1,NTYPE

V1tI)=v0O{I)

1T3=0

1T2=0

CALL ABMXVC{NTYPEsV1sAl,IMAX1)
FX2=1.0 _

CALL MXMPCVINTYPE,T1,V1,4V2)
CALL ABMXVCI{NTYPE,V2,A2,IMAX2)}
LF{VI{IMAX2) 250,320,250
FX2=V2{ IMAX2)/V1{IMAX2)

GO TO (260,300),NN

IT3=1T3+1
IF{1T3-10)300,300,279

1T3=0

00 280 1=1,NTYPE

VRATIOf I)=V2(1)1/A2

WRITE OUTPUT TAPE NDUT,290,IT2,FK2,( (V2(1),VRATID(I))sI=1sNTYPE)
FORMAT[LH1,102HTHIS PROBLEM HAS EXCEEDED THE MAXIMUM NUMBER OJF ITE

LRATIONS SPECIFIED FOR THE EISENVALUE ITERATION (N2} /1HO, 2 THCURRENT

2 ITERATION NUMBER = I4¢5X21HCURRENT EIGENVALUE = F10.771H0,10X11HE
3IGENVECTORy9XSHV2/A2/{1H 5 10XE12.5,5XEL2.4))

292
295

300
310
320
330

340
350

IF{1T2-2%N2) 300,300,292

PRINT 295

FORMAT{1H ,26HPROBLEM DID NOT RUN TO END)
CALL CRAIN{1,1)

DD 310 IslNTYPE
1FlAB$FlV1(II*VZ(IIIFKZ)ﬁCRZiAl)3101310,320
CONTINUE '

RETURN

IT2=1T2+1

LF{1T2-N2) 340,340,330

NN=1

DO 350 I=1.NTYPE

vi(1)1=v2ll}

AL=A2

IMAXI=IMAX2Z

FK1=FK2Z

&0 T 240

END{ 241 s0:04+0)
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SRL-HERESY .1 SUBROUTINE HEAD VERSION OF 13/2/64

SUBROUTINE HEAD
INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL ERM
NDUT=1C
WRITE. QUTPUT TAPE NOUT,10,EIGEN
10 FORMAT{1HO,29HSUMMARY OF CRITICALITY SEARCH/1H »32HEIGENVALUE BEIN
16 SEARCHED FOR = F10.7)
IF(LCRLT-1)20420+440
20 WRITE QUTPUT TAPE NOUT,30
30 FORMAT{1H s12HITERATION NO,S5X18HCURRENT EIGENVALUE,5XI9HPREVIOUS E
1IGENVALUE, SXLTHCURRENT ETA VALUE,5X264RID KIND BEING SEARLHED OV)

&0 TG 30
40 IF{LCRLT-2150450470
50 -WRITE OUTPUT TAPE NOUT .60
60 FORMAT(1H ,L2HITERATION NO,S5XL8HCURRENT EIGENVALUE,S5XL9HPREVIOUS E

1 LGENVALUE, 5X19HCURRENT GAMMA VALUE,5X26HROD XIND BEING SEARCHAED ON
2)
60 TGO 90
70 WRITE OUTPUT TAPE NOUT,S80
80 FORMAT(1H ,12HITERATION ND,5X18HCURRENT EIGENVALUE,S5XLIHPREVIOJUS E
1 LGENVALUE, 5X22HCURRENT BUCKLING VALUE)
90 RETURN
END{251,05050!
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10
20

30
50
50

80

SRL~HERESY 1 SUSROUTINE COUT

SUBROUTINE COUT

INSERT DIMENSION DECK FOR MA

CALL EFM

NOUT=10
KSERCH=KSERCH
Wil1=wil)

FFK1=W(1])
FFK2=FK2%TAUTOL
IF(LCRIT—1)10,10130
WRITE QUTPUT TAPE NO

UT 92051 Thy FF

yERSION 3F 1378764

1N PRIGRAM 2

KZ.FF(I.ETAI(KSERCHl.KSERCH

FIRMATI(1H '5X12.14XF10.7g13XF11.7,13XF9.6'21X12)

GO TO 80
IF(LCRIT—2)40,40,6O
WRI1TE QUTPUT TAPE ND
FORMAT(1H s 5XI 29 L4XF

&0 TO 80
WRIYE QUTPUT TAPE NOUT,

EORMATL1IH 2 5XI12,14XF
RETURN
END(Z.IQOJO,O)

UT,SD,IT%,FFKZ.FFKI:GAM(KSEREH),KSE%CH

10.T+13XF11.

10.7913%XFL1.
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SRE-HERESY 1 SUBROUTINE CONVER CVERSION OF 10/2/64

SUBROUTINE CONVER
INSERT DIMENSION DECK FOR MAIN PRIGRAM 2

CALL EFM
NOUT=10
IF{ABSFI{EIGEN-FK2#«TAUTOL) - CR3)10:10;20
10 IT1=2
RETURN
20 IF{1T4=N3)50,50,30
30 WRITE JUTPUT TAPE NODUT,40
40 FORMAT(1H ,84HTHE MAXIMUM NUMBER JF ITERATIONS HAVE BEEN EXCEFODED

1IN THE SEARCH WITHOUT CONVERGING/1H ,5614THIS PRIBLEM WILL BE SKIPP
2ED ODVER AND SUCCESSIVE PROBLEMS RUN)

IT1=3
RETURN
50 IT1=1
RETURN
END(2,1,0,0,0)
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SRL~HERESY 1 SUBROUTINE GAMSER 11 VERSION OF 10/2/64

SUBROUTINE GAMSER

INSERT DIMENSION DECK FOR MAIN PROGRAM 2
CALL EFM

KSERCH=KSERCH

IFLIT4)10410,430

10 IFENFIKSERCH)I11l,11.12

11 XLIMIT=0.0
GO TO 13

12 XLIMIT=(1./(12. 56637'DHKSERCH)3J*LOGFIXLSQleSERCHJIl(l +B5Qs=

IXLSQZ(KSERCH))*VCELLIKSERCHI))+.228714IB(KSERCHJ

13 GAMX=1.7(GAM{KSERCH)+SM{KSERCH})

Wiz)=FK2 :
FX#{EIGEN-FK2%TAUTOL) /EIGEN
GAML=GAMX+{1.-FX)
XXXX=1./GAML
IF{XXXX-XLIMIT}50450415

15 GAMIKSERCH)=11/GAML—-SM(KSERCH)
DO 20 I=1,NTYPE
N=KINDIT)

20 GAMMA(1)=GAM{N]

IT4=1T4+]
WEl)=FK2=TAUTOL
RETURN -

30 GAMZ2=1./{GAMIKSERCH)+SM{KSERCH))
GAM1=GAM2+{GAM2=GAMX) #»{ ELGEN-FK2+TAUTOL)}/ { {FK2=-W (2} )sTAUTOL)
XXXX=1,/GAM1
IFEXXXX=XLIMIT)I50,50+35

35 GAMIKSERCH)=14/GAMI-SM{KSERCH)

WE21=FK2
GAMX=GAM2
DO 40 I1=1,NTYPE
N#KINDLI)

40 GAMMALI)=GAM(N)
IT4=1T4+1
WELl)=FK2#TAUTOL
RETURN

50 GAM1=XLIMIT+.0001
IFLIT4)15,15,35
END(2+1404,0,0)
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SRL HERESY 1 SUBROUTINE ETASER VERSION OF 10/2/6%

SUBROUTRINE ETASER

TNSERT DIMENSION DECK FOR MAIN PRIGRAM 2

oOO 0

CALL EFM
KSERCH=KSERCH
IF(IT4#)10510,30
10 ETAIX=ETAI(KSERCH)
Wi3}=FK2
W{l)=FK2+TAUTOL
FX=(EIGEN-FK2*TAUTOL) /EIGEN
ETAT(KSERCH)=ETAT(KSERCH}Y={1.+FX}
D0 20 I=1sNTYPE
N=XINDPII}
20 ETA(II=ETAI(N)
1T4=1T4+1
RETURN
30 ETMX=ETAI(KSERCH)
ETA!(KSERCH)=ETMX+!EIGEN—FKZ*TAUTOL)*(ETHX*ETAIX)/(IFKZ-NI3))*
1TAUTOL)
ETAIX=EBTMX
W{3)=PK2
DO 40 I=1,4NTYPE
N=KIND( I}
40 ETA(IY=ETAIINY
IT4=1T4+1
Wil)=FK2*TAUTOL
RETURN
ENDI{Z2:14040,0)
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SRL HERESY I SUBROUTINE BUCK VERSIO OF 10/8/64

SUBROUTINE BUCLK
INSERT DIMENSION DECK FOR MAIN PROGRAM 2

CALL EFM
IFLIT43110410,40

10 BSQz=854Q
IFIFK2*TAUTOL-EIGEN)204+90,30

20 B5Q=BSQ-2.5E-04
NUM=~1
GO0 TC 80

30 BSQ=BSQ+2.5E-04
NUM=4+1
60 To 80

40 B85Q2=BSQ
IF{FK2#TAUTOL~EIGEN}S0,» 90,60

50 IF{NUM)20,70,70

60 IFINUMITO,T0,30

70 BSQ=BSQZ2+{BSQ2~-BSQ1)# (FK2#TAUTOL~EIGEN)/{FFK1-FK2*TAUTOL)
NUM=(

80 FFK1=FK2=TAUTOL
TAUTOL=EXPF(~BSQ#{B(1)#TAU(L)+B(2)*TAU(2)+B{3)eTAUI3)))
CALL KERGEN
1T4=1T4+]

BSQ1=85Q2
Wil)=FFK1
DO 100 I=1,NKIND
DLIN=X1L8G2(1)=SIGCII)
AYLSQ=XLSQ2{1}/(1.+B5QeXLSQ2(I))
IFINFI(1))100,100,95
95 GAM{1)=XLSQ2(E)#{1.,~THERU{I})/(D{I1)*VCELL(L)#THERUII) )+
1{1.7012.56637sD{1) ) )#LOGF{XYLSQ/VCELLIT})+.228T714/D(1)-SM(1)
100 CONTINUE
D0 110 I=1,NTYPE
NX=KIND{ 1)
GAMMA( I )=GAMINX)
110 CONTINUE

90 RETURN

ENDL{2,14050,0)
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10
20

30

40
50

50
170

3¢

30

130

110

SRL HERESY 1 SUBROUTINE KERSGEN VERSION JF 11/2/64

SUBROUTINE KERGEN
INSERT DIMENSION DECK FOR MAIN PRIGRAM

CALL EFM
FIZCON(1)=.0045313
FIZCONI2)=.0360768
FIZCON(3)=.2653732
FIZCON(4)=1.206T7492
FIZCON(5)=3.089942¢4
FIZCON(5)=3.5156229
FIZCONIT)=1.0
FXZONL(1)=.0000074
FLZONL{2)=,0001075
FKZCNL(3)=.002625698
FXICN1(&)=.0348859
FXZCN1{5)=.23063756
FKICN1{6)=.42278420
FXZLNL{T)=-.5T721560
FXZLNZ2(1)=.00053208
FRZCN2(2)=-.002515%
FRZOIN2{3)=,00587872
FLZCN2(4)=~.010062446
FALICN2{5)=.02189568
FKZLN2{6)=-,07832358
FCICN2{7)=1.25331414%
DENL=1.+BSQ=XLSq
XXLS@=XLSQ/DENL
SIGMA=SIGA=DENL
ILSQ=SQRTF{XXLSQ)
CL=1./16.2831852+XXLSQA*SIGMA)
IF(ABSF(B(2)))2604204120

IF{ABSF{B13)))260,30,40
NN=1

GO TO 50

NN=2

GO TO 50

NN=3

D3 310 I=1,NOGRID
FiMl=1-1

DX=FJMLl#XMESH

ARG=DX/ZILSQ

IFLARG) 260,604,702

IFPATH=3

G TO 1490

IFPATH=1

FKZER=0.0
IF{ARG-2.180,80,120
FIZARG={ARG/3.T75)#%2
FI1ZER=0.0

D3 S0 J=1,7
FIZER=FIZER=®FIZARG+FIZCON(J)
FRIARG=(ARG/ 2. )#n2

DD 110 J=1,7
FXZER=FKZER®#FKZARG+FXZCN1(J])
FKIER=FKZER~LOGF{.5«ARG}#FIZER
GJ TO 140

B-39
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120 FXZARG=2./ARG
D3 130 Jd=1,7
130 FAZERSFRKIER#FKZARGHFKZIINZ{J)
FXIER=FRKZER/{SQRTF{ ARG )#EXPF(ARG))
140 SMGR{I)=0.0
D2BY4=DXe%2/4,
DI 130 J=1,4NN
150 SMGRUT)I=SMGR{T)+BIJ)I*EAPF(=D23Y4/TAURLJ)II/Z{TAURIJI*]12.56563T705)
DI 180 J=1,NN
150 WTAULJ)=TAUC S}
170 WBG=0.0
GJ) TO {210,210,180,180),IFPATH
130 DI 190 J=1,NN
190 WBG=WBGHIBIJ)/ 2. Y22 wEXPRFIWTASLI)/XALSO) #(=CXPIF(-WTAULJ)/XXLS2))
GO TO (260+2604200,280)41FPATH ’
200 BGF{I1)=WBG
IFPATH=%
G3 TO 240
210 D3 220 J=1.NN
220 WAG=WBG+CCHEXPFIWTAUJI/XXLSY =8 LI} #{FKZER+{ATAJLI Y/ 2./ XXLED ) »
1EXPF(-D28Y4/WTAULJ) )+ .9+D2BYS/ (2.8 XXLSQ))#EXPIF(=-D2BY4/WTAULI)))
GI T2 (230,2380,2604,2560),1FPATH
230 BSF(I)=WRG
IFPATH=2
240 D3 250 J=14NN
250 WTAUCI)I=TAULI)-TAUR(J)
GI TO (260,170,260,170),1FPATH
250 PRINT 270 :
270 FIRMAT{1HO,54H A MACHINE £RRIX 4AS JCIURRED IN THE SUBRJUTINZ KERD
LEN/1H 435H RESTART PROBLEM FRIM THZ BESIANNING)
NERR=1
GO TQ 330
280 BGFR(I)=WBG
SMF(I)=CC#FKZER
IFINTHER) 300,300,290
230 BF{I)1=5MF{])
BSFRII)}=SMF(I)}
SMGR{I})=1.
330 CIONTINUE
310 CONTINUE
320 CIONTINUE
330 RETURN
END(2,13;0,0,0)
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SRL-HERESY 1 SUBROUTINE EDIY VERSION OF 8/10/65
SUBROUTINE EOIT
INSERT DIMENSION DECK FOR MAIN PROGRAM 2

CALL EFM
NCUT=10 .
KSERCH=KSERCH
DG 10 I=1,NTYPE
10 ABSRB{I)=V2{I)/A2
CALL RVMPDG(NTYPE,ABSRB4ETA,T5)
CALL MXMPCVINTYPE,SRyT5,T6)
CALL RVMPDG{NTYPE,T65A,T5)
FINK2=FK2*TAUTOL
DC 20 I=1,NTYPE
20 RESABS{I)=TS(I)/FINK2
IF{LCRIT)28,28,22
22 IF(NSEPR)28,28,24
24 WRITE OUTPUT TAPE NOUT,26,1T4
26 FORMAT(1H1,32HCRITICALITY SEARCH ITERATION NO I4)
GO TO 32
28 WRITE OUTPUT TAPE NOUT,29
29 FORMAT{1H1)
32 WRITE OUTPUT TAPE NOUT,30,172,FK2,FK1
30 FORMAT({1HO,24HNO EIGENVALUE ITERATIONS,5X10HEIGENVALUE,5X19HPREVIG
1US EIGENVALUE/1H +16X13,10XF10.749XF11.7)
WRITE OUTPUT TAPE NOUT,35
35 FORMAT{1HO,45X29HABSORPTIONS FOR EACH ROD TYPE)
WRITE OUTPUT TAPE NOUT,40
40 FORMAT{1H , BHROD TYPE,5X12HNC RODS/TYPE, SXTHROD SMF, BXSHGAMMA,1
10X3HETA, 10X1HA; B8X13HTHERMAL ABSRB, S5X15HRESONANCE ABSRB)
DO 50 I=1,NTYPE
50 WRITE OUTPUT TAPE NOUT,60:1+NRPRT{I),SMFO(1),GAMMALT),ETALL),ALI),
1ABSRB(I),RESABS{T)
60 FORMATILH ,3XI2,11X14,10XFT7.545XFL1e695XF70525XFT.43T7XF946,10XF9.6
1)
. IF(LCRIT=21550,500,550 ;
500 IF(NF{KSERCH))520,520,510 '
510 I=KSERCH
THERU{T) =10/ (1o +VCELLII)#SIGC(I )} #(GAMIT }+SM(T)~,228714/D{1)~
101./7{12.56637#D(1)) }sLOGF{XLSG2(1)/ (1. +BSQ#XLSQ) *VCELL{I)))))
60 TO 550
520 THERU{KSERCH)=0.0
550 CALL RVMPDGINTYPE,FKMAXyETA,T5)
CALL RVMPCV{NTYPE,FKMAX,ABSRBsHI}
CALL RVMPCVINTYPE,T5,ABSRB,HETAI)}
AVETA=HETAL/HI
CALL RVMPDGINTYPE,FKMAXyA4T5)
CALL RVMPMX{NTYPE,TS5,5R,T6}
DG 70 I=1,NTYPE
70 T6(I}=FKMAX{TI)=T6(1)
SYSYSY=0.0
UYUYUY=0.0
VYVYVY=0.0
CALL RVMPDGINTYPE,ETA,T6,T5)
CALL RVMPCVINTYPE,ABSRB,T5,SYSYSY)
CALL RVMPCVINTYPE,ABSRB, FKMAX,UYUYUY)
CALL RVMPCVINTYPE,RESABSFKMAXsVYVYVY}
D20ABS=0.0
DC 75 I=1,NKIND

B=41

Dl
DI

R et e P



RPX=0.0
DO 73 J=1,NTYPE
IF{KIND(4)~1)73,72,73
72 RPX=RPX+ABSRB(J)#FKMAX(J)
73 CONTINUE
IF(THERU{1)1430,430,74
T4*D20ABS=D20ABS+RPX#{ 1., ~THERU(1}) /THERULI)
75 CONTINUE
78 XMOD2=SYSYSY/FINKZ=UYUYUY
THUT=UYUYUY/ (UYUYUY+D20ABS)
REE SPR={ UYUYUY+XMCD2) / {UYUYUY+VYVYVY+XMDD2)
XLE AK=XMOD2-D20ABS
XNLEAK={ UYUYUY+D20ABS )/ (UYUYUY+XMOD2)
FKMASB=0.0
SMFKMX=0.0
DO 80 I=L,NTYPE
© SMFKMX=SMFKMX+FKMAX{I)
BO FKMASB=FKMAX(I)#ABSRB{(1)}+FKMASB
FKMASB=FKMAS B/ SMFKMX
WRITE OUTPUT TAPE NOUT,90,FINK2,FKMASB, AVETA, THUT REESPR,D20ABS,
EXLEAK s XNLEAK
90 FORMAT{1HO,46HEIGENVALUE CORRECTED FOR FAST AXIAL LEAKAGE = F10.8,
15X25HAVERAGE ROD ABSORPTION = F10.T7/1HO,14HAVERAGE ETA = F10.7,5X2
22HTHERMAL UTILIZATION = F10.8,5X31HRESONANCE ESCAPE PROBABILITY =
3F10.8/1H0,39HAPPRCX MODERATOR THERMAL ABSORPTIONS = F9.5,5X16HTOTA
4L LEAKAGE = F9.4,5X26HNON-LEAKAGE PRUBABILITY = F10.7}
IF{ INF)190, 190,120
120 IF{BSQ}1904130,190C
130 IF{LCRIT-3)140,190,140
140 BSQ1=.001
XKO1={La#XLSQ*{ 1. =THUT)*BSQL)*EXPF(BSQE#(B(1)*TAU{L)+B(2)*TAULZ)+
1 B(3)*TAU(3)))
85Q2=,0008
XKO2={1,+XLSQ#{1.~THUT)#BSQ2) +EXPF{BSQ2# (Bl 1) *TAUL1)+Bl2) #TAU(2)+
1 BI3)*TAU(3) )
150 BSQ={FK2-XK01)#{BSQ2-BSQ1)/(XK0O2-XK01)+BS5Q1
XKD ={1.+XLSQ#*(1.-THUT}#BSQ )+EXPF(BSQ *(BULISTAULLIHBI2) sTAV(2)+
1 BU3)eTAU(3)))
IF( ABSF(FK2-XK0)=.00001) 170,160,160
160 XKO1=XK02
BSQ1=85Q2
XKD2=XK0
BSQ2=BSQ
60 TO 150
170 WRITE DUTPUT TAPE NOUT,180,8SQ
180 FORMAT(1HO,3THINFINITE LATTICE MATERIAL BUCKLING = F10.8)
BSQ=0.0
190 WRITE OUTPUT TAPE NOUT,200
200 FORMAT(1HO,41X37THAVERAGE ABSORPTIONS FOR EACH ROD KIND/1H ,27X8HRO
1D KIND»3XLOHTDTAL RODS,4X1THAVG. THERMAL ABS.,3X19HAVG. RESONANCE
2ABS.)
DO 230 I=1,NKIND
N=0
SUM1=0.0
SUM2=0.0
DO 220 J=1,NTYPE
IF{KIND(J)=112204210,220
210 N=N+NRPRT(J)
FN=NRPRT{J)
SUM1=SUML+ABSRBI{J)*FN
SUM2=SUM2+RESABS { J) #FN

Ba42

o~ e e
TR 1 B

L T M v~ oy s



220

225
230

231

233
234

235
236

239
240
250
260

270
280
2990
430
440

CONTINUE

FN=N

AVG1=SUML/FN

AVG2=SUMZ2/FN

WRITE DUTPUT TAPE NOUT,225,1,NsAVGL,AVG2Z

FORMAT{1H ,30X12,9X14,11XF9.6,12XF9.6)
CONTINUE

IF{LCRIT-2)239,231,239

I=KSERCH

IFINF(1)1233,233,235

WRITE OQUTPUT TAPE NOUT,234,1

FORMAT(1HO,45HA NEW THERMAL UTILIZATION VALUE FOR ROD KIND 12,44H
1CANNOT BE COMPUTED DUE TO INSUFFICIENT DATA/1H »109HTHE MODERATOR

2ABSCRPTIONS ABOVE ARE IN ERROR BECAUSE OF THIS,HOMEVER THE PRODUCT
3 OF LATTICE F AND NON-LEAKAGE/1H ,23HPROBABILITY 15 CORRECT.)

GO TO 239

WRITE OUTPUT TAPE NOUT,236,GAMII),I,THERU(T)

FORMAT(1HO,6THTHE VALUE OF THERMAL UTILIZATION CORRESPONDING TO A
1GAMMA VALUE OF F10.6,14H FOR RDD TYPE 12,4H IS F10.8)
IFILCRIT)250,250,240

IF{1T2~2)290,250,270

PRINT 260

FORMAT(1H ,26HPROBLEM RAN THROUGH TG END)

GG TG 290

PRINT 280

FORMAT{1H ,2&6HPROBLEM DID NOT RUN TO END)

RETURN

WRITE QUTPUT TAPE NDUT,440

FGRMAT{1HO,103HA THERMAL UTILIZATION VALUE FOR A ROD KIND IS ZERO.
1 MODERATOR THERMAL ABSORPTIONS CANNOT BE SOLVED FOR./1H +63HYHE MO
JDERATOR ABSCRPTIONS WILL BE LUMPED INTD THE TOTAL LEAKAGE)
D20ABS=0.0

GO TO 78

END(2351+05040)
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53

54

11

12

MATRIX SUBROUTINES FOR HERESY )

SUBRIUTINE ABMKVC(JMQK!V:A:IHQK)
DIMENSION VI50)

IMAX=1

A=ABSF(VI1))

DO 54 1=2,JMAX
IF(A-ABSFI{VIT}})53,54,54
A=ABSF {VI{I))

ITMAX=]

CONTINUE

RETURN

END(2414050,1)

SUBRJIUTING DGMPMX(JMAX,XS,Y5,25)
DIMENSION XS(50)s¥S(50,50)425(52,50)
D3 1 I=1l,JMAX

DI 1 J=1,JMAX

2501, )=XS(1)#YS(I,.J)

RETURN

END(2:1,0,0,1)

SUBROUTINE MXMPIV{JMAX+XS,Y5,25)
DIMENSION X5(50,50),Y5(50),25152)
DI 1 I=1,JMAX

Z5(1)=0.0

DT 1 J=1,JMAX
IS{I)=ZS{I)+XS5(I,J)%YS0J)

RETURN

ENDI(241434041)

SUBRDUTINE MXADDG{JUMAXX5:Y5+13)
DIMENSION XS(50,50),YS(50}1425(50,52)
DI 10 J=1,JMAX

DI 10 I=1,JMAX

IF(I-J)}11s12411

25(I,J0)=XS{I+d)

G2 T3 12

IS{I40)=XS(1,J)+YSL])

CONTINUE

RETURN

EVD(Z,I,O'D,].)

SUBROUTINE MXMPDGIJMAX, XS,YS+2S)
DIMENSION XS(50450),YS5150),25(53,50)
D] 1 I=1sJMAX

DI 1 J=1,JMAX

IS0 4 JY=XS5{T,J)e¥Y5S0J)

RETURN

END(2y14040,41)

SUBRDUTINE MXSBMA{JIMAX,XS4YSeZ5)
DIMENSION XS{50,50),Y5(50,:50),25(50,450)
03 1 J=1,JMAX

D3 1 I=1,.JMAX

IS(I,J)=XStI4Jd1-YS(I4J)

RETURN

END(2y1+0+0,1)
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SURRCUTINE MXMPMX(JIMAX,X5,Y5,415)
DIMENSION XS(D0s50)sYS(5Gs50)+15(50,50)
DO 1 TI=1,JMAX

DO 1 J=1,JmAX

Z53(I4J)=0.0

R0 1 K=1,JMAX
IS(E+)=ZS({I,J)+XSUTK)*YS(K,J}

RETURN

ENDI2,1,4046,1)

SUBROUTINE RVMPCV{JIMAX»XS54Y5425)
DIMENSION XS(50)+Y5(50)

15=0.0

DO 1 I=1,JMAX

CZS=I3+XS(I)#YSH{I)

RETURN

END(2+140y0,1)

SUBRGUTINE RVMPDG{JIMAXsXSyY54251
DIMENSIDON XS{5C)},Y5{50),Z8(50)
PO 1 I=1,JMAX

ZS(1)=%xS(I)=¥5(1)

RETURN

END{Z251,04051)

SUBROUTINE RVMPMX(JMAX s XSeYS5,25)
DIMENSION XS(50)4Y5(50,45C)}+25(59)
DO 1 J=1,JMAX

ISt 3)=0.0

DO 1 I=1,JMAX
IS{JI=ZS50JI+XS{T)=¥S{T4))

RETURN :

END{Z+1,0s0s1)
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APPENDIX C - IBM 704 Operating Instructions

ROUTINE PROBLEM OPERATION

(a)

(c)

Machine Requirements

‘To run a routine problem on the TO% requires the following
minimum eguipment:

e IBM TO4 with 32 k memory
e Five tape units

e Card reader

¢ On-Lline printer

Tape Units and Functions

The five tape units are dialed to numbers 1, 2, 3, 8, and
10, and are assigned the following functions:

Tepe 1: Program tape (file protect on)

Tape 2: Geometry temporary storage {must alweys be mounted )
Tape 3: Geometry permanent storage (mounted only if used)
Tape 8: Input data in BCD card image form

Tape 10: Output of all informatilon

Card Reader Functlon

The card reader 1s used only to place data on tape 8
and to initiate the CHAIN program. This initiation is done
by first preparing all the tapes 1in {b) that are used, then
placing in the card reader the followlng two cards:

e Self-Loading Chain Initiator Progrem card (SLCI card)
e Control Card calling for Link 1 of tape 1 [C.C(1,1) CARD]
Clear and load cards. The program from this point will operate

automatically unless an error stop occurs. If stop does occur
refer to Sectlion 2 of this appendix for the proper procedure.

C-1
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(d) On-line Printér Functions

The alphameric card read as the first card of each
problem is printed out, and willl be followed by one of four
messages which give a summary of what happened to the problem.
These messages are listed below with their meaning.

e AN ERROR HAS BEEN DETECTED IN THE INPUT DATA FOR THIS
PROBLEM. AN ATTEMPT WILI. BE MADE TCO CONTINUE WITH
SUCCESSIVE PROBLEME - The error checking routines in the
first link of the code have detected an error that cannot
allow the problem to run to the end - no action is required
of the operator, for restart has been programmed for the
next problem.

e PROBLEM RAN THROUGH TO END - Any problem run to the end
wlll heve this on the on-line printer - no action is called
for by operator.

e PROBLEM DID NOT RUN TC END - This indicates an error con-
dition arose at some polnt of the calculatlions in the second
link of the program, Information explaining the stop is on
tape 10 - no action is called for from operator.

e MACHINE ERROR - RESTART PROBLEM - A branching error has
occurred in the machine - Operator should stop machine;
rewind tapes 1, 2, 3, and 8; and restart the problem from
the beginning using the procedure of paragraph c above,

(e) End of Computations

The signal that the end of the problem has been reached
may be one of two transfers that depend on the input data.
In some cases a HPR 0,1 willl occur, whlle in others the Card
Reader will be selected. More often than otherwiee the stop
will select the Card Reader; however, the HPR 0,1 1ls equally
valid unde~r +he assumption that a part of the input data was
left out.

2. RESTART PROCEDURE FOR PROGRAM STOPS

If any standard BSS program stop occurs, other than the HPR
0,1 mentioned in (le) above, the stop is considered an error stop.
Certain steps mey and should be taken to interrogate the status
of the machine. These are:
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(a) Check on-line printer

e If problem in which stop occurred is the flrst problem,
the entire run should be cancelled after the address lights

are recorded.

e If at least one problem has been completed, continue with
paragraph (b).

(b) The restart procedure following case ii of {a) above is as
follows:

e Rewlnd tape 1

e Place SICI and C.C.({(1,1) cards in card reader

e Load cards WITHCUT CLEARING MACHINE

(¢) If further stops occur, the procedure of (b) above should
be followed until a HPR 0,1 appears in the STORAGE REGISTER

lights.

This procedure assures that problems following the one in
which the stop originally occurred will not be affected by
errors in previous data 1f at all possible.

PROGRAM TAPE PREPARATION

The method of preparing program tapes is contained in &
Speclal Version of the IBM CHAIN MONITOR program written at SRL.
This system is described in Appendix D, and reference to thils
appendix will explain the operations involved, i

PERMANENT GEOMETRY TAPE PREPARATION

No speclal preparations are necessary unless the problem 1s
the first one on the tape. If a new tape is used, the only
preparation (other than mounting the tape on unit 3) is to place
an END OF FILE mark on the tape in ite rewind position. This may
be done by placing a WEF 3 instruction into the machine manually
from the console keys. The remainder of the tape processing will
be controlled by the mnemonics NFILE, NWRITE, and XCOR specified

by the user.

c-3
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5. ADDITIONAL PROGRAM STOPS

In addition to the standard BSS IOADER program stops, the
following stops have been programmed.

Storage Reglater
Address Lights Error Conditlon

HPR 464 CHECKSUM ERROR in reading
geometry screatch tape

HPR 547 CHECKSUM ERROR in reeding
geometry permanent tape

HPR 610 Misplaced EOF on tape 3 or
misread of tape 3

Pressing start allows any of the above three
stops to be lgnored.

HTR 5, & File number called for is
not on tape 3

Pressing start returns control to calling
program.
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APPENDIX D - Operation and Preparation of CHAIN Programs

The version of the Chain Monitor system used in the SRL - HERESY I
code was written by J. E. Sulch of SRL. This system consists of a
package of four routines which permit operation on the IBM 704 of programs
written within the specifications of the IBM-MONITCR routine, CHAIN.
These four routines are descrlbed below.

(1) SUBROUTINE CHAIN (LINK, IOUNIT)

Thie subroutine performs the function of the IBM-FORTRAN MONITOR W
subroutine of the same name (see, e.g. Reference Manual, 709/7090
FORTRAN (IBM-C28-605U4-2)), LINK is the fixed point integer identiflication
number of the next chain link desired, and IOUNIT is the logical tape
designation (fixed point integer 1-10) of the tape on which this link
is stored., Links may be called in any order from any number of tapes.
Executlon of the calling sequence causes the desired link to be brought
into memory, and control to be passed to it, without desgtroying COMMON

storage.,

Termination of any program or the initiation of another CHAIN job
is sccomplished by calling a tape designation that does not exist
(i.e. >10). Executlon of this command will initiate a card load sequence
which will in turn may cause the SELF-LOADING CHAIN INITIATOR described
below to be executed, By this process a seguence of CHAIN programs
may be continucusly run.

Only one error stop has been programmed: HTR 3,4 indicates that .
the desired LINK was not found on the desgignated IOUNIT. Pressing start

causes control to return to the calling program.
(2) SELF-LOADING CHAIN INITIATOR (SLCI)

To provide a convenlent method of beglnning the chain job from a
previously prepared chain program tape, a self-loader has been written
which reads a single Control Card designating the desired initial
values of LINK and IOUNIT. The Control Card format is row binary:

LINK in the address field of the 9L row, and IQUNIT in the address field
of the 9R row, For example, the Control Card to enter the link with
identification number 5 cn the chain program tape mounted on tape 9 has
9's punched in columns 34, 36, 69, and 72, The control cards may be
punched with any additional characters (except I, R, Z, and g) in any
columns (for identification purposes).
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(3) CHAIN PROGRAM TAPE GENERATOR (CPIG)

This routine fulfills the IBM-MONITOR functlon of preparing chaln
program tapes, although in substandard fashion. To use this program
tape generator, the main program of each link must be converted to a
subroutine named MAIN, either by complling wlth the header card
SUBROUTINE MAIN, or by punching 7's in columns 1, 4, 8, 12, 14, 15, 18,
19, 22, 24, 25, 26, 31, and 32 of the program card for the main program
of each link and correcting the check sums. The various links are then
stacked in the card hopper, tapes readled, and CLEAR, LOAD CARDS pressed.
Figure D-1 shows schematically the deck makeup.

(4) END PROGRAM TAPE CARD (EPTC)

The program tape generated by the above procedure requires an END
of FILE mark following the last link. This self-loader reads a Control
Card (see discussion under (2) above), ignores the LINK value, and ends
the tape designated by IOUNIT. The card should be placed behind the
transfer card of the last link when making up a program tape (Figure D-1).
There should be an END TAPE loader and Control Card palr for each
IOUNIT designated.
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“'FIGURE D-1

EXAMPLE OF TEE DECK MAKEUP TO WRITE LINKS
1, 2, AND 5 ON TAPE 1 AND 1, 4, AND 3 ON TAPE 9

BSS LOADER

MAIN

SUBROUTINES (INCLUDING CHAIN)
CPTG

TRANSFER CARD

CONTROL CARD (1,1)

BSS

MAIN
SUBR
CPTG

TRA

¢.c. (1,9)

»
.
*

c.c.(2,1)
Cfc.(5,l)
cfc.(4,9)

¢.C.(3,9)

EPTC
c.c.(0,1)
EPTC
¢.c.(0.9)

D-3

o, s



. TR

ENTRY
EP

gy

10

ROID

EOF -

BASE

REWTP
CREAD

out
TEMP
BREAK

REM
FUL
ORG

- MIE

PLE
PZE
PZE
BCD

" PZE

£Qu

ORG

REL
SXp
™I
CLA
5TA
cLA
ARS

l_.isﬁﬁgs of the Four Subroutines

SUBROUTINE
Q.

*3 s ENTRY—2

BREAK,,0
32562
1CHAIN
EP

»

0

EQOF,2
#£14241
1.4
241

L X}

18

ID

244

*+1

. 3

18
BASE
ROID
RERTP
TEMP

_TEMP

out
RDID
CREAD
1

1ls
3

REWTP,2,0

344

D-i

CHAIN {1D,10}

QR >C
RAMZMO

ZPRIOODV

0=

DESIRED LINK IDENT

LGGICAL TAPE DESIGNATION

TAPE UNIT ADRESS

TAPE LEINK IDENT
EOF, REWIND ONCE

LINK NOT ON TAPE, RETURN

NOT THIS LINK
LINK IS FOUND
LOAD

TAPE

SEQUENCE




ENTRY

EP

WIPGM
BASE

LBAD

ONE
EIGHT
BREAK

REM ROUTINE TO MAKE A GHAIN PROGRAM TAPE

FUL

ORG

MZE
PZE
PZE
PlE
BCD
PIE
EQU
GRG
REL
BCD
CLA
sus
STA
STA
CLA
STA
STA

RCD

cPy
cPY
CLA
ADM
5TA
LXA
CLA
STO
TIX

WTB .

PXD
LXA
cPY
Tix
CAD
TIX
STO
CPY
RCD
cPY
cPY
TRA
CAD
TIX
STO
cPY
CLA
suB
TZE
HTR
PZE
PZE
EQU

END =

0 .
#9 ENTRY-2

BREAK, +1
32562
1000000

BP+1

*

0
1MAIN

*

GNE
LOAD
WIPGM+5
£EP
LBAD+6
LOAD+7

EP

EP+1
EP+1
BASE
HTIPGM
LOAD+844
24.’4_‘
"‘2'4’1
1

14440
43,4

EP .
Btlehyld
*"4
B-1,4,1
EP

EP

E>»RNOODD
oD O
WO-APpAIMZMO

MAIN _PGM ENTRY POINT
PROGRAM BREAK +1

ESTABLISH
ABSOLUTE

BINARY

PROGRAM

LOADER

READ CONTROL CARD
LINK IDENT

TAPE DESIGNATION
FORM

TAPE ADDRESS

SHIFY TAPE LOADER

WRITE BINARY TAPE

" LINK IDENT

PROGRAM

CHECKSUM
LOAD NEXT LINK
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REM
FUL
ORG
LXD
cPY
TIiX
HTR
RCD
cPY
CcPY
CLA
ADM
STA
RDTP RTB
crPY
TRA
HTR
HTR
CLA
SuUB
TNZ
BASE PAD
CAD

CAD
LXA
TIiX
END

REM
FUL
ORG
LXD
cPyY
TIX
HTR
RCD
CPY
cPY
CLA
ADM
STA
STA
WEFTP WEF
REWTP REW
RCD
CPY
cPY

TRA

BASE PXD
END

SELF LOADING CHAIN INITIATOR

0.

;'" '4
22274+ 4
=144l
%

1644
1654418
L1

SELF LOADER TO END CHAIN TAPE

0

=¥ ol
222744
#=1a091
LE

SELF

LOAD

SEQUENCE

EOF

CONTROL CARD
LINK

TAPE UNIT

TAPE 1D

TAPE NOT REWOUND
OR WRONG TAPE
COMPARE
IDENTS

WRONG LINK
RIGHT LINK
LOAD
TAPE
SEQUENCE

SELF |
LOAD
SEQ

CONTROL CARD
IGNORE
TAPE UNIT - LOGIGAL

- ADDRESS

END FILE
REWIND
LOAD
NEXT
END

FILE
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