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2D PERT
A TWO-DIMENSIONAL PERTURBATION CODE

by

J. M. Chaumeont* and J. A. Koerner

ABSTRACT

Given multigroup fluxes and adjoint fluxes of any
cylindrical R-Z configuration, 2D PERT may compute:

1. the prompt-neutron lifetime;
the relativeworth of various delayed neutrons;
3. the integrals of capture, fission, etc., of given
materials over any given region;
4. local perturbations, i.e., danger coefficients;
5. integrated perturbations, i.e., reactivity effect
of uniform wvariation in the cross sections af-
fecting a whole region.

2D PERT is programmed for a 32K IBM-704 using
3 tape units. The code is written in FORTRAN with the ex-
ception of two SAP subroutines.

Input fluxes and adjoint fluxes are on tapes which
may be obtained either directly from CUREM output or
manufactured by a special tape-writing routine.

Homogeneous cross sections and variations of these
cross sections are either read in as input information or
are computed by the code from a microscopic-cross-section
library and atomic densities given as input. A combination
of these methods may be used.

I. OUTLINE OF THE PROGRAM

The code is written as a series of the following subroutines moni-

tored by the MAINCODE:

NORMAL computes the normalization factor H and relative worths

of various delayed neutrons Wy 1, where
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Here, g and g' indicate the real and adjoint groups, ¢ and ¢ * the real and
adjoint fluxes, X the fission spectrum, F is v times the fission cross
section, Fkig v times the fission cross section of isotope k, and Xk' is
the spectrum of delayed-neutron group k'.

From these quantities, it is possible to obtain the effective delayed-
neutron fraction Beff since

Beff = Z Br ax' Wikt
k, k'

where 1. is the delayed-neutron fraction in isotope k and ay:r is the relative
abundance of delayed neutrons in delayed-neutron group k':
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NELIFE computes the prompt-neutron lifetime [* over regions 1
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where Vg is the average speed of neutron in group g.

BREED integrates reaction integrals. This is useful when cal-
culating the breeding ratio:

B:f ZR.X ¢, dV
g g
over one 8§
region

The homogeneous reaction cross sections RX, are either given
as input or computed from the library and atomic densities. They must
be loaded in the location normally used for F. If the microscopic library
is used, it must be provided with dummy elements having the desired
reaction cross sections at the location of the fission cross sections.




LOCPER computes the danger coefficients of given materials at
specified points of the reactor and gives the contribution of diffusion,
absorption, degradation, and fission effects at each point.
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where 6D is the variation of the diffusion coefficient:

—521:1‘
6D = = - D?O(32,,)
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Here D is the diffusion coefficient of the unperturbed region and 6(32;,) is
3 times the transport-cross-section variation caused by the material of
which the danger coefficient is computed. Also 0A!' is the variation of the
cross section for capture plus fission.

A' does not include removal by scattering cross sections in order
to separate the 2 terms representing the pure absorption effect and the
degradation effect.

However, the absorption cross section A given as input includes
capture, fission, and removal by scattering, from which the code computes
Al

gy |
Aé—Ag-gsgg ,

where §S is the variation of the scattering matrix S878', which includes
both elastic and inelastic scattering, and which allows only down scattering.
Further, 6F is the variation of the fission term voy.

INTPER computes the reactivity effect of uniform changes of cross
section in a given region of the reactor and gives the contribution of diffu-
sion, absorption, degradation, and fission effects.
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LIBRY reads the microscopic library from cards or tape when
homogeneous cross sections are not given as input. “

COMP 1 computes

F = z VOfAg
all the
elements

as used in NORMAL and BREED, from the microscopic library and atomic
densities Ay.

COMP 2 computes

D = ! -

3 Gtr At *
all the %
elements

as used in INTPER and LOCPER.

COMP 3 and COMP 4 compute

éA = Z Ua At s
all the
elements
68 = Uscattering Ay ,
all the
elements
OF = Z Vo At ,
all the
elements
5(32¢r) = 2 30y A
all the
elements

and

6D = -D? 6(3Z,,)

as used in LOCPER and INTPER, respectively,




SUB | reads real and adjoint flux from tape as used by NORMAL,
NELIFE, and BREED.

SUB 4 reads real and adjoint flux from tape as used by LOCPER
and INTPER.

INTEGR integrates ¢(r,z) over a region by considering ¢ constant
over an elementary volume AV, where

AV :—72T(h+ h') (k + k') [R+-i—(h' -h)]

(see Appendix B).

II. CODE RESTRICTIONS AND LIMITATIONS
Simultaneous computation of the following are not allowed:

1.  Eeff and reaction integrals;

2. perturbations and [eff;

3. perturbations and reaction integrals;
4.

local perturbations and integrated perturbations.
The maximum number of groups, regions, and points allowed are:

1. groups, G=20;
2. regions, N=36;
3. points on the R axis =50;
4. points on the Z axis =60.
When computing the normalization factor or ﬁeff’
1. There may be as many as 24 regions containing fissionable

materials.

2. If there are fewer than 7 regions, each region may contain as
many as 1200 points.

3. 1If there are 7 or more regions, each region may contain as
many as 300 points.

4. As many as 6 different relative worths of delayed neutrons,
Wy i+ may be computed.




When computing the neutron lifetime:

1. There may be as many as 36 regions.

2. Each region may contain as many as 1200 points.
When computing the breeding ratio:
1. There may be as many as 6 reactions integrated over a maxi-

mum of 24 regions.

2. Each region may contain as many as 1200 points.
When computing danger coefficients:

1. As many as 5 materials may be used.

2. The calculation may be performed in as many as 9 regions,
each containing a maximum of 300 points, of which as many
as 17 in each region may be selected for the calculation of -
the danger coefficient.

When computing integrated perturbations:

1. As many as 9 perturbations may be used (either 9 perturba-
tions of the same region, or 9 regions perturbed just once,
or a combination of both).

2. Each region may contain as many as 300 points.




A. General Data

Card
Set
No.

III. DESCRIPTION OF THE INPUT

Input

Remarks

iD

CROS 1

CROS 2

2 i(1),8r(1),.

., i(R-1),A(R-1),i(R)

FORMAT (5A6, 616)

Problem Identification (30
alpha-numeric characters)

Number of groups: G = 20

Number of points on the
R axis: I =50

Number of points on the
Z axis: J =60

Number of regions: N=36

= 0: The homogeneous cross
sections used in computing
the normalization factor are
given as input.

= 1: The homogeneous cross
sections used in computing
the normalization factor are
computed and the microscopic
library is supplied.

= 0: The homogeneous cross
sections used in all computa-
tions other than the normaliza-
tion factor are given as input.

= 1: The homogeneous cross
sections used in all computa-
tions other than the normaliza-
tion factor are computed and
the microscopic library is
supplied.

Ar(r) is the radial spacing of
points between mesh lines i(r)
and i(r+1). i(1) = 1, i(R) = L.
FORMAT (4(16,E12.8))
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Card
Set

Input

Remarks

j(1), £z(1),j(2),...,i(Z2-1),A2(Z-1),j(Z) Az(z) is the axial spacing of

iﬂ(l)» ir(l)’ jb(l), jt(l):«-n,

INORM

1B

IR

points between mesh lines j(z)
and j(z+1). J(1) =1, j(z) = J.
FORMAT (4(16,E12.8))

The points defining the left,
right, bottom, and top boundary
of each region. Each region
must be rectangular, and the
boundaries are independent of
the mesh spacing.

FORMAT (1216)

The normalization factor. If
the normalization factor is to
be computed, H must be set
equal to 1.

FORMAT (E18.8)

FORMAT (516)

= 0: Ignore the calculation of
the normalization factor. Hence
the code uses the value given
for H.

= 1: Compute the normalization
factor.

= 0: Ignore the calculation of
the neutron lifetime.

= 1: Compute the neutron
lifetime.

= 0: Ignore the calculation of
Pets.

=1, 2,...,6: Compute B¢ for
IB relative worths of delayed
neutrons.

= 0: Ignore calculation of
reaction integrals.

=1, 2,...,6: Compute the reac-
tion integrals for IR reactions.




. Card

' Set

Input
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Remarks

IP

B. Optional Data

= 0: Ignore calculation of
perturbations.

= 1- Compute local
perturbations

= 2 Compute integral
perturbations

1. Normalization Factor (INORM = 1)

¥(1),...,x(G)

If CROS 1 =0

£y
F(1),...,F(G)
)@2
F(1),...,F(G)
0

If CROS 1 =1

4y

Fission neutron spectrum.
FORMAT (6E12 6)

First region where normaliza-
ticn factor is to be computed
FORMAT (16)

Fission creoss section (vof)
for region 4, from group 1
through group G

FORMAT (6E12.6)

Second region where normali-
zation factor is to be computed.

Fissicn cross sections (v 0g)
for regiont,

This sentinel indicates that all
the information for the last
region has been specified.

First region where the normali-
zation factor is to be computed
FORMAT (16)
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EL(1),At(1),EL(2),A(2),...,999

£,

EL(1),A¢(1),EL(2),A(2),...,999

2. Neutron Lifetime (L = 1)

vil, vt vy

Elements and atomic densities
of each element constituting
the region £1- Sentinel 999
indicates all such pairs have
been specified.

FORMAT (4(16, E12.8))

Second region where normali-

zation factor is to be computed.

Elements and atomic densities
of each element constituting
the region £,.

This sentinel indicates the
information for the last region
has been specified.

The inverse of the average
speed of neutrons for group 1
through group G.

FORMAT (6E12.6)

3. Delayed-neutron Fractions (IB 7-/ 0)

If CROS 2 =0

x 1)y H2) s HG)

h

F(1),F(2),...,F(G)

First delayed-neutron-group
spectrum.
FORMAT (6E12.6)

First region where relative
worth of first delayed-neutron
group is to be computed.
FORMAT (16)

Fission cross sections (Vo g)
for group 1 through group G
for the isotope emitting the
first delayed-neutron group in
region 4}.

FORMAT (6E12.6)

Second region where relative
worth of first delayed-neutron
group is to be computed.




0

If CROS 2 =1

Xl(l)’ X1(2)9-=°: XI(G)

EL:At9999

Fission cross sections (v 0y)
for the isotope emitting the
first delayed-neutron group in
region /3.

This sentinel indicates the
preceding region is the last
region where the first delayed-

neutron group is to be computed.

Last delayed-neutron group
spectrum.

First region where relative
worth of last delayed-neutron
group is to be computed.

Fission cross sections (vog)
for isotope emitting the last
delayed-neutron group in
region [}

Sentinel

First delayed-neutron-group
spectrum.
FORMAT(6E12.6)

First region where relative
worth of first delayed-neutron
group is to be computed.
FORMAT (16)

The isotope and its atomic
density in region 4}, emitting
the first delayed-neutron group,
followed by the sentinel 999,
FORMAT (4(16, £12.8))

Second region where relative
worth of first delayed-neutron
group is to be computed.

13
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EL,At,999

Y 1B(1),xB(2),..., X*B(G)

B
¢

EL,At9999

4. Reaction Integrals (IR # 0)

If CROS 2 =0

X1, x'(2), 0 x MG

RX(1),RX(2),...,RX(G)

The isotope and its atomic den-
sity in region £}, emitting the
first delayed-neutron group.

This sentinel indicates the
preceding region is the last
region where the first delayed-
neutron group is to be computed.

Delayed=-neutron spectrum for
group 1B,

First region where relative
worth of last delayed-neutron
group is to be computed,

The isotope and its atomic den-
sity in region /77, emitting last
delayed~-neutron group.

Sentinel

Dummy spectrum (is not used in
the calculation).
FORMAT (6E12.6)

First region where first reaction
integral is to be computed.
FORMAT (16)

First reaction cross sections
for group 1 through G for
region /i,

FORMAT (6E12.6)

Second region where first reac-
tion integral is to be computed,

First reaction cross sections
for region /3.




X(1),x%(2), ., X(G)
b3

rRX(1),RX(2),...,RX(G)

XIR(1), AR (2),...,x R (c)
JIR
1

RX(1),RX(2),...,RX(G)

0

If CROS 2 = 1
x 1), (2), . xMG)

3

EL(1),A{1),EL(2),A.(2),...,999

This sentinel indicates the
preceding region is the last
region where the first reac-
tion integral is computed.

Dummy spectrum.

First region where second
reaction integral is to be
computed.

Second reaction cross sections
for region £3.

Sentinel

Dummy spectrum.

R th

First region where I reac-

tion integral is to be computed.

IRth reaction cross sections
for region ;@{

Sentinel

Dummy spectrum.
FORMAT (6E12.6)

First region where first reac-

tion integral is to be computed.

FORMAT (I6)

Elements and atomic densities
of each element involved in the
first reaction in region f1}.
Sentinel 999 indicates all such
pairs are specified.

FORMAT (4(16, E12.8))

Second region where first
reaction integral is to be
computed.

15
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EL(1),A(1),EL(2),A,(2),...,999

x3(1),x%(2),...,x3(G)
£3

EL(1),A.(1),EL(2),A,(2),..-,999

IR R
YRR @), (G)
LIR

EL(1), A(1),EL(2),A(2),...,999

5. Local Perturbation (IP = 1)

NP

i(1),3(1),i(2),3(2),...,888

Elements and atomic densities
of each element involved in the
first reaction in region £3.

This sentinel indicates the pre-

ceding region is the last region

where the first reaction integral
is computed.

‘Dummy spectrum.

First region where second reac-
tion integral is to be computed.

Elements and atomic densities

of each element involved in the
. . . 2

second reaction in region £7.

Sentinel

Last dummy spectrum.

First region where last reac-
tion integral is to be computed.

Elements and atomic densities
of each element involved in the
last reaction in region SR,

Sentinel

The number of local perturba-
tions or danger coefficients.
FORMAT (16)

First region where danger
coefficients are to be computed.
FORMAT (16)

Coordinates of the points in
region f; where danger coeffi-
cients are to be computed.
Sentinel 888 indicates the end of
the point sequence.

FORMAT (1216)




Z

i(1),5(1),i(2),j(2),...,888

x(1).x(2),....x(G)

If CROS 2 =0

DID(1)

A(1),A(2),...,A(G)

F(1),F(2),...,F(G)

S]—)Zs Sl->3: . 'uasl—aG,Sz——>39“°9SG— 1-G

DID (NP)

A(1),A(2),...,A(G)
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Second region where danger
coefficients are to be computed.

Coordinates of points in region
4, where danger coefficients are
to be computed.

This sentinel indicates the end
of the region sequence.

The fission-neutron spectrum.
FORMAT (6E12.6)

Identification of the first danger

coefficient.
FORMAT (A6)

The variation in the absorption
cross sections for group 1
through G for the first danger
coefficient. These data include
the removal by scattering, but
the results for the absorption
term include only capture plus
fission.

FORMAT (6E12.6)

The variation of vy for group 1
through G for the first danger
coefficient.

FORMAT (6E12.6)

The variation of the scattering
matrix for the first danger
coefficient. There must always
be + G(G-1) values given.
FORMAT (6E12.6)

Identification of the last danger
coefficient.

The variation in the absorption
cross sections for the last
danger coefficient.
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F(1),F(2),...,F(G)

S1>2:51-235+++351-56:5235 -+ -3 5G-1>G

pNP(1),0NF(2),...,0NF(q)

If CROS 2 =1

by

EL(1),A{(1),EL(2),A(2),...,999

The variation of vZ ¢ for the
last danger coefficient.

The variation of the scattering
matrix for the last danger
coefficient.

First region where danger
coefficients are to be computed.
FORMAT (16)

Variation of the diffusion coef-
ficient for group 1 through G
for the first danger coefficient
in region /4.

FORMAT (6E12.6)

Variation of the diffusion coef-
ficient for the last danger
coefficient in region 4.

Second region where danger
coefficients are to be computed.

Variation of the diffusion coef-
ficient for the first danger
coefficient in region [,.

Variation of the diffusion coef-
ficient for the last danger
coefficient in region £,.

First region where danger
coefficients are to be computed.
FORMAT (16)

Elements and atomic densities
of each element constituting the
region £,. Sentinel 999 indicates
all such pairs have been
specified.

FORMAT (4(16, £12.8))




b2

EL(1),A¢(1),EL(2),A(2),...,999

DID(1)

EL(1),A¢(1),EL(2),A¢(2),...,999

DID (NP)

EL(1),A{(1),EL(2),A¢(2),...,999

6. Integrated Perturbations (IP = 2)

Second region where danger
coefficients are to be computed.

Elements and atomic densities
of each element constituting the
region £,.

Identification of the first danger
coefficient.
FORMAT (A6)

Elements and atomic densities
of each element constituting the
first danger coefficient. The
sentinel indicates all such pairs
have been specified.

FORMAT (4(16, E12.8))

Identification of the last danger
coefficient.

Elements and atomic densities
of each element constituting the
last danger coefficient followed
by the atomic density of each
element.

EI:NP(I ):/EZ:NP(Z):"':O

x(1),x(2),...,x(G)

If CROS 2 =0

£,, DIDj

Regions where integrated pertur-

bations occur, followed by the
number of perturbations in each
region. Sentinel 0 indicates that
information for the last region
with integrated perturbations has
been specified.

FORMAT (1216)

The fission-neutron spectrum.
FORMAT (6E12.6)

First region where integrated
perturbations occur, followed by
the identification of the first
perturbation of this region.
FORMAT (16, A6)

19
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A(1),A(2),...,A(G)

Sl_>2,sl_>3,...,sl_>G,Sz_>3,...,SG_1_>G

£, DIDNP

D(1),D(2),...,D(G)
A(1),A(2),...,A(G)
F(1),F(2),...,F(G)

Sl—»z:sl—>3: . '°!Sl—->Gssz—>39 ce035G-1->G

The variation of the diffusion
coefficient for group 1 through
G for the first perturbation of
region £;.

FORMAT (6E12.6)

The variation in the absorption
cross sections for group 1
through G for the first pertur-
bation of the region /). These
data include the removal by
scattering, but the results for
the absorption term include
only capture plus fission.
FORMAT (6E12.6)

The variation of v2y for group 1
through G for the first pertur-
bation of region f;.

FORMAT (6E12.6)

The variation of the scattering
matrix, including both inelastic
and elastic scattering, for the
first perturbation of the region £;.
There must always be % G(G-1)
values given.

FORMAT (6E12.6)

First region where integrated
perturbations occur, followed by
the identification of the last per-
turbation of this region.

The variation of the diffusion
coefficient for the last perturba-
tion of the region /.

The variation in the absorption
cross sections for the last per-
turbation of the region £;.

The variation of V2§ for the
last perturbation of the region £;.

The variation of the scattering
matrix for the last perturbation
of the region £;.




£,,DID}

D(1),D(2),...,D(G)
A(1),A(2),...,A(G)
F(1),F(2),...,F(GQ)
S1-52:51535+ 4255156 5253,...,5G6-1-C

If CROS 2 =1

£y

EL(1),A((1),EL(2),A(2),...,999

DID;

EL(1),A(1),EL(2),A:(2),...,999

DIDNF
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Second region where integrated
perturbations occur, followed
by the identification of the first
perturbation of this region.

The variation of the diffusion
coefficient for the first per-
turbation of the region &,.

The variation in the absorption
cross sections for the first
perturbation of the region £,.

The variation of vZf for the
first perturbation of the
region ;.

The variation of the scattering
matrix for the first perturbation
of the region £,.

First region where integrated

perturbations occur.
FORMAT (16)

Elements and the atomic densi-
ties of each element constituting
the region %;. Sentinel 999
indicates all such pairs have been
specified.

FORMAT (4(16, E12.8))

Identification of the first per-
turbation for the region /.
FORMAT (A6)

Elements and the atomic densi-
ties of each element constituting
the first perturbation for the
region £;.

FORMAT (4(16, E£12.8))

Identification of last perturbation
for region £;.




EL(l),At(l),EL(z),At(z),.,,,999
L2
EL(1),A4(1),EL(2),A:(2),...,999

DID}

EL(1),A¢(1),EL(2),A(2),...,999

Elements and the atomic densi-
ties of each element constituting
the last perturbation for the
region f;.

Second region where integrated
perturbations occur.

Elements and the atomic densi-
ties of each element constituting
the region £,.

Identification of the first pertur-
bation for the region f,,

Elements and the atomic densi-
ties of each element constituting
the first perturbation for the
region £,.

C. Microscopic Library (CROS 1 + CROS 2 > 0)

n,

Gal,Uaz,.“,O“aG

30 3¢ 30
tl']_’ trzs ? trG
VO, VD, g0, VT
012091532443 015.G: T2>35 2+, UG- 1> G
o,
0

Element number =40,
FORMAT (16)

The microscopic absorption
cross sections for element n,
(including capture, fission, and
removal by scattering).
FORMAT (6E12.6)

Three times the microscopic
transport cross sections for
element n;.

FORMAT (6E12.6)

vV times the microscopic fission
cross sections for element n;.
FORMAT (6E12.6)

The microscopic degradation
matrix for element n,, including
elastic and inelastic downscatter-
ing. There must always be

-;— G(G-1) values given.

FORMAT (6E12.6)

Element number.

This sentinel indicates all the
elements and their cross sections
have been specified.
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Iv. ARRANGEMENT OF INPUT DECK

1. The general data.

2. When CROS 1 + CROS 2 > 0, the microscopic library is to be used. If
a. sense switch 1 is down, the microscopic library is on tape 2.
b. sense switch 1 is up, the microscopic library is on cards and must
be inserted after the first card of the general data.

3. The optional data.

Computation of the normalization factor, of the neutron lifetime,
and one other calculation: Beff, reaction integrals, local, or integrated
perturbations, may be performed in that sequence in the same problem.
Optional input data must be loaded in this same sequence following the
general data.

When computing the normalization factor H, the value found for H
is used in the remaining part of the problem.

V. OPERATING INSTRUCTIONS

A standard 72-72 reader board, a SHARE 2 printer board, and the
underflow switch are necessary for running this program.

Sense Switches:
1 Up: The microscopic library is on cards.
1 Down: The microscopic library is on tape 2.

No other sense switches are used.

1 Blank for output
2 Microscopic library (when not on cards)
5 "Real" fluxes
6 "Adjoint" fluxes
Running Procedure:
1 Mount and ready tapes.
Depress underflow switch and set sense switches.

2
3 Clear and load cards.
4

At the completion of a series of problems, remove and
save tapes 2, 5, and 6.

. 5 Remove tape 1 and print off-line on program control.
Error Stops:

The reasonfor eacherror stopis printed on the on-line printer. An
average problem runs 5to 10 min and problems may be runone after another.
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CONFIGURATION FOR THE SAMPLE PROBLEMS




SAMPLE INPUT

FIRST SAMPLE PROBLEM 3 8 5 3 0
1 1. 3.5 8
i 1. 3 .5 5
. y 5 4 6 i 5 6 8
R 0 0
.25 | .5 9.
8.661493-02 0. 0.
0. 0 4.330746-02 0.
Z
1 4 ] 5 5 gga
¥ 6 5 R888
e 888
0
5 1. 0.
1.5 2 .25 999
2.5 3 1. 1.5 999
3 1. 999
1ST OC
. 999
2ND DC
3. 999
SECOND SAMPLE PROBLEM 3 g 5 3 0
1 1. 3.5 8
1 1. 3.5 5
0. ! 4 1 5 6 1 5 6 8
) 0 0 0 2
i 2 2 i il
0. 1. 0.
1PERT 1
.25 .25 .25
- 0' G.
1PERT 2
1o 1. .25
0. 1. he
0. 0. 0.
2PERT 3
.25 125 .25
. 0. N
k] {). -
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FIRST SAMPLE PROBLEM
NORMALIZATION FACTOR

CONTRIBUTION OF EALH REGION

1 35,1020 OO0

DANGER COEFFICIENTS

I J
REGION H
iS7T OC
1 1
L
B 5
2ND DC
i1
L I
3 5
REGION 2
IST DL
4 5
6 5
2ND DC
b 5
6 5
REGION 3
187 DC
6 5
ZND DC
6 5

2 4.8980E 00

DELTAK/K

-5.900001E 00
-9-000002E-01
-9.G00002E-01

3. 1000GIE 00

1. 106000E 00
1. 100000E CO

~-1.200000E 00
-6.000001E~-01
9.500002E-01
1.500060E~01
9.000002E-01

9. 000002601

9.999998E 00

DIFFUSION

4,000001E-01
4. 000001E-01
4.000001E-03

2. 00000001

2.000000E-01
2-000000E-01

§1.000000€E-01
1.000000E-01
5.000001E~-02
5.000001E-02
1.600000E GO

8.000002€-01

ABSORPTION

-8.500002E 00
-2.000000€& 00
-2.000000E GO

-4, 000003E~-01

-4, 000001E-01
-4, 00C001E-01

~2.000000€& 00
-8.000002E-01
-4.000001E~01
-4, 000001E-01
~-8.000002E~-01
~4%,00000%E-01

DEGRADATION

2-.200000& 00
7.000001E-01
7-.000001E-01Y

1.500000 00

5.000001E-01
5.000001E-01

7.000001E-01
1.000000E~01
5.000001E-01
1.000000E-01
1.000000E-01
1.000000E-01

FISSION

1.800000E 00
8.000002£~-01
B.000002E~01

0.
0‘
8.,000002E-01
4,00G0031E~01
O.

4,000001E-01

Le




SECCND SAMPLE PROBLEM

INTEGRATEDC PERTURBATICNS

CFLTAK/K
REGION 1 PERT 1 ~3.534291E (1
REGICN 1 PERT 2 5.890u86E CC

REGICN 2 PERT 3 -3.392920t (1

CIFFLSION

~5.6G0L86E
~5.890u86E
~5.658866F

00
e
co

ABSCRPTIGN

~-2.356194E 01
-C.
-2.261947E 01

CEGRADATICM

-5.89C486E COC
Ce
~5.65U866E CO

FISSION

C.
1. 17HO9TE O1
O-‘

8¢
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VII. FORTRAN STATEMENTS AND SAP SUBROUTINES

THO DIMENSIONAL PERTURBATION CODE

DIMENSIONI{201,DRIZD)YJI20),DZ1203 -, TINTI36),IEXTI(36),
IDEEPS{ 201, CHII 2D, TILREGI 25,7 ), Q125, T NMAXITI ,FISI20:,24,7),
2JINTL36),JSUPI{36) NELEILUD)},ATOMDN{BO),INI(18,101,JN{318,10},
EKMAX{ 1D} ,CHIC{203sRECISIAL{20:,5),FL{20:5),5L1190:5},DL{20,10:5)
EDT{20, 101, NUPER{Z),RECCI9},DI{20:9),A1(20:9),F1{20:9}»
551{190s9):;BETAIT) DELWORI24,T), IREG{I0) NUMPERI([ 9]}

EQUIVALENCEIFISIuBI) AL (FISISBIIFLI,{FISIABI)sSLY,
JIFIS{I1631 DL {FISIZ2H3T1),INILIFIS{2BIT) o JN)(FIS{2991),DT),
2{FISIBBYI I DIV (FIS{66T)AT ) (FISIBUIIEFI}IFIS{I021),51)
Z3,{FIS{2T731Y, MU {FIS{2732},NUMPER]

COMMONF IS, IGRP, IMAX  JMAX , NMAXRE, IBETA,IBREED,NOPER,LOMAX,
IKRP s INDEXs NOREG H,SUMT,SUM2  , SUMS, SUML, T DRy JsDZ s TINTLIEXT,JINT,
2JSUP,DEEPS s CHIsCHID  LREG Qo NMAX 3 IREG KMAX s REL , NUPERSRECD
3BETA,DELWOR,NELE, ATOMDN

FORMAT(S5A6,616)

FORMATI{I8:E12.8,165E12.8:1564,E12.8B,16,E12.8)

FORMAT{ 12161}

FORMAT{E]8.8}

FORMATIAEIZ.H)

FORMAT{ 16,456

FORMAT{ A6}

FORMATI IHISAS///)

FORMAT(4%3H NO SIMULTANEOUS CALCULATION OF BETA AND BRI}

FORMAT{45H NO SIMULTANEQUS CALCULATION OF PERT AND BETA}

FORMAT{u3H NO SIMULTANEOQOUS CALCULATION OF PERT AND BR}

FORMAT{H0H INCONSISTENCY BETWEEN PERTURBED REGIONS}

READIP1,P2,P3,PLsP5, IGRP, IMAX; JMAX,NMAXRE,ILROST,ICROS2

IF{ICROSTI+ICROS2113,13,9

CALLLIBRY

WRITEQUTPUTTAPEL,151,P1:P2,P3,PLk,P5

KA=1

KC=KA+3

READL, {I{KB),DRIKB} sKB=KA,KL}

DO3KB=K A, KT

IF{I{KBI-IMAX)3,23,23

CONTINUE

KA=KA+h

GOY02

Ka=1

KC=KA+3

READRB {JIKBY,DZIKB} KB=KA,KL}

DOGKB=KA,KC

IF{JIKBY)-JUMAX16,8,8

CONTINUE

KA=KA+h

60707

READS o {ITINTI{KAY IEXTI{KA) s JINTIKA) s JSUPIKA) sKA=1 ,NMAXRE}

READIOH

READS , INOCRM,LIFETIS IBETA, IBREED IPERY

IF{INORM-1) 16,15, 16

INDEX=1

IC=ICROST

ASSIGNI&TOLA




30

25
2y
21

22
200

32

37
30

i6

500
L6

83
54

b0
39
201
Ly
b9
60

61
63

64
67

75
69

70
Ty

72

73

71

READ I, {CHI{KA, INDEX},KA=1, IGRP}
KD=1
READ27,LREG{XD, INDEX ) ,Q{KD, INDEX)
IF{LREG{KD,INDEX}}21,21,22
NMAX{ INDEX }=KD-}

GOTOLA,{ 16,44}
IF{IC132,200,32

READIN, {FIS{KAKDy INDEX} KA=1, IGRP}
G0T030

ASSIGN3TTOLB

GOT0156

CALLCOMPI{KD)

KD=KD+¢1

GotTo2u
IF{LIFETI-131300,11%, 300
READI%, {DEEPSE{KA)}XKA=T1,IGRP)
IF{IBETA=IBREEDIL6, U3, k6
WRITEOQUTPUTTAPEL, 48

syop

IFLIBETAIUO0, 40,54
KG=1BETA+]

GOT039

IF{IBREEDILI 49,55
KG=IBREED+1

IC=ICROS2

INDEX=1

INDEX=INDEX+#]

ASSIGNBLTOLA

GOT025
IF{INDEX-KG)I201,49,149
IF{IPERT=2IBETA}60,61,60
HWRITEOQOUTPUTTAPEL, 62

syop
IF{IPERT#IBREED}63,64,43
WRITEOUTPUTTAPET,65

STOP

IF{IPERT-11B7,67,68
READS5 s NOPER

KA=1

READS, IREG{KA}
IF{IREGIKAYIG9,69,70
LOMAX=KA-1

GOTOTd

KB=1

KC=KB#5

READS, { IN{KD, KA)  JN{KDs KA} ,KD=KB,KCI
DOT2KD=KBK(L
IF{INIKD,KAI-BBBIT2,73,72
CONTINUE

KB=KB+é

GOTOTE

KMAX{KAY=KD-1

KA=KA+1

GOTO7S
READIB,{CHICI{KA)},KA=1, IGRP}
IF{ICROS2)T6,TT-76




77

79

84

85
83

76
202
90
91
93

203
204

o7

205
68
101

99

160

103

108
107

105

DOTYKH=1,NOPER
READBO,REC{KH}

READTL, {ALIKA,KH) KA=1,IGRP}
READIN, (FLIKA;KH) s KA=1, IGRP])
KRP={IGRP=#{IGRP-1}}/2
READIL; {SLIKAKH) KA=14KRP])
DOB83KI=1,LO0MAX

READS,1IS
IF{IS-IREGI{KI})BL,B5,84L
WRITEQUTPUTTAPEI, B

570P

DOB3KH=1,NOPER

READIU, IDLIKAKI KH)sKA=1, IGRP)
GOTOBT

Ki=0

Ki=Ki+]

READS, 15
IF{IS~IREGIKI}}I90.,91,90
GOT08Y

ASSIGN93TOLR

GOTO0i156

CALLCOMP2{KI])

IF{KI-LOMAX 202,203,203
KH=0

KH=KH+1

READBOD,RECI{KH)

ASSIGNOTTOLR

GOT0156

CALLCOMP3I{KH)

IF{KH-NOPER) 204,205,205
GOT087

KB=1

KC=KB+5

READS, { IREG{KA) NUMPER{KA) s KA=KB, KL}
DO99KA=KB, KL
IFUIREGIKAY 99, 100,99
CONTINUE

KB=KB+b

GOT0iI01

LOMAX=KA-1

READI4, {CHIO{KA),KA=1, IGRP)
IF{ICROS2) 102,103,102
KRP={IGRP#{IGRP-1}1/2

MU=1

DOI0SKI=1,LOMAX
NOPER=NUMPER{KI}
DOIOSKH=1,NOPER
READ27, IS, RECO{MU)
IF{IS=-IREGIKII}ID6, 107,108
GOT08Y

READIL, IDI{KA, MU} ,KA=1, IGRP}
READIL, {AT{KA,MU} KA=F,IGRP}
READIL, {ST{KA,MU)sKA=T,KRP]
MU=mU+ 1

GOT087

31
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102
206

iy
115

117
207

120

208
87
125

122
123
124
129

209

128
133
132
135

136
134

156
i52

154

155

MU=1

Ki=0

Ki=Ki+1
NOPER=NUMPER{KI}
READS, IS
IF{IS-IREGIKIII T, 115,114
GOTO8Y

ASSIGNIITTOLS

GOT0156

CALLCOMP2{KI}

KH=0

KH=KH+ Y

READHBO,RECOI{MU}Y
ASSIGNI20TOLB

GOT0156

CALLCOMPL{KH]}

MU=MU+ ]
IF{KH-NOPER}207,208,208
IFIKI-LOMAX)2064,8B7,87
IF{INORM-11122,125,122
INDEX=1

CALLNORMAL
IF{LIFETI-17124,123,124
CALLNELIFE

IF{IBETA} 128,128,129
KG=IBETA+1

INDEX=1

INDEX=INDEX+1
CALLNORMAL
IF{INDEX-KG)209, 128,128
IF{IBRREED) 132,132,133
CALLBREED
IF{IPERT-11134,135,136
CALLLOCPER

GOT0134,

CALLINTPER

GOT0150

KA=1

KC=KA%3

READL , {NELE{KBI, ATOMDNIKB) , KB=KA,KC}
DOISLUKB=KA . KL
IFINELEIKB)I=-999) 154, 155, 154
CONTINUE

KA=KA+h

GOT0152

KRP=KB-1
GOTOLB,{37:,93,97, 197,120}
END{D+3:,0,0,01%
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SUBROUTINENORMAL

DIMENSIONBETA{T7);DELWOR{ 24, T NMAXIT I ADJPUWIS0,60) ,FLUXIS50.60),
1POWER{Z00,283,ADJOIS50:80),CHII20,7)LREGIZ25:,71:0(25,71,A1(300}.
2IEXTI(36), TINTIZ6)sJINTI36),JSUP{36),FIS{20:24,71,DEEPS({20)
3CHIOI20),DUMMY 1({80), DUMMY2{ 37}, DUMMYZ{ 900}

COMMONF IS, IGRP, IMAX , JMAX,NMAXRE; IBETA, IBREED,NOPER,LOMAX;
TKRP INDEXs KRy Hs SUMT o SUM2 , SUM3, SUMU, DUMMY 1, TINT L IEXT o JINT,
2JSUP,DEEPSsCHICHID,LREG,Q,NMAX,DUMMY2,BETA,DELUWHOR,
AT, DUMMY3, FLUX,ADJO,ADJPH , POWER

BETA{INDEX)=0

KC=NMAX{ INDEX)

DO2IA=1, IMAX

DO3JA=1,JMAX

ADJPHWI{IA, JAY=0D

DOBNU=1,300

DO8KD=1,24

POWER{NU,KD}I=0

M=0
M=Me]

IMIX=IMAX+1Y

CALLSUBV{IMIX, IGRP My FLUX-ADJID,2)

KB=IGRP+1~HM
DO5S1A=Y, [MAX
DOSJA=1, JMAX

ADJPH{IA, JAI=ADJPUHIIA; JAY4CHI{KB,INDEX)2ADJOITIAJA)
DO6KD=1,KC
KE=KD2i-23={{KD-11/61-3
KR=LREGIKD, INDEX}

IB=TINT{KR]}

JE=JINTIKR]

IC=1EXT{KR}

JC=JSUP{KR]

DO&IA=1B,1IC
DO8JA=JBJC
NU={JA=-JB)#{ IC-IB+1)+{1A-]B+1}

POWERINU,KE)=POWER({NU KEI+FISIM KD, INDEX}=FLUX{IA,JA)

IF{M=-IGRP} 10,711,171
KD=0
KD=KD+1
KE=KDe24-232({ {KD~1)/746)-3

KR=LREGI{KD, INDEX}

IB=T1EXTI{KRI-TINTI{KR}+1

JB=JSUP{KRI-JINTIKR}+1

DOTIP=1.18

DO7JP=1,JB

IC=1INTI{KR)+IP=1

JC=JINT{KR}&+JP~1

NU-’—'UP—!)*IB*IPa

AT{NUI=POWERINU,KEI=ADJPHI{IC,JC}

CALLINTEGR

DELWOR{KD, INDEX)=SUMI/H

BETA{INDEX)=BETAUINDEXI+DELWORI{KD,INDEX])

IFIKD-KL312, 13,13

IF{INDEX-~-11100,100,16

H=BETA{ 1}
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WRITEOQUTPUTTAPEL, 1T, BETALT]
17 FORMAT(21H NORMALIZATION FACTOR25X, IPE16.6//7)
GOov01i8
16 IT=INDEX~-1
WRITEQUTPUTTAPET, 19, 1IT,BETA{INDEX)
19 FORMAT{31H WORTH OF DELAYED NEUTRON GROUPIW,11X,IPE16.8///}
18 KC=NMAX{INDEX}
WRITEOUTPUTTAPET, 20, (LREG{KD, INDEX) ,DELWOR (KD INDEX]) s KD=1,KLC)
20 FORMAT(28H CONTRIBUTION OF EACH REGION//{I651PE12.4,16,1PET2. 4,16,
TIPEI2.43 165 IPEI2. 4,16, 1PE12.8,16,1PEI2.8/1)
WRITEQUTPUTTAPET, 15
15 FORMAYU//77777747)
RETURN
END{D,1+0,0,01)




SUBROUTINENELIFE
DIMENSIONFLUX{S0,60),ADJ0{50,601,DX{50,60},DEEPSI20},
TIEXTI{36) IINT{381,JSUP{36),JINTI{36)1,ANDI300)XLIFETI38),
211203 ,DRI209,J1203,DZ{203,F15120,2u,73,DU11729),0U21(900;
COMMONF IS, IGRP, IMAX , IMAX, NMAXRE, IBETA, IBREED,
IMOPER,LOMAX ¢ KRP, INDEX, NOREGH, SUMT,85UM2,SUM3,
25UMU, 1o DR Je DZy T INTLIEXT,JINT, JSUP,DEEPS,
2DUTLAND,DU2,FLUX,ADJD,DX
DO31A=1, IMAX
DO3JA=1,JMAX
2 DE{IA,JAY=0
M=0
10 M=M4+]
IMIA=IMAX+ ]
CALLSUBT{IMIX, IGRP, M, FLUX,ADJ0, 1)
DOBIA=1, IMAX
DOB JA=1, JMAX
Y DX{IA,JAYI=DX{ 18, JA)+DEEPS{MIaFLUX{IA,JA}=ADJO{IA,JA}/H
IFIM-IGRPIID, 10,110
71 XL i=0
NOREG=0
12 NOREG=NDREG+#1
IB=IEXTINOREG)=TINTINOREG)}#+1]
JB=JSUP{NOREGI=-JINT{NOREG)+ 1}
DOBIA=1,1B
DOBJA=1,J8
IC=1INT{NOREG)+IA~1
JC=JINTINDREG)+JA-1
NU={Ja~-1)=1IB+]1A
& ANOINUI=DX{IC,JC}
CALLINTEGR
XLIFET{NOREGI=SUM]
5 XLI=XLI+XLIFETINOREG)
IF{NDREG-NMAXRE} 12,13, 13
13 WRITEQUTPUTTAPEL 7o XL 1
7 FORMATI ITH NEUTRON LIFETIME29X: 1PE16.H6/77)
WRITEQUTPUTTAPEI B, INORFG,XLIFET{NOREG)} ¢NOREG=1;NMAXRE}
B FORMAT{(28H CONTRIBUTION OF EACH REGION//{I16,IPE12.4,1651PET2.4,
116, IPE 12,516, IPE12.U,16,1PE12.4, 16, IPEI2.4/7))
WRITEQUTPUTTAPET, 15
15 FORMATL/ /77777777
RETURN
ENDID,1:0,0,01
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SUBRODUTINEBREED
DIMENSIONFLUX{S50,60) TOTEVE (24, T) NMAX{T)LREGI25,7)
10125, 7V TINTI36), TEXTI36),JINT{36),JSUP{36),EVENTI3001},
25ECI2092us T)EVINT{20,24,73,1(20),DR{203,J120},DZ{201,
ZDEEPS{20)sCHII20,T1,CHIO{20),DUT{37),BETAL{T)DU2{900}),ADJ0(50,60)
COMMONSEC, IGRPy IMAX JMAX NMAXRE s IBETA, IBREED,
TNOPER,LOMAX s KRPy INDEX s KRy Hy SUMT,SUM2,SUM3,SUME,
213D0R3JeDZs IINTLIEXT,JINT s JSUPSDEEPS,CHICHIO,
3LREG, Qo NMAXDUI,BETA, TOTEVE,EVENT ,DU2,FLUX;ADJOLEVINT
DOBINDEX=1,7
DOBKD=1,2h
8 TOTEVE{KDs INDEX}=0
M=0
11 M=Me+d
CALLSUBT{IMAX+1, IGRP My FLUX,ADJD, 3}
KG=IBREED+1
INDEX=1
12 INDEX=INDEX+1
KC=NMAX{INDEX)
KD=0
13 KD=KD+1
KR=LREG{KDs INDEX)
IB=IINT{KR}
JB=JINT KR}
IC=IEXTI{KR}
JC=JSUPIKR)
DOSIA=1IB,IC
DOSJA=JB, JC
IP=1A~-IBe1}
JP=JA-~-JB+1
NU={JP-1)e{IC-IB+T1)+]IP
5 EVENT{NU}=SEC{M; KD, INDEXJ=FLUXI{1IA,JA)
CALLINTYEGR
EVINT{M,KD, INDEX)=SUM1
6 TOTEVEIKD, INDEX)=TOTEVE{KD, INDEXI4EVINT{¥,KD, INDEX)
IF{KD-KC113, 14,14
14 IF{INDEX-KG112,15,15
15 IF{M=IGRP}I11,16,16
16 WRITECUTPUTTAPET 10, {{LREGIKD,INDEX)sQIKD,INDEX},TOTEVE
T{KDs INDEX) s KD=1,KC )y INDEX=2,KG}
10 FORMAT{14H REGION NUMBERIb,2H, 1A6,8%,1PE12.6//7)
RETURN
END{D,;150+0:0}




SUBROUTINELOCPER
DIMENSIONIREGI 1D} oFLUXT{300,20)ADJ0OT1(300,20) PROGRA{300,201,
TKMAX{I0Y L IEXT(36),TINTI36), JSUP{38),JINT{361,IN{18,30},
2IN{IB, 101, DFLUXRIZD0)IDFLUXZI{3001,DADJOR{3003,DADI0ZI300},
31{203,DR{20}14J{20},DZ{20 ) RECIB)I,CHIOL20)1:DL{20,10,5])
BAL{20,5),FL{20,5),SL{190,5),DUT{LB0O},DU2{370),DU31160},
5DULI357),DU5{187)
COMMONDU o BL,FLoSL, DL IN, JN,DU2, IGRP, TMAY,
JIMAX , NMAXRE, IBETA., IBREED,NOPER,LOMAX , KRP,INDEX,
ZNOREGHoSUMT , SUM2,, SUMB,SUPL, I DRy JsDEZsTINT,
BIEXT+JINT JSUP,DU3,CHIO, DUL, IREG,KMAX,REL ,DUS,
BOFLUXR,DFLUXZ s DADJOR,DADJIDZ FLUX1,ADJOT,PROGRA
HRITEQDUTPUTTAPET, 56
56 FORMAT{20H DANGER COEFFICIENTS//720X,uHI  J6X,BHDELTAK/K
18X QHDIFFUSIONTX, 1OHABSORPTIDONGX, 1IHDEGRADATION
25X THFISSION/ /)
Ki=0
100 Ki=KI+1
WRITEDUTPUTTAPET 57, IREGIKI)
57 FORMATI{7H REGIONIL}
KA=IREGIKI)
CALLSUBL{IMAX+1, IGRP.FLUX I, ADJDI,IINT{KA},
JIEATIKAY» JINTIKA} s JSUPEKAY )
KX=KMAX{KI}
L=TEXTI{KAY-TINTI{KA)+}
DOuSM=1, IGRP
DOLSKB=1,KX
IB=IN{KBKII-TINT{KA}+Y
JB=JIN{KB,KI}-JINTI{KA}+]
NW={JB+1)=L+1B
Ny=JBelL+¢IB
NU={JB=1}=L+]B
NT={JB=-2i=L+IB
NS={JB=-3}=L+IB
IFTINIKBsKII=~TINTI{KAI 12,3
1 WRITEQUTPUTTAPEY,; 60
460 FORMATIZ28H POINT OQUTSIDE OF THE REGION]
5T0P
2 TI=1INT{KA}
ASSIGNI2TONA
GOT015
12 DFLUXRINUI={FLUXTI{NU+1,M}={DRO+DR 1) e=2-FLUXT{NU,M)={DRI1+DRO=22.)
T#DRI-FLUXT{NU+2,M}={DRO=22}}/D
DADJORINUI={ADJOYTINUS T, M= {DRO+DR 1} 2=22-ADJOV(NU.M}=[DRI+DRO=2,)
1#DRI=-ADJOT{NU+2,M)={DRO=%=22}}/D
GOT01%
3 IFIINI{KBKII-IEXT{KAYI21,%6,17
17 GOTD1
16 TI=1EXT{KA})=-2
ASSIGNI3TONA
GOT015
13 DFLUARINUI={FLUXY{NU,®}={CRO+DR 122, ) 2DRO+FLUXT{NU-2,M)=(DR1=222}
I-FLUXT(NU=T1:#}=2{DRO+DR1)#22}/D
DADJORINUI={ADJOYINU, M)={DRO+DR 122, }#DRO+ADJOTI ENU~2,M} = {DRT#%2)
1-ADJOVINU-1,M)2{DRO+DR11222}/D

37



38

GOT019

21 1I=IN{KB.,KI)-1
ASSIGNTILTONA
607015

14 DADJOR{NUI=(ADJOI(NU+1,M)={DRO=»2}-ADJOT(NU-1,M)=(DRI==2})

1+ADJOVINU M}« {{DR1=2%2)-{DRO==2} )} /D

DFLUXR{NUI={FLUXTINU+1 M= {DRO222)-FLUXTINU-1,M)2(DRI=%2}

T+FLUXT{NU M= { (DR1=282}-({DRO=22})1/D

G0T019

NR=1

IF(II-I(NR)}IT+6+5

NR=NR+1

GOTOY

NR=NR-1

DRO=DRINR}

[i=11+¢1

11 IF{II-I{NR}I9+8,10

10 NR=NR+1
GOT011

9 NR=NR-1

B DRI=DR{NR)}
D={DRO+*DR11=#DRO#DR1
GOTONA. {12,713, 14}

19 IF{JN{KB,KII-JINT{KA)I24,25,20

24 GOT01

25 JJI=JINTIKA}
ASSIGN3STONA
607026

35 DFLUXZ{NUI={FLUXTI{NV,M)1={DZ0+DZ 1} =e2-FLUXT{NU,M)={DZ1+
102022, ) #DZ I-FLUXT{NW,M)={DZ0==2)3/D
DADJOZ{NUI={ADJOTINV,M}#{DZ0+DZ 1} #22-ADJOT{NU,MI=({DZ]%
107022, 1=DZ1-ADJOTINN, M} ={DZ0e=2))/D
GOTOu5

20 IF{JNIKByKII-JSUPIKAI IO, BT,42

82 GOTOY

1 JJ=JSUPIKA)-2
ASSIGN36TONA
GO0T7028

36 DFLUXZINUI=(FLUXT{NU,M)={DZ0+DZ1#2,)«DZ0+FLUXT{NS M)
1#{DZ71#2#2)-FLUXTINT,M}={DZ0+DZ1)==23/D
DADJOZ{NUI={ADJOT{NU, M) ={DZ0+DZ 122, 12DZ0+ADJOTINS M)
14{D21#22)~-ADJOT{NT M}={DZ0+DZ1)=#=2)/D
607045

50 JJI=JIN{KBsKI}-1
ASSIGN3TYONA
607026

37 DFLUXZINU)I={FLUXT(NV,M)={DZ0#=2)-FLUXT(NT,M}#(DZT%=2)
T4+FLUXT(NU M} {{DZ1222)~-(DZ0=22311/D
DADJOZ{NUI={ADJOVINV, M}« {DZ0#»22}-ADJOT(NT ,M)=e{DZinx2)}
1+#ADJOTINU, M)« {{DZV#=22}=-{D20=s2}))/D
GOTOES

26 NI=1

30 IF{JJ-J{NZ))129,28,27

27 NI=NZ+1
GOT030

29 NZI=NZ-1

i B E U
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31
3y

32

45

58

53

55
5h

52

59
101

DZ0=DZ{NZ}

Jd=JJi+l

IF{JI=JINZIV32,33,34

NZ=NZ+1

GOT031

NZ=NZ~-1

DZ1=DZ{NZ}

D={DZ0+DZV1)=DZ0=DZ1

GOTONA, 135,38, 37
PROGRA{NU,MI=DFLUXRI{NUJ=DADJORINUI+DFLUXZ INU)=DADJDZ (NU)
DOS52KH=1, NOPER
WRITEQUTPUTTAPET . S58,RECIKH}
FORMAT{ I12H 146)
DOS2KB=1,KX
IB=IN{KB,KII-TINTIKA}+Y
JB=JNI{KB,KII-JINTI{KA)+]
NU={JB-1}=L+1B

UL=0

yi=0

Yi=0

t=0

DO53M=1, IGRP

UL=UL=DL{M,KI  KH)2PROGRA{NU,M}
V0i=VL=AL{M;KH)2FLUXT{NU,MI1=ADJOTINU:M)
YL=YL+FL{MKHIaFLUXT{NU,M]}
L=ZL+CHIO{M)=ADJOT{NU, M}
XL=YL=ZL/H

MAa=1

MB=IGRP-1

YC=0

YD=0

DOSuML=1,MB

MD=MC#1

YA=0

YB=0

DOSSEMH=MD, IGRP

YA=YA+SLIMA KH)=ADJOTINU,MH}
YB=YB+SLIMA, KH)

MA=MA+ Y

YC=YL+YA=FLUX T{NU, ML)
YD=YD+YBeFLUX V{NU,MC}=ADIDYINU,MC)
Wi={YC-¥YDI/H

UL=UL/H

Vi={VLi+YDI/H

%5=UL+VLEWL+ XL
WRITEQUTPUTTAPEI ;59 IN{KBKI o JN{KB,KIJ XS, UL VL oHL o XL
IFIKI-LOMAX) 100,301,101
FORMAT{ 18X,213,2X5 1P5E16.6)
RETURN

ENDI{0s1:0,0,0]

39
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243

301

SUBROUTINEINTPER
DIMENSIONIREG(10},PROGRA{300,20),FLUX1{300,201,ADJ0V{300+,20),
IDFLUXR{300),DFLUXZ{300),CADJOR{300},DADJOZ{300) 4 IEXT{361},
2TINT{36),JSUP(36),JINT{36),1120),DR{201,J¢20),D2{20} NUPER(3},
3Ui{300),X1{300),VI{300),WI(3001,CHIO{20),D1(2059),A1(20+9},
UFI(204919SI{190,9),DUMMY 1{48B0),DUMMY2{630),RECO19},NUMPER(9),
50Y2{160),0Y3(357),0Y4(15},DY5{175)
EQUIVALENCE(DFLUXZ,DUMMY 1) ¢ (DI,DI ) (AT AT} (FILFI},
1{ST1,S1),(DUMMY2,MU), (DUMMY2{2),NUMPER}, (DUMMY2{11)+,DADJOR])
2{DUMMY2{311),DADJOZ)

COMMONDUMMY 14D1:ATsFIoST,DUMMPY2, IGRP, IMAX, JMAX,

INMAXRE, IBETA, IBREED,NOPER,LOMAXKRP; INDEXsNOREG oH
2XT1eX2eX39XUe I9sDRoJo DLy IINTLIEXTJINT,JSUP,DY2,
3CHIOsDY3, IREGy DYy NUPERyRECOsDYSs Ul s VI WI o X1,
LFLUX1,ADJOT, PROGRA, DFLUXR

WRITEQUTPUTTAPET, 211

FORMAT{25H INTEGRATED PERTURBATIONS//30X,8HDELTAK/K

18X 9HDIFFUSIONTX ; TOHABSORPTIONGX, 1 THDEGRADATION
25X, THFISSION/ /)

MU=1

KI=0

KI=KI+}

NOREG=IREGIKI}
CALLSUBR{IMAX+ 1, IGRPyFLUXT,ADJD 1, IINT{NOREG},
TIEXTINDREG) s JINT{NOREG) s JSUP{NOREG) )
L=lEXT{NOREG)-IINTINOREG)+1

KeJSUP{NOREGI-JINT{NOREGI+1

DO2u3M=1, IGRP

NR=1

NZ=1

II=1TINTINOREG])

203 IF{II-1{NR)})206,205,204

204
206

NR=NR+]
GOT0203
NR=NR~-1

205 DRO=DR{NR)}

210
207

1i1=11+1
IF{II-1{NR} 209,208,207
NR=NR+1
G0T0210

209 NR=NR-1
208 DRI=DR{NR}

D={DRO+DRI1}=DRO=DR}

1B8=2

D0212JB=1,K

NU={JB=-1)=L+IB
DFLUXR{NU-T1={FLUXTINU,M)=(DRO*DR 1} ee2=-FLUXIINU-T,M)=(DR1+
iDRO#2,. 1#DRI~-FLUXI{NU+I,M)=2{DRO==2}}/D

212 DADJOR{NU-1)={ADJOT{NU,M}»{DRO+DR V) ##2~-ADJOT{NU-1,M}={DRI+
IDRO#2.)«DRI-ADJOT(NU+1,M)=(DRO==21}/D
GOT0211

213 IF{II-I{NR})216,215,218

214 NR=NR+1
6070213

216 NR=NR~—1
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215 DRI=DR{NR}
IB=1I-TINT{NOREG)+]
D=({DRO+DR11=2DRO=DR

211 DD217JB=1,:K
NU={JB=1)sL+1B
DFLUXRINUI={FLUXT{NU+1,M)={DRO=222)-FLUXT{NU=-T1,MI=2(DR1=22)
1¢FLUXT{NU;M)={{DR1222)-{DRO=22})1}/D

217 DADJORINUI={ADJOT(NU+I1,MIe{DRO%»22)-ADJOTINU~T,M})2{DR12=22)
1+ADJOT{NU, M) [ {DR1222)-{DRD=222))1/D
IFIII-IEXTI{NOREGI+11218,219,219

218 1i=11+1
DRO=DRY
GOT0213

219 D0220JB=15K
NUu={JB-1}2L+1IB
DFLUXRINU+TI={FLUXT{NU+T:M)={DRO+DR 122, J2DRO+FLUXTINU=-1,M)
12(DRI=#=2)=-FLUX I {NU,M1={DRO+DR1)2223/D

220 DADJOR{NU+11={ADJOT(NU+T,M)=({DRO+DRI22, 1=DROLADJOTINU=-T,#)
12(DR1222)-ADJOV{NU,M}«{DRO+DR1i==2)/D
JJ=JINT(NOREG)

223 IF{JJ=JINZ)1226:225,224

2248 NI=NI+1
GOT0223

226 NI=NI-1

225 DZIO=DZINZ}
JJ=JdJ+1

230 IF{JI=-JINZV1229,228:227

227 NZI=NZ+1
G0T0230

229 NZ=NI-1

228 DZ1=DZI{NZ}
D={DZ0+DZ1)=2DZ0=DZ1
JB=2
DO2321IB=1,1
NY=JBeL+I8
NU={JB-1)=L+]IR
NT={JB=-2)=L+IB
DFLUXZINTI={FLUXT{NU;M)=2{DZ20¢DZ 1) »a2-FLUX1{NT,M)}2(DZ3+DZ0
122, 0eDZ 1-FLUX VNV, M)e(DZ0=s2))/D

232 DADJOZ{NTI={ADJODV{NU,MI=a{DZ0+DZ1)222-ADJOT{(NT,M}={DZ1+D2Z0
122.18DZ1-ADJOTI{NV,M}=({DZ0==2)3}/D
GOT0231

233 IF{JI-JINZ)1236,235,234

234 NZ=NZ+1
GOT0233

236 NI=NI-1

235 DZ1=DZ{NZ}
JB=sJJ-JINT{NOREG)+1
D={DZ20+D271)«DZ0=DZ1

231 DO2371IB=1,L
NV=JB#L+IB
NU={JB-1)1%L+IB
NT={JB~-2)eL+IB
DFLUXZINUI=(FLUXTINV,;MI={DZ702=2)-FLUXT{NTM)e({DZ1se2)
14+FLUX T INU, M)2{{DZT2e2)-{DZ0De=223))}/D

237 DADJOZ{NUI={ADJOT(NV,M}={DZ0222)}-ADJOT{NT MieiDZls=2}
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238

239

240

2u3

300

286

252
251
245

1+ADJOTINU, M= {{DZ1222)~-{DZ0%22))}/D
IF{JJ-JSUPINOREG)I<11238,239,239
JJ=JJd+1

DZ0=DZ1

GOT0233

D02ulig=1,1L

NVY=JBelL+IB

NU=(JB-1)#L+1IB

NT={JB=2)=2L+IB
DFLUXZINVI={FLUXT(NV,M12({DZ04DZ122.)eDZ0+FLUXT{NT,M)=2{DZ}
j282)}=FLUXT{NU,M)e{DZ0+DZ1)12e2}/D
DADJOZINVI={ADJOTINV M) ={DZ04DZ122. 12DZ0+ADJOTINT Mi&(DZ}
1ee2)=-ADJ0T{NU,M)2{DZ0+DZ11222}/D
DO2B3JB=1,K

D024831B=1,L

NU={JB-1)#L+IB

PROGRA(NU ,Mi=DFLUXRINUI=DADJORINUI+DFLUXZ{NU}=DADJDZ{NU}
NOPER=NUMPERI{KI}

KH=0

KH=KH+1

D02451IB=1,1L

D02u54B=1,K

MU={JB-=1)1=L+IB

¥=0

I=0

UI{NLiI=0

VI{NUI=0

DO2hbM=1, IGRP
UIINUI=UI{NU]-DI{M MU I=2PROGRAI{NU: M)
VIINUI=VIINUI=-AIIM, MU} «FLUXT{NU ., MI=ADJOT{NU, M}
Y=Y+FI (M MUTeFLUX TINUsM)}
I=7+CHIOIM)}2ADJOT(NU, M}

XKI{NUI=Ysl

MA=1

MB=IGRP-1

YC=0

YD=0

DO2STMC=1,MB

MD=MC+1}

Ya=0

YB=0

D0252MH=MD; IGRP
Ya=YA+SI{MA,MUI=ADJOTI{NU,MH)
YB=YB+SI({MA, MU}

MA=MA+1

YC=YC+YA=FLUXT{NU,MC}

YO=YD+¥BaFLUX T{NU,MCI=ADJOTI{NUMC}
HIINU}I=YL-¥D

VIINUI=VIINUI+YD

CALLINTEGR

X1=X1/H

U2=X2/H

*3=43/H

Ky=xXu/H

X8=XT1+¥2+X3+XL
WRITEQUTPUTTAPET 282, IREGIKIIsRECOIMUI s MBeXT1:X2,%3, XN




2uy

303
2u2
302

MU=WMU+1

IF{KH~-NOPERI300,303,303
IFIRI-LOMAX1301,302,302

FORMATITH REGIONIU,UX,A6,5X, IPSE16.6)
RETURN

ENDICos 10021}
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s LY

& W

SUBROUTINELIBRY
DIMENSIONFIS{20,24, TI,DUMRT(9B8) JNELE(LRO)ATOMDN(u0)SIGAIZ20,80),
1SIGTR3{20:, 01 ,SIGFI{ 20,403 ,SIGDEGL 190,40}
COMMONF IS, IGRP,DUMI NELE, ATOMDN,SIGA,SIGTR3,SIGFISIGDEG
KR={IGRP={ IGRP=1)1}/2

IF{SENSESWITCHII6:5

READI N

FORMATI 16}

IFINI2:2¢3

READU {SIGA{MsNIsM=T: IGRP}

FORMATIG6E12.6])

READU, {SIGTRI(MgNI M=, IGRP)

READL  (SIGFI(MyNY M=1, IGRP}
READU,{SIGDEG{Ms NI M=1,KR}

GOT05

READINPUTTAPEZ: 14N

IF{NIB,B,7T
READINPUTTAPEZ 4, (SIGA[MyNIM=1,IGRP}
READINPUTTAPEZ2, 4, (SIGTRI(M NI M=1,IGRP}
READINPUTTAPEZ L (SIGFI(M N ,¥M=1, IGRP}
READINPUTTAPE2,L, (SIGDEGIM, NI M=1,KR}
GOT06

REWINDZ

RETURN

END{DO:1:05057%)
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SUBROUT INECOMP 1{KD)
DIMENSIONFIS{20y24,7)9DUMT{7),DUM2{979) yNELE(4O}, ATOMDN{UO),
1SIGA{20,40),SIGTR3(20,40),SIGFI(20,40),SIGDEG(190,40})
COMMONF IS, IGRP,DUMT,KRP, INDEX,DUM2,NELE,ATOMDN,SIGA,
1S1GTR3,SIGFI,SIGDES

DO3M=1, IGRP

X=0

DO2KB=1,KRP

N=NELE{KB]}

X=X+SIGFI{M,N)=ATOMDNI{KB]}

FIS{MeKDs INDEX)=X

RETURN

END{Oy 150,051}
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SUBROUTINECOMP2(KX)
DIMENSIONDUMI{29903)¢D7{20,10),DUM2{170),DUM3{T) ,DUML (976},
INELE(40}, ATOMDN(U40)} ,SIGA(20,80},SIGTR3{2C,40),SIGFI (20,40},
2SIGDEG({190,40),DUMS({3}
COMMONDUMT, DT, DUM2, IGRP, DUM3,KRP y DUMS 4K o DUMY s NELE,
1ATOMDN,SIGA,SIGTR3,SIGFI,SIGDEG
KI=KX
D02M=1, IGRP
X=0
DO3KB=1,KRP
N=NELE{KB)
3 X=X+SIGTR3(M,N)=ATOMDN{KB)
2 DT{MeKIl=1./X
RETURN
END{O,150+0+01}
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SUBROUTINECOMPI(KH)
DIMENSIONDUMI{4UBO),AL{20s5)¢FL{20,5),SL1190,5),DL120:10,5),
IDUM2{360).,DT{20, 10}, DUMBL{ITO) ,DUMS5{6},DUME(I80] ,NELE({LO},
2ATOMDN{40) s SIGA(20,40),SICTR3(20,40),SIGFI{20,40),SIGDEG{190,40}
COMMONDUMY, AL sFL¢SLy DL, DUM2,DT, DUMUL, IGRP 4DUM5,

1LOMAX sKRP,DUM6,NELE, ATOMDN, SIGA,SIGTR3,SIGFI,SIGDEG
DOuM=1,4 IGRP

W=0

X=0

¥Y=0

DO3KB=1,KRP

N=NELE{KB)

W=W+SIGA{M,N) =ATOMDNIKB)

X=X+SIGFI{M;N)2ATOMDN{KB)

Y=Y+SIGTR3{M,NI=ATOMDN(KB)

AL{MeKHI=HW

FLIMgKHI=X

DOuKI=1,L0MAX

DLIMeKI KHI==YeDT (MKl )22

KR={IGRP#(IGRP-1}1/2

DOSM=1,KR

Y=0

DO6KB=T1,KRP

N=NELE{KB}

Y=Y+SIGDEG{M, NJ=ATOMDN{KB)

SL{MeKH) =Y

RETURN

END{Cs 150405173




SUBROUTINECOMPLIKH)
DIMENSIONDUMI{480),DI(20:9)AI{20,9),F1{2059),ST1{190,9},
1DUM2(2591,D7(20, 10) o DUMT(ITO) o DUM3{T) ,DUM5{3) ,DUML{9T76),
2NELE(UO); ATOMDN{LO) ¢SIGA{20,40),SIGTR3{20,60),
3SIGFI(20,40),SIGDEGI 190,40}

COMMONDUMY 4D oAl FIloSIoMU,DUM2, DT, DUMT, IGRP4,DUM3,
TKRP;DUMS K1y DUMB ,NELE, ATOMDN,SIGASIGTR3,
2SIGFI,SIGDEG

A=KH

O0uM=1, IGRP

W=0

=0

¥Y=0

DO3KB=1,KRP |
N=NELE(KB}
W=W+SIGA{M,N) «ATOMDN{KB)
|
\

K=X+SIGFI{M,NI=ATOMDNIKE}
Y=Y+SIGTR3I{M,N)=ATOMDN{KB}
Al {MMUI=W

FlIiM, MUI=X
DI{M,MUl=~YeDT{MK]I}ma2
KR={ IGRP={IGRP-1)}/2
DO5M=1,KR

¥=0

DOLKB=1,KRP

N=NELE{KB}

6 Y=Y+SIGDEGIM;N)=ATOMDNIKB}
SIiMaMUJ=Y

RETURN

ENDIDo 140,051




SUBROUTINEINTEGR

DIMENSIONIEATI38) IINTI36),JSUPI{36)sJINT(36),11(203,DR(20},
13{201,DZ(20),A{300,),FIS{20,24,T),DUVIT0),DU2(TUT),SUMIL)
COMMONFIS,DUT NOREGsHy SUMs I, DRI D25

FIINT,IEXT, JINT,JSUP,DU2s4

L=I1EXT{NOREG)I-IINTI{NOREG)+]

JJ=JINT{NOREG)

I11=1INT{NOREG})

MR=1

NZ=1

DRO=0.

DZ0=0,

DO30K=1.4

30 SUM{KI=0.

20 IF{II-TEXTI{NOREG113, 18,19

18 DRI1=0.

GOT021

2 IF(II-1INRY}I6:5:4

4 MNR=MNR+1
GOT03

& NR=NR-1

5 DRI=DR{(NR}

21 R=0.

IF{NR=-1]9:9+8

8 NNR=NR-1
DOTM=1,NNR
=T {MeT)~-T(M)

7 R=R+DR{MI=¥X

9 X=1I-1{NR)

R=R+DR{NR} =X
17 IF{JJ-JSUP{NOREG) 113,114,135
b DZ1=0.
GOT016
13 IF{JJI-JINZIVTI0,00:12
12 NZ=NZ+#1]
GOT013

10 NZI=NI-1

11 DZV=DZi{NZ}

16 IB=I1-1INTI{NCOREG)+1
JB=JJ-JINT{NCREGI+}
NU={JB=1)=#L+IB
DO3IK=1,4

371 SUMIKI=SUMIKI+A{NU,KI1231.57TD7963

12{DRO+DRT1)={DZ20+DZ1)={R+{DRI-DRO) /%)
DZ0O=DZ1
JId=JJ+1
GOTOI7

15 DRO=DR1
JJ=JINT{NOREG)
1I=11+1
NZ=1
DZ0=0.

GOT020

19 RETURN

ENDIO:190+04 1)




sus1

CASE3
CASE1

NFST

JUNK

TAPE

REL
ORG
HTR
HTR
HTR
HTR
HTR
$X0
SXD
CLA
STA
CLA
STO
CLA
STA
CLA
STO
CLA
STA
CLA
suB
TIE
sug
TZE
CLA
TRA
CLA
suB
TLE
BSY
BSY
CLA
STA
cLA
STA
LXD
RTB
CcPY
TIX
TXI
LXD
TXI
TAI
CPY
TiX
TRA
TRA
cey
CLA
suB
STA
LD
LXD
TRA

suB1

SUB1—-1,2
SUB1-2,1
1ok

241

#® %
sSUB1-3
3,4

&4

&8
SuBi-u4
okt

4+ 1

%%

ONE
CASE1
ONE
CASE2
ADCI3
NFST+1
SUBi-4
ONE
FIRST

é

6

ADC12
TAPE+3
LS

TAPE
SUB1-3,1
5

SUri-=-5%
*"]y 3'1
2419 19=2
SUBI-3,2
2419291
#+1s151
#%g
#-2,2,1
#42

2%
sugi-5
TAPE
FIFTY
TAPE
TAPE-2, 1
SUBI-3,2
TAPE-2

ADDRESS OF IMAXe1

ADDRESS OF M

ADDRESS OF CASE NUMBER

ADDRESS OF FLUX STORAGE




ciz

ci3

FIRSY

ADC12

CASE2

ONE
FIFYY
ADCY3

CLA
STA
cLa
STA
LXD
RTB
TRA
CLA
STA
CLA
SuB
TNZ
REW
REW
LXD
LXD
TRA
CLA
$TA
CLa
sus
PDX
RTB
TIX
TRA
CLA
STA
CLA
STA
TRA
HTR
HTR
HTR
END

ADC1I3
TAPE+3
Se¢ls
TAPE
SUB1-3,1
6

JUNK
254

#4 1

» e
5UBI-h
243

é

5
SUB1-1,2
SUB1-2:1
Telt

2:4

#4

&8
susi-4
iz, 2

é
#=T929 1
NFST
boly
TAPE
ADCt2
TAPE+3
JUNK=2
De0,1
50,0,0
i3
sugt

ADDRESS OF ADJOINT FLUX STORAGE

ADDRESS OF MAX G

ADDRESS OF MAX G
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52

SUBL

POST

P0S2

POS3

REL
ORG
HIR
HTR
HTR
HTR
HTR
HTR
HTR
HTR
SXD
SXD
SXD
£La
STA
CLA
STA
sYZ
CLA
STA
CLA
STA
STA
LXD
cLa
STA
CLA
SUB
ADD
510
CLA
STA
CLA
ST0
PDX
CLA
STA
STA
CLA
5TA
CLA
SuUs
ADD
5710
LXA
RTB
CPy
TIiX
LXD
TiX
LXD
LXD
TXL
TXI

susy

a=1y0
*"3:2
*-59,
2.8

POSH

2el8

POSS
SUBL-Y
POS1
POS2
Tels

POST

#4 1

t 2 0]

8s4

241

%

&g
POS1+2
SUBLk-8
Tel

241

& &
SUBL-5
Ge1

Sel
POsS3

w4l

6.1

#+1

'y

Ty

POS 142
SUBY~T7
POS1+2: 4
£y )
SUBLk-4
#=15 151
SUBE-5, ]
#=34241
&%y
SUBL-5,2
POSEB~1, 1,1
#4111




POSh

POS9

POSS

POSE

CPY
TXI
TIX
LXD
cpPy
TXI
TXI
TIiX
cey
TIX
CLA
SUB
sT0
TNZ
CLA
sug
STA
LXA
LXD
CLA
STA
LXD
STA
cLa
$TA
CLA
Sus
ADD
STC
CLA
ADD
STO
suB
LXD
TNZ
CLA
Sug
TLE
LXD
CLA
STA
CLA
LRS
5TA
LoQ
MPY
s7Q
CLA
sus
STA
CLA
SuB
S5TA
CLA
STD
CLA

SUBL=-6
28415291
#=25 11
SUBL-T, |
L3 S
241,241
24154, 1
#=3,751
SuUB4-6
#=1529 1
SUBL-8
POS1+2
SUgu-8
POsS3
POSY

£CC

POSY
POS1+2, 8
SUBL=-1,1
Ts1

#2411

8y 2

a4l

Bel

%41

&8

&%
PDSi+2
SUBL-B
SUBL-4
PDS1+2
SUB4-L
&%
SUBL-5, 1
POS2
P0OS2
POST+13
PDSS
SUBL=-1,1
251

#4 1

L2 4

i8
SUBL-6
SUBL-6
cCcC
5UBu-6
SUBL-&
cCc
SUBL-6
L
sugn-4
POSH
POSS-2
POS®
POST+1
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POS6

pPOS1

cce

STA
LXA
LXD
§TZ
TRA
LXD
LXD
LXD
CLA
57D
REW
REW
TRA
RTB
RTB
HYR
HTR
END

POS2

POS 142, 4
SUBL=-5,1
SUB4-Y
POS2
SUBL=3,
SUBL4=-2,2
SUBL}"] 9 '-lv

300,00
SuBk




VIII. TAPE-WRITING ROUTINE

This routine may be used to write flux and adjoint flux tapes when
CUREM results are not available for input to 2D PERT.

Input Information

All input is punched in standard SAP format, in which G, I +1, and

J are integers.

The ¢ and ¢* values are floating -point numbers.

Card Set
No. Input Remarks

1 G Number of groups. G = 20.

I+1 Number of points plus one on the R axis. I =160.
J Number of points on the Z axis. J = 60.

2 By Point-by-point fluxes for real group 1, given a row at
a time beginning with poin* (1,1). A zero must separate
TOwWs.

3 D, Point-by-point fluxes for real group 2, given a row at
a time beginning with point (1,1). A zero must separate
rows.

G +1 e Point-by-point fluxes for the last real group, given a
row at a time beginning with point (1,1). A zero must
separate rows.

G +2 BE Point-by-point adjoint fluxes for the last adjoint group,
given a row at a time beginning with point (1,1). A
zero must separate rows.

G+3 V(k}'-l Point-by-point adjoint fluxes for the next to the last
adjoint group, given a row at a time beginning with
point (1,1). A zero must separate rows.

2G +1 ¢¥ Point-by-point adjoint fluxes for the first adjoint group,

given a row at a time beginning with point (1,1). A
zero must separate rows.
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Input Deck Arrangement

Card Set 1
Card Set 2
TRA 3,4
Card Set 3
TRA 3,4

Card Set 2G + 1
TRA 3,4
Note: Sets of fluxes and adjoint fluxes must be followed by a TRA 3,4

card.

Operating Instructions

A standard 72-72 reader board is necessary for running this problem.

Sense Switches:

1 Down

No other sense switches used.

Tapes:

5 Blank for "real" fluxes

6 Blank for "adjoint" fluxes
Running Procedure:

1. Mount and ready tapes.

S

Depress sense switch 1.
Clear and load cards.

At stop 13004 label, remove, and save tapes 5 and 6.

= W




INPY

INPY
BEGIN

RFLX

WYP

END

FIVE
SIX
NIL
TEMP
TEST

ORG
HED
LIB
HED
SYN
§72
TSX

HTR
cLA
STA
ipQ
MpPY
sTQ
LA
TSX

HTR
LXA
LXA
WTe
CPY
TIiX
LXA
cpPy
X1
TIX
TIiX
CLA
TMI
SSM
STO
cLA
5TA
TRA
REW
REW
HYR
ocT
oCcT
DEC
BSS
BSS
BSS
BSS
END

ROUTINE TO MANUFACTURE FLUX TAPE

100

ISINPT
TEST
INPIsl
Ge0sG+2
INP1:23
FIVE
WYP

G+1

G22
TEMP
Gsl
INPY U
As050
INP12423
NiL.Y4
G+1.2

& %

NiL
g=1929 1
TEMP, 2
Aol

1 £ 3 PR TP |

=242 %

RFLX, 151

TEST
END

TEST
SIX
WYP
RFLX-1

1#1

1+7
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INPUT FCR WRITING REAL AND ADJOINT FLUX TAPES FOR SAMPLE PROEBLEMS

DEC
DEC
DEC
DEC
TRA
DEC
DEC
DEC
TRA
DEC
DEC
DEC
TRA
DEC
DEC
DEC
TRA
DEC
DEC
DEC
TRA
DEC
DEC
DEC
TRA

3:7s5
]:9’}"3091011O9]01}0’1'2611001-916330,]-;}.,]o:]ogo
1.,].,].,]-g1.,].y3.31ny9,‘-,1-71-;lug‘oy].g]ag1-g0
1osloglaplosloplaglastand

34k

2092092 092a3209209203203092032092092032032232032+90
2920122120323 259223223092092012032032092032032090
2e32037032032092032032+350

3+4
9:,7.,5.,&.,5.,2.,1.,0,0,9.,7.,5.,&.,3,92.,1.,0,0
9*’7~950)u-25-120']~'07079-970v5-!ha15'9201}~9090
Feslorbosllieas3a92051050,0

3.4
9:,7.,5.,&.,3.y2-y1.y0,099.,7.,5.,&.,3.,2.,1.,0,0
Do lo0915e01He930929109030:9057015asller13092e91630,0
9.,7"5.,’4.,5"2.’1"0’0

35l
ToslogleoslosloslaslerslesyOsleslasloglogleslaglaslasl
‘.y‘.g‘.,];y‘a1]'1‘.’].101]oq].y‘o,loy]oy]o,%-y]-yo
1.,I.,Y.,1.,1.,l.,1.,1.;0

3sh ]
2012.'2"2.’?-,2.‘2012.,012-120’2.,2.’2.'2.’2.,2.'O
?0 72' ’?0i2012¢!2012-’2c’092' 12012'Q20!2*!2-'2o12-39
209269201203 2032092019230

35l

.
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APPENDIX A

Determination of the Gradient

1. For a point inside a region, the 2 components of the gradient
are calculated by a parabolic interpolation with the 4 adjacent
points.

P91
% @i j- ()P gHIER)%h2 0y
t
k h h' (h+h')
I ¢
SUN “ij Pit1 .
—— ® h! 2 grad 7
k K2 0y 5nm ()70 50+ ()21 g
k k' (k+k')
o%1,j-1
2. For a boundary point, with a noncontinuous gradient, one

component of the gradient is determined as in 1, the other is
calculated by a parabolic interpolation with 2 adjacent points
on the same side of the boundary.

(h+h')?2141,5-0% F542,5-h' (0 +2h) 7§ 5

hh' (h+h')

Cit,j Cit2,j  grad 4
® 2/

K i g ()70 5 KTy
k k' (k+k')
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APPENDIX B

Integration

2D PERT uses the same method as the CUREM code

7 AXIS &i,14

F_ __,____E*i Lo S pe—g Titl,]
|
|
i
4
|
i
i

|
i

! he ! R AXIS
L !
1
————— R o e e e it

The integration of HR,Z) is performed by considering ¢ constant
over an elementary volume extending from R - (h/Z) to R + (h‘/Z) and
from Z - (k/2) to Z + (k'/2):

_

AV 5

(b +h') (k + k') [R + (b - h)]
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