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2D PERT 
A TWO-DIMENSIONAL PERTURBATION CODE 

by 

J. M. Chaumont* and J. A. Koerner 

ABSTRACT 

Given mult igroup fluxes and adjoint fluxes of any 
cyl indr ical R-Z configuration, 2D PERT may com.pute: 

1. the p rompt -neu t ron l ifetime; 
2. the re la t ive wor th of var ious delayed neutrons; 
3. the in tegra ls of capture , fission, e tc . , of given 

m a t e r i a l s over any given region; 
4. local pe r tu rba t ions , i .e . , danger coefficients; 
5. in tegrated per tu rba t ions , i .e. , react ivi ty effect 

of uniform var ia t ion in the c ross sections af
fecting a whole region. 

2D PERT is p r o g r a m m e d for a 32K IBM-704 using 
3 tape uni ts . The code is wr i t t en in FORTRAN with the ex
ception of two SAP subrout ines . 

Input fluxes and adjoint fluxes a re on tapes which 
may be obtained e i ther di rect ly from CUREM output or 
manufactured by a specia l tape-wri t ing routine. 

Homogeneous c r o s s sect ions and var ia t ions of these 
c r o s s sect ions a r e e i ther read in as input information or 
a r e computed by the code from a m i c r o s c o p i c - c r o s s - s e c t i o n 
l i b r a r y and atomic dens i t ies given as input. A combination 
of these methods may be used. 

I. OUTLINE OF THE PROGRAM 

The code is wr i t ten as a s e r i e s of the following subroutines moni 
tored by the MAINCODE: 

NORMAL computes the normal iza t ion factor H and re la t ive worths 
of var ious delayed neutrons Wĵ  j^i, where 



H . r f Z Xg. 0*. I Fg0g)dV 
•̂  r e ac to r ^ & g 

and 

W v V, = ^ 

' r e ac to r 

Here , g and g' indicate the r ea l and adjoint groups, 0 and 0 * the r ea l and 
adjoint flixxes, X the f ission spec t rum, F is v t imes the fission c ro s s 
section, F-*̂  is v t imes the f ission c ro s s section of isotope k, and X is 
the spec t rum of delayed-neutron group k ' . 

F r o m these quant i t ies , it is possible to obtain the effective delayed-
neutron fract ion |3eff since 

/3eff " Z. .^k ^k' Wk fc. 
k,k' 

where /3]̂  is the delayed-neutron fract ion in isotope k and aĵ s is the re la t ive 
abundance of delayed neutrons in delayed-neutron group k ' : 

Z k̂' = 1 
k' 

NELIFE computes the p rompt -neu t ron lifetime i * over regions 1 
to N: 

"^reactor ^ ® 

where Vg is the average speed of neutron in group g. 

BREED in tegra tes react ion in tegra l s . This is useful when ca l 
culating the breeding ra t io : 

B - j l R X g « g d V . 
over one & 

region 

The homogeneous reac t ion c r o s s sections RXg a r e ei ther given 
as input or computed from the l i b ra ry and atomic dens i t ies . They mus t 
be loaded in the location norinal ly used for F . If the naicroscopic l i b r a ry 
is used, it mus t be provided with dummy elements having the des i red 
react ion c r o s s sections at the location of the fission c ros s sect ions . 
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LOCPER computes the danger coefficients of given naaterials at 
specified points of the r eac to r and gives the contribution of diffusion, 
absorpt ion, degradation, and fission effects at each point. 

Ak 1 H • Z 6 D g g r a d 0 | g r a d 0 g - 2 ^A- 0 | 0 g 

g g 

S 
g g"=i g' 

where 6D is the var ia t ion of the diffusion coefficient: 

"+Z Z ^*|-^l ')^s '"^^g'^ Z '^g'^l- Z^^g^g 
g e"=i e' g 

- 6 2+J. 

Here D is the diffusion coefficient of the unperturbed region and 6(3 S^j.) is 
3 t imes the t r a n s p o r t - c r o s s - s e c t i o n var ia t ion caused by the ma te r i a l of 
which the danger coefficient is computed. Also 6A' is the variat ion of the 
c ro s s section for capture plus fission. 

A' does not include removal by scat ter ing c ro s s sections in o rder 
to separa te the 2 t e r m s represen t ing the pure absorption effect and the 
degradat ion effect. 

However, the absorpt ion c r o s s section A given as input includes 
capture , f ission, and remova l by sca t te r ing , from which the code computes 
A' : 

Ag = ̂ g - Z ss-^g' . 
g' 

where 6S is the var ia t ion of the sca t te r ing ma t r ix Sg~*g , which includes 
both e las t ic and inelas t ic sca t te r ing , and which allows only down scat ter ing. 
Fur ther , 6F is the var ia t ion of the f ission t e r m VOf. 

INTPER computes the react iv i ty effect of uniform changes of c ro s s 
section in a given region of the r eac to r and gives the contribution of diffu
sion, absorpt ion, degradat ion, and fission effects. 

Ak _ 1 
k " H f ^^[- Z^^g ĝ ^̂  *g ĝ ^̂  ̂ g - Z n^J^g 

' one r e g i o n L. g g 

^ Z 'Z ^*g-*g') ssg'-g0g, + X ^g'̂ J- Z ^^g^g 
g g'=l g' g 
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LIBRY reads the mic roscop ic l i b r a ry f rom ca rds or tape when 
homogeneous c ro s s sections a r e not given as input. 

COMP 1 computes 

F = Z ^o^f^t 
al l the 

e lements 

as used in NORMAL and BREED, from the microscopic l i b ra ry and atomic 
densi t ies A .̂. 

COMP 2 computes 

1 
D 

Z 3 a t r A t 
all the 

e lements 

as used in INTPER and LOCPER. 

COMP 3 and COMP 4 compute 

SA = Z c^a^t , 
all the 

e lements 

^^ " L, '^scattering -^t 
all the 

e lements 

6F - Z ^''^f At 
al l the 

e lements 

6 ( 3 E t r ) - Z ^^trH 
al l the 

e lements 

and 

6D = - D 2 6(32^j,) 

as used in LOCPER and INTPER, respec t ive ly . 
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SUB 1 reads rea l and adjoint flux froxn tape as used by NORMAL, 
NELIFE, and BREED. 

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

INTEGR in tegra tes 0( r ,z ) over a region by considering 0 constant 
over an e lementary volume AV, where 

AV = - ^ ( h + h') (k + k') 

(see Appendix B). 

R + 1 (h- - h) 

II. CODE RESTRICTIONS AND LIMITATIONS 

Simultaneous computation of the following a re not allowed: 

1- /^eff ^^*^ react ion in t eg ra l s ; 

2. per turba t ions and pgff; 

3. per turba t ions and reac t ion in tegra ls ; 

4. local per turba t ions and integrated per turba t ions . 

The maximum number of groups , reg ions , and points allowed a r e : 

1. groups , G— 20; 

2. reg ions , N —36; 

3. points on the R axis ^ 5 0 ; 

4. points on the Z axis ^ 6 0 . 

When computing the normal iza t ion factor or Agff, 

1. There may be as many as 24 regions containing fissionable 
m a t e r i a l s . 

2. If the re a r e fewer than 7 regions , each region may contain as 
many as 1200 points . 

3. If the re a re 7 or m o r e regions , each region may contain as 
many as 300 points . 

4. As many as 6 different re la t ive worths of delayed neutrons , 
Wĵ  j^i may be computed. 
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When computing the neutron l ifet ime: 

1. There may be as many as 36 regions . 

2. Each region may contain as many as 1200 points . 

When computing the breeding ra t io : 

1. There may be as many as 6 reac t ions in tegra ted over a max i 
mum of 24 regions . 

2. Each region may contain as many as 1200 points . 

When computing danger coefficients: 

1. As naany as 5 m a t e r i a l s may be used. 

2. The calculation may be per formed in as many as 9 regions , 
each containing a maximum of 300 points , of which as many 
as 17 in each region may be se lec ted for the calculation of 
the danger coefficient. 

When computing in tegrated pe r tu rba t ions : 

1. As many as 9 per turba t ions may be used (either 9 p e r t u r b a 
tions of the same region, or 9 regions pe r tu rbed jus t once, 
or a combination of both). 

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



IIL DESCRIPTION OF THE INPUT 

A. General Data 

Card 
Set 
No. Input Remarks 

1 FORMAT (5A6, 6l6) 

ID Prob lem Identification (30 

alpha-nuiner ic charac te r s ) 

G Number of groups: G ^ 20 

I Number of points on the 
R axis : I £ 50 

J Number of points on the 
Z axis : J :̂  60 

N Nujaiber of regions: N ^ 3 6 

CROS 1 = 0 : The homogeneous c ros s 
sections used in computing 
the normalizat ion factor a r e 
given as input. 

= 1: The homogeneous c ro s s 
sections used in computing 
the normalizat ion factor a r e 
computed and the microscopic 
l ib ra ry is supplied. 

CROS 2 = 0 : The honaogeneous c ro s s 
sections used in all computa
tions other than the normal iza
tion factor a r e given as input. 

= 1: The homogeneous c ros s 
sections used in all computa
tions other than the normal iza
tion factor a r e computed and 
the microscopic l ib ra ry is 
supplied. 

2 i ( l ) ,Ar ( l ) , . . . , i (R- l ) ,A(R- l ) , i (R) Ar(r) is the radia l spacing of 
points between mesh lines i(r) 
and i ( r+l ) . i( l) = 1, i(R) = I. 
FORMAT (4(16,E12.8)) 



C a r d 
Set 
No. Input 

3 j ( l ) , A z ( l ) j ( 2 ) , . . . , j ( Z - l ) , A z ( Z -

4 i ^ ( l ) , i r ( l ) , J b ( l ) , J t ( l ) , - . . . 

i_^(N). i r (N) , Jb(N), Jt(N) 

5 H 

6 

INORM 

L 

IB 

R e m a r k s 

) j (Z) Az(z) is the axial spacing of 
points between mesh lines j(z) 
and j(z + l ) . J ( l ) - 1, j(Z) = J. 
FORMAT (4(I6,E12.8)) 

The points defining the left, 
rights bottom, and top boundary 
of each region. Each region 
mus t be rec tangular , and the 
boundaries a r e independent of 
the mesh spacing. 
FORMAT (1216) 

The normal iza t ion factor. If 
the normal iza t ion factor is to 
be computed, H mus t be set 
equal to 1. 
FORMAT (E18.8) 

FORMAT (516) 

= 0: Ignore the calculation of 
the normal iza t ion factor. Hence 
the code uses the value given 
for H. 

= 1: Compute the normalizat ion 
factor. 

= 0: Ignore the calculation of 
the neutron l ifetime. 

= 1: Compute the neutron 
l ifet ime. 

- 0: Ignore the calculation of 

- I, 2,..„,6: ComLpute /3g££ for 
IB re la t ive worths of delayed 
neutrons , 

= 0: Ignore calculation of 
react ion in tegra l s , 

= 1, 25.,.,6: Compute the r e a c 
tion in tegra ls for IR reac t ions . 
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Card 
Set 
No, Input Remarks 

IP = 0: Ignore calculation of 
perturbations. 

= 1 • Compute local 
perturbations 

= 2 Compute integral 
perturbations 

B, Optional Data 

1, Normalization Factor (iNORM = l) 

X( l)s.o.5X (G) Fission neutron spectrum. 

FORMAT (6E12 6) 

If CROS 1 = 0 

i I First region where normaliza
tion factor is to be computed 
FORMAT (16) 

F(1)5,<,,,F(G) Fission cross section (î af) 
for region ij from group 1 
through group G 
FORMAT (6E12.6) 

&2, Second region where normali
zation factor is to be computed. 

F ( 1 ) , . , . , F ( G ) Fission cross sections (>af) 
for region i 2 

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

If CROS 1 = 1 

i i First region where the normali
zation factor is to be conaputed 
FORMAT (J6) 
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EL(l),At(l),EL(2),At(2),...,999 Elements and atomic densities 
of each element constituting 
the region ii- Sentinel 999 
indicates all such pairs have 
been specified. 
FORMAT (4(16, E12.8)) 

&2, Second region where normali
zation factor is to be computed, 

EL(l),At(l),EL(2),At(2),..,,999 Elements and atomic densities 
of each element constituting 
the region 2̂-

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

2. Neutron Lifetime (L = l) 

Vr\ Vj^,.,., YQ The inverse of the average 
speed of neutrons for group 1 
through group G. 
FORMAT (6E12,6) 

3. Delayed-neutron Fractions (IB / 0) 

If CROS 2 = 0 

X ^(l)'X ^(2)s...,X^^^^ First delayed-neutron-group 
spectrum. 
FORMAT (6E12.6) 

ij First region where relative 
worth of first delayed-neutron 
group is to be computed. 
FORMAT (I6) 

F(l)sF(2),,,.,F(G) Fission cross sections (l̂ a f) 
for group 1 through group G 
for the isotope emitting the 
first delayed-neutron group in 
region i}. 
FORMAT (6E12.6) 

t,\ Second region where relative 
worth of first delayed-neutron 
group is to be computed. 
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F(1),F(2). . . . ,F(G) Fiss ion c ross sections (vOf) 
for the isotope emitting the 
f i rs t delayed-neutron group in 
region £\. 

This sentinel indicates the 
preceding region is the las t 
region where the f i rs t delayed-
neutron group is to be computed. 

.IB/,v , IB IB/ X^"(1) .X'"(2) . . . . .X '^(G) 

i l B 
1 

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

0 

Last delayed-neutron group 
spec t rum. 

F i r s t region where re la t ive 
worth of las t delayed-neutron 
group is to be computed. 

F iss ion c ro s s sections (vaf) 
for isotope enaitting the las t 
delayed-neutron group in 
region £i . 

Sentinel 

If CROS 2 = 1 

XH1).X'(2)..-.= X'(G) 

EL,At,999 

4 

F i r s t de layed-neutron-group 
spec t rum, 
FORMAT(6E12.6) 

F i r s t region where re la t ive 
worth of f i rs t delayed-neutron 
group is to be computed. 
FORMAT (16) 

The isotope and its atomic 
density in region i j , emitting 
the f i r s t delayed-neutron group, 
followed by the sentinel 999. 
FORMAT (4(16, E12.8)) 

Second region where re la t ive 
worth of f i rs t delayed-neutron 
group is to be computed. 



EL,At,999 

0 

X^^(1),X^^(2),...,X^^(G) 

EL,At,999 

0 

4. React ion In tegra ls (IR f O) 

If CROS 2 = 0 

X^(1).X'(2). = ^-.X'(G) 

RX(1),RX(2),..„,RX(G) 

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

The isotope and i ts atomic den
sity in region IJ\, emitting the 
f i rs t delayed-neutron group. 

This sent inel indicates the 
preceding region is the las t 
region where the f i r s t delayed-
neutron group is to be computed. 

Delayed-neutron spec t rum for 
group IB, 

F i r s t region where re la t ive 
worth of las t delayed-neutron 
group is to be computed. 

The isotope and i ts atomic den-
IB 

sity in region i j , emitting las t 

delayed-neutron group. 

Sentinel 

Dummy spec t rum (is not used in 
the calculat ion). 
FORMAT (6E12.6) 

F i r s t region where f i r s t react ion 
in tegra l is to be computed. 
FORMAT (16) 

F i r s t react ion c ro s s sections 
for group 1 through G for 
region i } , 
FORMAT (6E12,6) 

Second region where f i r s t r e a c 
tion in tegra l is to be computed. 

F i r s t react ion c ro s s sections 
for region &2.' 



0 

X^(1),X'(2), . . . .X'(G) 

if 

RX(l),RX(2),, . . ,RX(G) 

RX(l),RX(2),. . . ,RX(G) 

0 

If CROS 2 = 1 

X H I ) , X H 2 ) , = . . . X H G ) 

i l 

EL(l) ,At( l ) ,EL(2) ,At(2) , . . . ,999 

£1 

This sentinel indicates the 
preceding region is the las t 
region where the f i rs t r e a c 
tion integral is computed, 

Dumnay spect rum. 

F i r s t region where second 
react ion integral is to be 
computed. 

Second react ion c r o s s sections 
for region £\. 

Sentinel 

Dummy spectrum. 

F i r s t region where IR r e a c 
tion integral is to be computed. 

IR''-"- react ion c ros s sections 
TTJ 

for region i j , 

Sentinel 

Dummy spectrum, 
FORMAT (6E12.6) 

F i r s t region where f i rs t r e a c 
tion integral is to be computed. 
FORMAT (16) 

Elements and atomic densi t ies 
of each element involved in the 
f i rs t react ion in region i j . 
Sentinel 999 indicates all such 
pa i r s a r e specified. 
FORMAT (4(16, E12.8)) 

Second region where f i rs t 
react ion integral is to be 
computed. 
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EL(1),A^(1),EL(2),A^(2),...,999 Elements and atomic densi t ies 
of each e lement involved in the 
f i rs t reac t ion in region i ^ . 

X'(1),X'(2),...,X'(G) 

if 

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

This sent inel indicates the p r e 
ceding region is the last region 
where the f i r s t react ion in tegra l 
is conaputed. 

'Dummy spec t rum. 

F i r s t region where second r e a c 
tion in tegra l is to be computed. 

E lements and atomic densi t ies 
of each e lement involved in the 
second reac t ion in reg ion £%. 

Sentinel 

X^^(1),X^^(2),...,X^'^(G) 

i i R 

EL(1), At(l),El(2),A^(2),. . . ,999 

Last dummy spec t rum. 

F i r s t region where last r e a c 
tion in tegra l is to be computed. 

E lements and atomic dens i t ies 
of each e lement involved in the 

T O 

las t reac t ion in region i j . 

5, Local Pe r tu rba t ion (IP = l) 

Sentinel 

N P 

i ( l ) , j ( l ) , i (2) , j (2) , . . . ,888 

The number of local p e r t u r b a 
tions or danger coefficients. 
FORMAT (16) 

F i r s t region where danger 
coefficients a r e to be computed. 
FORMAT (16) 

Coordinates of the points in 
region i j where danger coeffi
cients a r e to be computed. 
Sentinel 888 indicates the end of 
the point sequence. 
FORMAT (1216) 
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i ( l ) , j ( l ) , i (2) , j (2) , . . . ,888 

Second region where danger 
coefficients a r e to be computed. 

Coordinates of points in region 
&2, where danger coefficients a r e 
to be computed. 

X(1),X(2),...,X(G) 

This sentinel indicates the end 
of the region sequence. 

The f iss ion-neutron spect rum. 
FORMAT (6E12.6) 

If CROS 2 = 0 

DID(l) 

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

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

i.S l _ ^ 2 s ' ^ 1 - ^ 3 5 • . . 5 Si_»Gs S2_»3s. • . , S G - 1 - ^ G 

Identification of the f i rs t danger 
coefficient, 
FORMAT (A6) 

The var ia t ion in the absorption 
c ros s sections for group 1 
through G for the first danger 
coefficient. These data include 
the renaoval by scat ter ing, but 
the r e su l t s for the absorpt ion 
t e r m include only capture plus 
fission. 
FORMAT (6E12.6) 

The var ia t ion of v^i for group 1 
through G for the f i rs t danger 
coefficient. 
FORMAT (6E12.6) 

The var ia t ion of the scat ter ing 
m a t r i x for the f i rs t danger 
coefficient. There must always 
be Y G ( G - 1 ) values given. 
FORMAT (6E12.6) 

DID (NP) 

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

Identification of the las t danger 
coefficient. 

The var ia t ion in the absorpt ion 
c r o s s sections for the las t 
danger coefficient. 
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F(1),F(2), . . . ,F(G) 

Si-*.2> S i - * 3 , . . . , Si_5.G> S2-*-3s • • • 5 S G - i - > G 

D^(I ) ,D1(2 ) , . . . .DHG) 

The var ia t ion of 7̂ 2 £ for the 
last danger coefficient. 

The var ia t ion of the sca t te r ing 
m a t r i x for the las t danger 
coefficient. 

F i r s t region where danger 
coefficients a r e to be computed. 
FORMAT (16) 

Variat ion of the diffusion coef
ficient for group 1 through G 
for the f i r s t danger coefficient 
in region i j . 
FORMAT (6E12.6) 

DNP(i) ,DNP(a) D N P ( G ) 

D 2 ( I ) , D ^ ( 2 ) D^(G) 

Variat ion of the diffusion coef
ficient for the las t danger 
coefficient in region i j . 

Second region where danger 
coefficients a r e to be computed. 

Variat ion of the diffusion coef
ficient for the f i rs t danger 
coefficient in region i2. 

D N P ( I ) , D N P ( 2 ) , . . . . D N P ( G ) Variat ion of the diffusion coef
ficient for the las t danger 
coefficient in region i2° 

If CROS 2 = 1 

A 

EL(l) ,At( l ) ,EL(2) ,At(2) , . . . ,999 

F i r s t region where danger 
coefficients a r e to be conaputed, 
FORMAT (16) 

Elements and atomic dens i t ies 
of each element constituting the 
region i j . Sentinel 999 indicates 
all such pa i r s have been 
specified. 
FORMAT (4(16, E12.8)) 



19 

EL(l) ,At( l ) ,EL(2) ,At(2) , . . . ,999 

Second region where danger 
coefficients a r e to be computed. 

Elements and atomic densi t ies 
of each elenaent constituting the 
region i^* 

DID(l) 

EL(l) ,At( l) ,EL(2) ,At(2) , . . . ,999 

Identification of the f i rs t danger 
coefficient. 
FORMAT (A6) 

Elements and atomic densi t ies 
of each element constituting the 
f i rs t danger coefficient. The 
sentinel indicates all such pa i r s 
have been specified. 
FORMAT (4(l6, E l 2.8)) 

DID (NP) 

EL(l) ,At( l ) ,EL(2) ,At(2) . . . . ,999 

Identification of the las t danger 
coefficient. 

E lements and atomic densi t ies 
of each element constituting the 
las t danger coefficient followed 
by the atomic density of each 
e lement . 

6. Integrated Per tu rba t ions (IP = 2) 

i i ,NP( l ) , i2 .NP(2) , . . . ,0 

X(1),X(2),....X(G) 

Regions where integrated p e r t u r 
bations occur , followed by the 
number of per turbat ions in each 
region. Sentinel 0 indicates that 
inforraation for the las t region 
with in tegrated per turba t ions has 
been specified. 
FORMAT (1216) 

The f iss ion-neutron spec t rum. 
FORMAT (6E12.6) 

If CROS 2 = 0 

i j , DID J F i r s t region where integrated 
per turbat ions occur , followed by 
the identification of the f i rs t 
per turba t ion of this region. 
FORMAT (16, A6) 
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D(l),D(2),.. . ,D(G) The var ia t ion of the diffusion 
coefficient for group 1 through 
G for the f i rs t per turbat ion of 
region i j . 
FORMAT (6E12.6) 

A ( 1 ) 5 A ( 2 ) , . . . , A ( G ) The var ia t ion in the absorpt ion 
c ros s sect ions for group 1 
through G for the f i rs t p e r t u r 
bation of the region i j . These 
data include the remova l by 
scat ter ing, but the r e su l t s for 
the absorpt ion t e r m include 
only capture plus fission. 
FORMAT (6E12.6) 

F ( 1 ) , F ( 2 ) , . . . , F ( G ) The var ia t ion oivZf for group 1 
through G for the f i rs t p e r t u r 
bation of region i j . 
FORMAT (6E12.6) 

SI_^2»SI-5.3J--.,SI_4»G,S2-»3)...»SG-I-*G The var ia t ion of the scat ter ing 
mat r ix , including both inelast ic 
and e las t ic sca t ter ing, for the 
f i rs t per turbat ion of the region i j . 
There mus t always be y- G ( G - 1 ) 

values given. 
FORMAT (6E12.6) 

iijDIDjf-^ F i r s t region where integrated 
per turba t ions occur, followed by 
the identification of the las t pe r 
turbation of this region. 

D(l),D(2),. . . ,D(G) The var ia t ion of the diffusion 
coefficient for the las t pe r tu rba 
tion of the region i p 

A ( 1 ) , A ( 2 ) , . . . , A ( G ) The var ia t ion in the absorpt ion 
c r o s s sect ions for the las t pe r 
turbat ion of the region i p 

F( l ) ,F(2) , . . . ,F(G) The var ia t ion of v 2 f for the 
las t per turbat ion of the region i i -

SI_,.2»SI-*3.'«-SSI_4»GSS2-*3S'--SSG-I-^G The Variation of the scat ter ing 
m a t r i x for the las t per turbat ion 
of the region i j . 
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p -PiT-ni Second r e g i o n w h e r e i n t e g r a t e d 
^ p e r t u r b a t i o n s o c c u r , fol lowed 

by the iden t i f i ca t ion of the f i r s t 
p e r t u r b a t i o n of t h i s r e g i o n . 

D ( 1 ) , D ( 2 ) , . . . , D ( G ) The v a r i a t i o n of the diffusion 
coeff ic ient for the f i r s t p e r 
t u r b a t i o n of the r e g i o n i j , 

A ( 1 ) , A ( 2 ) , . . . , A ( G ) The v a r i a t i o n in the a b s o r p t i o n 
c r o s s s e c t i o n s for the f i r s t 
p e r t u r b a t i o n of the r e g i o n i2. 

F ( 1 ) , F ( 2 ) , , . . , F ( G ) The v a r i a t i o n of v 2 f for the 
f i r s t p e r t u r b a t i o n of the 
r e g i o n i j . 

SI_>2SSI_4^3J,..,SI_^,GSS2_>3 5 , . . , S G - I - > G The v a r i a t i o n of the s c a t t e r i n g 
m a t r i x for the f i r s t p e r t u r b a t i o n 
of the r e g i o n i2 ' 

If CROS 2 = 1 

i j F i r s t r e g i o n w h e r e i n t e g r a t e d 
p e r t u r b a t i o n s o c c u r , 
F O R M A T (16) 

E L ( 1 ) , A ^ ( 1 ) , E L ( 2 ) , A ^ ( 2 ) , , . . , 9 9 9 E l e m e n t s and the a t o m i c d e n s i 
t i e s of e a c h e l e m e n t c o n s t i t u t i n g 
the r e g i o n i j . Sen t ine l 999 
i n d i c a t e s a l l s u c h p a i r s have b e e n 
spec i f ied , 
F O R M A T (4(16, E12.8) ) 

DIDj Iden t i f i ca t ion of the f i r s t p e r 
t u r b a t i o n for the r e g i o n i j . 
F O R M A T (A6) 

EL( l )5A | . ( l ) ,EL(2) ,A | . (2 ) , , . , , 999 E l e m e n t s and the a t o m i c d e n s i 
t i e s of e a c h e l e m e n t cons t i t u t i ng 
the f i r s t p e r t u r b a t i o n for the 
r e g i o n i j . 
F O R M A T (4(16, E12 .8) ) 

DIDj Iden t i f i ca t ion of l a s t p e r t u r b a t i o n 
for r e g i o n i j . 



EL(l),A^(l),EL(2),A^(2),. . . ,999 

ia 

EL(l) .At( l ) ,EL(2) ,At(2) , . . . .999 

DID| 

EL(l) ,At( l ) ,EL(2) ,At(2) , . . . ,999 

Microscopic L i b r a r y (CROS 1 + CROS 

n j 

^ a i ' V - - - ^ a G 

3a ,3a ,. . . ,3a^ 
t r i tTz tXQ 

i i ^2 fg 

'^ l -* 23 ^ l - » 3 » ' " s ' ^ l - * G » * ^ 2 - * 3 J - ' * » * ^ G ~ 1 - > G 

0 

Elements and the atomic densi 
t ies of each element constituting 
the las t per turbat ion for the 
region i j . 

Second region where integrated 
per turba t ions occur . 

E lements and the atomic dens i 
t ies of each element constituting 
the region i2. 

Identification of the f i rs t p e r t u r 
bation for the region i^i 

Elements and the atonaic dens i 
t ies of each element constituting 
the f i r s t per turbat ion for the 
region i2. 

> 0 ) 

Element number ^ 4 0 . 
FORMAT (16) 

The mic roscop ic absorpt ion 
c ro s s sect ions for e lement nj 
(including capture , fission, and 
remova l by scat ter ing) , 
FORMAT (6E12.6) 

Three t imes the naicroscopic 
t r anspo r t c r o s s sections for 
element n j . 
FORMAT (6E12.6) 

V t imes the microscop ic fission 
c r o s s sect ions for e lement nj, 
FORMAT (6E12.6) 

The mic roscop ic degradat ion 
m a t r i x for e lement nj , including 
e las t ic and inelas t ic downs ca t t e r -
ing. There must always be 

-J- G ( G - 1 ) values given. 
FORMAT (6E12,6) 

Element number . 

This sentinel indicates a l l the 
e lements and their c r o s s sect ions 
have been specified. 
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IV. ARRANGEMENT OF INPUT DECK 

1. The genera l data. 

2. When CROS 1 + CROS 2 > 0, the microscopic l ib ra ry is to be used. If 
a. sense switch 1 is down, the microscopic l ib ra ry is on tape 2. 
b . sense switch 1 is up, the microscopic l i b ra ry is on cards and must 

be inse r ted after the f i r s t card of the genera l data. 

3. The optional data. 

Computation of the normal iza t ion factor , of the neutron l ifet ime, 
and one other calculation: i3eff' react ion in tegra l s , local , or integrated 
pe r tu rba t ions , may be perfornaed in that sequence in the same problem. 
Optional input data mus t be loaded in this same sequence following the 
genera l data. 

When conaputing the normal iza t ion factor H, the value found for H 
is used in the remaining pa r t of the problem. 

V. OPERATING INSTRUCTIONS 

A standard 72-72 r eade r board , a SHARE 2 pr in te r board , and the 
underflow switch a r e n e c e s s a r y for running this p rog ram. 

Sense Switches: 

1 Up: The microscop ic l i b ra ry is on ca rds . 

1 Down: The mic roscop ic l i b ra ry is on tape 2. 

No other sense switches a re used. 

Tapes : 

1 Blank for output 

2 Microscopic l i b r a ry (when not on cards) 

5 "Real" fluxes 

6 "Adjoint" fluxes 

Running P r o c e d u r e : 

1 Mount and ready tapes . 

2 Depres s underflow switch and set sense switches. 

3 Clear and load c a r d s . 

4 At the completion of a s e r i e s of p rob l ems , remove and 
save tapes 2, 5, and 6. 

5 Remove tape 1 and pr in t off-line on p r o g r a m control . 

E r r o r Stops: 

The reason for each e r r o r stop is pr inted on the on-line p r in te r . An 
average p rob lem runs 5 to 10 min and problems may be run one after another. 
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VI. SAMPLE PROBLEMS 

TL SAMPLE PROBLEMS 

5 0 

^ k 

3 A 

RE8I0M I i 

2 2.5 3.0 3.5 I.O i|.5 cat 
Q O 0- O 9 3.0 en o rrT^ 

— 0 -
1 

0 - - 6 O -

I 6 -0-
2 

! 
-O 

?• 

3 
6 2,5 

__.0 6 2-0 

2 6 O O 6 O Q O 0 i-o 

3 I 

CONFIQURATIOi FOR THE SAMPLE PROBLWS 
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SAMPLE INPUT 

FIRST SAMPLE PROBLEM 3 8 5 3 0 1 
1 1 . 3 . 5 8 
I U i . 5 b 
1 » » 1 5 > + 6 1 5 6 8 1 

1 0 0 0 1 
. 2 5 . 5 0 , 

1 
8.6611J95-02 0 . 0 , 

2 
0 . h.530rkb-02 0 . 

1 
1 1 «• 1 i» 5 888 
2 
h 5 6 5 888 
3 
6 5 888 
0 

. 5 1 . 0 . 
1 
1 . 5 2 . 2 5 999 

2 . 5 3 1 . 1 . 5 f 9 9 

3 1» 999 
1ST OC 

1 1. 999 
2N0 DC 

3 1 . 999 

SECOND SAMPLE PROBLEM 3 8 5 3 0 0 
I U 3 , 5 8 
1 1 . 3 . 5 S 
1 l» 1 5 i| 6 1 5 6 8 1 

1 0 . 
0 0 0 0 2 
1 2 2 1 0 

0 . I . 0 . 
IPERT 1 

.25 . 2 5 , 2 5 
2 . 1 . 0 . 
0. Q, 0 . 
l» 0 . 0 . 

1PERT 2 
1» I . . 2 5 
0 . 0 . 0 . 
0 . 1 . 0» 
0 . 0 . 0 . 

2PERr 5 
. 2 5 . 2 5 . 2 5 
2 , 1. 0 , 

0 . 0 . 
0 . 0 . f: 
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FIRST SAMPLE PROBLEM 

NOWALIZAflON FACTOR ?.999998e 00 

CONfRIBOTION OF EACH REGION 

1 5.1020E 00 2 t»«8980E 00 

DANGER COEFFICIENTS 

OELfAK/H DIFFUSION ABSORPTION DEGRADATION FISSION 

REGION 

RESIOfl 

REGION 

1 
1ST 

2N0 

2 
1ST 

2W0 

3 
ISf 

2 » 

DC 

DC 

DC 

OC 

OC 

OC 

1 
h 
% 

1 
h 
% 

h 
6 

H 
6 

6 

6 

1 
1 
5 

1 
1 
5 

5 
5 

5 
5 

5 

5 

-S.fOOOOlE 00 
-9.000002E-01 
-9.000002E-OI 

3.10000 IE 00 
I.IOOOOOE 00 
I.IOOOOOE 00 

-K200000E 00 
-6.000001E-01 

9.500002E-01 
I.500000E-01 

9.000002E-01 

9.000002E-01 

%.000001E-01 
t*.000001E-01 
%.000001E-01 

2.000000E-01 
2.000000E-01 
2.000000E-01 

l.OOOOOOE-01 
1.000000E-OI 

5.000001E-02 
5.000001E-02 

U60ooooe 00 

8.000002E-01 

-8.500002E 00 
-2.000000E 00 
-2.ooooooe 00 

-J*.000001E-01 
-%.00000lE-01 
-%.000001E-01 

-2.000000E 00 
-8.000002E-01 

-i*.000001E-01 
-%.000001E-01 

-8.000002E-01 

-%.000001E-01 

2»200000E 00 
7.00000lE-01 
7.000001E-01 

I.SOOOOOE 00 
5.00000IE-01 
5.000001E-01 

7.000001E-01 
l.OOOOOOE-OI 

S.OOOOOIE-Ol 
l.OOOOOOE-Ol 

l.OOOOOOE-01 

i.ooooooe-oi 

0. 
0. 
0, 

1.800000E 00 
8.000002E-01 
8.000002E-01 

0. 
0. 

8.000002E-01 
i».000001£-01 

0. 

S|,000001£-01 



SECOND SAMPLE PROBLFM 

IMIEGRATEC PERTbRPATICNS 

REGIOK 
REGION 
REGION 

1 
1 
2 

PERT 
PERT 
PERT 

1 
2 
i 

CFLTAK/K 

-5,53U291E 
5.890JIP6E 

~3.392920E 

CI 
CC 
CI 

IN) 
00 

CIFFUSIOISi A B S C R P I I O K CEGRADATICN F I S S I O N 

- 5 . f 9 0 i 4 e 6 E 00 -2 .35619I4E 01 -5.89C!4f i6E CO 0 . 
~5.890i+86E CO - C . C . 1.17e097E 01 
-5 .65 I4866F 00 - 2 . 2 6 1 9 i i 7 E 01 -5 .65 i»866E CO 0 , 



V I I . F O R T R A N S T A T E M E N T S A N D S A P S U B R O U T I N E S 

TWO OIMEMSIONAL PERTyRBATlOM CODE 
D I M E N S I 0 M n 2 0 l , D R I 2 0 l , J I 2 0 l , O Z I 2 0 1 , I I N T f 3 6 l , I E X T I 3 6 l , 

1 0 E E P S I 2 0 l , C H I { 2 0 , 7 1 , L R E G f 2 5 , 7 l f Q I 2 5 , 7 l f N « A X | 7 l , F I S I 2 0 t 2 % , 7 1 , 
2 J I N T C 3 6 1 , J S U P I 361,NELEl%01,ATOHDNI»lOI, IN 1 1 8 , 1 0 1 , 4 1 1 1 1 8 , 1 0 1 , 
3KMMI 1 0 1 , C H I O t 2 0 } f R E C I 5 J , A L f 2 0 t 5 1 f F L C 2 0 » 5 i ? S L f 1 9 0 , 5 1 , D L f 2 0 f 1 0 , 5 1 , 
^ O T f 2 0 , 1 0 1 , N U P E R I 3 l , R E C O I 9 | , D I I 2 0 t f l . A I I 2 0 , 9 } t F I I 2 0 , 9 1 t 
5 S H 1 9 0 , 9 } , 8 E T A I 7 l , D E L M O R t 2 i * , 7 l , I R E G I 1 0 l , N U M P E R l 9 1 

E Q U I V A L E N C E C F I S C % 8 l l , A L l , f F I S I 5 8 1 l f F L l , I F I S I 6 8 1 1 , S L l , 
H F I S n 6 3 1 1 , 0 L ! t f F I S C 2 6 3 1 l f I N I , IF 1 5 1 2 8 1 1 1 f J N I , IF I S I 2 9 9 1 1 , D T I , 
2 f F I S f » i 8 1 1 , D I l , l F I S I 6 6 1 l , A I | , f F I S l 8 l » l } f F I l , f F I S H 0 2 1 l , S I I 
3 , f F I S I 2 T 3 1 1 , P U ) , C F I S f 2 7 3 2 ) , N U M P E R I 

COP^<ONFIS,IGRP,IMAX,JPAX,^MAXREf I8ETA,IBREED,N0PERtL0WAX, 
1 K R P , I N D E X , N 0 I I E G , H , S U M 1 , S U P 2 f S U M 3 « S U M J | , I , D R , J , D Z , l l N T , I E X T , J I N T , 
24SUP,DEEPS,CHI ,CHIO,LREG,Q,WAX,IREG,KMaX,REC,NUPER,RECOt 
3BETA,DELM0R,MELE,AT0M0N 
1 F0RMATI5A6,6I6} 
% F0RMAffI6,ei2.8,I6,E12.8,I6,EI2.8,I6,E12.8l 
5 FORFATlI2I6I 
10 F0RF.ATIE18.8} 
1% F0RMAH6E12.6I 
27 FORMAT!16,A61 
80 FORMAT!A61 
151 F0RPATI1H15A6///I 
%8 F0RPATf%3H NO SIWULTANEOyS CALCULATION OF BETA AND BRl 
62 F0R«Iffll5H ^0 SIMULTANEOUS CALCULATION OF PERT AND BETAl 
65 F0RPAH%3H NO SIMULTANEOUS CALCULATION OF PERT km BRl 
86 FORPATf%0H INCONSISTENCY BEfMEEN PERTURBED REGIONS! 
150 REA01»PI,P2,P3,P%,P5,IGRP,I«AX,JMAX,NMAXRE,ICR0S1,ICR0S2 

IFfICR0S1+ICR0S2113,13,9 
9 CALLLlBRf 
13 MRITE0UTPUTTAPEltl51,P1,P2,P3,P%,P5 

KA=1 
2 HC=KA+3 
READ%, C HKBl ,DRIKBl,KB=Kft,KCl 
D03KB=KA,KC 
IFfIIKB)-IMAX}3,23,23 

3 CONTINUE 
KA=KA+% 
G0T02 

23 KA=1 
7 KC=KI+3 
READ%,fJ{KBl,DZlK81,KB=KA,KCl 
006KB-KA,KC 
IFfJCKBI-JMAX16,8,8 

6 CONTINUE 
KA»KA+% 
G0T07 

8 READ5,fIINTIKAl,IEXTCKIl,JINTfKAI,JSUPCKftl,KI=l,NHAMREl 
READIO.H 
READ5,IN0R«,LIFETI,IBETA,IBREED,IPERT 

12 IFfIN0RP-l)16,15,16 
15 INDEX=1 

IC*ICR0S1 
ASSIGN16T0LA 



2 5 READ| i t , fCHICKA, INDEX) ,KA=l , IGRP} 
KD=1 

2% READ27,LREG!K0,INDEXItQIKD,INDEX I 
I F I L R E G C K 0 t I N D E X } | 2 1 , 2 1 t 2 2 

21 NWAXlINOEX}=KO-l 
GOTOLA, 116,1+in 

22 IFf 1 0 3 2 , 2 0 0 , 3 2 
200 R E A D | l » , l F I S I K A , K D , INDEX1,KA=1,IGRPI 

G0T030 
32 ASSIGN37T0LB 

G0T0156 
3? CALLC0FP1CKDI 
30 KD=KD+1 

G0T02% 
16 I F f L I F E T I - 1 1 3 0 0 , 1 1 , 3 0 0 
n REA015t ,CDEEPSfKAI,KA=l , IGRPI 

500 IFf IBETA»I8REE0 | t i 6»J |3 ,%6 
1*6 WRITE0UTPUTTAPElt%8 

STOP 
Ji3 I F I I B E T A J l * 0 , % 0 , 5 i t 
5«l KG=IBETA4-1 

G0T039 
%0 I F I I B R E E D 1 M , % 9 , 5 5 
55 K6=IBREE0+1 
39 IC=ICR0S2 

INDEX=1 
2 0 1 IM0EX=IN0EX+1 

ASSIGN»|t*TOLA 
G0T025 

hh IFf INDEX-KG}20I,«*9,%9 
%9 IFIIPERT»IBETAI60,61,60 
60 MRITE0UTPUTTAPE1,62 

STOP 
61 IFf IPERT»IBREED163,6i*,63 
63 WRITE0UTPUTTAPei,65 

STOP 
6% IFIIPERT-1187,67,68 
67 READS,NOPER 

KA=1 
75 READS,IREGIKAI 

IFIIREGCKA|}69,69,70 
69 LOWAX=KA-l 

G0T071 
70 KB=1 
7% KC-KB+5 

READS,!INtKD,KAI,JNCKO,KA},KD=KBtKC} 
D072KD=KB,KC 
IF I I N i K D , ! < A I - 8 8 8 l 7 2 , 7 3 , 7 2 

7 2 CONTINUE 
KB=KB-»-6 
GOTOT!* 

7 3 K«AXIKAI=K0-1 
KA=KA+I 
G0T075 

71 R E A 0 1 l | , I C H I 0 ! K A I , K A = 1 , I G R P I 
I F I I C R 0 S 2 ) 7 6 , 7 7 ^ 7 6 



77 D079KH=1,NOPER 
REA080,RECCKHI 
READ1J+f {ALIKA,KH)»KA=1,IGRPI 
READll^ ,CFLfKA,KH},KA=l , IGRPI 
K R P = f I G R P * I I G R P - I I 1 / 2 

79 READli^t CSLfKA,KHltKA=1,KRPl 
D083KI=l ,L0f 'AX 
READS,IS 
I F i l S - I R E G I K I l J 8 J * t 8 5 , 8 % 

8i4 WRITE0UTPUTTAPE1,86 
STOP 

8 5 D083KH=1,NOPER 
8 3 READlJ4 ,CDLfKA,KI ,KHI ,KA=1, IGRP} 

G0T087 
76 KI=0 
202 KI=KI+| 

READS,IS 
IF!IS-IREGCKI1190,91,90 

90 G0T08% 
91 ASSIGN93T0LB 

G0T0156 
93 CALLC0MP2fKI) 

IFIKI-L0M&X}202,203,203 
203 KH=0 
20% KHsKH+1 

READ80,RECfKH) 
ASSIGN97T0LB 
G0T0156 

97 CALLC0MP3IKH) 
IFJKH-NOPER)20%,205,205 

205 G0T087 
68 KB=1 
101 KC=KB+5 

REA05,fIREGIKA),NUMPERfKAI,KA=K8,KC) 
D099KA=KB,KC 
IFf!REGIKA})99,I00,99 

99 CONTINUE 
KB'K8+6 
GOT0101 

100 L0MAX=KA-1 
READH»,fCHIOfKA},KA=l,IGRPI 
IFIICR0S2}102,103,102 

103 KRP=IIGRP»!IGRP-l)}/2 

00105KI=1,LO^AX 
NOPER=NUFPERIKIj 
D0105KH=1,NOPER 
READ27,ISfREC0CMUJ 
IF!IS-IREGIKI 11106,107,106 

106 GOTOSS* 
107 R E A D l % , I D I I K A , W l f K A = l , I G R P ) 

REA01%, fAI fKA,MU},KA=l , IGRPi 
READIltf f F ! I K A , « U I , K A = 1 , I G R P I 
R E A 0 H 4 , f S I I K A , M U l , K A = l , K R P l 

105 MU=PU+| 
60T087 



102 MU=1 
KI = 0 

206 KI^KI+I 
NOPER=NUMPERIKII 
READS,IS 
IFI IS-IREGIKI ini%, 115*11% 

11% G0TO8% 
115 ASSIGN!17T0LB 

G0T0156 
117 CALLC0MP21KI} 

KH^O 
207 KH=KH+I 

READ80,REC0fMU) 
ASSIGN120T0LB 
G0T0I56 

120 CALLCOf«P%IKHl 

IFCKH-NOPER}207f208f208 
208 IFIKI-L0WAXI206,87,87 

87 I F C I N 0 R I « - i n 2 2 t l 2 5 , 122 
125 INDEX^I 

CALLNORMAL 
122 IFILIFETI-II 1211,123.121* 
123 CALLNELIFE 
12% IFIIBETA}128,128,129 
129 KG=IBETA+1 

INDEX=1 
209 IMDEX=INDEX4.1 

CALLNORMAL 
IFfINDEX-KG)209,128,128 

128 IF l IBREEDn32 ,132 f 133 
133 CALLBREEO 
132 IFf IPERT-1113%,135,136 
135 C&LLLOCPER 

GOTO13% 
136 CALLINTPER 
13% GOTO 150 
156 KA=1 
152 KC=KA*3 

REAB%,Cr^ELEfKB),AT01«DNIKB},KB=KA»KCI 
D015%K8=KA,KC 
IFfNELEIK8l-999)15%, 155, 15% 

15% CONTINUE 
KA=KA+% 
G0T0152 

155 KRP=KB-I 
GOTOLB,f37,93,97»117, 1201 
ENDfO,1,0,0,01 
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SUBROUTINENORWAL 
DIMENSIONBETAf7l,DELWORl2%,71,H«AXf7l,AOJPWI50t60lfFLUXI50,601, 
lPOWERI300,2%l,ADJO!50f60),CHIC20f7l,LREGI25,71,QI25,7l,AH3001» 
2IEXTf361,IINTI36J,JINTf36),JSUPl36l,FISI20,2%t7l,DEEPSI20), 
3CHI0120),DUMMY 1f 801,DUMMY2f 3711DUMMY3f 9001 
C0MM0NFIS,IGRPflMAX,JMAX,NMAXRE,I8ETA,IBREED,N0PERfL0«AX, 
lKRP,INDEX,KR,H,SUPl,SUM2,SUM3fSUM%tDUM«Yl,IINT,IEXT,JINT, 
2JSUP,DEEPStCHItCHI0»LREG,Q,NPAX,DUMMY2,BETA,OELMOR, 
3Al,OUMMy3,FLUX,ADJ0tAOJPM,POMER 
BETAfINOEX|=0 
KC=NMAX|INDEX} 
003IA=1,IWAX 
003JA=1,JMAX 

3 ADJPHtIA,JAl=0 
D08NU=1,300 
D08K0=1,2% 

8 POMERfNU,K01=0 
M=0 

10 M=M+1 
IMIX=IMAX+I 
CALLSUB1IIMIX,I6RP,M,FLUX,ADJ0,21 
KB=IGRP+1-M 
005IA=l ,WftX 
005JA=1,JMAX 

5 AOJPHf IA,JAl=ADJPMIIA,JAl+CHHKB,INDEXl»AOJOfIA,JAI 
D06KD=1,KC 
KE=ltD*%™23»f IKD-1 1/61-3 
KR=LREGIKD,INDEX 1 
IB=IINTIICR1 
JB'JINTIKRl 
IC^IEXTIKRl 
JC-JSOPtKRl 
DO&II==IB,IC 
D06JA=JBfJC 
NU-fJA-JBI»IIC-IB+11+1I&-IB+11 

6 P0MERfNU,EEI=P0MERINU,KEl4-FISIM,KO,INDEXl»FLUXCIA,JAI 
IFIM-IGRPIIO,11,11 

n KD=0 
12 KD=Ke+l 

KE=KD»%--23»II1C 0-11/61-3 
KR=iREGIKDtINDEXl 
IB=IEXTIICRI-IINTIKR} + 1 
JB=JSUPfKRl-JINffKR}+1 
D07 IP» I , I8 
D0?JP=1,JB 
IC= I IN f lKR I+ IP -1 
JC=JINTfKRH-JP-l 
NU=IJP- l l»18+IP 

? All«UI=POMERI«uiKE}*AOJPMIIC,JCI 
CALLINTE6R 
DELWORIKD,I«OEX1=SU«1/H 

% BETIIINDEXI=BETAIII1DEX1+DELM0RIKD,INDEX1 
IFIK0-KCJ12,13,I3 

13 IFf lNOEX- l1100,100,16 
100 H=BETAni 



WRITEOUTPUTTAPEl,17,BETAI11 
IT F0RMATI21H NORMALIZATION FACT0R25X, IPE16^6///! 

GOTO18 
16 IT=INDEX-1 

WRITEOUTPUTTAPElf If.lT.BETAflfiOEXI 
19 F0EMAT131H WORTH OF DELAYED NEUTROM GROUPI%f11X,IPE16«6///l 
18 KC=N«AXIINOEXI 

WRITEOUTPUTTAPEl,20,ILREGIRO,INDEX!,OELHORCKOtIMDEXI,KO=lfKCI 
20 F0RMATf28H CONTRIBUTION OF EACH REGION//II6t1PE12«%,I6t1PE12.%»I6t 

11PE12.%,I6,lPE12.%,I6,lPei2«%,I6tlPE12«%/ll 
HRITE0UTPUTTAPE1,15 

15 F0RWATI//////////I 
RETURN 
ENOfOtlfOtO.Ol 
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SUBROUTINENELIFE 
OIMENSIONFLUXI50,601,ADJOI50,60),DXI50,60),OEEPSI20), 
lIEXTI36l,IINTf36},JSUPI36J,JINTI36),AN0f300),XLIFET!36}t 
2II20l,DRI20l,JI20l,DZf20l,FIS!20,2%,7},OU1l729ltOU2C900} 
C0P?«0NFIS,IGRP,IfAX,J>«AX,NHAXRE,IBETA,I8REEDf 
1NOPER,LOFAXtKRP,INDEX,MOREGiH,SUM1,SUP2tSUM3, 
2SUMl|.,I,0R?J,DZ»IINT,IEXT,JINT,JSUP,DEEPSf 
3DUI,AN0,DU2,FLUX,A0J0,DX 
D03IA=ltirAX 
D03JA=1,JFflX 

3 DXIIA,JAI=0 

10 M=P*I 
If«IX*If<AX+l 
CALLSUBIIIHIXjIGRP.M.FLUXfftOJO,11 
D0%IA=1,If'AX 
00%J&=ltJMAX 

% DX|IA9JAJ=0XfIA,JAI+DEEPSIWl»FLUXIIA,JAI»AOJOfIA,JA1/H 
IFIM-IGRPIIO, II,II 

n XLI^O 
NOREG=0 

12 N0REG=M0REG+1 
IB=IEXTCN0REG}-IINTIN0REG1*1 
JB=JSUPfNOREG}-JIMTINOREGI+l 
D06II=1,IB 
006JA=1,JB 
IC=IINTIN0REGH-IA-1 
JC=JINTfN0REGH-JA-1 
iU=fJA-11»I8*IA 

fe AMOiNUl=DXIIC,JCl 
CALLINTEGR 
XLIFETfM0REGI=SUM1 

5 XLl^XLI+XLIFETINOREGI 
IFINOREG-NPAXREI12,13,13 

13 MRIIE0UTPUTTaPEl,7,XLI 
7 F0RPATI17H NEUTRON LIFETIHE29X,1PE16.6///J 
WRITEOUTPUTTAPEl,8, CN0RE6,XLIFET!N0REG),N0REG==1,NP«AXREI 

8 F0RPATf28H COMTRIBUTIOM OF EACH REGI0N//fI6,1PE12.%,16,1PE12.%« 
II6,1PE12.%,I6,1PE12«%,I6,1PE12.%,I6,1PE12.%/I) 
MRITEOUTPUTTAPEI,IS 

15 FOE^«&T!//////////} 
RETURN 
ENDIO,1,0,0,01 



SUBROUTINEBREED 
DIMENSI0NFLUX{50,60lfT0TEVEf2%f7l,NPAXC71,LREGf25,7l, 
1Q!25«7J,IINTI361,IEXTI361,JINTI361,JSUPI36lfEVENTC300}, 
2SECf20,2%,7l,EVINTI20,2%,7l,II20ltDRf20l,Jf20)tDZf20l, 
3DEEPSC20)tCHIf20,7}?CHIO(20)tDU1l37},BETAf7lfDU2f900)fADJOf50,60l 
C0FF0NSEC,IGRP,IMAX,J?<AXsNWAXRE,IBETAtlBREEO, 
1N0PER,L0FAX,KRPtIN0EX,KR,Hf SUMUSUM2fSUM3tSUM%t 
2I,DR,JfDZ,IINT,IEXTtJINTtJSUP,DEEPSfCHI,CHlO, 
3LREG,Q,NfAX,DUI,BETA,T0TEVE,E¥ENT,DU2,FLUXfADJ0fEVINT 
D081NDEX=1,7 
D08KD=1t2% 

8 TOTEVEIKDtINDEXI-0 
f=0 

n W-M+1 
CALLSUBl!IPAX+l,IGRP,MfFLUX,ADJOf31 
KG=IBREED+1 
INDEX=1 

12 INDEX=INDEX-«-1 
KC=NWAXIINOEXI 
KD=0 

13 K0=KD+1 
KR=LREGfKDtINDEX} 
IB'IINTIKR} 
JB*JINTIKRI 
IC=IEXTIKR1 
JC=JSUPIKRI 
b05lA=IB,IC 
005JAsJB,JC 
IP=IA-IB+1 
JP=JA-JB4-| 
NU=fJP-l1*1IC-IB+1l+IP 

5 EVENT!NUI=SECCMtKO,INDEXl»FLUX!IA,JAI 
CALLINTEGR 
EVINTfMfKDfINDEXI=SUM1 

6 T0TEVEIKD,INOEXI=T0TEV£IKD,INDEXI+EVINTCK,KD,INDEXI 
IFIKD-KC113fl%f1% 

1% IFIINDEX-KGI12f15,15 
15 IFCH-IGRPlIlt16,16 
16 WRITE0UTPUTTAPEl,10,fILREGIKD,INDEXJfQIKDfINDEX ItTOTEVE 
HK0,INDEXI,KD=lfKCI,INDEX=2fKGl 

10 F0RFATfl%H REGION NUl«8ERI%f 2Ht 1A6, 8Xf 1PE12.6//1 
RETURN 
ENDfO,1,0,0,0} 



SUBROUTINELOCPER 
OIMENSIONIREGfIOI,FLUXlf300,20},ADJ01l300,20J,PROGRAf300,20l, 
IKMAXI 10},IEXTf361,IINTI36l,JSUPi361,jmTf36l,INI18,10|, 
2JNf18,10l.DFLUXRf300)tOFLUXZ13001tOADJOR13001fDADJOZC3001, 
3II20I,ORf20l,Jl20l,OZf201,tECI5},CHIOI20l,DLf20,10t51, 
%ALf 20,5 l,FLf 20,5) fSLI 190,51 ,0U1 f%80l fOll213701 ,DU311601 , 
5DU%f35?l,DU5f1871 
C0MM0NDU1,AL,FL,SL,DL,IN,J*l,DU2,IGRPf IMAX, 
UMAX,NMAXREfI BETA,IBREED,NOPERtLOMAX,KRPtINDEXs 
2N0REG,H,SU«ltSUM2,SUM3,SUP%fIfDR,J,0I,IINTt 
3IEXT,JINT,JSUP,0U3,CHI0fDU%,IREGtKMAX,REC,0U5, 
itDFLUXR,OFLUXZfOIDJORtOADJGZ,FLUXl,ADJ01tPROGRA 
MRITEOUTPUTTAPEI,56 

56 FORPATI20H DANGER COEFFICIENTS//20X,%HI a6X,8H0ELTAK/K 
I8X,9H0IFFUSI0N7X,10HABSORPTION6X,11HDE6RA0ATI0N 
25X,THFISSI0N//1 
KI=0 

100 KI*KI+1 
WRITEOUTPUTTAPEl,57,IRE6IKI1 

57 F0RMATC7H REGI0NI%1 
KA^IREGCKI) 
CALLSUB%IIMAX+I,IGRP,FLUX1,A0J01,IINTIKA1, 
11 EXT f KA},J INT f KA},J SUP f KA}I 
KX=KMAXCKI1 
L=IEXTIKA}-IINTCKA}+1 
D0%5M=1,IGRP 
D0%5KB=1fKX 
IB=INIKB,KIJ-I INTfKAl+l 
JB=JNfK8,KII-JINTfKAI+l 
NW-IJB+11»L+I8 
NV=JB»i+IB 
NU=fJ8-1}»L+IB 
NT=IJB-2}*L+IB 
NS«IJB-3)»L+IB 
I F I I N f K B , K I ) - n N T f K A i n , 2 , 3 

1 WRITEOUTPUTTAPEl,60 
60 F0RI«ATI28H POINT OUTSIDE OF THE REGION! 

STOP 
2 II-IINTCKAJ 

ASSIGN12T0NA 
G0TO15 

12 DFLUXRI NU1 = f FLUX 1 f NU+111« I • I DRO'fDR 11 ••2-FLUX1 f NU,WI» IDR1+DR0»2. 1 
l*DRl-FLUXlfNU+2,M)»CDR0»»2)l/D 

OADJ0R«NUJ-IADJO1|NU+lfM}»fDR0+DRll»»2-ADJ01fNUfM}*IOR1+DR0»2.l 
l*DR1-ADJ01fNU+2fMI»fORO**21l/D 

G0T019 
3 IF I INfKB,KI I - IEXTCKA)J21 ,16 , I7 

IT G0T01 
16 II=IEXTfKA)-2 

aSSIGNOTONA 
G0T0I5 

13 OFLUXRIMUI = !FLUXIfNU,K}*fDR0*DRl*2.l*DR0+FLUXHNU-2fMI»IDRl»»2l 
1-FLUX If NU-1,fI»C DRO+OR1)*»21/O 
DA0J0RINUI = f ADJ01fNUtMI»CDR0+0Rl»2« J»DRO+ADJ01fNU-2,F'l*IORl»»2) 
l-ADJ01INU-l,f«)»IDRO+OR1l»*2}/0 



GOTOIf 
21 I I = I N { K B , K I I - 1 

ASSIGNmTONA 
GOTO15 

1% D A D J 0 R f N U I = I A O J O l C N U + l , M I » I D R 0 » » 2 1 - A O J 0 l l N U - l f M I » I D R 1 » * 2 l 
1 + A O J 0 1 I N U , M 1 » H O R 1 » » 2 I - I D R O * * 2 I 1 I / D 

O F L U X R I N U l = l F L U X l f N U + l f « l » I D R 0 » » 2 l - F L U X l C N U - l t M l » I D R l » » 2 ) 
l+FLUXHNU,M)»C {DR1«»2I-C DR0*«2I 11/D 

G0T019 
15 NR=1 

% I F f I I - I I N R } l 7 t 6 , 5 
5 NR=NR+1 
60T0% 

7 NR=NR-! 
6 DR0=0RINR} 

H=II + 1 
11 IFfII-IfNRll9,8,10 
10 NR=NR+I 

GOTOll 
9 NR=NR-1 
8 ORl-ORfNRl 

0=IORO+DRII«DRO»DR1 
GOTONAtI 1 2 , 1 3 , 1 % ! 

19 I F i J N i K B , K n - J I N T f K A ) l 2 % f 2 5 t 2 0 
2% GOTOl 
25 J J = J I I i f f K & l 

ASSIGN35T0NA 
G0T026 

35 0FLUXZfNUI = I F L U X H N ¥ , M I » C D 2 0 + 0 Z l l » » 2 - F L U X I I N U f M I » I D Z 1 + 
I 0 2 0 » 2 « } * D Z 1 - F L U X 1 I N M , M | « I D Z O » » 2 1 1 / D 

OA0JOZfNUI = f A D J 0 H N V f H l » I D Z 0 4 . D Z 1 l » » 2 - A 0 J 0 1 I N U , « l » l 0 Z l + 
10ZO»2«1*DZ1-ADJOI INM,MI» IOZO«»2I I /0 
60T0%5 

20 I F I J N l K 8 , K I I - J S U P I K A l l % 0 , i l l , % 2 
%2 GOTOl 
%1 JJ=JSUPIKAl-2 

ASSIGN36T0NA 
G0T026 

36 OFLUXZiNUl= fFLUXl fNUfMI» IOZ0+OZl»2» l»DZ0+FLUXl fNSfMI 
l » I O Z 1 » « 2 ) - F L U X l l N T , « l » f 0 Z 0 4 ' D Z l l » » 2 I / D 
DADJOZ f NU1 = f ADJ011NU,MI * C DZ0+OZ1»2.I•DZO+ADJ01C NS t MI 

l # f D 2 1 » » 2 l - A D J O H N T t « l » C O Z 0 + D Z 1 l » » 2 l / D 
G0T0%5 

%0 J J = J H f K B , K l l - l 
ASSIGN37T0NA 
G0T026 

37 DFLUXZINUI = C F L U X H N V , M l » C D Z 0 * » 2 l - F L U X H N T , W I » f 0 Z l # « 2 l 
l + F L U X l f N U , P l » I I D Z l # * 2 l - I D Z 0 » » 2 l l l / D 

0 IDJ02fNUI= fADJ01INV,W1#(OZO»»2I -ADJ01IMT,WI» IDZ1»»2) 
l + A O J 0 1 f N U , M } » I I D Z l » » 2 1 - I D Z O » » 2 | } l / 0 
G0T0%5 

26 NZ=1 
30 I F f J J - J l N Z I I 2 9 , 2 e , 2 7 
27 NZ=N2+1 

G0T030 
29 NZ=NZ-1 



28 020=02INZI 
JJ=JJ+1 

31 IFfJJ-J{NZ}132,33f3% 
3% MZ=MZ*1 

G0T031 
32 NZ=NZ-1 
33 0Z1=DZ!N2I 

D-fDZO+DZl)*DZO*DZl 
G0T0HA,f35,36f37l 

%5 PROGRAINU,P«) = DFLUXRlNUI»DADJORfNUHDFLUXZfNUI»OADJOZCNUI 
D052KH=1,NOPER 
WRITEOUTPUTTAPEl,58,RECIKHI 

58 F0RP»ATn2H 1A61 
D052KB=1,KX 
IB=INfKB,KIl- I INTIKAI+l 
JB=JNIK8,Kn-JINTfKAI + l 
NU=fJB-1I»L+IB 
UL-0 
VL=0 
YL=0 
ZL=0 
D053M=1,IGRP 
UL=UL-DLfM,KI,KHl*PRDGRA(NU,PI 
VL=VL-ALIM»KH)»FLUXIfNU,M}»A0J01fNU,MI 
YL=TL+FLfMfKHJ»FLUXllNUtMI 

53 ZL=ZL+CHI0fMI»A0J01fNUfPI 
XL=YL*ZL/H 
MA=1 
MB=IGRP-1 
YC-0 
YD=0 
D05%PC=lt^lB 
WD=PC*I 
YA=0 
YB=0 
0055PH-M0,IGRP 
YA^YA+SLIKA,KHI»ADJ01INU,TOI 
Y8=YB+SLIMA,KHJ 

55 MA=PA+1 
YC=YC+YA»FLUX UNU.MCI 

5% YD=YD+YB»FLUXlfNUtMCI»ADJ01INU,MCI 
ML=IYC-Y01/H 
UL=UL/H 
yL=fVL+YD}/H 
X5=UL*VL+WL+XL 

52 MRITEOUTPUTTAPEI,59,INIKBfKII.JNIKB,KII,X5fUL,VLfMLtXL 
IFfKI-LOWAXI100»101,101 

59 FORMAT!18X,213,2X,1P5E16«6) 
101 RETURN 

ENDIO,1,0,0,0! 



SUBROUTINEINTPER 
OIMENSIONIREGf101,PROGRAf300,20 I,FLUX If 300,201,ADJOII300, 201, 
1 DFLUXR 1300 I, DFLUXZf 300)» DAD JOR I 3001,DAD JOZ f 300 lfIEXTC36n 
2IINTI36l,JSUPt36),JINTl36lfII20),DRI20)fJf20lfDZC20liNUPERC3J, 
3UH300l,XIf300l,VIf300l,MII300lfCHIOI20l,DII20f9l,AIC20»9lt 
%Fn20,91,SIf 190f9lfDUWMYlf%80lfDUMMY2f630)tRECOI9ltNUMPERf91f 
5DY2!160),DY3I357J|DY%!ISltDYSflTSI 
EQUIVALENCE! DFLUX2,DUMWYiniDI,DI 11 f AI t AI) t IFI tFIl , 
H SI , S11 , I DUFI«Y2f WUI, C DUMP«Y2121, NUf<PER 11 f DUMMY2 fill tDAD JOR) t 
2IOUHMY2f311l,DADJ0ZI 
C0M^«0NDUNI«YI,OI,AItFI,SI,DUMf«Y2f IGRPf IMAX.JMAXf 
INMAXRE,IBETAtlBREED,NOPER,LOFAXtKRP,INDEX,NOREGtH, 
2Xl,X2,X3fX%,I,DRfJ,DZ,IINT,IEXT,JINTtJSUPfDY2f 
3CHI0,DY3,IREGfDY%,NUPERfREC0fDY5,UI,VIfWI,XIf 
%FLUX1.AOJOlfPROGRAfDFLUXR 
WRITE0UTPUTTAPEI,2%1 

2%1 F0RMATI25H INTEGRATED PERTURBATI0NS//30Xf8HDELTAK/K 
18X,9HDIFFUSI0N7X,10HABS0RPTI0N6X,11HDEGRADATI0N 
25X,7HFISSI0N//) 
HU=1 
KI=0 

301 KI=KI+1 
NOREG=IREGfKIl 
CALLSUB% fIWAX+1,IGRP,FLUX 1,AOJO1,II NT C NOREGI, 
1lEXT f NOREG)» J INT C NOREG1,J SUP INOREGI 1 
L'^IEXTINOREGI-IINTfNOREGH-l 
KsJSUPlNOREGl-JINTINOREGI+1 
D02%3P=1,IGRP 
NR=I 
NZ=1 
II=IINTfNOREGI 

203 IFfII-IfNRII206,205,20% 
20% NR=NR+1 

G0TO203 
206 NR=NR-1 
205 DRO=DRtNRl 

II»II+1 
210 IFfII-IfNR}1209,208,207 
207 NR=NR*1 

G0T0210 
209 NR=NR-1 
208 0R1=DRINRl 

D=iDRO+DR1!•DR0»ORI 
18=2 
0 0 2 1 2 J B = l f K 
N U = I J B - 1 I » L + I B 
DFLUXRfNU-11=IFLUXl lNUf^I»CDR0+DRl l*»2-FLUXlfNU- l ,MI*CDRl+ 

I D R 0 » 2 . J » D R l - F L U X I C N U + l , M l » f D R 0 » » 2 l l / 0 
2 1 2 OAOJ0RfNU- l )= IADJ01CNO,W)»IDR0+DR1l»*2™AOJ01INU- l ,MI»IORl+ 

1DR0»2«I»DRl-ADJO1f NU+1,M1•C DR0»»211 /O 
G 0 T 0 2 H 

2 1 3 I F I I I - I f N R H 2 1 6 , 2 1 5 , 2 1 % 
21% NR=NR4-1 

G0T0213 
2 1 6 NR=NR-1 
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215 DRI=DRINRI 
IB=II-IINTfNOREGI+l 
D=IDRO*ORII»ORO»OR1 

211 00217JB^1,K 
NU=CJB-I|»L+IB 
0FLUXRfNUI = CFLUXIfNU4-l,MI»IDR0»»2l-FLUXItNU-1fMl»CDRl^»2l 
l+FLUXlfNU,P}*fIDRl»»2l-C0R0»»2lll/0 

217 DADJORINUJ = f AOJ01!NO+1,I^1»IDRO»»21-ADJ01INU-1,MI*CDR1»»21 
l+ADJ01{NU,«)»tfOR1*«2l-fDR0»»2)l)/O 
IFIII-IEXTINOREGl+11218,219,219 

218 11=11+1 
DR0=0R1 
G0T0213 

219 00220JB=1,K 
NU=IJB-11*L+IB 
DFLUXRlNU+l} = lFLUXHNU+1tP«l»fDR0+DR1»2«l»DR0*FLUXlfNU-lf«l 

1»IDR1»»2J-FLUX11NU,MI»(DRO+DR1I»»21/0 
220 DAOJORfNU+ll=IADJO1fNU^1,«l»l0RO+ORl»2«J»DRO+AOJOltNU-lfHI 

l»IDRl»»2J-ADJ01fNU,MI»CDRO+DRl|»»2l/D 
JJ=JINTIiOREGI 

223 I F U J - J I N Z ) } 2 2 6 , 2 2 5 , 2 2 % 
22% NZ^NZ*! 

G0TO223 
226 NZ=NZ-1 
225 020=021NZJ 

JJ=JJ+1 
230 IFIJJ-JINZ}1229t228,227 
22? NZ=NZ+1 

GOT0230 
229 NZ=NZ-1 
228 D21«DZINZ1 

D=IOZO+OZI)*DZO»DZ1 
JB=2 
00232IB=1,L 
N¥=JB»L+IB 
NU^IJB-1J»L+IB 
NT=IJB-2)*L+IB 
DFLUXZ f NT 1 = I FLUX II NU, P) • I OZO^-DZ 11 »»2-FLUX 1 INTt MI • CDZ1+020 
l*2.1»OZl-FLUXlfN¥,MJ»IDZ0«»21l/O 

232 DADJOZfNTI=fADJ01fNU,MI*lDZO+OZll»«2-ADJ01INT,HI»IOZl+DZO 
1»2^)*OZ1-AOJ01CN¥,M|»IDZO«»2II/0 
G0T0231 

233 IF{JJ-JINZ1J236,235,23% 
23% MZ=NZ+1 

G0T0233 
236 NZ=NZ-1 
235 DZ1=DZINZI 

JB^JJ-JINTINOREGl+l 
0?IDZO+OZII•DZO»DZ1 

231 D0237IB=1,L 
W«JB*L+IB 
NU=fJB-11»L+IB 
NT=UB-21»L + IB 
OFLUXZINUI=IFLUX1IN¥,MI»IOZO»»2}-FLUX1{NT,M1»ID21»»2) 

l +FLUXl fNU,WI» l lOZ l *«2 l - fD20»»2 l } l /D 
237 DADJOZtNUl = f ADJ0HNV,Ml»fOZ0»»2l-AOJ01lNTtMl»IOZl*»2l 



1+ADJ01fNU,M)»UD21»*21-fDZO»»2IIl/0 
IFlJJ-JSOPINOREGI+II238f239,239 

238 JJsJJ+l 
DZ0=DZ1 
G0T0233 

239 002%0IB=ltL 
NV*JB»L+IB 
NU*IJB-11»L+IB 
Nf=IJB-2l»L+I8 
OFLUXZ f NVI ̂  I FLUX 1CNV, M1 • I OZO^OZ 1 •2. I •DZO-i-FLUX 1 f NT tMI»IDZ1 
1»«2HFLUXllNU,MI«fOZ0-i'DZll»«2l/O 

2%0 OAOJOZliVI = IADJO1fNVfMI»IOZ0+DZl»2. J»0204.ADJ01INT,M1«CD21 
l»«21-ADJ01fNU,M}»fDZ0+OZll»»2l/D 
D02%3JB=1,K 
002%3IB=ltL 
NU»fJB-11»L+IB 

2%3 PROGRIf NU,PI=OFLUXRINU1•DADJOR f NU1+DFLUXZ f NUI»0ADJOZINUI 
NOPER=NUMPERtKIl 
KH=0 

300 KH-KH+1 
002%5IB=1,L 
D02%5JB=1.K 
NU= IJB-11»L+ I8 

Z=0 
UHNOl^O 
¥ I INU1=0 
D02%6P=1,IGRP 
UIlNUI=UIlNU}-DIIM,MUI»PROGR&fNU,Ml 
VHNUI=V!INU1-AH«,MU1»FLUX1INU,M1»ADJ01CNU»M} 
Y=Y+F I I« ,MUI»FLUX l fNU,H I 

2%6 Z=Z+CHI0l f«J*ADJ01INU,Ml 
X I iNU l=Y»Z 
MA=1 
MB=IGRP-I 
YC=0 
YD=0 
D0251MC-I,PB 
M0*PC+1 
YA=0 
YB=0 
D0252PH=PD,IGRP 
YA=yA4-SIIMA,MUl»A0J01fNUtPHI 
YB»YB+SHMA,MU1 

252 MA=MA+1 
YC=YC+YA»FLUXIINU,MCI 

251 Y0=YD+YB»FLUXIf!>lUiMCI*A0J01INU,MCI 
WIINUI-YC-YO 

2%5 ¥ l f N U l = ¥ I I N U l * Y O 
CALLINTEGR 
X1=X1/H 
X2=X2/H 
X3=X3/H 
X%=H»/H 
X5=XI*X2+X3+X% 
MRITE0UTPUTTAPEl ,2%2, IREGfKI I ,REC0tMUI tX5 ,X l ,X2 ,X3,X% 
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2%% MU=MU+1 
IFiKH-NOPER1300f303t303 

303 IFIKI-L0MAXI301f302t302 
2%2 F0RMATC7H REGI0NI%,l*X,A6f5X, 1P5E16.6I 
302 RETURN 

ENOCOfItOfOtll 



SUBROUTINELIBRY 
DIMENSI0NFISl20,2%f 7l,DUPH9881,NELEf%0»,AfOMDNI%OI,SIGAl20,%OI, 

l S I G T R 3 l 2 0 , % 0 l , S I G F I C 2 0 , % 0 l , S I G O E G H 9 0 t M I 
COMMONFISfIGRPfOUMI,NELE,AT0MDNfSIGAfSl6TR5,SIGFI,SI6OEG 
KR=fIGRP»CIGRP™lll/2 
IFISENSESWITCHIlfitS 

5 READlfN 
1 F0RWITII6I 
IFlNI2f2,3 

3 READ%,ISIGAfMfNl,M»l,I6RPI 
% F0RMATI6E12«6I 
READ%tfSIGTR3fM,NlfM^1,!GRPI 
REAO%,ISIGFIfM,N},W=l,IGRP) 
READ%,CSIGDEGfM,NI,M=1tKRI 
G0T05 

6 REA0INPUTTAPE2,1,N 
IFINI8,8,T 

7 READINPUTTAPE2,%,CSIGAIM,Nlt«=l,IGRPI 
READINPUTTAPE2f%,ISI6TR3!M,NI,M=l,IGRPI 
REA0INPUTTAPE2f%,CSIGFIfW,NltP=lf IGRPI 
REA0INPUTTAPE2t%,fSIGDEGIMfNI,M=ltKR) 
G0TO6 

8 REMIND2 
2 RETURN 
ENDfO,1,0,0,II 



SU8R0UTINEC0MP1CKDI 
DIMENS10NFISI20,2%f7ltDUM1l7l,OUM2f979ltNELEf%OI,ATOMDNf%0), 
lSI6AI20»%0),SIGTR3C20,%0l,SIGFIC20t%0l,SIGDEGI190,%0J 
C0MM0NFISfI6RPfDUMl,KRP,INDEX,DUH2fNELEfATDMDNtSIGA, 
lSIGTR3tSIGFI,SIGDEG 
003M=1,IGRP 
X=0 
D02KB=ltKRP 
N=NELE{KB) 

2 X=X+SI6FHM,N1»AT0MDNIKB1 
3 FISfM,KD,INDEXI=X 
RETURN 
ENDfO,!,0,0,II 



SUBR0UTINEC0«P2fKXI 
DIMENSIONOUWll2990l,DTf20,10I.OUH2f170l,DU«3f7l,DUM%l976lf 
lNELEI%0l,ATOMDNI%01,SIGAf20,%01,SIGTR3C2G,%0l,SIGFII20,%0tt 
2S16DEGI190f%01,OUM5I3I 
C0MM0NDUM1,DT,DUM2tIGRPfDUM3tKRPfDUM5iKIfDUH%tNELE, 
1AT0M0N,SIGA,SIGTR3,SIGFI,SIG0E6 
KI=KX 
002M=1,IGRP 
X=0 
D03KB=1,KRP 
N=iELE{KB) 

3 X=X+SIGTR3fM,Nl»AT0WDNfKBl 
2 OTfM,KII=l^/X 
RETURN 
ENDfO,1,0,0,01 
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SUBROUTINECOPPSCKHI 
DIMENSIONDUF11%80),ALf20,5l,FLf20,5}fSL1190,51fDLC20,10,51, 
lDU«2f360lfDTf20f 10lfDUM%n70),DUM5f61,DUM6l980)fNELEI%0l, 
2AT0MONI%01,SIGAI20,%0lfSIGTR3C20,%01tSIGFIf20,%0l,SIGDEGf190,%0I 
COMMONOUM1,AL.FL,SL f DL,DUP2,DT,0UM% fIGRP » DUM51 
lL0MAX,KRPtDUH6,NELE,AT0MDN,SlGA,SIGTR3tSIGFItSIGDEG 
DO%M='lt!GRP 
W=0 
X=0 
Y=0 
D03KB=1,KRP 
N-NELEIKB1 
W=H+SIGAfM,NI»ATOMDNIKBI 
X=X+SIGFIIW,Nl»ATOMDNfKBI 

3 Y=Y+SIGTR31M,N1»AT0MDNIKB) 
ALlMfKHI=W 
FLfM,KHI=X 
00%KI = 1,L0I«AX 

% DLIPfKI,KHI=-Y»DTfM,KII*»2 
KR=IIGRP»IIGRP-ll)/2 
005M=1,KR 
Y=0 
D06KB=1,KRP 
N=NELECKB} 

6 Y=Y+SI6DEGfM,NI»AT0MDNIKBI 
5 SLIM,KH1=Y 
RETURN 
ENDI0,1,0,0,1I 



SUBROUTINECOMP%IKHI 
D I M E f l S I 0 N D U P 1 l % 8 0 l , D I I 2 0 t 9 l , A I I 2 0 f 9 1 , F I I 2 0 , 9 } , S I I 1 9 0 , 9 l , 

1 0 U M 2 f 2 5 9 1 f D T C 2 0 f 1 0 I , D U M 7 I 1 7 0 1 , D U M 3 C 7 1 , D U « 5 I 3 ) , 0 U M % C 9 7 6 I , 
2 N E L E I % 0 l , A T 0 M D N I % 0 1 , S I 6 A C 2 0 , % 0 l , S I 6 T R 3 l 2 0 f % 0 l f 
3 S I G F I f 2 0 , % 0 1 f S I G D E G I 1 9 0 , % 0 l 

COMMONOUMIf 0 1 , A I . F I f S I , P U , D U M 2 f O T t D U M 7 f I G R P , O U M 3 f 
llCRP,0UH5tKI,DUMI|fNELEf ATOMDNfSIGAfSIGTRS, 
2 S I G F I f S I G D E 6 

A=KH 
DOI|M=lf IGRP 
M=0 
X=0 
Y=0 
D03KB-I,KRP 
N'NELEIKBI 
W=W*-SIGACMfNl*AT0MONIKBl 
X=X+SIGFIfM,fll»ATOMDNIKBl 

3 Y=Y4-SIGTR3IM,Nl»AT0«ONfKBI 
AIIP.WUI^W 
FHM,MUI=X 

% DIIM,MUl=-Y»DTIMtKII»»2 
KR=II6RP»lIGRP-ll)/2 
D05M=1,KR 
Y=0 
006KB=ltKRP 
N^NELECKBl 

6 y=Y*SI6DEGII«,NI*AT0MDNCK81 
5 SIiH,MUI=Y 
RETURN 
ENDfO,1,0,0,II 



SyBtOyillEINTEGR 
OIHENSIONIEXTi36l,IINTf36l,JSyPC36l,JINTl361fIf20ltDRC20l, 
1Jf20),DZI20}f Af300,%l,FISf20,2%t71,DUlC10ltDU2f7li9),SUWl%l 
C0MMONFIS,DU1,NOREGfH,SUM,I,ORfJtDZf 
lIINf,IEXT,JINT,JSUPfDU2,A 
L=I EXT f NOREGI»IINTINOREGI * I 
JJ=JIMTfNOREGl 
IIsIINTtiOREGI 

NZ=1 
DRO=0. 
020=0. 
D030K=1,% 

30 SyMIK}=0. 
20 IFfII-IEXTfN0REGl)3,18»19 
18 OR1=0. 

G0T021 
3 IFf II-IINRII6f5,l* 
h NR=NR*1 
G0f03 

5 DRl=DRfNR) 
21 R=0. 

IFINR-1)9,9,8 
8 NNR=NR-1 
D0?P=1,NNR 
X=IIM+|}-IIH1 

7 R=R+DRCM1*X 
9 X»II-IfNR) 
R=R+0RINR1»X 

17 IFCJJ-JSUPfN0REG)113,1%,15 

G0T016 
13 I F I J J - J I N Z i n O , 1 1 , 1 2 
12 Hl^ni*} 

G0T0I3 
10 NZ=NZ-1 
11 OZI=DZINZI 
16 IB=I I - ! INTIN0REGI+1 

JB=JJ-JINTfNOREGI+l 
NU= iJB- l l *L+ IB 
D0311C=1,% 

31 SUM!Kl=SUPfKI+AfNytK1»1.5707963 
l»fDRO+ORll»fDZO+DZl)»IR+fDRl-DROI/l | . l 

DZ0=0Z1 

G0T017 
15 DR0=OR1 

JJ=JINTfNOREG) 
11=11*1 
NZ=1 
OZ0=0. 
G0T020 

19 RETURN 
ENOfO,1,0,0,11 



SOBl 

SUB! 

CASE3 

CASE! 

NFST 

JUNK 

TAPE 

REL 
ORG 
HTR 
HTR 
HTR 
HTR 
HTR 
SXO 
SXD 
CLA 
STA 
CLA 
STO 
CLA 
STA 
CIA 
STO 
CLA 
STA 
CLA 
SUB 
TZE 
SUB 
TZE 
CLA 
TRA 
CLA 
SUB 
TZE 
BST 
BST 
CLA 
STA 
CLA 
STA 
LXO 
RTB 
CPY 
TIX 
TXI 
LXO 
TXI 
TXI 
CPY 
TIX 
TRA 
TRA 
CPY 
CLA 
SUB 
STft 
LXO 
LXD 
TRA 

SUB1™1,2 
SUB1-2?1 
1,1* 
»4.1 
• » 
SUBl-3 
3,^ 
»+l 
»» 
SUB1"% 
6,% 
«+l 
•» 

ONE 
CASE1 
ONE 
CASE2 
ADC 13 
NFST+1 
SUBI-% 
ONE 
FIRST 
6 
6 
&DC12 
TAPE+3 
k,H 
TAPE 
SUBl-3,1 
5 
SUBl-5 
•-1,1,1 
••lt1t-2 
SUBl-3,2 
••1,2,-1 
•+ltl,l 
»», 1 
»-2t2.1 
»*2 
• « 
SU81-5 
TAPE 
FIFTY 
TAPE 
TAPE-2,1 
SUBl-3,2 
TAPE-2 

ADDRESS OF IMAX4-1 

ADDRESS OF M 

ADDRESS OF CASE NUMBER 

ADDRESS OF FLUX STORAGE 



C12 

CI3 

FIRST 

ADC 12 

CASE2 

OME 
FIFTY 
A0C13 

CLA 
STA 
CLA 
STA 
LXD 
RTB 
TRA 
CLA 
STA 
CLA 
SUB 
TNZ 
REM 
REM 
LXD 
LXD 
TRA 
CLA 
STA 
CLA 
SUB 
PDX 
RTB 
TIX 
TEA 
CLA 
STA 
CLA 
STA 
TRA 
HTR 
HTR 
HTR 
END 

A0C13 
TAPE-t-3 
5f% 
TAPE 
SUBl-3,1 
6 
JUNK 
2,% 
»+l 
#«• 

SU81-«l 
»+3 
6 
5 
SUBl-1f2 
SUBl-2,1 
7,% 
2,% 
• +1 
• • 
SUBI-i* 
C12,2 
6 
»-l,2,l 
NFST 
TAPE 
ADC12 
TAPE+3 
JUNK-2 
0,0,1 
50,0,0 
C13 
SUB! 

ADDRESS OF ADJOINT FLUX STORAGE 

ADDRESS OF MAX 6 

ADDRESS OF MAX G 



52 

SUBil 
REL 
ORG 
HTR 
HTR 
HTR 
HTR 
HTR 
HTR 
HTR 
HTR 

Smk SXO »-!,% 
SXO •-3t2 
SXO »-5fl 
CLA 3,% 
STA POS% 
CLA 2,% 
STA P0S5 
STZ SUBil-H 
CLA POST 
STft P0S2 
CLA ?,% 
STA POST 
STA •^l 
LXD »*,2 
CLA 8fl* 
STA *+1 
CLA •• 

POST SUB •• 
ADD POSl+2 
STO SUB%-8 
CLA 1,% 
STA •+! 
CLA •• 
STO SUB%-5 
PDX 0,1 
CLA Sfh 
STA P0S3 
STA *+k 
CLA 6tk 
STA »+l 
CLA *» 
SUB *» 
ADD P0S1+2 
STO SUB%-7 
LXA P0S1+2fî  

P0S2 RTB *» 
CPY SU8%-6 
TIX »-l,1tl 
LXO SUB%-5fl 
TIX •-3,2,1 

P0S3 LXD »•,1 
LXO SU8i*-5f2 
TXL P0S«*-1,1tl 
TXI •+1,1,-1 
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VIII. TAPE-WRITING ROUTINE 

This routine may be used to wri te flux and adjoint flux tapes when 
CUREM re su l t s a re not available for input to 2D PERT. 

Input Information 

All input is punched in s tandard SAP format , in which G, I + 1 , and 
J a r e i n t e g e r s . The 0 and 0* values a r e floating-point n u m b e r s . 

Card Set 
No. Input Remarks 

1 G Number of groups . G -=.20. 

I + 1 Nunnber of points plus one on the R ax i s . I n 60. 

J Number of points on the Z ax i s . J :S 60. 

2 01 Point-by-point fluxes for r ea l group 1, given a row at 
a t ime beginning with poin* ' ' l , ] ) . A zero must separa te 
r o w s . 

3 02 Point-by-point fluxes for r e a l group 2, given a row at 
a t ime beginning with point ( l , l ) . A zero must separa te 
rows . 

G + 1 0Q Point -by-point fluxes for the las t r ea l group, given a 
row at a t ime beginning with point ( l , l ) . A zero must 
s epa ra t e ro"ws. 

G + 2 0* , Point -by-point adjoint fluxes for the las t adjoint group, 
given a row at a t ime beginning with point ( l , l ) . A 
zero mus t separa te rows . 

G + 3 •?.* , Point -by-point adjoint fluxes for the next to the las t 
adjoint group, given a row at a t ime beginning with 
point ( l , l ) . A zero must separa te rows . 

2G + 1 0fi Point -by-point adjoint fluxes for the f i rs t adjoint group, 
given a row at a t ime beginning with point (l , l ) . A 
zero mus t separa te rows . 



Input Deck Ar rangement 

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 Instruct ions 

A s tandard 72-72 r e a d e r board is n e c e s s a r y for running this problem. 

Sense Switches: 

1 Down 

No other sense s ^ t c h e s used. 

Tapes : 

5 Blank for " r ea l " fluxes 

6 Blank for "adjoint" fluxes 

Running P r o c e d u r e : 

1. Mount and ready tapes . 

2. Depres s sense switch 1. 

3. Clear and load ca rds . 

4. At stop 13008 label , r emove , and save tapes 5 and 6. 



ROUTINE TO MANUFACTURE FLUX TAPE 
ORG 100 

IMPl 

INP1 
BESIN 

RFLX 

WTP 

END 

FIVE 
SIX 
NIL 
TEMP 
TEST 
G 
A 

HEO 
LIB 
HED 
SYU 
STZ 
TSX 

HTR 
CLA 
STA 
LDQ 
MPY 
STQ 
LXA 
TSX 

HTR 
LXA 
LXA 
MTB 
CPY 
TIX 
LXA 
CPY 
TXI 
TIX 
TIX 
CLA 
TBI 
SS» 
STO 
CLA 
STA 
TRA 
REM 
REM 
HTR 
OCT 
OCT 
DEC 
BSS 
BSS 
BSS 
BSS 
END 

I$INP1 
TEST 
INP1,I* 
G.0,G*2 
INP1+23 
FI¥E 
MTP 
G+1 
G+2 
TEMP 
G,l 
INP1,l| 
A,0,0 
INP1+23 
NIL,i| 
G+1,2 
»« 

MIL 
»-l,2,l 
TEMP,2 
A,l| 
»*1tl*,-l 
•-2,2,1 
RFLX,1,1 
TEST 
END 

TEST 
SIX 
«TP 
RFLX-1 
5 
6 
• 

225 
226 
0 
1 
1 
3 
3000 
BEGIN 

1*1 
J 

1+1 
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A P P E N D I X A 

D e t e r m i n a t i o n of the G r a d i e n t 

1. F o r a po in t i n s ide a r e g i o n , the 2 componen t s of the g r a d i e n t 
a r e c a l c u l a t e d by a p a r a b o l i c i n t e r p o l a t i o n with the 4 ad jacen t 
p o i n t s . 

i ' l .J 

'4^ i j + i 

i.J 

>*i j -

I ĥ  ei + iJ-{h')'0i.l,j+[(h')'-h2]Pi,j \ 

(t>. i+i . j 
g r a d 0 

h h' (h+h') 

k2 0 i , j + i - ( k ' ) ' ^ i , j . i + [ ( k ' ) ' - k 2 ] ^ i ^ j 
_ _ _ _ _ 

F o r a b o u n d a r y po in t , wi th a noncon t inuous g r a d i e n t , one 
componen t of the g r a d i e n t i s d e t e r m i n e d a s in 1, the o t h e r i s 
c a l c u l a t e d by a p a r a b o l i c i n t e r p o l a t i o n with 2 ad jacen t po in t s 
on the s a m e s ide of the b o u n d a r y . 

''/>i,j+i 

' i > J 

l^i,j-i 

^i+i , i 'Ji+z.j g r a d 0 

(h+h ' ) ' ' ^ i+ i , j - h20 i+2^ j -h ' ( h '+2h ) ' : i j 

h h' (h+h') 

k^( t i , j+i - (k ' )^0^, j_ i+[(k ' )^-k^]ei^ j 

k k' (k+k') 
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APPENDIX B 

Integration 

2D PERT uses the same method as the CUREM code 

Z MIS * i . j * i 

t *i-H.J 

'L ^ f_*i,j-i j 

Lmt—h — - W - . h' » 

The integration of 0(R,Z) is per formed by considering 0 constant 
over an e lementary volume extending from R - (h/2) to R + (h'/Z) and 
from Z - (k/2) to Z + (k ' /2) : 

7T 
AV = — (h + h') (k + k') R + - { h ' h) 
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