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PERTRAN - A TRANSPORT-PERTURBATION PROGRAM
by John L. Anderson

Lewis Research Center

SUMMARY

PERTRAN is written to be used primarily with the two-dimensional transport pro-
gram TDSN. The principal steps in the derivation of the equations of first-order trans-
port perturbation theory from the Boltzmann transport equation are given. These equa-
tions are cast into three discrete forms consistent with the P-1, transport-corrected
P-0, and diffusion approximations to transport theory. The equations have been incor-
porated into a FORTRAN IV program which will calculate the neutron lifetime, the effec~
tive delayed neutron fraction, and the reactivity contributions of various reactions for
the three approximations.

One advantage of having three approximations is that by comparing the various
approximations and their dependence on parameters such as mesh spacing one may
choose an approximation for which the associated transport calculations require the
least computer storage and computational time. Sample problems compare the three
perturbation approximations with two-dimensional transport spatial calculations. The
input and output features of the program are described, and listings of the program and
a sample problem are provided.

INTRODUCTION

The design of a nuclear reactor requires many computer calculations to determine
the nuclear characteristics. These calculations are usually made by one of the several
multidimensional, multigroup transport and diffusion theory programs that are available.
However, these programs often require large amounts of computational time. Further-
more, the number of calculations needed is large because many design alternatives must
be compared. Also, the effect of manufacturing tolerances and experimental uncertainty
in the input cross sections must be determined.

However, these design problems can be solved with greatly reduced computational
time through perturbation theory. Somewhat fewer transport calculations, each of which



is an iterative time-consuming process, are needed when the perturbation method is
used. In using the method one first chooses a certain assembly as an unperturbed base.
Then by using the transport theory solutions for this single unperturbed assembly one
can determine the reactivity effect of small perturbations in the assembly. Perturba-
tion theory for fast-neutron critical systems is described in reference 1.

This report describes the computer program PERTRAN, which uses first-order
transport perturbation theory to compute reactivity, neutron life-time, and effective
delayed neutron fractions. PERTRAN is written to be used primarily with the TDSN
transport program (ref. 3). Many perturbation programs have been written for both
diffusion and transport theory (e.g., ref. 2). PERTRAN differs from other transport
perturbation programs in that it provides three approximations to the perturbation cal-
culations. The best approximation uses P-1 cross sections and unperturbed real and
adjoint fluxes and currents from the transport theory spatial calculation. The next best
approximation is provided by transport-corrected P-0 cross sections and fluxes and
currents. The diffusion approximation, which is least accurate, uses the transport-
corrected cross sections and the fluxes from a transport calculation.

These approximations allow one to choose the accuracy of the transport calculations
to be commensurate with the importance of the perturbation.

SYMBOLS
B buckling factor
E neutron energy
H buckling dimension
;,3,12 unit vectors in the x-, y-, and z-directions for rectangular coordinates (fig. 1)
T (x—': E) neutron current (directional) at position T with energy E
k neutron multiplication factor; 1/k is the eigenvalue of Boltzmann equation
l neutron lifetime
N, atomic density, atoms/(b)(cm)
NG number of discrete energy groups
NIJ number of discrete volume elements (V)

PZ () Legendre polynomial

PIZn (1) associated Legendre polynomial

P-0 zero-order (I = 0) cross sections



P-0 transport-corrected P-0 cross sections

P-1 first-order (¢ = 1) cross sections

AQ incremental change in quantity Q

r position variable representing three-dimensional coordinates of neutron

A" volume element, cm3

x(E) fission spectrum; probability that neutron released through fission will have

a particular energy E: f x(E)ME =1

Bj delayed neutron fraction of jth delayed group

v extrapolation distance constant (0.'71045608)

% macroscopic cross section, cm'1

0 angle between Kk and 52 (tig. 1)

s cosine of 6

Ko angle between Q and Q'

v(E) average number of neutrons with energy E released per fission

&T,E, fz) directional neutron flux; number of neutrons of energy E at position T
flowing through a unit solid angle and unit area in direction &

¢ (T, E) scalar (nondirectional) neutron flux of energy E at position T
1t angle between i and projection of Q in the plane perpendicular to k
Q direction of neutron flow at position r (fig. 1)

Subscripts:

g index of energy groups

i index of spatial position

l order of Legendre polynomial

Superscripts:

p perturbed quantity, Qp =Q+ AQ

0,1 order of Legendre polynomial for cross-section expansion

¥ adjoint quantity



Cross-section definitions;
(Macroscopic definitions are presented in discrete form for energy group g; the
equivalent continuous form is shown for the second definition only.)

D diffusion coefficient, D_ = ; usedin J_ =-D_Vg_ (Fick's law)
g g 3% g g g
tr
g
z, absorption (includes capture and fission), Z,(E)
g
Z)f fission
g
=N2N 2 ttering f t '
gag! n — 2n scattering from group g to group g
E(g()l g P-0 scattering from group g to group g' (includes elastic, inelastic, and
twice the n —~ 2n scattering)
Z(gl_). g’ P-1 scattering from group g to group g'
E(gog) within group scattering (used to provide neutron balance),
%, for P-1
Z(O)=|:Z) or % }—Z -z ‘
- t
&8 tg rg ag rg =,.. for P-0*
tr
ik transverse leakage (buckling-loss) cross section
g
2N
Z. removal or outscatter, X, = Z <Zg2g. - Eg——g')
g g g’
g#0
z total scattering, = = Z)O y + El '
Sg_’gv ’ Sg»gl g—g g—g
=, total, 5, =Z, +Z, + zgg
g g g g
(1) )
J
Z (Eg»g' g}
z transport, = <y, -
tr t
B g g Ig

TRANSPORT PERTURBATION EQUATIONS

The time independent Boltzmann transport equation may be written
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The continuous variables r, E, and Q represent the dependence on position, energy,
and direction; &, E, Q) is the real flux.

Two other equations, nearly identical to equation (1), are needed to develop the
perturbation equations. One equation provides the adjoint flux d>T T, E, Ez):

[_S':Z . €+ ZtG’E)]¢T69E:§)

T//dE a'[eT & E', QW )z F, E)xE")]
4rk

+ ﬂ dE' d&' @T&‘,E',fz')zs(f,E ~E,0-Q" @)
where kJf =k. The other equation provides the perturbed flux ‘bp(i", E, fz):

[@ - V+zP@, B)ePR,E, ) =—— dE' d' oPF, E", O")
=/

- V@ ENZE EHP x(E) + //dE' ' #PF,E',0)20@ E' ~ B, ~ Q) 3)

where each perturbed quantity Qp is equal to the unperturbed quantity Q plus its per-
turbation increment AQ (nhot necessarily small).

Derivation

The following derivation of the transport perturbation equations is taken from refer-
ence 2. Some intermediate steps omitted in this report may be found in that reference.

The transport perturbation equations may be obtained by multiplying equation (2) by
3P, E, Q) and equation (3) by 3l (T, ngz), integrating the two equations over all space,
energy, and direction, and then subtracting the resulting equations. The exact equation
for an eigenvalue increment resulting from a perturbation is then
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where

T = f/ dF dE af Az, F, E)e @, E,0)8P R, E, &) (5)

1 — A | A\ '
e /ff df dE dE' A[vE, E")ZF, EN)] x®)e" §, E)eP &, E) 6)
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Equation (4) determines the eigenvalue change resulting from a perturbation. The
reactivity, however it is defined, can be subsequently obtained from the eigenvalue
change.

A first-order approximation to perturbation theory is obtained by replacing the per-
turbed flux &P by the unperturbed flux &®. This now restricts the perturbation to one
which causes only a negligible change in the unperturbed flux.

The unperturbed angular flux is then expanded in terms of spherical harmonics
before performing the solid angle integrations in equations (5) and (7):

3T, E, Q) _1 i &, P () + Z (gorln sin my + gozm cos mgb)PEn(u) 9)
4 120 m=1
where
$ =1sin 6 cos Y+ sin 0 sin Y + k cos 6
and

© =cos 8

(see fig. 1). If terms are retained only through the P-1 approximation,

3@, E, ) ii[qo &,E) + 30 - JE E)] (10)
m
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Figure 1. - Coordinate systems.

where ¢(,E) is the neutron scalar flux and 3&7, E) is the neutron current. A similar
expansion for the adjoint yields

o' @, E,&) z4i ¢ @ ) - 38 - TTE, EB)] (11)
T

Furthermore, the scattering is assumed to be dependent only on the angle between direc-
tions © and ﬁ', and the incremental scattering cross section is expanded in terms of
Legendre polynomials. The expansion is truncated after the P-1 term to yield

AZFE B8 ~) = L [asOf,E - B)+ 35, azVE, B - E) (12)
4

Substituting equations (10) and (11) in equation (5) and equations (10) to (12) in equa-
tion (7) yields after integrating over the solid angle

- ff aram - a5, BIoF, B¢ € ) - 336, B) - 76, B) (13)
and
- v 1 0 ' '
S = /// dF dE dE" - [AZé )&, E' -~ E)o&,E") o T, E)
-3a3@ B ~ B)IE,E) - I, B)] (14)



Discrete Form

The components of equation (4), which are equations (6), (8), (13), and (14), may be
written in discrete form by replacing the continuous variables T and E by the discrete
indices i and g. Hence, the equations may now be written as summations over volume
increments and energy groups:

NIJ NG
1 1 - =5
T = — AT - . .
Z Z ar g [¢g¢g g Jg]i Vi (15)
i:]. g:l
NIJ NG NG
11 f
F =- — = A > ' V.
J J ; 47 k [(V f)g'], 2Py 1¢g1V1 (16)
i=1 g:l g"—l 1
NIJ NG NG
1 Az @) i (1) -‘T]
S = - —_— AZ 1 ' 3 Z ' ' J ' V 17
2477[ g-g”e' g e'-glg " gl Vi (17)
i=1 g=1 g'=1
NIJ NG NG
- o [ LN 1
P S: AR P2igr] X g YgiVi (18)
1=1 g:l g':l

This last equation is the product of the perturbed real power and the equivalent quantity
from the adjoint calculation (an adjoint power).

Approximations

Equations (15) to (18) constitute the P-1 approximation to first-order transport per-
turbation theory. Further approximations to equations (15) and (17) can provide a
transport-corrected P-0 and a diffusion approximation. But before proceeding to these
approximations, it is useful to isolate the reactivity contributions due to various reac-
tions and regroup the P-1 equations (egs. (15) to (i7)) as reactivity sources or losses.




Transport - P-1

The incremental total cross section may be written

NG
A%, =AZ, + 2: Azgﬁg,=Aza + a5, +az0) (19)
g T
g

t
g g g &8

The reactivity contributions are as follows:

Source:
NIJ NG NG
. Y1 T
F F-- g § E — Al(v= .
(Fission) o [(v f>g;l- Xg[¢g'¢g]i A (20)
i-1 g=1 g'=1 !
NIJ NG NG
. 1 (0) i 1 5 .5
Scatt = - A N - 3A . :
(Scattering) S " [ Eg——g gﬂglgﬂg. 3 Eg—-g'Jg Jg' . V1 21)
i=1 g=1 g'=1

Loss:

(Absorption) A -1 AZ, [go (pT - 37 - ET] V. (22)
A7 gi g'g g gl; 1
i=1 g=1
1 NIJ NG NG 0) i §
1 == A ' -3J_-J .
(Removal) R 47 12:; gzzl gZ::I ( Zg"g )i [gpggpg 3 g g]i V1 (23)

By collecting the current weighted terms in equations (20) to (23) we can estimate the
contribution of the nontransverse leakage out of the system:

1J
3N NG

ariH ¢

(Leakage) L = -

i IR
AZg Ty * T > azg) 3. 3 v (24)

Note that the AZt term includes the within group scattering; it does not cancel when
current weighted as it does when flux weighted (eqgs. (21) and (23)).



There is another reactivity loss mechanism which has not been accounted for - the
transverse leakage or buckling loss. The cross section for the buckling loss, as used in

reference 3, is

2
B Zip

= g (25)

Z
1k
g (Etr H + 2')/)2
g

The buckling factor B is 77/\/5 for plane boundaries; for cylindrical boundaries, B is
2(2. 405/ \/5) and the buckling dimension H is the diameter. Within PERTRAN the in-

crement AZ]k may be obtained by changing the transport cross section Et r OT the
g

buckling dimension H.
The contribution to the eigenvalue increment is

NIJ NG
1 t_ o7 .3
= ——AZ - J * J .
TL ZZ " 1kg_[(/’g¢g 3Jg g]i \A (26)
i=1 g=1 !

which is identical in form to the equation of the total cross section (eq. (15)). If trans-
verse leakage does occur, its contribution to the eigenvalue increment must be included

in equation (4), which becomes

A<1)2F+S+A+R+TL @17)
k P

Transport - Transport-Corrected P-0 (P-0%)

If equations (15) and (17) are combined,

10



; MJ NG - = )
AZ J A
o tg <¢g¢g 3¢ ) Zgr g Pgr 0
i=1 g=1 g'=
NG
1) il
AZ}(. J
+3 ), AZgildg Tel, Vi
g'=1
NI1J NG _
\ \ NG 0 =
A% '
. ' g'~g'g
-1 (-3J -ZfT) Az, -8=L
4r g g g J
g
— - |
i=1 g:l -
NG
). N az© i
¥ <A2a *AZy >(¢g¢g) D, AZgrl el V4
g g & i
, N NG ~ ; -
== -3AZ, . J Jl + <AE + AZ )QD @
t
4T g1 g g g/ BB
(0 T
A '
Z Zg'-g¥g' Pgl. Vi (28)
where the incremental transport cross section is defined as
az) 3
Z g g g'
AT, =AT 29)
trg tg Jg

Note that currents are needed from the spatial calculation in order to weight the trans-
port contribution to the reactivity. The TDSN program calculates currents from the
*
- cross sections.

angular fluxes and, hence, can provide currents when using only P-0

11



Diffusion - P-0* and Fick's Law

It requires a considerable amount of computer storage to provide both fluxes and
currents for a spatial calculation. One further approximation is to use the diffusion
theory definition of current, that is, Fick's law:

I, =-D, Vo, (30)

where D_ is the diffusion coefficient for the group g. With this approach the currents
can be calculated within the perturbation program from the gradients of the fluxes.
The transport cross section term in equation 28) becomes

—

3A2tr Jd

g

LTt e . Ve _ -
g g 3Dg A trg gog Vq)g (31)

If the fluxes ¢ _ come from a transport calculation, then equation (31) can be written in
terms of the transport cross section:

A%

tr
saz, F ISl _T81Fy . Tol
tr,’g g 7|3 5 Cg V¥ 32)
g s
ir
g
Equation (31) can also be written in terms of the diffusion coefficient:
= 5t [ 8P NS st
A : J = | —_—— V * V
3%y, Jg * g N Vg * Vg (33)
g
1+ g
D
g

The current terms in the transverse leakage contribution (eq. (26)) are also calculated
using Fick's law.

The program uses curve fitting techniques to determine the flux shape and subse-
quently the gradients of the fluxes. The two particular techniques are presented in
appendix A as they apply to fitting the flux profile to a second-degree polynomial.

Prompt Neutron Lifetime

The lifetime (Z) of prompt neutrons (from ref. 2) is given by

12



l =%Md§ dE d@(%)@(i‘, E,0)a' @, E, ) (34)

where

N =/]]d; dE dE' X(E)V(F, E')Ef(i:, E')QD&:, E')(PT (i'., E) (35)

and (1/v) is the spectrum averaged inverse of the neutron speed. In discrete form these
equations become

NIJ NG
Kk 1 o =
=2 = - . .
. NZ (v) (qoggog 37, g>i v, (36)
i=1 g-1 &
NIJ NG NG
_ T
N = Xg<vEfg'>. <gog.gog)i v, (37)
i=1 g=1 g'-1 !

Equation (37) for N is just the product of the unperturbed real and adjoint power -
analogous to equation (18). In fact, in the absence of a perturbation to the fission cross
section, the equation for the lifetime (eq. (36)) is identical to the equation for the reac-
tivity contribution of an absorption perturbation (eq. (22) divided by eq. (18)) with AZa
replaced by (m)g‘ g

Hence, the absorption cross section from a pure 1/v absorber can be treated sim-
ply as an absorption perturbation. The perturbation in this case must extend over the
whole region that established the flux spectrum A normalization factor such as an atom
density NO can be used so that the cross sections supplied are No(m) and thus the
lifetime obtained is Noz .

Effective Delayed Neutron Fraction

The ratio of the effective delayed neutron fraction 3eff to the true delayed neutron
fraction B for a delayed neutron group j is given (ref. 4) by

- , - '
£ f/f df dE dE' vZ,F, E)e @, EXE ¢ @ E"

13



where Bj (E) is the delayed neutron spectrum for delayed group j (normalized to Bj) and
the denominator is simply the N of equation (35).
In multigroup notation for Bj (eff)’

NIJ NG €h
T, @ E (B- (,)T,) v,
Zl Z; (V fg g)i = ng g/;11
_ ol i=1 g= =87
Bi(ett) = B N (39)

where 8h and g; are the inclusive high- and low-energy groups that bound the partic-

ular delayed spectrum '8]‘ .
gv

DISCUSSION OF SAMPLE PROBLEMS

In order to determine the accuracy of the various approximations within PERTRAN,
two-dimensional spatial calculations in x-y geometry were performed with the TDSN pro-

e Perfect reflection boundary condition

= X{cm)

Perturbed
fuel regions

Fuel (unperturbed)

~ Molybdenum
reflector

\,
~=*No return current
boundary condition

y {cm)

Figure 2. - Sample problem geometry with boundary conditions and material re-
gions (height = 45 cm). Perturbed regions for both sample problems are shown.
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gram. These spatial calculations provided both the change in eigenvalue A(1/k) result-
ing from a perturbation and the fluxes and currents which PERTRAN uses to determine
this eigenvalue change.

A quadrant of the fast spectrum reactor model is shown in figure 2. The fueled
region is 30 by 30 centimeters in cross section; the annular molybdenum reflector raises
the overall cross section to 40 by 40 centimeters. The reactor height is 45 centimeters.
Four group cross sections from the GAM program (ref. 5) were used; the energy group
structure is shown in table I.

TABLE 1. - ENERGY GROUP STRUCTURE

Group Low energy boundary
1 20.821 MeV
2 . 183 MeV
3 40.87 keV
4 .414 eV

aUpper energy boundary is
14.9 MeV.

Two sample problems were considered: (1) the perturbed region is small, at the
center of the reactor, with a small transverse leakage rate; and (2) the perturbed region
is larger, with a high transverse leakage, at the corner of the reactor. The pertur-
bation in all cases was a 1-percent increase in material density in the perturbed region.
The output listing of the center-perturbed sample problem is given in appendix B.

For each of the sample problems the perturbed and unperturbed eigenvalues were
calculated with TDSN using both P-1 and P- 0* cross sections. The three approximations
to the change in eigenvalue A (1/k) that PERTRAN provides are compared to the TDSN
eigenvalue changes.

In the absence of P-1 cross sections, TDSN will compute the current directly from
the angular fluxes. Hence, the P—O* spatial calculation provided fluxes and currents for
the corresponding approximation in PERTRAN as well as the fluxes for the diffusion
approximation in PERTRAN. Furthermore, P-1 cross sections were used only for the
perturbed material - not for the entire assembly.

Center Perturbation

For the smaller center region, the perturbation changed the eigenvalue 1/k by
about 0. 005 percent (table II). All the PERTRAN approximations gave values of A(1/k)

15



TABLE II. - COMPARISON OF TRANSPORT AND VARIOUS PERTURBATION CALCULATIONS

[Perturbation is 1-percent increase in material density; perturbed regions are corner and center (fig. 2); K ¢ is nearly unity. 1

Program Quantity Approximations
Corner? Center (l-point)b Center (3-point)®
d *e . s f * . . f * . o f
P-1 P-0 Diffusion P-1 P-0 Diffusion P-0 Diffusion
TDSNE k(regular) | 0.999267 0. 999508 0. 999508 1.006531 1.006541 1.006541 1. 006262 1. 006262
Kk(adjoint) . 999266 . 999507 . 999507 1.006531 1.006541 1. 006541 1. 006258 1. 006258
gperturbed | 999609 . 999854 . 999854 1. 006586 1. 006595 1. 006595 1. 006317 1. 006317
A(1/%) -.342x1073 | -.346x1073 | -.346x1073 | -.55%x107% 54x10°% | - saxao™? | -.ssx107% | -.ssxi07?
PERTRAN | A(1/k) -0.352x107% | -0.351x1073 [-0.276x1073 |-0.547x107% | -0.548x107% | -0.551x107% |-0.550x107% | -0.551x107%
Leakage! | -.990x107%| -.085x107% | -.198x10"% | -.102x1077 | -.102x10°7 | -.301x10°8 | _.140x10"7 | -.e21x10""

2Refers to perturbation of large corner region (see fig. 2).

bRefers to perturbation of small center region (see fig. 2) using 1 mesh point in that region.

Csame as footnote b but using 3 mesh points in that region.

dP-l cross sections used in TDSN spatial calculations; corresponding approximation used in PERTRAN.

€p_g transport corrected cross sections used in TDSN; currents obtained and used in corresponding PERTRAN approximation.
fSame TDSN calculation as in footnote e; TDSN currents not used in PERTRAN (KD--1 option used).

gConvergence criterion used in TDSN was 10_6,

l'lLea.kage is in direction of calculation (not a buckling loss).

that are within 2 percent of the TDSN value. The leakage (in the direction of the calcu-
lation - in the xy-plane) was a negligible part of the total A(1/k) - about a thousand
times smaller.

The P-1 and P—O* approximations provided nearly identical results for A(1/k) and
the leakage. However, the leakage calculated in the diffusion approximation is a factor
of 40 times greater than the P-1 and P—O* leakage. In this particular problem only one
mesh interval was used in the 1-centimeter perturbed region. The same problem was
also examined with three mesh intervals in the 1-centimeter region; the total number
of mesh intervals remained the same (12 by 12). .

The leakage in the xy-plane was strongly affected by this mesh change. The P-0
leakage increased in absolute value by about 40 percent; the diffusion leakage decreased
to one-sixth of the value obtained when using only one mesh interval. These changes
brought the diffusion leakage to a factor of 4 greater than the P-1 or P-O* leakage. The
eigenvalue increments A(1/k) in the P-O"< and diffusion approximations were essentially
not affected by this mesh change.

In order to further improve the leakage calculation (in the xy-plane) in the diffusion
approximation, one would probably have to further increase the number of mesh inter-
vals in the perturbed region, which in this case would then require more total mesh in-

tervals.

Corner Perturbation

The corner perturbation produced an eigenvalue change of about 0. 035 percent. The
*
P-1 and P-0 approximations were the same, about 3 percent different from the TDSN

16




values of A(1/k). But the diffusion approximation to A(1/k) was only about 75 percent
of the TDSN value. The P-1 and P—O>I= leakages differed by about 2 percent; the diffusion
leakage was about one-fifth of the P-1 or P-O* leakage.

It appears that for the same accuracy the diffusion approximation will require more
mesh intervals than the P-1 or P—O’k approximations. However, if nontransverse leakage
is an important part of the total eigenvalue change, then the diffusion approximation may
not be adequate regardless of the number of mesh intervals.

The PERTRAN input instructions and notes on the input and output features are pre-
sented in appendix C. Appendix D is a FORTRAN IV listing of the entire PERTRAN pro-
gram.

CONCLUDING REMARKS

The most important characteristic of PERTRAN, compared to other perturbation
programs, is that it offers three approximations to the perturbation calculation. The
approximations, P-1, P—O*, and diffusion, are in order of decreasing accuracy, but the
associated transport calculations also require decreasing amounts of computer storage
and computational time.

The most accurate (P-1) approximation requires the use of P-0 and P-1 cross sec-
tions and, hence, the calculation of currents as well as fluxes. The P- 0* approximation
in PERTRAN requires only a P—O>'< cross section set but it also requires the currents
from the spatial calculation. The diffusion approximation (least accurate) uses only P- O*
cross sections and fluxes. (The fluxes, however, may come from a P—0>’< spatial calcula-
tion and so they do have that accuracy.) The leakage is obtained from the flux gradient
(using Fick's law). Since only fluxes from the spatial calculation are required, this
approximation could treat problems with many more mesh points and groups than the
approximations requiring currents.

The relative accuracy of the approximations and the dependence of accuracy on num-
ber and spacing of mesh intervals may be determined for a specific problem. Thus, an
approximation which gives a certain accuracy for the least amount of computer storage
and computational time for the spatial calculations may be used.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 28, 1970,
120-27.
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APPENDIX A

CURVE-FITTING TECHNIQUES FOR FLUX PROFILE

The first technique, the Vandermonde matrix method, which will fit a polynomial of
degree n-1 through n given points, is used in PERTRAN to obtain the flux shapes and
then the gradients. Three points or fluxes at three consecutive mesh intervals are used
to fit a second-degree polynomial. The following derivation of the equations is con-
ducted in generalized form in which y will represent the flux and x will represent the
spatial variable. The polynomial is

y=a,+ax+ a2x2 (A1)

which is Xa =y in matrix form. The column matrices (@ and y) are

3
a=l a; (A2)
29
Y1
y=| ¥y (A3)
Y3
and the Vandermonde matrix is
1 X4 x‘%
X=11 x, xg (A4)
1 Xg xg

If X is written as the product of a lower triangular matrix L and an upper triangular

matrix U, then

X =LU (A5)

and the inverse of X is given by
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x-1 . pip-1 (AB)
with
1 -X4 X1Xy
uvl-lo o XX (AT)
0 0 1
and
1 0 0
1. _1 1 0 (A8)
X1~ %2 X9~ X
1 1 1
(x1 =~ Xg)(xy - X3)  (Xg - X1)(xg - X3) (x5 - x9)(x3 - X,)
Now the matrix of the coefficients a; is given by
a=X 1y
(A9)
a-vu-lyly
Evaluating a gives
Y1
- y y
-l 1 2 (A10)

X1~ X3 X9-X

yq Yo . Y3

+ -
&y - X)ly - %g)  (kp - x)0p - xg) (x5 - X))y - xp)

Let the lower element of the L;,l matrix be z. Then,
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%171 X192

- + X1Xo(2)
() -xp) (p-xg)

1. - y y
U 1L 1_ 1 + 2 (x1 + xz)(z) (Al11)

This is the matrix of the coefficients a;.
The gradient of y at any location x; within the range of validity of the three-point

fitted polynomial is given by the derivative of equation (Al):

dy '
vy = =y!. =a; + 2ayX, (A12)
i Xj 1 27

) X,
J

Substituting the coefficients ay and a from equation (All) gives

2x. - (Xq + Xo) 2X. - (X4 + Xq)
|—1+]12__.y1+1+]12

vy =
X Lxl - Xg (x1 - XZ)(XI - x3) Xg - Xq (X2 - xl)(x2 - x3)

* Yy

. 2xj - (xl + x2)7 Ly (A13)
3
(xg = x1)(xg - %)

This is the desired flux gradient (_7590) expression. Through Fick's law the flux gradient

determines the neutron current for a particular energy and location:
J=--DVg (A14)

However, because TDSN provides scalar fluxes for the midpoints of mesh intervals,
the flux gradient at these midpoints does not necessarily provide a good representation
of the current through that mesh interval. More information can be incorporated into
the current calculation by using the net current through the parallel faces of the mesh
interval to represent that interval. Thus, a difference in gradients taken at boundary
points of mesh intervals is used as the net flux gradient _V5g0:

Vy].+1 - Vy]. = 23.2(}{:i+1 - Xj) (Al5)
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2(x].+1 - Xj)
(Ax1 . sz)(Ax1 + sz)

Vyj+1 - Vyj = [(sz)yl - (Ax1 + Ax2)y2 + (Axl)ys] (Al5a)

with Axl =Xg - Xg and sz = Xg - Xg.

Frequently, a calculational configuration has boundaries that are perfectly reflect-
ing (i.e., the cell condition). In such case there is no net current across the boundary
and, therefore, the flux gradient is zero. If a flux profile fitted to three mesh points is
extrapolated to the boundary, it will not necessarily have zero slope at the boundary.
Therefore, if the cell condition exists, the PERTRAN program fits a second-degree
polynomial to the slope (identically zero) at the boundary and the two closest flux points.
Equation (Al) is the generalized polynomial for the flux profile. The flux gradient is
then

' = aq+ 2a2x (Al6)

The zero gradient restriction

at any interior or exterior boundary Xy determines aq in terms of ag and Xpye
Therefore, using the flux (y1 and yz) at two adjacent mesh points (x1 and x2) we
obtain from equation (A16)

(A18)

o - Ya = ¥y
2 g - xp)[leg - ) + (g - )]

Now to determine the net flux gradient across such a bounding mesh interval with a cell
condition on one side, we need merely to evaluate equation (A16) for y' at the boundary
between X4 and Xq. This particular gradient is given by

y' = 225X - %) (A19)

and is used as -V5g0 in equation (A14).
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APPENDIX B

SAMPLE PROBLEM OUTPUT

This sample of PERTRAN output is the corner perturbation problem (P-1 approxi-

mation) discussed earlier.

SAMPLE PRJBLEM CURNER P—1 APPROXIMATION

NMAT No NFAST NDOWN NUP NR NZ

1 4 4 3 0 12 12
KCTYP KIN KPAP KP KS KAR KD
0 1 "] 1 1 1 1
NZJONEL NZONE2 LISTFX NMID KAPROX KF LUX KBEFF
3 3 1 3 2 1 =3

LAST LASTL LAST2 XKEFF NDSP IGHI 1510
4l3o 4130 4018 0.99926700 -0 -0 -3

vilyd)
0.4Q00000E 0L 0.40000008 OL 0.4000000E 01 J.4000000F 01 0.4000000F Ol 0.2000000¢ 01 0.2000000E Ol 3.2233333€ I

0.2C00000E UL 0.20000008 O1 0.5000000E 01 0.5000000E 01
C.4C00000c 01 0.4030000E OL 0.4000000E 01 0.4000000€ 01 0.4000000€ O} 0.20000006 01 0.2000000E 01 0.27033700F 01

C. 20000008 OL 0.2000000E 0L 0.5000002& OL 3.5002000E 01
0.4000000E O1L 0.4000000t 01 0.4000000E 01 0.4000000E 01 0.4000000€ 01 0.2000000F Ol 0.2000N00E Ol 0.2000003F ©1
C.2000000E Ol . 2000000 QL 0.50000U0E 01 3.5000000€ 0L
0.4000000E Ol 0.4 000000E VL 0.4000000E 01 0.4000000€ 01 0.4000000E 01 0420000008 OL 0.2000000€ 01 0.20900007%E 21
0.2000000t UL 0.2000000: OL 0.5000000E Ol 0.5002000E OL
0.40000008 01 0.4000000c QL 0.4000000E 0L 0.400Q0000E 01 0,4000000E 0L 0.2000000E OL 0.2000000E 21 0.2002N00E 01
0.200v000c Ol 0.2000000e 01 0.5000090E 01 0.5000000E 01
0.2000000E QL 0.2000000: OL 0.2000000€ 0L 0.,2000000E 01 0.2000000E 0Ol 0.1000000f Ot 0.1000000E 01 C.1000003F 01
0. 1000000VE 01 0. 1000000E Ol 0.2500000E QL J.2502000€ O1
€.2C0u000E OL 0.2€00000t O1L 0.2000000E OL 9.2002000E 01 0.2000000€ Ol 0.1000000E O1 0.1000002% 01 0.1003700F J1

O.1000uQue 01 U« 1CO00QUOE 0L 0.2500000E UL 0.2500000€ 01
0. 2000000 OL 0.2C00000E 01 0.2000000t 01 0.2000000€ 01 0.2000000E O1 V. 10000C0OE Ol 0.1000000E 0L 0.1200200¢€ )1

C. 10U0UOULE Ol 0. 1000000t OL 0.2500000E 01 0.2500000E 01
€.2C0000ut O1 0.20000u0c 01 0.2000000E Q1 0.2000000€ 01 0.2000000t Ol 0.1000000E O} 0.100082320€ 21 0.13323000F 01

0. 1000CVVE Ol V. L000U00E OL 0.2500000k 01 0.2500000E 01
€. 2C0QUO0E UL 0.20Q00000E 01 0.2000000€E 01 0.2000000E 01 0.2000000E 01 0.10000060€ 01 0.1000020E 01 7-1300003F 21
C.10U0000E OL 0.10000008 0L 0.2500000t 01 2-2500000E O
C. 5000000t OL 0.5000000c UL 0.5000000E 01 0.5000000E 01 0.5000000E 01 0.2500000E Ol 0.25000002 01 0.25720300F 31

C.250Q00uE 0L 0.2500000€ 01 0.6250000E a1 0.6250000E 01
0.5C00L00E OL 0.50000V0E 01 0.5000000& 01 0.5000000E O1 0.5000000E 01 0.25000008 01 0.2500000% 01 0.2537000E 01

0.2500000c 01 0.2500000t Ol 0.6250000E OL J.6250000E 0L

RO1Y
U. 2000000E OL 0.4000000E 01 0.6003000E 01 0.8000000E 01 0.10000008 02 0.1100000& 932 0.12012300F 02

Q0.
0.1300000€ 02 0.1400000c 02 0.1500000E @2 2.1753300€ 02 0.2000000E 02

X @y
0.2000000E OL 0.4000000E 01 0.6000000E 01 0.8000000E Ol 0.1000000e 02 0.1100000E 02 (0.1223700E 02

0.
C. 1300000 U2 0.1400000E 02 0.1500000E 02 3.1750000€ 02 0.2000000E Q2

1y
DELRC 1)
0.2000000E 01 0.2000000t OL 0.2000000t 01 0.2000000E OL 0.1500000E 01 0.1000000E 0L 0.1000200E Ol 0.1003700F 21

€. 1000000 Ol 0. 1750000t Ol 0.2500000E 0L

DELZ(J)
€.200Uu0uE UL U.<C090000E OL 0.2000000& 01 0.2000000E Q1 0.1500000E 01 0.1000000F 01 0.1000000f Ol 0.1027002E 21

C.1COQUUOE Wl Q.1 7500008 OL 0.2500000E 01
CHECIGH
0.753820C (U 0.2136700E 00 0.2963000£-01 J.2880000E-02

DELTAS LUMPULTED INTERNALLY FROM UIFFERENLE BETWEEN PERTURBED AND UNPERTURBED CROSS SECTIONS
TOSN FIRMAT CRJUS> SECTIONS. TRANSPURT APPRUXIMATION. wWITH P-0 AND P-1 (S.

MATERIAL 1

C.l739956£-C3 0.436000LE-03 0.1271000£-02 0.8730004E~0C3 0. 0. 0.
041959994k~ 03 U 3960002E-03 0.1495000€~02 0.1245999E-02 0.2019999€-03 0. 2.
0.299999%E- U3 Ce5300003E-03 0.1968000E-02 J«1651000E-02 0.4499999E-04 0.2000001E-04 0.
0.531999%-03 Js 8439999c~03 J.2429001€E-02 U.1897000E-02 0.2000001E-C4 0. 5000007€-25 2.%23)301F=25

TOSN FURMAT. P-1 CRAUSY >dELTIONS wITH FALTOR OF 3 INCLUDED

MATERIAL 1

0. Q. 0.8410001E-03 0.1294000E-02 0. 0. 0.
0. Ga 0.1135000E-02 0.1023300E-02 0. 0. J.
c. 0. 0-1718000E-02 0.7260004E-03 -0.1999999E-05 0. b
C. 0. 0.2329001E-02 0.202)001E-03 -0.2000001E-05 0. J.

DELTA UUTSCATTER LKOSS SECTIUNS
0.225110CE-03 V. 50060006 -24 0.2002000E-04 Q.

BUCKLING LUSS INFURMATIUN ***x

FIRST DIMENSIIN  45.000000 SECOND DIMENSIUN -0.

FIRST UIMENSIUN PeRTURBED =-0. SECONU DIMENSION PERTURBED ~-0.

BUCKL ING FACTIR L.48137994¢

LiNe 1G, ITY) FOK ITY OF 516 As NU SI6 F,(0* UR TR OR TOT), SIG DJTSCATTER, NUP VALUES OF SIG UP, AND NDOWN VALUES OF SIG DOWN.

MATERTAL 1

0.1739995E-03 0.4360001E-03 0.1271000E-02 0.2251100E-03 0. 0. 0.
0.1959999e- U3 0.3960002E-03 0.1495000€E-02 0.5066000E-04 0.2019999€~-03 0. Je
042959999E-03 0.5300003E-03 0.1968000E-02 0.2002000E-04 0.4499999E-04 0.2000001E-04 0.
0.5319995:~03 0.8439999E-03 0.2429001E-02 -0. 0.2000001E-0% 0.5000002E-05 0.%003331E-D5
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CINy1G, [TY) FUR ITY OF 0.0 4 P-0 G-TO-G+ TRANSPURT, P~L G-TUJ-Gy NUP VALUES OF SIG UP, AND ADJwN

MATERIAL 1

0. V. 8730004E-03 0.8410001E-03 0.1294000E-02 0. 0.
0. 0.1246999E-0¢ 0.1135300£-02 0.1023300£-02 [+I% n.
O. 0.1651000E-02 0.1714000E-02 0.7260004£-03 -0.1939999E-05 .
0. 0.1897000E-02 0.2324001E-02 7.202)001E-03 -0.7N00001E-05 0.

DELTA BUCKL ING LUSS CRUSS SECTIUNS
FIRST UDIRECTION
~0.4621012E- 04 ~0.4918664E-04 —0.4613533E-u4 ~U.408D 136E-04

THE NON-ZELRO MATERIALS ARE PERTURBED
0 [ 1

MAP MALI,J)
+F 111 1 1 1 11 1 1 2 2
L 4+ 1 1 1 1 1 1 1 1 2 2
i1 1 1 1 1+ 1 1 1 1 2 2
L 31 11 1Lt 11 3 2 2
111 1 1 1 1 1 1 1 2 2
T 11 1 1 3 3 3 3 3 2 2
i1 1 1 1 3 3 3 3 3 2 2
X1 1 1 1 1 3 3 3 3 3 2 2
i 11 11 3 3 3 3 3 2 2
1 +r 1 1L 1 3 3 3 3 3 2 2
2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2
MAP MA(1,d) WITH UNLY PERTURBED ENTRIES
9 0 0 0 0 0 0 0o 0 O 0 ¢
0 0 0 0 0 0 0 0 0 0 0 0
0O ¢6 0 0 0 0 0O 0 0 0 0 0
0O ¢ 0 0 0 U 0 9 0 0 0 O
0 0 0 0 0 0 0O u 0 v 0 0o
o 0 0 0 0 1 1 L+ 1 1 O u©
0o ¢ 0 0 0 ! 1 1 1 1 o0 9
0 00 0 ¢ 1 1 1 1 1 ¢ 0
6 0 0 0 0 1 1 1 1 1 v o
o ¢ 0o 0 o0 1L 1L 1 L i1 0 0
0 ¢ 0 0 0 0 0 v 0 Vv 0 O
6 0o 0 0 0O 0 0 0 0 0 O

ADJOINT FLUXES YUA(I,J)
1 .

PR

=1, .
PHE FIR3T DIRECTION ™ KRENTS XJ(I,J)
3= 1, . . .

= 1,

FIRST CIRECTICH ADJOINT P RE-WTS XJA(I,J)
e e

1, . -

THE JECOND D I1Fs I BEeLTS 20T,
Ii= 1, . ..
1, .

CECOND DIEe TIONW ATT O INT

{{L/KEFF PERTURBED)—(1/REFF UNPEXRTURBED) )
P~1 TRANSPORT APPROX IMAT [N

PRIOVDUC T IUN SCATTERI NG ABSORPTLUN REMOV AL G-TO-G***J-WGT LEAKAGE
—0.3102426E-U3 O. V.44l0316E-04 0.571354BE~04 =0.2488113~04 -0.474214°%6-04
~C.9C4B46E~(4 ~U.04T78360L-04 0.7559187k-04 0.1953820E-04 -0.2581540E-04 -0.3283457¢-04
—C.13079620-0D4 -U.2598379E-0% 0.5467L71E-04 0.3697730E-05 -0.1285647€-04 -0.16160349f-04
—C.l202218E-C> -0.6957652E~05 0.1309543E~04 -0. —U.26043226-05 ~0.3498791¢F~-05

GRUUP TUTALS
—Ca%l550489E-03 -0.9772504t—-04 0.1875222t-03 0.8037140E-04 -0.66158326-04 -0.999]1522E-04

TRANSVER SE TRANSVERSE GROUP
LEAKAGE 1 LEAKAGE 2
—0.1172866E-04 O. -0.2455937F-03
—0.1896996E-04 Q. -0.1053884L-03
-0.852127¢E-05 0. ~0.2067713E-05
—€.1004345c-C5 0. 0.1326893€-0%
GROUP TuTALS
~0.4022424E-04 0. -0.3517229E-03

UNPERTURBED MULTIPLICATIUN FACTUR ##%* (,99926700
PERTURBED MULTIPLILATION FACTOR ®ex® 0.99961832

VALUES

IF SIS DOwN.
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APPENDIX C

PROGRAM INFORMATION

Input Instructions

This section contains the input instructions and explanations of the input parameters.
The symbol * after a card number means to use as much of the card or as many cards

as necessary.

Card Format Variable

1* 1, 1X, 14A5 TITLE
2 7110 NMAT

NG
NFAST

NDOWN
NUP

NZ

3 7110 KCTYP

KIN

KPAP

24

Description

Title cards. Number in card column 1 signifies the
last title card.

Number of materials for which perturbed cross sec-
tions will be provided.

Number of energy groups.

Number of fast groups (to be used if KCTYP =0 or 1
and NUP > 0).

Maximum number of groups down-scattered to.

Maximum number of groups up-scattered to.

Number of first direction mesh intervals (horizontal
direction on map - left to right).

Number of second direction mesh intervals (vertical
direction on map - top to bottom).

Format for cross sections (see card 15).

= 0 Perturbed then unperturbed cross sections in
TDSN format. Increments are obtained within the
program: AZ = =P - 5. (This option must be used
if a buckling loss is to be determined - card 16.)

=1 Increments AZ in TDSN format.

Format for geometric specifications.

=1 Use mesh from TDSN binary dump (obtained from
TDSN option KBCDUP = -2). See also cards 6 to 8.

=2 Use binary dump of Ar and Az instead of r
and z. See cards 9 and 10.

= 3 Not binary (see cards 11 to 13).

= -1 Read in perturbed v-fission cross sections, and
then the adjoint production (P;).



Card

Format

7110

Variable

KP

NZONE1

NZONE2

LISTFX

NMID

KAPROX

KFLUX

Description

= 0 Read in real (Pi) and adjoint (P;f) production

NLJ
=1 Read in PAP, which is Z P,P]V, (cannot be

i
used if KBEFF =1).

=1 Contribution to A(1/k) from production incre-
ments A(vzf) will be calculated.

=1 Contribution to A(1/k) from incremental scat-
tering into a group will be calculated.

=1 Contributions to A(1/k) from transport, absorp-
tion, scattering removal, and buckling loss incre-
ments will be calculated.

= 2 Lifetime will be calculated.

= 1 Contributions to A(1/k) from diffusion coeffi-
cient increment will be calculated. Use only with
KAPROX =0. If KCTYP + 0, AD will be calcu-
lated internally as AD = A [1/ (3Etr)] . Restricted
to NR = 3 and NZ # 2.

= -1 Same as for +1 except that cell boundary condi-
tion exists which will be specified on card 30.

Number of material zones in first direction (corre-
sponding to material map in TDSN but not restricted
to that map).

Number of material zones in second direction (corre-
sponding to material map in TDSN but not restricted
to that map).

=1 List flux input and production rate input as part
of output.

Number of materials in identification map (IDM)
(hence, TDSN map can be used directly).

Type of approximation.

= 0 Diffusion theory.

=1 Transport theory - (P-O*) transport corrected
P-0 cross sections.

= 2 Transport theory - P-1 cross sections.

Format for fluxes and currents (see card 21*).

=1 From TDSN binary dump.

=2 5(5, E10.6).

=3 TE10.6.

25



Card

Format

F10.8, 3110

Variable

KBEFF

XKEFF

NDSP

IGHI

IGLO

Description

=1 Perform p-effective calculation; read in de-
layed spectra information at cards 32 and 33.

Multiplication factor (k) from unperturbed calcu-
lation. Must be included for all problems, even
if KBEFF = 1.

Number of delayed spectra to be read in.

Highest energy group in which any of NDSP
spectra contribute.

Lowest energy group in which any of NDSP
spectra contribute.

If KIN = 1 and KBEFF = 0 read in cards 6 to 8. If KIN =1 and KBEFF =1 read in only

card 6.

*
6

*
7

If KIN = 2, read in cards 9 and 10.

*
9
*
10

Binary
Binary

Binary
Binary

v({1J)
R()

Z(1)

DELR(I)
DELZ(I)

If KIN =3, read in cards 11 to 13.

11

*
12

*
13

26

I10

5@15, E10.6)

5(15, E10. 6)

KGEO

Volumes from TDSN binary dump.

Mesh boundaries in first direction (NZONE1
values).

Mesh boundaries in second direction if NZ > 2
(NZONE2 values).

Mesh increments in first direction.
Mesh increments in second direction.

Geometry.
=1 Slab (x - y).
=2 Cylinder (r - z).
=3 Sphere (r).

NM(I), RM(I) First direction mesh. NM is the number of mesh

intervals to include between the preceding value
of RM and the value of RM that immediately
follows NM. If NM = 0, associated RM is
ignored. If NM < 0, associated RM is the
last value to be used. SUM(NM) = NR.

NM(), RM(I) Second direction mesh if NZ > 1. Same as for

card 12 except that SUM(NM) = NZ.




Card Format Variable Description

If KBEFF =1 read in only cards 22, 28, 29, 32, and 33.

14¥  1E10.6 CHI(IG) Fission spectrum (NG values).
*
15 TDSN C Cross sections (see Input Notes, p. 29).
7E10. 6 If KAPROX = 2 and KCTYP = 0, then the order

of cross sections for each of NMAT materials
is as follows:
Perturbed P-0 c. s.
Unperturbed P-0 c. s.
Perturbed P-1 c.s.
Unperturbed P-1 c.s.
Perturbed removal c. s.
Unperturbed removal c. s.
If KAPROX < 2, do not include P-1 cross sec-
tions.
If KCTYP =1, each set of perturbed and unper-
turbed cross sections is replaced by one set of
cross section increments.

If KCTYP =1, skip card 16.

16 TE10.6 H1 Buckling dimension in first direction; zero only
if no buckling loss is considered.
H2 Buckling dimension in second direction; zero
except for one-dimensional slabs.
BF Buckling factor <’/E§> 7/V'3 for plane bound-
aries; 2(2.405/}/3) for cylindrical boundaries.
HP1 Perturbed buckling dimension (1st direction);
zero if H1 is not to be perturbed.
HP2 Perturbed buckling dimension (2nd direction);
zero if H2 is not to be perturbed.
17* 1415 MATCHG(I) =0 Particular material in map is not to be per-
turbed.

= material number In compacted sequence be-
ginning with 1 if it is to be perturbed.
There will be NMID entries of which NMAT will
be nonzero running from 1 to NMAT.
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Card Format Variable Description

Cards 18 to 20 form the material identification map. For convenience, the TDSN map

may be used but it is not required.

18* 7110 NMRA (I) Number of mesh intervals per zone in first direc-
tion. NZONE1 values.

19* 7110 NMZA(I) Number of mesh intervals per zone in second
direction if NZONE2 > 0. NZONE2 values.

20* 1415 IDM (IJ) Material identification number to include in each

zone. NZONE2 sets of cards (1 if NZONE2 = 0)
with NZONE1 values per card. IDM = 0 if no
cross sections are read in for the zone (i.e., no
perturbation). However, through MATCHG
(card 17) the map from TDSN can be used here
without having to zero any IDM entry).

21’.< Binary XN Use if KFLUX = 1; real fluxes (NIJ values for
group 1, then NIJ values for group 2, etc.).
5(15, E10.6) NM, XN Use if KFLUX = 2; NM is the number of mesh

intervals with the flux level XN. The NM entry
completing the NIJ total must be <0.

TE10.6 XN Use if KFLUX = 3; fluxes for all intervals for
group 1, then for group 2, etc.
22* XNA Adjoint flux. Same format as on card 21.

If KAPROX > 0, read in currents on cards 23 and 24; if NZ > 1, read in cards 25
and 26 as well. The format must be the same as for card 21. The adjoint currents may

require reversal, just as adjoint fluxes.

23* XJ First direction real current.
241>'< XJA First direction adjoint current.

Read cards 25 and 26 only if KAPROX > 0 and NZ > 1.

25* YJ Second direction real current.
?..6>'< YJA Second direction adjoint current.

Read in card 27 only if KPAP = -1.

27" 7F10.8 PNUF(IG)  Use if KPAP = -1. Read in perturbed v-fission
cross sections (to be combined with the unper-
turbed fluxes to obtain the real production F(1J)).
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Card Format Variable Description

27% (Cont.) See equation (18). NMAT card sets, each with
NG entries.
*
28 Binary F1J) Use if KPAP = 0. Read in the real production,

either perturbed or unperturbed (see Input
Notes, p. 29). Binary format from TDSN. NIJ
values. (If KBEFF =1 or if KPAP = -1 this
must be the unperturbed production. )

29 Binary FAIJ) Unperturbed adjoint production. Binary format
from TDSN. NIJ values.

Read in card 30 only if KPAP = 1.

NIJ
30 E10.6 PAP Z F(1J)*FA(IJ)*V(1J) as given from a previous

1J
PERTRAN problem.

Read in card 31 only if KD = -1.

31 7110 KRBC =0 Not a cell condition; that is, no return cur-
rent across the right boundary (I = NR).
=1 Perfect reflection exists across the right
boundary (I = NR).

KLBC Same options for left boundary (I = 1).
KTBC Same options for top boundary (J = NZ).
KBBC Same options for bottom boundary (J = 1).

Read in cards 32 and 33 only if KBEFF = 1.

32 TE10.6 BETA() Delayed neutron fractions; NDSP entries.
33* TE10.6 DELSP(J) Delayed spectra; NDSP sets of cards, each set
with IGLO-IGHI+1) entries (high to low energy).

Input Notes

Cross sections are required in the TDSN (ref. 3) format. The TDSN cross sections
for each group are absorption, v-fission, transport if P-O* (total if P-0 of P-1), up-
scattering into the group, within-group scattering, and down-scattering into the group
in a TE10. 6 format. The P-1 cross sections (P-1 of P-1) do not occupy the first two
fields; the rest of the fields contain total, up-scattering, within-group scattering, and
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down-~scattering cross sections. The P-1 scattering cross sections already contain the
27 + 1 multiplier. The removal cross sections from all energy groups are listed con-
secutively, 7 to a card. The removal cross sections and the TDSN group sets are
ordered from high energy to low.

Within PERTRAN the format is changed to a slight modification of the TDSN format.
Perturbed cross sections may be used and the increments then calculated within
PERTRAN. The P-1 cross sections are not considered separate materials and must be
provided immediately after the appropriate P-0 cross sections for each of the NMAT
materials (see card 15).

The real and adjoint fluxes and currents should be obtained from TDSN transport
calculations - the real and adjoint solutions having been converged to the same multipli~
cation factor k =k*. All fluxes and currents from TDSN are punched in binary form
continuously for all mesh intervals for each group.

The identification map for a perturbation problem may be identical to that used in
TDSN. PERTRAN thus requires information as to which material regions in this map
are to be perturbed.

The normalization factor determined by equation (18) requires the perturbed
v-fission cross sections and the unperturbed real fluxes. The KPAP = -1 options forms

the production quantity Z (VZf )p Q@ g from this information. However, the TDSN pro-
g

g
gram provides in convenient form the quantities Z z/Ef @ g and Z <V2f )p qﬂg from
g g g

the unperturbed and perturbed calculations. Under certain conditions these quantities,
which can be more conveniently handled, may be satisfactory.
For example, if vZ £ is not perturbed or if all qu are perturbed by the same

g g
factor, then the unperturbed production may be used (KPAP = 0). In the latter case this
factor must then be removed from the printed perturbation results. On the other hand,
if all the vZf are not perturbed by the same factor but the perturbed fluxes gog are

not significantly different from the unperturbed fluxes, then the perturbed production
may be used (KPAP = 0).

The lifetime is calculated as an absorption perturbation (KP=KS=KD=0; KAR=2) in
which (1/v) cross sections are supplied rather than absorption cross sections (KCTYP
may be 0 or 1). Furthermore, the unperturbed real production rate should be used and
any approximation (KAPROX) may be used. However, if KAPROX = 0, then KCTYP
must be 1 in order to provide transport cross sections for the Fick's law current
approximation. Any lifetime ''perturbation'' should extend over the whole region that
produced the particular flux spectrum and averaged 1/v cross sections. The fission
spectrum and the P-1 and removal cross sections are not used so that blank cards may

be read in for them.
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The calculation of beta effective requires that the unperturbed production be used
both separately and combined with the adjoint production; hence, the KPAP=0 option
must be used. Furthermore, only the adjoint fluxes are needed so KAPROX=0 should
also be used. In this case KCTYP may be either 0 or 1; no current approximation is
made. Each of the variables, NMAT, KP, KS, KAR, KD, NZONE1, NZONE2, and
NMID should be equal to 0 when KBEFF=1.

Within TDSN the normalization of the fission source in an adjoint calculation results
in an adjoint flux containing a factor of k. H the prompt fission spectrum is treated as
the delayed spectrum and a beta effective calculation is performed, then the unadjusted
adjoint flux provides a 'Beff equal to k. Within PERTRAN this factor of k is removed
(in a Beff calculation) from the adjoint flux so that an absolute Beff is obtained. I a
delayed neutron fraction of 1.0 is read in, the ratio Beff/ B is obtained.

Because it is difficult to determine AZ 1k explicitly from the perturbed and unper-
turbed forms of equation (25), the calculation of the buckling loss requires an unper-
turbed Zy. as well as the increment AZ, .; thus, the KCTYP=0 option must be used for
a buckling loss calculation. The perturbation of a buckling dimension H may be treated
separately or in combination with a perturbation of Zt r

Output Notes

The input parameters are listed and the computer storage required for the problem
is listed under LAST. The incremental cross sections are labeled and listed in the in-
ternal modified TDSN form.

If LISTFX =1, the regular and adjoint flux, current, and production are given in the
output. The normalization factor in equation (18) is printed out.

The contribution to A(1/k) is given by group for production and inscattering sources
and for absorption, outscatter (removal), and leakage losses. Subtotals provide the
total contribution by group and type of process. Each GROUP entry is the sum of all the
listed contributions, with one exception. In the P-1 approximation (KAPROX=2) the
LEAKAGE contribution has already been included in other categories (see eq. (24)).

The eigenvalue increment resulting from a change in the buckling loss is listed as
TRANSVERSE LEAKAGE in the output. The nontransverse leakage out of a reactor sys-
tem is given by the current-weighted contribution to A(1/k). For the P-1 approxima-
tion it is listed as LEAKAGE in the output; for the P-O* approximation it is listed as
TRANSPORT; and for the diffusion approximation it is the sum of the two DIFFUSION
COEFFICIENT entries.

The perturbed and the unperturbed multiplications factors (kP and k) are also pro-
vided. If the lifetime has been calculated it appears as the absorption contribution to
A(1/k). fa Beff calculation has been performed the delayed spectra are provided as
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output, and for each delayed spectrum j considered, the corresponding spectral sums
Bj and Bj(eff) are given.

Programming Notes

Basically PERTRAN provides one large storage array (X) with a length of 25 000.
Within this array the number of groups, types of cross sections, materials, and mesh
intervals are variable. (The amount of this 25 000 storage actually used is listed in
the output as LAST.) The dimension of this one large array could be easily changed to
accommodate modifications to the program.

Three other easily changed storage constraints occur in PERTRAN: (1) the PNUF
array (in subroutine INPUT), which must contain (NG*NMAT) locations, is set at 50;
(2) the STOR array (in subroutine CREAD) must contain the larger of (NTYPS+2* NG) or
(83*NG) locations and is presently set at 70; (3) the MATCHG array (in subroutine
IDACAYV) must contain NMID locations and is now set at 25. For further convenience in
modification, an extra common block CALL3 (which is not used in the present version of
PERTRAN) has been included.
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APPENDIX D

PROGRAM LISTING

This appendix contains the listing (in FORTRAN IV) of the program, overlay infor-

mation, and a memory map.

$IBFTC PERSN

C
C
Cc
G
C
c
C
(- THE COMMJUN STATEMENTS
COMMUN X
CUMMUN J/CALLLY/ NGy
1 NTYNG, NFAST, NUP , NR NZy
2 KFLUX, KBEFF , KLTYP, KIN,
3 KPy KS» KAR KDy
4 KAPRIXyNMAT ,NMID yNOSPLIGHI yIGLUXIRWXIZ
CUMMUN /CALL2/ PAP
CUMMON /CALL3/ KXTRAL, KXTRAZ KXTRA3,
1 KXTRAS, EXTRAL, EXTRAZ » EXTRA3, EXT RA4,
COMMON JLUINPT/ LMA, LVy LDELR,
1 LC, LCHI » LF,
P LNAy LXJPLXJAZLY Jy LYJA, LP LS
3 Ll LO1, LD2, LTLL, LTL2,
4 LR1, LZ1, LCl, LA, LNM,
5 Ltiol, LIDZ, LIDM, XKEFF
6 LASTL, LASTZ2, LAST
C
C THE UIMENSIUN STATEMENTS
DIMENS ION X(25000)
C
C
C
1000 CALL INPUT
IF (LMA) 1000,1000,1025
C
C
1025 CALL PeRTUR { X(LMA), X{LV)y X(LDELR), X(LOELZ},
IXKEFF X{LN)Y» X{LNA)Y» X{LF), X{LPY,y X(LS),
2 X(Lul), X{(LDZ2), X(LXJ) X{LXJA) X{LYJ),

3 XCLTLL ) XELTLZ2) s XLLSLX))

IF{KAPRUOX.GT.0) GO TU 1050

[F(KDotWde OeANDaKARCNEL2) GU TO 1050
CALL O IFUSE (X{LMA) oX{LV) s X(LDELR) ¢y X{LDELZ) X {LC) s X{LN)yX{LNA),

L XCLD1)eX(LD2)y X(LTLL), Xx{LTLZ2),

X{LA)

NTYPS,
NI1Jy

KXTRA4G,
EXTRAS
LDELZ
LN,

LA,y
LSL1Xy
L!;\My

X{LC)y X(LCHI),
X(LA)s X(LRI,

X{LYJA),
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1050 CALL QUTPUT ( X(LP}y XI{LS),y X{LA}s» X(LR),

IX{LYJA )9 XKREFF 4y X{LTLL) s X(LTLZ))
GO 10 1000

C

C

C
END

$IBFTC PERL
SUBROUTINE INPUT

C

C

"

C

C

C THE COMMON STATEMENTS
CUMMON X
COMMON /eAaLiLl/
1 NTYNG, NFAST, NUP » NR
2 KELUX KBEFF KCTYP,
3 KPy KS» KAR
4 KAPRUXyNMAT,NMIO ¢yNDSP,IGHI +IGLO»XIRXIZ
COMMUN JCALL2/ PAP
CUMMUN /CALL3/ KXTRAL » KXTRA2,
1 KXTRAS, EXTRAL, EXTRAZ » EXTRA3,
COMMON /CINPT/ LMA, LV,
1 LC ., LCHI,
2 LNAy, LXJdsULXJAPLYJs LYJA, LPy
3 LRy LDLy LDZ2y LIt
4 LR1, LZLl, Lely LFA,
5 LioDl, LIDZ2, LIDM, XKEFF »
6 LASTL, LASTZ, LAST
COMMUN /CHANG/ ND OAN
1 NGM 1, NGPL N

C

G THE DIMENSION STATEMENTS
DIMENS ION X{25000)
DIMENSIUN TITLE(1l4)
UDIMENSION PNUF{50)

C IF KPAP.LT.O,

C

C THe FURMAT STATEMENTS

34

100
101
102
103

104
105
106
110
1ii

FORMAT (1LHL)
FORMAT(7F10.8)
FORMAT(FL0.8,3110)

X(LD1),

NG s
NZ,
KIN,
KDy

KXTRA3,
EXTRA4,
LDELR,
LF,

LS,
LTL2,
LNM,

Xx{LD2),

NTYPS,
NIJ,

KXTRAG,
EXTRAS
LDELZ
LNy

LA,
LS1X,

L RM,

PNUF IS USED AND MUST CONTAIN NG*NMAT LOCATIONS

FORMAT(1HL,78H THE PERTURBED NUXFISSION CROSS SECTIONS ARE {8BY

1UP ANJD PLCRTURBED MATERIAL))
FOIRMAT(BELG.T)

FURMAT (Il,1X,14A5)

FOKMAT (2X,14A5)

FORMAT (7110)

FURMAT(T7I L6)

GRJ



c
c
c

112 FORMATI31 16,F16.8,3116)

120 FURMAT (1HJ s LLIXs4HNMAT 44Xy 2HNG 9 LL X y5HNFAST 911Xy 5HNDOWN, 13Xy 3HNUP,
1 14X 2dANR 14Xy 2HNZ)

121 FORMAT (LHJs LOXy5HKCTYP 913X s3HKIN)12Xs4HKPAP 14X s2HKPy 14Xy 2ZHKS,
1 13X +3HKAR y L& X, 2HKD)

122 FORMAT (1HJ29Xs6HNLZONEL 9L OX»OHNLZONELZ 10Xy 6HLISTFXy 10Xy 6H NMIDy 10X
Ly 6HKAPROX y 10X s 6H KFLUX,10X,06H KBEFF)

130 FORMAT (1HLy3HNR=,12,20H IS LESS THAN THREE.)

131 FORMAT (LHL,14HNZ EQUALS TwWO0.)

135 FURMAT {(LHJd sl L1Xy4HLAST s11X5HLASTL 911X 5HLAST2,11X45HXKEFF, 12X,
LAHNDSP » 12Xy 4HIGHI » 12X 4HIGLO)

1000 WRITE {(6,100)
1005 READ (59105) ITEMP,(TITLE(I), I=1,14)

WRITE (64106) {TITLE(L}, I=1+14)
IF (ITEMP ) 1005,1005,1010

1010 READ (55110) NMAT, NG, NFASTNDOWN sNUP ¢ NR ¢NZ

WRITE (6,120)

WRITE (65 111) NMAT,NGyNFASTyNDUWNyNUPyNRyNZ

REAU (5,110) KCTYP,KINsKPAPJKP yKS+KAR,KD

WRITE (6,121)

WRITE (6y111) KRCTYP,KINsKPAP,KP o KSyKAR KD

READ (54110) NZONEL ¢yNZONEZ2 g LI STEXs NMID sKAPROX ¢ KFLUX 9 KBEFF
WRITE {6,122}

WRITE {65 111) NZINELyNZUNEZ2 yLISTFXyNMIDyKAPROX $KFLUX, KBEFF
READ(U5¢102) XKEFF 4NDSP, IGHIL,IGLO

105G IF (NZ) 1055,1C55,1060
1055 NZ=1

1060 IF (KD) 1085,1085,10065
1065 1F (NR—-3) 1070,1075,1075
1070 wRITE (6, 130) NR

RETURN

1075 IF INZ-2) 1085,10380,1085
LUBO0 WRITE {6,131)

RETURN

1085 NIJ=NR*NZ

NTYPS=NDUWN+NUP+4

NTYNG=NTYP S*¥NG

NGP 1=NG+1

NGM 1=NG-1
IBSTOR=NIJ#ND SP* ( JoLI-IG+41+1) +NDSP

1100 LMA=1

LV=LMA+NI J

LDELR=LV+NIJ
LODELZ=LDELR+NR-1

If (NZ~1) 110541105,1110

1105 LC=LDELZ+*1

GO TO 1115

1110 LC=LDELZ+NZ-1
L1115 LPL1CS=LC

IF{KAPROX aEd2) LPLCS=LC+NMATENTYNG
LCHI=LPLIC SENMATENTYNG
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OO0

36

1125

1126

1127
1128
1130
113¢
1136

1140
1145

1150

1175

1180
1185
1186

BUCLKL ING LUOSS STORAGE (BELOW)
LCHiI=LCHI +3%NG*NMAT
LE=LCHI+NG

LN=LF+NIJ

LNA=LNNG*®NI1J
LXJ=LNA+NGENIJ

1ADD=1

IFIKAPRUX «GT» 0O) T ADD=NG*NIJ
LXJA=L XJ+1ADD

LYJ=L XJA+1ADD

IFINZ.LE. 1) TADD=1
LYJA=LYJ+]ADD

LP=LYJA+] ADU

IFIKBEFF.UTL0) LP=LYJA+IBSTOR
LS=LP +NG

LA=LS+NG

LR=LA+NL

LD 1=LR+NG

LUZ2=LD 1N

LTL 1=LD2+NG

LTL 2=L TL L +NG*NMAT
LSEX=LTL2+NG*NMAT
LASTZ=LSLX+NG-1

STORAGE REWUIRED BY UVERLAY U1l
STURAGE REQUIRED B8Y UVERLAY Q01

LASTL
LASTZ

inou

LNM=LP

LRM=LAM+5

LRI=LAM+>

GU TO (1126,1127+1126) 4 KIN
LZE=LR1IMNR+L

LASTiI=LZ1+NZ

GU TO 1128

LZ1i=LR1+1

LASTL=LZ1+1

LC1=LP

ITEMP=LCL+NTYNG-1

If {ITEMP-LASTL) 1135,1135,1130
LAST1=1TEMP

LFA=LR1

IF (KPAP) 113641136,1145

ITEMP =LFA+NIJ-1

IF (ITEMP-LASTL) 1145,1145,1140
LASTL=1TeMP

LID1=LP

LIDZ2=L IDL+NZONE1L

LIOM=L ID2+NZUNEZ2

ITEMP =LIOM+NZUNEL

IF (1TEMP-LASTL) 1175,1175,1150
LASTL=1TEMP

LAST=LAST2

IF (LASTL-LAST) 1185¢1185,1180

LAST=LAST1

WRITE (6,135)

WRITE {(6e112) LAST,LASTL,LAST2,XKEFF NDSP,+1GHI,IGLO

IF (LAST-25000) 1200,1200,1190




119C LMA=0

Cc
C

GO Tu 1400

1200 CALL VRZ ( X{LNM), X{LRM), X{LV}s X{LR1}s X(LZ1)y X(LDELR),

C

C

C

C

[aEuKe!

C

1225

1250

1275

2300

2200

2000

1300

1400

1 X{LDELZ} )

[FIKBEFF.EQ.L1) GO TU 1275
CALL CREAD ( X{(LCHI), X{LC), X{(LCL} )

CALL IDACAV ( NRy NZ, NZONEL » NZONE2 ¢ NMIDsX{LIDL1) o X(LID2) s X(LIDM)

1, X{LMA))

CALL NREAD ( LISTFXs X{LNM) s X{LRM), X{LN), X(LNA),
1 XCLXJAD, A(LYJ) » X{LYJA), X(LV) }

IF (KPAP.GE.O) GO TGO 1300

[1G0=0

WRITE(€E,103)

DO 230C IN=1,NMAT

ISP=IGUNG

IGO=NG*(IN-1)+1

READ(S5,101) (PNU-LIG) +16=1G0U+15P)
WRITE(65,104) (PNUF{IL),I6=16U,I5P)
LFEND=LF+NIJ-1

DO 2206C I1J=LF,LFEND

X{l1J)=C.0

Id6=LnN~-1

DO 200C 1u=1sNG

DU 200C 1TJd=1.NILJ

Iue=1lJo+l

K=X{1J)

IF{K.£Qs0) GU TO 2000

LA=LF+10-1

LB=NG*{K-1)+16

X{LA)=X(LA)}+ X{IJGI*PNUF{Lb)
CONTINUE

STORING IN FISSION PUWER ARRAY F OF SUBROUTINE PAPCAL
CALL PAPCAL ( KPAP, LISTFXs X(LNM), X{LRM), X(LV],
1 X{LFA) }

RETURN

END

X{LXJ )y

X{LF )},
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$IBFTC PERZ

SUBKUUTINE VRZ { NMy RMs V, Ry Zy DELRy DELZ )

Cc
C
C
C
C
C THE CUMMON STATEMENTS
COMMON JCALLL/ NGy NTYPS,
1 NTYNG, NFAST, NUP NR ¢ NZy NIJ,
2 KFLUX KBEFE KCTYP, KIN,
3 KPy KS» KAR KDy
4 KAPROXyNMAT ¢ NMID yNDSP o IGHI »IGLOXIR,XIZ
C
C THE DIMENSION STATEMENTS
DIMENS ION NM(1), RM{1)
O IMEN 5> IUN vilil, R{1l) , Z{1)
D IMENSION DELRA(L), DELLCL)
C
C THE FORMAT STATEMENTS

110 FORMAT (7110}

L15 FURMAT {(3El16.71)

120 FIRMAT (1HL,7HDELR(I))

121 FURMAT (1HL,7hHDELZ(J))

122 FURMAT (1HLs32HINCUORRECT NUMBER OF MESH POINTS=,15,52H INCLUDED TD
1 OBTAIN EITHER R OR Z. SHOULD HAVE BEENyI5)

130 FORMAT {(1HL,5HKGEG=y13)

131 FURMAT (LlHL.6HV(I,J))

132 FORMAT (1lHL.4HR{I))

133 FURMAT (1HL,4HZ(J))

C
C THE FUNCTION STATEMENTS
INUEX{LENGTH,y INDEXU ¢I NDEXL) =LENGTH*{INDEXCG-1}+INDEXL
C
<
C

100C NRP I=NR+1
NZP 1=NZ+1
GU TU (1005410C5,1050) s KIN
1005 CALL uwCREAD ( VL), VINIJ))
IF(KBEFF.EJd.1) GO TO 1100
GO TO (1V0641100,1050), KIN
1006 CALL SCREAD (R{L)yR{NRPL))
If (NZ~-2) 1100,1100+1010
1010 CALL BCREAD {(Z(1},2Z(NZPL))
GO TO 11900

1050 READ (5,11C) KoLED
WRITE (64y130) KGEOD
CALL RZREAD ( NM, RM, [ITEMP, R )
IF (ITEMP-NR)} 1055,1060,1055

1055 WRITE (65 122) ITEMP,NR
GU 'O 1200

106C Ir (NZ-1) 1075,1075410065

1065 CALL RZREAD ( NMy, RM, ITEMP, Z )
I¥ (ITEMP-NZ) 1070,1080,1070

1070 WRITE (6+122) ITEMP,NZ
GG TO 1200
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OO0

(9]

1075

1080
1085
Lo8¢
1087
L0838

1689
1090

1091

1092

1100

1105

1110

111¢
1120

1150

1155
1160

1165
ii70
1175

1180
1185

1190
1195

1200

TEMP=1.0

J=1

GO TO 1086

J=1

TEMP=L{JU+1)-2(J)
fJ=INDEX(NR,J» O]}

GO TO (i087,1088,1089)y KGEU
AVE=1.C

G0 TO 1090

AVE=3.14159265

60 TO 1090
AVE=3.1%159265%4,0/3.0

DG 1091 I=1yNR

li=lJ+1
VIIJ)=TEMP®(R{1+1)**KGECG—R(I) *¥xKGEU)
IF (NZ-J) 1100,1100,4 092
J=d+l

GO TO 10385

WRITE (6,131)

DO 119% J=1sNZ

I=INDEX{NRsJdy» 1)
ITEMP=INDEX(NR s JyNR)

WRITE (6,115) (V{IJ), I1J=1,I1TEMP)
IF(KBEFF.EWQ.1) GO TO 1200

GO TO (1L110,1150,1110}), KIN
WRITE (6, 132)

WRITE (64115} (R{I)y I=1,NRPL)
XIR=R(z}/2.

IF (NZ-2) 1150,1115,1120

GU TU (1150,1150+1120) s KIN
WRITE (69133)

WRITE (6,115) (Z(J), J=1,NZPL)}
Xii=L12)/2.

I TEMP=NR-1

GU TO (1155,116541155), KIN

DO 116C I=1.,1ITEMP
DELREII=0.5%(R{I+2)-R (1))

GO0 TO 1170

CALL BCREAD (DELR{L)yOELR{IITEMP))
WRITE (64120}

WRITE (64115) (DELR(I), [=1,ITENMP)
IF (NZ-2) 1200+1200,1175
ITEMP=NZ-1

GO TO (1180+1190,1180)y KIN

DO 11385 I=1,1TEMP

DELZLL)=0.5%( 2(I+2)-2(i)})

GO TO0 1195

CALL BCREAD (DELZ(L),DELZIITEMP))
WRITE (64121)

WRITE (6,115} {(DELZ(I), [=1,1TEMP)

RETURN

END
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$IBFTC PERZ2L

[eXaEaReNakg]

[aN gl

116

[aEaX e

100¢C

1005

1010

1015

1020

1025

OO

10560

(]

40

SUSROUTINE RZREAD ( NM, RMy KOUNT,

THE DIMENSION STATEMENTS )
DIMENSION NM{1), RM(1)
D IMENSION R{1)

THE FIRMAT STATEMENTS
FORMAT (5(1%,E10.6)})

R{1)=0.0

KUUNT=0

KSTOP=1

READ (5,116) (NM(1),RM(I), I=1,5)
DO 1025 I=1,5

IF (NM(I)}) 10L0,1025,1015
NMET)=—NM(I)

KSToP=2

K1=KOUNT+1
KOUNT=KOUNT+NM(I)
DELL=RM(] }J-R{KL1)
TEMP=NM(I)

DELL=DELL /TEMP

DU 1020 K=K1,KOUNT
RIK+1)=R{K)+DELL

G0 T0 (1025,1050), KSTOP
CONTINLE

GO TO 1005

RETURN

END
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$IBFTC PER3

CHOOOO0

OO0

SUBROUTINE CREAD ( Crly C4 CL )

READ IN CRUSS SECTIONS

THeE COMMON STATEMENTS

COMMON /UALLLY/ NGy NTYPS,
1 NTYNG, NFAST, NUP , NR NZ o NIiJ,

2 KELUX KBEFF, KCTYP, KIN,

3 KPy KSy KAR, KD,

4 KAPROXyNMAT NMIU yNDSPyIGHI yIGLUXIR,XIZ

COvMUN /CHANG/ ND OQWN»

1 NGM 1, NGPL, N

THE DIMENSIUN STATEMENTS

D IMENS IUN ceL), CHI(L) » Ci(1)

DIMENSION STOUR( TV}

STIJR MUST CUNTAIN THE LARGER OF (NTYPS+2%NG) UR (3%NG) LGCATIONS

THE FORMAT STATEMENTS

101 FORMAT (LH )

102 FURMAT(1HK,36H DELTA BUCKLING LUSS CROSS SECTIONS )

103 FUOKMAT{1AJ,5X,184 FIRST DIRECTION /(7t18.7)})

104 FORMAT(1HJy5Xs18+4 SECUND DIRECTION /(7E18.7))

105 FORMAT(1IHK,40X,10H MATERIAL ,I2}

106 FURMAT(IHR,y31H BUCKLING LUSS INFORMATION #*=%%%/18H FIRST DIMENSION
I yFlU.6,184 SECOND DIMENSIUN #Fl0.6/728H FIRST UDIMENSION PERTURBED
2 ¢FL0.6928H SECOND DIMENSION PERTURBED ,F10.6718H BUCKLING FACTOR
3 ,Fl2.7)

112 FOURMAT (T£l0.6)

113 tUKMAT (7E18.7)

120 FORMAT (1HL,7HCHI(IG))

121 FORMAT (1AdL,26HRPL FURMAT CROSS SELTIONS.)

122 FORMAT (LHL,125HC (N1 G,ITY) FOR ITY OF S1G A, NU SIG F,(D¥ OR TR 3
1R TOT)y SIG QUTSCATTER, NUP VALUES UF SIG UP, AND NDOWN VALUES OF
251G DUwN. )

123 FORMAT (lHL,B0HTOSN FORMAT CROSS SECTIONS. TRANSPORT APPRUX IMAT ION
l. P-0 TRANSPORT ZORRECTED CS.)

124 FOKMAT (1HJ,80HTISN FUORMAT CROSS SECTIONS WITH D* IN PLACE OF SIG
1 TR. OIFFUSIUN APPRUXIMATIUN./83H D¥=(DELTA SIGTR/{3.%(SIGTR*%2))})
2 OR D#=(~-DELTA DIFCOEF/(L.+UDELTA DIFCOEF/DIFLOEF) )

125 FUKMAT (1AL ,91HDELTAS COMPUTED I NTERNALLY FROM DIFFERENCC BETWEEN P
LERTUR 3ED ANV UNPERTURBED CRUSS SECTIONS)

126 FORMAT (1HJ, 73HTDSN FUORMAT CROSS ScCTIONS. TRANSPORT APPRIX IMATION
I« wlTH P-0 AND P-1 C5S.)

127 FORMAT(IHL 415HUDELTAS READ IN )

128 FORMAT(LHK,y59H TOSN FORMAT. P—-1 CROSS SECTIONS WITH FACTOR OF 3 IN
1ICLULED )

129 FORMAT(1HK,33H DELTA OUTSCATTER CROSS SECTIONS )

130 FURMAT(1HL 4116H C{N,IG,ITY) FOR ITY OF 0.0 4 P-0 G—-TO~Gy TRANSPURT
1+ P—1 G-TU-G» NUP VALUES OF SIG uUPsy AND NDOWN VALUES OF SIG DUOWN.)

THE FUNCTION STATEMENTS

41
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1000

219

281

282

270

280

1025
210

1031
1032
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INDEX(LENGTH, INDEXOINDEXL) =LENGTH*( INDEXO-1)+INDEXL

READ (5,112} (CHIUIG), I5=1,NG)
WRITE (6,120)

WRITE (65113) (CAI(IG), IG=14NG)
NPOCS=NTYNGENMAT

JO0G=0 P—-0 CROSS SECTIOUNS

JOu=1 P-1 CROSS SEC TIONS

DO 290 N=1,NMAT

NOWP1=C

JOs=0

IF(KCTYP.NE.O) GO TO 1025

JDuuBL =1

JOUUBL=1 READ IN PERTURBED CRUSS SECTIOUNS
JDOUBL=2 READ IN UNPERTURBED CROSS SECTIONS
D0 280 JIG=1yNG
JK1I=INDEXINTYPS,JiG.+1)
JKZ2=INDEXINTYPS,JIG,NTYPS)

IF(JDOLBL +.EQ.2) GO TO 282
READ(5,112) (CL{JK}JdK=UJKL 4 JIK2}

GO TG 280

READ{5,112) (STOR(JIK) »JI K=1,NTYPS)
HULD=STOR ({3}

LEND=TC-NG+JIG

STUR{LEND)=STOR(3)

KUNT=0

DO 270 KK=JK1l,JdK2

KONT=KJNT+1

CLIKKR) =CLIKK)=STOR{KUNT)
IF(ABS(CL{KK))eLTesa0000005) C1(KK)I=0.0
CONTINUE

IF{cKAPROX.GT.0) GO TU 280
LI{JK1+42)= CL{JKL+2) /(3. 0%HOLD*HOLD)
SEE EQ. 32 IN WRITEUP

CUNTINLE

IF{JDOLBL .EQ.2) GO TO 210

JooustL =2

Gu TO ¢Z81

GuU TO (1031,1100), KCTYP
IF(J0G.EQ.1) GO TO 1032
Joie=1

WRITE(&y125)

IF(KAPRUXEQ.0Q0) WRITE(64124)
IF(KAPROX.EQe1l) WRITE(64123)
IF(KAPROX «EWe2) WRITE(b,1206)
GU TGO 1032

WRITE (64127)

WNRITE(€,105) N

DO 1055 16=14NG
K1=INDEX(NTYPS,IG,i}
K2=INUEX{NTYP S, IG+NTYPS)
IF{KCTYP.EQ.Q) GO TG 300



OO0

300

1035

1045

1046
1050
1055

1054

240
250

1060

READ (5,112) (C1{K}, K=KL K2}
WRITE(6,113) (CLIK},K=K1l,K2)

TRANSFER TDSN CROSS> SECTIUNS FROM INPUT ARRAY Cl TO PERMANENT
STORASE (ALTERED FUORMAT) IN C
L=INDEXINTYNGyN,yK1)

LL=L+1

IF(NOWPl.EQ.Ll) L=L+NPOCS

DO 1055 K=K1lsK2

LLL=NP CCS+LL
IF(NUOWPleEWde l s ANDeKLEQ.{KL1+1)) GO TO 1055
IF{KsGT{(K1+2)) GO TU 1045

C(L)=C I(K)

GO TO 1055

[IF(NOWPLleEQaleANU<KeEQe (KLENUP+3)) ClLLL+21=CL(K])
IFINUWPL.EQeLl) GJ TU 1046
IF{KAPRIX eEQe 2 ANDw Ko EQe (KL+#NUP+3)) C(LLL)=CL{K)
IF IK=-(KL+NUP+3)) 1050,1055,1035
CIL+1)=CL(K)

L=L+1

[F(KAPROX .LE« L) GU TO 1054

IF(NUAPL.EQ.1) GUJ TO 1054

WRITE(6,128)

NOwWPLl=1

68 TO 279

WRITE(€,1C1)

READ JLTSCATTER

WRITE{E,129)

READ (5,112) (ClL{(K)y K=1,NG)
IF(KCTYP.NELQO) GO TO 250

READ(S5,112) (STOR(K)sK=1NG)

U0 240 JX=14NG

CLIJX)=CL{JXI=STOR(JIX)

WRITE(69113) (CLIK} K=1,NG)

DO 106C IG=LsNG

KI=INDEX{NTYPS,1G 4}

L=INDEX{NTYNG¢N,KL}

C{L)=C I{IG)

Hl=000

IF(KCTYP.EQ.1) GO TO 290

READ TRANSVERSE LEAKAut (BUCKLING) LOSS INFORMATION
CALCULATE BUCKLING LOSS CROSS SECTIONS AND STORE IN C
GAMMA = 0.71045608

ITAG=0

IFINGTL1) GU TO 1200

READ{54112) HLyHZBF yHPL,HP2

WRITE{€,106) HlyH2sHP L AP2,B8F
IF(HL1<EQ.0.0) GU TO 1150

H=H1

HH=HZ2

IST=73—-nG

NS=NG*NMA T*NTYPS

IF{KAPRUX oEQ&2) NS=2%NS

IA=NS+1

IB= 3% NGXNMAT+ A~}

DO 1201 I=1A,iB

43



1201

Cli)=0.0

1200 DU 1202 ILK=1,NG

1203

[aNeNe]

1202

290

1100

1105
1150

1151

115¢
1155

44

ITAG=1ITAG+1

INJW=IST+ILK

IK=NG*(N-1)+NS+ILK
HANGUN=(H*STOR{INOW)+1.42091216) *%2
CLIKI={STURUINUGW)*¥BF*BF /HANGON) —C( 1K)
IF{H2.EQ.0.0) GO TQ 1203
HANGON={HH*STUR(INOW)+1.42091216})%%2
IKK=NG*NMAT+IK
CUIKK)=(STUR(INUW)*BF *BF /HANGON) —C [ IKK)
JI=INDEXINTYPS,ILKs 3

JII=INDEX(NTYNG ¢NsJdJ)

IF(KAPROX <EQ+2) JJJd=JIJ+NPOCS
IF(KAPRUX.GE«l} FALTOR=1.0
IF{KAPROX cEWe 0) FACTOR=3.*%{STOR(INGW) *%2)
IKKK=2%NGENMAT+IK

STURE 1/(3%{SIGTR*%2)) IN C —— USED FOR CURRENT {FICK,S LAW)
APPRUXIMATION FUR KAPROX=0. J = —UELPHI/(3%SIGTR)
CUIKKK)=1.0/FACTGR

STUR{ INOW)I=STOR(INOW)+FAC TOR*(L(JJJ)

CUNTINUE

IF(HP 1.NE-O.0) H=HPL

IF{ITAG.EQ.NG) GO TU 1200

WRITE(64101)

GO 10 1150

PROVISION FUR DIFFUSION THEORY CROUSS SECTIONS
WRITE (06,121}

DO 1105 N=1,NMAT

CatL XCHANG (C1l, C 1}

WRITE {6,101}

WRITE (6,122)

JT=0

DO 1160 N=1,NMAT
WRITE(€,105) N

DG 1155 IG=1+NG

K1=INDEX (NTYPS,IG,1]}
K2=INDEX (NTYPS,IG+NTYPS)
K1=INODEX {(NTYNG s#NoKL)
K2=INDEX {NTYNG,NyK2)
IF{JT.EQ.0) GU TJ 1156
K1=KL1+NrOCS

K2=K2+NPQOCS

WRITE(Ey113) (C(K)sK=K1lsK2)
CONTINUE
IF{KAPROX.EQs 2. AND. JTLEQ.0) GO TO 1160
IFIH1.EQ.0.0) GU TO 1160
WRITE{E,102)

IST=1A

ISP=IST+NG-1
TIST=NGENMAT+IST
IISP=11ST+NG-1



WRITE(6,1L03) (CUIG) IG=1ST,ISP)

IF(H2.NE<0.0) WRITE(6,104) (CULIG)+IG=IIST,IISP)
1160 WRITE (6,101)

IF{KAPRUX .LE.1.0R.JT.EQ.1) GO TO Llo61

WRITE( 6,130)

JT=1

GO0 10 1151

1161 RETURN

o [N e N gl

END

$IBFTC PER4

SUBROUTINE XCHANG ( Cl, C )

C

C PRUVISIUN FOR DIFFUSIUN THEURY CROSS SECTIUNS

c

1400 RETURN

END

$IBFTC PERS DECK
SUBROUTINE I0DACAV (NRyNZsyNZONRAJNZUNZA,NMID, NMR Ay NMZ A, I DM, ID
IMAP )

C

C SUBROUTINE IDACAV UBTAINS THE IDENIFICATION NUMBER MAP.

c

C

c

c

C

c THE DIMENSION STATEMENTS
DIMENS ION NMRA (L), NMZA (L) » IoM(1)
DIMENSIUN IOMAP(Ll), MATCHG(25)

C MATCHG MUST CUNTAIN NMID LOCATIONS

C

C THE FORMAT STATEMENTS

110 FORMAT (7110)

115 FORMAT (1415)

116 FORMAT (4313)

120 FORMAT (1lHi,11HMAP MA(I,d))

121 FURMAT{14L439HMAP MA(I,J) WITH ONLY PERTURBED ENTRIES )
126 FORMAT(1415)

127 FORMAT{LIHK,37HTHE NON—-ZERO MATERIALS ARE PERTURBED /2415)

45
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1000

1005

1010

1025

1030

1035
1045

1050

1075

1076

1080

1200

110¢C

(@] OO

46

THE FUNCTION STATEMENTS
INDEX{LENGTH, INDEXOINDEXL) =LENGTH* (INDEXO—1)+INDEXL

NIJ=NR*NZ

READ( 5,126} {MATCHG(I) 4 I=1,NMID)
WRITE( 6y 127)IMATCHG(L ) »I=1NMID)
READ (54110) (NMRA{I), I=1,NZONRA)
IF (NZONZA) 1005,1005,1010
NLONZA=]

NMZA(1)=1

GO TO 1025

READ (5,110) (NMZA{J)y J=1NZONZA)}

=0
=0
0 105C JJ=1,NZONLZA

READ (5,115) (IDM(i1), [I=1,NZONRA)
K=K+NMZA{ JJ}

Jd=Jd+1

1=0

DO 1045 I 1=1,NZONRA

L=NMRA(II)

DO 1035 KK=1,L

I=1+1

IJ=INDEX(NRsJ»1}

1oMAP{ 1J)=1DM(I ]}

CUNTINLE

if (J-K) 1030,1050,1050

CONTINUE

K
J
D

WRITE (6,41201%

JDUG=0

JDOG=0 REGULAR MAP WITH NMID MATERIALS
JDOG=1 MAP WITH NMAT PERTURBED MATERIALS
DO 1080 J=14N2Z

K=INDEX{NR,Jy1)

L=INDEX{NRyJyNR)

WRITE (64116) (IDMAP{TJ), T1d=K.L)
IF(JD0G.cQ.1) GO TO 1100

DO 120C IK=1,NIJ

KKK=IDMAP ( IK}

IDMAP { TK ) =MA TCHG{ KKK)

JDOG=1

WRITELE&,121})

GO TO 1076

RETURN

END



$IBFTC PERSI

O OO0 0

118 FORMAT (I59E10e6y154E10e69159E10e64155E10.64154E10.6})
119 FURMAT {1HLs51HTUQO MANY VALUES FCR SUBSCRIPTED VARTABLE SV READ IN

(2N zNgl

1Q0¢C

1005

1010

1015

1020

1025

1030

1035
1040

1050
1055
1060

1065
1070

1075

1100

(] [aN eyl

SUBROUTINE READIT ( NMR,

THE DIMENSION STATEMENTS
DIMENS ION NMR{1),

THE FORMAT STATEMENTS

1 )

L=0

KEND=0

READ (5,1138) (NMR(IL),RMI(
I=1

IF (NMR(I)) 1050410505101
Li=L+1

L=L+NMR(I)

IF {(L-NIJ}) 102541025,1020
WRITE (6,119}

KEND=1

GU TO 1100

ITEMP L=L1+1JGS

ITEMP 2=L+1{JGS

DU 1030 1JG=ITEMPL1,ITEMPZ
SVIIJGI=RMI(I)

IF (L-NIJ) 1035,1100,1100
iF (I-5}) 1040,1005,1005
I=1+1

GU TOo 1010

IF {(Lt—-NIJ) 1055,1100,1100
IF (L) 1060+1060,1065
ITEMP 1=1JGS+1

G0 TO lo70

ITEMP L=ITEMP 2+1

ITEMP 2=1JGS+NIJ

DO 1078 TJG=ITEMPL,ITEMPZ2
SVIIJG)1=0.0

RETURN

END

RMI, I1JGS,

RMI{1l),

11y I=145)

5

NILJ,

SVy KEND

SvV(1}

)

47
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CONOO0

115
116
117
120
121
122
123
124
125

o O

OGO 0

190

200

[ aNeXel

1100
1104
1105

48

C PERG6

SUBRUUTINE NREAD ( LISTFX, NM, RM, XNy XNAy XJeXJArYJ3YJA,V)

THE COMMON STATEMENTS

COMMON /CALLY/ NG+ NTYPS,
1 NTYNG, NFAST, NUP 4 NR ¢ NZ, NIJe

2 KFLUX, KBEFF o KCTYP, KIN,

3 KP o KS KAR, KD,

4 KAPRUXyNMAT,NMID 4NDSPIGHI »IGLOsXIRXIZ

THE DIMENSION STATEMENTS

DIMENSIUN NMIi)y V1), RM(1), XJ{l1), XJACL)
DIMENSION XNA{1)y XNA{1), YJlll), YJA(1)

THE FORMAT STATEMENTS

FURMAT (8EL6.T7)

FORMAT (4H IG=,13)

FIRMAT (4H J=,13)

FORMAT (1HL,1BHTHE FLUXES XN{I,J))

FURMAT (LHL,27THTHE ADJOINT FLUXES XNA{Il,J))

FORMATI(LIHL,36HTHE FIRST DIRECTION CURRENTS XJ(I,Jd))
FORMAT(1HL +45HTHE FIRST UDIRECTION ADJOINT CURRENTS XJA(I,J))
FORMAT(14L s 37HTHE SECOND DIRECTION CURRENTS YJlI,J4))

FOURMAT (IHL»46HTHE SECUND DIRECTION ADJOINT CURRENTS YJAUI,J))

THE FUNCTION STATEMENTS
INDEX{LENGTH, INDEXO»INDEXL)=LENGTH* (I NOEXO—-1}+INDEXL

READ IN THE REGULAR THEN THE ADJOINT i) FLUX 2) FIRST DIRECTION
CURRENT 3) SECOND DIRECTIGN C URRENT

IF(KBEFFL.EQ.0) GO TO 190
CALL REED(XNA}

KRETE=2

GO 10 1106

CALL REED{(XN)}

CALL REED(XNA)
IF(KAPRUX.EQ.0) GO TO 1100
CALL REED{XJ)

CALL REED(XJA)
NIT=NIJ®NG

DU 200 J=1oNIT
YJ{di=XJlJ)
YJA(J)I=XJA(J)
IF(NZ.LE«.1) GO TO 1100
CALL REED(YJ)

CALL REED{YJA)

IF {LISTFX) 1200,1200,1104
KRITE=1

WRITE(&,120)

GO TO 1300



OO0

110¢
1107
1108
1109

1ill
1300

1201
1202
1203
1204
1205

12C6
1110

1200

WRITE(€,121)
GuU TO 13G0
WRITE(€Ey122)
G0 TO 13060
WRITE(6s123)
GO TO 1300
WRITE(65124)
60 TO 1300
WRITE(6,125)

DO 111C [G=14NG

WRITE (6s11l06)

16

DO 1110 J=1sN2Z

WRITE (64117)

J

K1=INDEX{NR¢Jd,1)

K2=INDEX{NR,J
KLI=INDEX(NIJ,

» NR)
[GsK1)

K2=INUOEX{NIJ»IG+K2)

GU TO (1201,1202+,1203491204+1205,1206),

WRITE(64L15)
60O TO 1110
WRITEL 6,4115)
GO TO 1110
WRITE(6,115)
GU 10 1110
WRITE(&,115)
GU TU 1110
WRITE(6,115)
GO TO 1110
WRITE(E,115)
CONTINUE
KRITE=KRITE+1L
IF(KRITELEQW2

(XN (1 J)sIJ=KL K2}
(XNA (I J) » 1J=KL K2}
(XJ (1J)s1d=K1,K2}
(XJA(LJd) 2 1J=K1,K2)
(yd (I1J)1J=K1l,K2)

(YJALL J) » [ J=KL 4 K2)

) 60 1O 1106

IF{KAPROX.EQ.0) GO Tu 1200
IF(KRITE.EQ.3) GU TO L107
IF(KRITE.EQe.4) 60U TO 1108
IF{NZ.LE.1) GO TU 1200
IF(KRITE.EQ.5) GU TU 1109

IF(KRITE.EQ.6

RETURN

END

) GO TO 1111

49



$IBFT

100
c
C

200

1000

150

2000

16C

300C
1700

C PERG66E

SUBROUTINE REED(XYZ)

COMMUN JCALLL/ NG+
1 NTYNG» NFAST, NUP » NR ¢ NZ ,
2 KFLUXy KBEFF 4 KCTYP, KIN,y
3 KPy KS KAR KD,

4 KAPROXsNMATyNMIDsNDSPyIGHI IGLO+XIReXIZ
DIMENSION XYZ{1)

NTYPS ,
NTJ,

INDEX{LENGTHy INDE XOsINDEXL) =LENGTH* ( INDEXO—-1)+INDEXL

FIRMAT(TELO.6)

GD TO (200420041604150) 4 KFLUX
DO 100C I1G=1sNG
K1=INDEX{NIJ,1Gsl)
K2=INDEX{NIJ,sIG NI J}

CALL BCREAD{(XYZI(K1)sXYZ{K2))
RETURN

DO 200C IG=1¢NG
KLI=INOEX{NIJs»IGsl)
K2=INDEX{NIJs» IGoNIJI
READ(5,100) (XYZ{I1}),1=Kl,K2}
RETURN

K1l=0

DO 300C I1G=1yNG

CALL READITI(NMsRM KL sNIJyXYZ,KEND)
IF{KEND) 3000,3000,1700
Kl=K1+NIJ

RETURN

END

$IBFTC PERTY

OO0 0

50

SUBRDUTINE PAPCAL { KPAP, LISTFXse NMy RMy V., Fy

THE CUMMON STATEMENTS

COMMON /CALLLY/ NG,
1 NTYNG, NFAST, NUP NR » NZ
2 KFLUX» KBEFF, KCTYP, KI Ny
3 KPy KSy KAR KDy
4 KAPROXoNMAT,NMID ¢NDSP 4 [uHI ,IGLO+XIR»XIZ

COMMON /CALL2/ PAP

THE DIMENSION STATEMENTS

DIMENSION NM{L), RM{1)

DIMENSION vil)

DIMENS ION F(L1l), FA(Ll])

FA )

NTYPS,
NIJ,



OO0 00

[aN el o]

(9] OO O [a N g [a N )

THE FORMAT STATEMENTS
112 FORMAT (7EL0.6)
115 FORMAT (8E16.7)
117 FORMAT (4H J=,13)
120 FORMAT {(1HL,24HTHE POWER DENSITY F(I,J4))
121 FORMAT (1HL,33HTHE ADJOINT POWER DENSITY FA(I,J))
15C FORMAT {(1HL,32HADJOINT PUWER TIMES POWER EQUALS,E16.8)

THE FUNCTION STATEMENTS
INDEX(LENGTH, INDEXOINDEXL)=LENGTH* (INDEXO—-1)+INDEXL

1000 IF (KPAP) 101541CL0,1150
1015 DO 10L1¢ II=L,NI1J
1016 FA(IL)=F(II)

1010 CALL BCREAD (F(1),F(NIJ))
[F{KPAP.GE.O) GO TG 1018
DO 1017 JJ=1sNIJ
IF(FA(JY) «NELDO) FLJJ)=FALJI)
1017 CONTINUE
1018 CALL BCREAD (FAUL),FAINIJ))

L100 IF (LISTFX) 1125,41125,1105

1105 WRITE (6, 120)
DO 1110 J=1,N2Z
WRITE (6,117) J
KL=INDEX(NRyJs 1)
K2=INDEX({NR+JsNR)

1110 WRITE (64115) (F{I1J)sy I1J=KLK2)
WRITE {64121}
DO 1118 J=1sNZ
WRITE (6,117) J
KL=INJOEX(NR¢J4y 1}
K2=INOEX{NR, JyNR)

L1155 WRITE (6,115) (FA(IJ) s 1J=K1,K2)

1125 PAP=0.C
DO 113C 1J=1,NIJ

1130 PAP=PAP+F (TJ)*FA{LJI*V(IJ)
GO TO 1175

1150 READ (S,112) PAP

1175 WRITE (64150) PAP

1200 RETURN

END



$IBFTC PERS

SUBROJTINE PERTUR ( MA, Vy DELR, DELZ,CyCHI,XKEFFs XNy XNA, F,

1 Py S» Ay Ry, DLy D2 o XJdy XJAy YJy VYJAy, TLLly TL2Z2, S1X)
C
< TO COMPUTE PERTURBATION SOURCES AND LOSSES.
C
c
c
C
c
c THE COMMJUN STATEMENTS

COMMUN /CALLY/ NG » NTYPS »

1 NTYNGy NFAST, NUP 4 NR » NZ, NI1J,

2 KFLUX, KBEFF 4 KCTYP, KINy

3 KPy KS KAR, KD,

4 KAPRUXyNMAT s NMIUNDSP,IGHI s IGLOXIR,XIZ

CUMMON /CALL2/ PAP

COMMUN JCALL3/ KXTRAL, KXTRAZ KXTRA3, KXTRA4,

1 KXTRAS, EXTRALl, EXTRA2 » EXTRA3, EXTRA4, EXTRAS
C
C THE DIMENSION STATEMENTS

D IMENS ION MA(L1}, V(1) .,

1 DELR(L), DELZI(1)

U IMENSION Cti), CHI (1)

DIMENS [UN XN(L)}, XNA(L) » F(1}

DIMENS ION Pil), S(1), A(l}),

i R(1), D11}, D2(1)y TLLIL), TL2(1)

DIMENSION XJ(1), XJA(Lld, YJ(1),y YJA(L), S1X{(1)
C
c THE FUNCTION STATEMENTS

INDEX{LENGTH, INDEXO+INDEXL) =LENGTH*{ INDEXO-1)+INDEXL
C
C

101 FORMAT(7E10.6)

102 FORMAT{1H1,5H THE ,12,
ly 12y 1SH THRU ENERGY GROUP

103 FORMAT(1IHK,18H DELAYED SPECTRUM

104 FORMAT{7i 10}

40H DELAYED SPECTRA ARE (FROM ENERGY GROUP
1y 12y5H 1 %%x%)
1124/ (7ELB.T7))

IF(KBEFF.EQ.0) GO TO 1000

NIT=NIJ*NG

DGO 900 IJK=LsNIT

XNA{TJK)I=XNA(T JK) /XKEFF

CONTINUE

DO 1006 KJ=1sNIJ

C THIS PORTION OF YJA IS USED TGO STORE REGULAR PRODUCTION FOR

c BETA EFFECTIVE CALCULATION
1006 YJAlKJI=F (KJ)

GU TO 14CO0

DO 10C5 IG=14NG

P{1G)=0.0

S{iG)=C.0

Al1IG)=C.0

R{IG)=C.0

SIX{1G)=0.0

900

100G
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1005

OO0 00

1010
1025

1030

1050

1070
1075

OO0 OO0

1100
1105
1110

1115

OO0

1125
1130
1135

TLI(IG)=0.0
TL2(1G6)=0.0
D1(161=0.0
D2( 161=0.0
NOWP1=C

THE FISSION PERTURBATION SOURCE

IF {(KPJ 1100,1100,1010
DO 102t IJ=1,N1J

FL{IJ)=C.0

DO 105C IG=l4NG
K1I=INDEX{NTYPS,156,2)
IJG=INDEXINLIJ,IG,0)
DO 105C [J=14NI1J

I1JG=1JG+1
K=MA{1J)

IF (K) 1050,1050,1030
ITEMP=INDEXINTYNG ¢ KoeKl)
FULJ)=F(IJ)I+CLITEMP)I®XN(I JG)

CONTINUE

DO 1075 IG=1sNG
IJG=INDEX{NIJ+1G4 0}
DO 107C T Jd=1,NIJ

14G=14d6G+1

PLIG)=PLIG)+XNA(TJGI*F{IJI%xVIIJ)
PLIG)=—CHILIG)*PU1G)/{PAP¥*XKEFF)

THE SCATTERING PERTURBATION SOURCE

NOwP1=-
NOWPL=-1
NUWPLl= 0
NOwPl=1
NOwP1=2

P-1 CROSS SECTIUNS*%NZ.oT.1

P-1 CROSS SECTIUNS**N/.LE.1

DIFFUSIUN APPRUXIMATIOUN

P~0 TRANSPURT CORRECTED CRUSS SECTIONS**¥NZJ.LE.1

P-0 TRANSPURT CORRECTED CROSS SECTIONS*%NZ .GT o1

IF (KS) 1350,1350,1105
IF (NG—1) 1350,1350,1110
DO 130C IG=14NG

KSET=1

DO 1115 IJ=14NIJ

F(I1J)=C.0

UP SCATTERING

IF (NUP) 1200,1200,1125

IF (IG-NFAST)

1200,1130,1130

IF (I1G-NG) 1135,1200,1200

KSET=2
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[zXeXal

c

c
C

1140

1145

1150

1155

1200

1205

1210

1215

1245

1250

1275

o4

166=16

ITY=NUP+5

IGG=IGG+1

iTY=1Ty-1

KI=INDEX(NTYPS,IG,17Y)
IJG=INDEX{NIJ,IGG,0)

1J6 IS THE GROUP SCATTERED FROM
IJT=INDEX(NIJ4IG,0)

DO 115C TJ=1,NIJ

1J6=1JG+1

K=MA(1J)

IF {(K) 1150,115041145
ITEMP=INDEX(NTYNG ¢K4K1}
FOIJI=F(IJI+CLITEMP)®XN(I JG)
IFINOWPL.GE.OQ) GO TO 1150

[JT=1JT+1

JMPU=NTYNG*NMAT+] TEMP
IFINUWPL.EQe—1) FLIIJ)=F(I1J)+C (IMPU)*XJI(IJG)
IFINOWPLleEQe-2) FLIJ)=F(IJ)+L (JIMPU)*
HXJ(IIGI*XJACTLITIHYILL JG) *YJALL JT))
CONTINUE

IF (IGG-NG) 1155,1200,1200

IF (ITY-5) 1200,1200,1140

DUWN SCATTERING

CONTINUE

IF{IG.LE. 1) GO TQ 1275

KSET=2

I66=0

ITY=(NUWP+4)}+IG

16G=16G+1

ITYy=1Tvy-1

IF (NTYPS—ITY) 1210,1215,1215
K1=INDEX{NTYPS,IG+ITY)
IJG=INDEX(NIJ,iGG,0)
IJT=INDEX(NLJ,1G,0)

DO 125C LJy=1lsNI1J

1JG=1J4G+1

IJT=1JT1+1

K=MAa{1J)

IF (K) 1250,1250,1245
ITEMP=INDEX{NTYNG yKoK1}
IFINOAPL.LT.0) GO TO 1246
FCIJ)=FLLIJII+CLTITEMPI®XN(T JG)

GO T0 1250

JMPD=NIYNG*NMAT+I TEMP
IFINOWPLleEQe—1) FUIJ)I=F({IJ)+C (IJMPD) %X J(IJG)
IF{NOWPL.EQe-2) F(IJ)I=F{TJI+C(IMPD)*
HXJLLIGIRXJACTITI+YJ(T J6) *YJALTLIJT) )
CONTINUE

IFCIGG—(IG—1)) 121041280,1280

IF(RSET.EW.1}) GO TO 1300



(]

OO0

1280

1281

1285
1282
1286

1283
1287

1301

1299

1300

1350
1355

1370

1374
1371

IJG=INDEX{(NLJ,1G,0}

14G IS THE GROUP SCATTERED TO
IFINOWP1+1) 1283,1282,1281

DO 1285 IJ=L,NIJ

146=1JG+1
SCIG)=S{IGI+XNALIJGI*F(1J)*V(IJ)
CONTINUE

G0 TO 1301

DO 123¢€ IJ=1lsNI1J

1JG=1JG+1
SIX{IGI=SIX(IG)+XJA(TJIGI*F (I J)*V I J)
GO TO 1301

DO 1287 TJ=14NTJ
SIXCIG)I=SLIXUIG)I+F (I J)*¥VII I

IF{KAPROX eLE+ 1l OR.NOWP1:LT.0) GO TO 1299
IF(IG.NE.NG) GO TO 1300

NOWP 1=—1

IF(NZ.GT« 1) NOWPl=-2

GO 10 1105

SUIG)=—(S{IG)- SIX(IG)) /7PAP

TDSN USES P-1 CS WITH A FACTOR OF 3 INCLUDED
CUNTINUE

ABSUKPTIUN Xk

SCATTERINGI(REMUVAL) * %% PERTURBAT ION
LEAKAGE ( TRANSVERSE) X%

LEAKAGE{ TRANSPURT) xEk LOSSES

WITHIN GROUP SCATTERING#*¥*%*

If (KAR) 1400,1400,1355

DO 133C 16=14NG
K1=INDEX({NTYPS,1G,1)
IJG=INDEX(NIJ, 1[G, 0}

DO 1375 1J=1sNI1J

1J6=1JG+1

K=MA(IJ)

IF (K) 1375,1375,1370
ITEMP=INDEX(NTYNG ¢ K9yK1i}
LTEM=NTYNGENMAT+NG* (K-1)+1IG
IF(KAPROX cEQe2) LTEM=LTEM+NTYNG*NMAT
LLTEM=LTEM+NG*NMAT

TEMP=XNA{ [JG)I*XXN(IJG)I*VIIJ)
IF(KAPROX.EXQ.0) GO TU 1371
TEMPU =3 XJA(TJGIXXJI{IJG)*V (I J)}
IFINZ.LE. L) GO TO 1374
TEMPJU=TEMPJ+3.%xYJA(TJIGI*YJI(I JG)*V(IJ)
CONTINLE

IF{KAPROX «EQ.2) TEMP=TEMP-TEMPJ
A{IG)=A(IG)I+TEMPXC{ITEMP)
RUIGI=R{IGI+TEMP*C(ITEMP+3)
TEMB=TEMP

IF(KAPROX.EQ.Ll) TEMB=TEMP-TEMPJ
TLI{IS)=TLI(IG)Y+TEMBXCILTEM)
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OO0

OO OO0

(g]

[aNaXel

1375

1380

140G

1710

1720

56

TL2(LG)=TL2(1G)+TEMB*C (LLTEM)
SIGGG=C{ITEMP+2)-CH{ITEMP)-C{I TEMP+3)
JTEMP=ITEMP+NTYPS¥NG*NMAT
SIGGG=SIGGG-(C(JTEMP+31/3.0)

IF(KAPROX.EQe1l) DL{IG)=D1{IG)-TEMPJ*C{ITEMP+2)
IF{KAPRUX«EQ+2) D1(IGI=D1I{IG)-TEMPJI*SIGGG

D1 IS THE TRANSPORT CROSS SECTION FOR KAPROX.EQ.1
D1 IS THE J-wWGT GTOG CROSS SECTION FOR KAPROX.EQ.2
D2 IS THE LEAKAGE CRUSS SECTION FOR KAPROX.EQ.2
IF{KAPROX.LE.1) GO TO 1375
D2{IG)I=D2{IG)-TEMPIU*(C (I TEMP+2) - (CIJTEMP+3)/3.01})
D2(16)= D2(IG)I+SLX{IG)

CONTINUE

DI(IG)= DLUIG)/PAP

D2(1G)= D2(1G)/PAP

TLLLIG)I=TLLI(IG}/PAP

TL2(IG)=TL2(1G) /PAP

ALIG)=A(IGI/PAP

R{LGI=R{ILI/PAP

IFI(KBEFF.EQ.0) GO TO 1800

NJ3TE THE DELAYED NEUTRON INFORMATION IS READ INTO OTHER ARRAYS
{ S AND YJA ) TO SAVE STORAGE
READ(5,101)(S(1),I=1,NDSP)

S{i) CONTAINS THE DELAYED NEUTRON FRACTION
ISPAN=[6GLO-IGHI+1

DO 171C IJK=1,NDSP

LST=INDEX(ISPAN,I JK,11+ NIJ

LSP=L ST+I SPAN-1

THIS PORTION OF YJA CONTAINS THE DELAYED SPECTRA
READ(5,101}) (YJA(K)K=LST,LSP}

WRITE( 64102) NDSP,IGHI,IGLO

DO 172C I1JK=1,NDSP

LST=INDEX{ISPAN,I JK,1)+ NIJ

LSP=L ST+ISPAN-1

WRITE(€4103) TJUKy(YJALK) 4 K=LST,LS5P)

CALCULATE THE IMPORTANCE OF THE DELAYED SPECTRA

NST=NITJ+ND SP*[SPAN

DO 175C I1D=1,NDSP

NST=NST+1

YJAINST)=0.0

THIS PORTION OF YJA CONTAINS BETA
D3 173C lJd=l,NIJ

TEEM=0.,0

IGA=INDEX{(ISPAN,ID,1)

IGA=IGA+NIJ

DO 1740 I16G=IGHI,IGLO
LOCXN=INDEX{NIJ 16,14}

TEEM=TEEM +YJA (IGA}*XNA {LUCXN) *S{ID)}



1740

1730

1750

1800

IGA=1IGA+1
TEEM=TEEM*YJA(LJI*VILJ)
YJAINST)=YJA(NSTI+TEEM
YJA(NST)=YJA(NST)/PAP
CONTINUE

RETURN

END

$IBFTC PERSB1

OO0

OOMOOO

104
105

1405

1409

1410

1415

1420

SUBROUTINE DIFUSE (MA,V,0ELRIDELZyCoyXNyXNAyDL,D2,TL1,TL2,A)

COMMON /CALLL/ NGy NTYPS,
1 NTYNG, NFAST, NUP, NR » NZ, NTJ,

2 KFLUXYy KBEFF, KCTYP, KIN,

3 KP o KS, KAR KDy

4 KAPRUXyNMAT,NMID ¢NOSP +IGHI +IGLO+XIRGXIZ

COMMON /CALL2/ PAP

DIMENSION MA(1)4VI(L),DELR{L) 4DELZ(L) +C{1) o XN{L)+XNA(L),DLI(1),D2(1)
DIMENSION TLL(1)TL2(L),A(1)
INDEX(LENGTHy INDEXOINDEXL) =LENGTH¥*{ INDEXO—-L}+INDEXL

THE DIFFUSION PERTURBATION LOSS

FORMAT(7I10)

FORMAT(IHK, 69H SOUNDARY CONDITICNS FOR RIGHT, LEFT, TOP, AND BOTT
10M BOUNDARIES *%x 4412)

DO 1595 1G=14NG

KI=INDEX{NTYPS,1Gy3)

IF(IGeNE. 1.0R4KDaNEe—-1) GO TO 1409

READ(5,104) KRBC+KLBC,KTBC,KBBC

WRITE{€+105) KRBC +KLBCKTBC,KBBC

FOR THE FIRST DIRECTION {MUST BE AT LEAST THREE MESH INTERVALS)
THREE POINT VANDERMUNIE SULUTION FOR FLUX DERIVATIVE

THE DIFFERENCE IN GRADIENT ACROSS PARALLEL FACES OF A MESH

INTERVAL IS USED AS THE NET GRADIENT OF THE INTERVAL

XI=XIR

DO 149C 1=1,NR
IF{T1.EQal) OXI=2.%XI

IF (1-1) 1410,141041415
I1=1+1

GO TO 1420

I1=1-1
DXE=2.#DELR(I1}-DXI

IF {I-NR)} 1420,1425,1425
DEL 1=DELR(L)+DELR(IL)}
DEL 2=DELR{I)*DELR(11)}
DEL3=DELL*DELZ2
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1425

1430

1435

1440
1445

1450

1475

1479

1480

1485

1486
C

28

DO 149C J=14N2Z
TU=INDEX{NRyJ,I)
K=MA(IJ)}

IF (K) 1490,14SC,1430
ITEMP=INDEX{NTYNG,K,yK1)
IJG=INDEX(NIJ+iG,1J)}

iF (I-1) 1435,1435,1440
1JG4=1J6

1465=1J6+¢+1

1JG6=1JG+2

GO TD 1475

IF (I-NR) 1445,1450,1450
I4G4=146-1

14G5=1J6

1J66=1JG+1

GO TO 1475

[JG4=1J4G-2

1JG5=1J6-1

[JGo6=1J46

12=1

IF(I.EQ.NR) 12=1-1
IF(1.NE.lANUL I NE-NR] GO TO 1485
IF(KD.GE.DO) GO TO 1485

IF(12.NE« 1s0RKLBLLEQ.O) GO TO 1479
SIGN=1.0

NONE=I JG4

NTWO=1J4G5

GO TO 1480

IF(KRBC.EQ.0) GO TO 1480
SIGN=-1.0

NUNE=1JG5

NTWO=1JG6
DENOM=SIUN*DELR{L12)*{DXI+DELR(I2))
A2=({ XNINTWO)—-XN{(NONE} ) /DE NOM

A2A=( XNAUNTWO }—XNA{NONE) ) /DENGM
DELP=2 #SIuN*AZ2%¥DXI
DELPA=2.#SIGN*AZA*DXI

GO TO 14386

IF(1.EQ.1) I2=I+1

DELP=2 % { DELR{I2)*XN(I JG4)-DELL*XN{IJGS5)+DELR(I2-1)*XN(IJG6))I*DX1/

1IDEL 3
DELPA=Z.%¥{DELREIZ2)*XNA{IJG4)—DELLI*XNA(IJG5)+DELR(IZ2Z-1)I*XNA(1JGO))*

10X1/DEL3

DIU( IG)=DL(IG)-DELPAXC(ITEMP) *DELPXxV{I J)

BUCKL ING LOSS — FLUX GRADIENT CONTRIBUTION

NGM=NG*NMAT

LTEM=N TYNGENMAT+NG*(K-1)+1G

LLTEM=LTEM+NGM

LLL=L TEM+2%NGM

Ltt IS LOCATION OF FICK,S LAW CURRENT FACTOR L/ {3%{SIGTR**2))
LTEM AND LLTEM ARE LOCATIONS OF THE BUCKLING LOSS CROSS SECTIONS
TLIIS)=TLLUIG)-C(LTEM)XDELP*DELPA*C(LLL) *V{(IJ)/PAP
TL2(I6)=TL2(IG)-C(LLTEM)*DELP*DELPA*C(LLLI®V{I1J)/PAP
IF(KARWNE.2) GO TO 1490

ITMLI=ITEMP-2
ACIG)=ALIG)-CCITML)*UELP*DELPA*C(LLL)*V(IJ)/PAP



c

OO0

1490

1500

1505

151¢

1515

1525

1530

1535

1540
1545

1550

1575

1579

CONTINLE
DL(1G)=D1(IG})/PAP
SEE EQ. 32 IN WRITEUP

FOR THE SECUND DIRECTION (MUST BE EITHER ONE OR THREE OR MORE MESH

INTERVALS) THREE POINT VANDERMONDE SOLUTION FOR FLUX DERIVATIVE
THE DIFFERENCE IN GRADIENT ACROSS PARALLEL FACES OF A MESH
INTERVAL IS USED AS THE NET GRADIENT OF THE INTERVAL

IF(NZ.LE. 1) GO T 1595
X1I=XIZ

DO 159C J=1+N2Z
IF(J.EQel) DXII=2.%XI1
IF (J—1}) 1505,1505,1510
Ji=Jd+1

GO TO 1515

Jl=Jd-1
DX1I=2.%3ELZ{J1)-DXII
IF (J-NZ) 15154152541525
DEL 1=DELZ{J)+DELZ(J])
DEL2=DELZ(J)*DELZ(JL)
DEL 3=DEL 1*DELZ2

[J=INVDEXI{NRy»J,»0)
IJG=INDEX{NLJI,LIG,I )

DO 159C I =1,NR

[J=1J+1

1J6=1JG+1

K=MA(I1J)

IF (K) 1590,1590,1530
[ITEMP=INDEXINTYNG ¢K¢K1l)
IF {(J—-1) 1535,1535,1540
14G4=1JG

LJGS5=1JG+NR
IJG6=1JG5+NR

GO TU 1575

LF (J-NZ) 1545,155G,1550
14G4=1JG-NR

1JG5=1JG

[1JG6=TJG+NR

GO 10 1575

1JG5=1JG—NR
1JG4=1JG5-NR

1JG6=1JG

J2=J

IF{J.EQ.NZ) J2=U-1
IF{JeNEs1.AND<JNE.NZ) GO TO 1585
IF{KD.GE.O) GU TU 1585

IF(J2.NEs 1.0RKBBLC.EQ.0) GO TO 1579
SIGN=1.0

NONE=1JG4

NTWO=1JG5

GO TO 15840

IF(KTBC.EQ.0) GO TO 1580
SIGN=—-1.0

NONE=TJGS

NTWO=1JG6
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1580 DENOM=SIGN*DELZ{J21*{DXII+DELZ(J2))
A2=(XN{NTWO)-XN{NONE) ) /DE NOM
A2A=( XNAUNTWO )—-XNA{NUNE} ) /DENCM
DELP=2.,¥SIGN*A2*DXII
DELPA=Z.*SIGN*AZA*DXI I
GO TO 1586

1585 IF(J.EQ.1) J2=Jd+1
DELP=24%{DELZ(J2)%XN{IJG4)-DELL*=XN(IJGSI+DELZ(J2-1 ) XN(IJG6))I*DXII
1/0EL3
DELPA=2.%{DELZ(J2)*XNALTI JG4)}—DELLI*XNA(IJGS)I+DELZ{J2-1)*XNA(1JG6))*
1OXII/DEL3

1586 D2(1G)I=D2(IG)-DELPA*C (I TEMP)*DELP*VI(I J)
LTEM=NTYNG*NMAT+NG¥*(K-1)+1IG
LLL =L TEM+2%NGM
TLHLIG)=TLI{IG)I-C(LTEM) ¥DELP*DELPA*C(LLL)*V(1J)/PAP
IF{KARW.NE .2} GO TO 1590

ITMI=ITEMP-2
ACIGI=ALIG)-C{ITML)*DELP*DELPA*C(LLL)*V(IJ)/PAP

1590 CUNTINUE
D2{ IG)=D2(IG)/PAP

c
C
1595 CONTINLE
RETURN
END

$IBFTC PERY

SUBROUTINE OQUTPUT ( Py S» Ay Ry Dly D2y YJA,XKEFF,TL1,TL2)

c
c
C
C
c
L THE CUMMON STATEMENTS

COMMUN JCALLL/ NGy NTYPS,

1 NTYNG, NFAST, NUP , NR NZ NIJy

2 KFLUX, KBEFF, KCTYP, KINy

3 KPy KS KARy KDy

4 KAPROXyNMAT ¢NMID 4NUSP 4 IGHI »IGLOWXIR,XIZ

COMMUN /CALL2/ PAP

CUMMON /CALL3/ KXTRAL, KXTRA2 » KXTRA3, KXTRA4,

1 KXTRAS, EXTRAL, EXTRAZ, EXTRA3, EXT RA4, EXTRAS
C
C THE DIMENSION STATEMENTS

DIMENSION P{1), S(L), A(l),

ITL1IC1) »TL2(L)y R(L), DLA(L) » D2(1),YJA(1)
C
c THE FORMAT STATEMENTS

100 FORMAT{1H1L)
101 FORMAT{LHK,25H DELAYED SPECTRUM NUMBER 412,21H #*%%% SPECTRAL SUM =

1 +F10.7/42Xy THBETA = 4F10.7/37X124BETA{EFF) = ,F1l0.7)
113 FORMAT (7TEl6.7)
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114 FORMAT(LHL,38HUNPERTURBED MULTIPLICATION FACTOR #%%%,£12.8/
139H PERTURGED MULTIPLICATIGON FACTOR #k%k%,F]12.8)

115 FORMAT(1HK ¢4X s LOHTRANSVER SE 6 X9 LOHTRANSVERSE 456X ,6 HGROUP /
15Xy LOHLEAKAGE 1,6X»10HLEAKAGE 2}

116 FURMATI(2E16.7 ,48X9E16.7)

119 FORMAT(35X,41lH((L/KEFF PERTURBED)—-(L/KEFF UNPERTURBED)))

120 FORMAT(44X,23HDIFFUSION APPROXIMATION//5X,
111H PRODUCTIUN +5X ¢ LOHSCATTERING y6X910HASSORPT ION,6X »THREMOVAL 5X,
216H DIFF. COEFF. 1 ,16H DIFF. COEFF. 2 )

121 FORMAT (1lHJsl4H GROUP TUTALS)

122 FORMAT{37X,37HTRANSPORT CORRECTED P-0 APPROXIMATION//5X,
111H PRODUCTION »5X 9104 SCATTERING 96X LOHABSORPT IONy 6 Xy THREMIVAL» 9X,
29HTRAN SPURT, 1 8H DIFF. COEFF. 2 )

123 FORMAT(42X,27HP—1 TRANSPUORT APPROXIMATION//S5X,
LL1H PRUDUCTIIN5X,10ASCATTERING y6XyLOHABSORPT ION,6X , THREMOVAL » 6X,
214HG-TU-G#*%% J-WGT 45Xy THLEAKAGE)

1000 WRITE (6,100)
IF(KBEFF.EQ.0) GO TO 1010
ISPAN=IGLU-IGHI+1
NST=NIJ+NDSP*I SPAN
LOB=NITJ
U0 1015 IL=1,NDSP
NST=NST+1
SUM=0.C
00 102C IGDL=1,ISPAN
LOB=L0B+1

1020 SUM=SUM+YJA{LOB)

1015 WRITE(654101) ID,SUMyS({ID) sYJAINST)
GO TO 1100

101C WRITE(6+4119)
IF(KAPROX.EW.0) WRITE(6,120}
IF{KAPRUX.EQ.Ll) WRITE(6,122)
IF(KAPRUX EQe2) WRITE(6,123)
RHO=0.0
RHUP=0.0
RH35=0.0
RHUA=0.0
RHOR=0.0
RHOD1=C.0
RHODZ2=Ca0
RHOTL 1=0.0
RHOTL2=0.0
DO 1005 IG=1,NG
RHOA=RHOA +A{IG)
IF{KAR .EQ.2) GO TO 1005
RHUP=RHOP +P{ IG)
RHO S=RHOS+S(I1G)
RHUR=RHOR +R( IG)
RHOD1=RHODL+DL(IG)
RHUD2=RHOD2+D2{1G)

1005 WRITE (64113) PLIG)+SLIG) +ALIG) 4RIIG),DL(IG),D2(1IG)
WRITE (6,121)
WRITE (65113) RHOP,RHUS,RHOA,RHOR,RHGDL yRHOD2
WRITE(6y115)
DO 105C Ib=1,NG
RHOG=A{IG)I+R(IG)I+P(IG) +SCIG)+TLL(IG)+TL2(IG)
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IF(KAPRUX «EQe 0) RHOG=RHOG+DL(IG)I+D2(IG)

IF(KAPROX «GE 1) RHUG=RHGG+DL{IG)

RHOTL L=RHOTL i+ TLLLIG)?

RHOTL 2=RHOTL2+TL2UIG)

R HO=RHO+R HOG
1050 WRITE{¢éy116)

WRITE(6,121)

WRITE(6,116)

XKPER T=XKEFF /{1.0+XKEFF¥*RHO}

WRITE(&,114) XKEFF »XKPERT

OO

1100 RETURN

o

END

$0RIGIN
$ORIGIN
$ORIGIN
SORIGIN
$ORIGIN
$ORIGIN
$0ORIGIN
$ORIGIN

$0RIGIN

62

001
011
o1t
011
011
O11
001
001

Gol

TL1(1IGY» TL2(1G) yRHOG

RHOTL1RHOTL2 yRHEC

OVERLAY ORIGIN CARDS AND ASSIGNED

IS

IS

IS

IS5

IS

IS

is

s

B

LINK
LINK
LINK
LINK
LINK
LINK
LINK
LINK

LINK

LINK NUMBERS

L+ PARENT LINK
2y PARENT LINK
3, PARENT LINK
4y PARENT LINK
5+ PARENT LINK
69 PARENT LINK
7y PARENT LINK
8y PARENT LINK

9y PARENT LINK

1s
[
{s
15
IS

IS

Is

Is



* MEMOUR
SYSTEM
FILE BLOCK URIGIN
FELES l. UNLITO®
2. UNITOS5

PRE-EXECUTION INITIALIZATION
CALL ON GBJECT PRUGKAM
OBJECT PROGRAM

LINK DECK ORIGIN CUNTRO
Q0 PERSN 02764 17/
cscens
oL INK 0314 /.4D7
L XCON 03572 «LXSTR
«LXRTN
«CLSE
-LUVRY 04124 « LUVRY
TGDOM 04635 TAGDUM
«LXSL J4636 «LXSEL
-LXIND
FPTRP 05003 FEPT.
«CGUTU
«IVOHK
«ERAS. 05467 E.l
«XLC o 05473 CC.1l
FUNV 05477 «FLUN
JFOXL
<DBC2O
«JXPSE
+FLARG
«AOUT
+FLT
SINTS
«JD SF
«JHAR
« WURD
FIOH 07356 oFIOH,
o o
F13S. 10332 +oF1US
seFTLK
FROU « 10655 s« FROD
FWRO « 1u702 «o FWRD
FBLU . 10730 «oF3Co
UNITO6 10773 » e UNOS
UNOS L0774 «UNOS5.
~IUE . 10775
JIOED6 11007
RwOuk 11015
«BCREA 11035 SCREAD
BCRwD L1115 aaBLRJD
FXp2 lliet «XP2a
XEXP o 11262 s NoJEF
1/ 17130
1 PERL 11274 177
/o H4ANS
2 PEK2 L3246 /CALLL
PEKZ21 14341 RZREAU
3 PER3 lL3z24a6 /LALLl
PER 4 15706 XLHANG
4 PERS 13246 luacay
5 PEK6&L 132406 READIT
PER o L3516 /CaLLl
PER6O6S 14413 /CALLL
6 PER7 13246 /CALLL
7 PERS L1274 /CALLL
8 PERBL 11274 /CALLL
9 PER9 11274 JCALLL

UNUSED CURE

BEGIN EXECUTION.

Y MAP *

00000 THRU 02717
02720

(NO BUFF POOL ATTACHED)
(NO BUFF POOL ATTACHED)

02750
02757
02764 THRU 16004

L SECTIONS (/NAME/=NON 3 LENGVH,

/{17130) /CALLL / 02765
03470 *

/ 03514 /. LRECT/ 03526
03572 «LXSTP D3575
03631 * IBEXIT D3631
04115 * - LFBL 04116 *
(04124} «LDT {03514)
04635
04636 «LXSL1 04637
041770 <LXDIS 04773
05003 * +SEXEM. 35005
05363 * «FXUUT 05367 *
05410 * OVFLUW 05411 *
05467 E.2 05470
054173 CC.2 05474
05477 +DUPRE 05507 *
05544 «FOX2 05535
05621 «0BCLO 05635
05716 * «DUZET 06023 *
U61LLT % «ALCUD w6121 *
06262 « Juut 06274
06442 «FXFLL 06577
Veb6l7 «TuPAL 06635
Qo700 * +KUUNT 06701
uU7301 - UEXP 07310 *
PEEEN « MJD u7340
07356 +UDIU 07403 =
1ol7e6 «DUFIN 10214 *
10332 +FCLS 10354 %
10443 « [UEF 10527 *
L0655
10702
10730 «oFBCW 10732
L0773
10774
11035 B8CREAD (11035)
1115 +eBCWDO LMLlL7? *
11t67
11262 « XEXP 11266 *

/(17130}) JCALLL /(02765)

/ 11275 {nNPUT 13222

/(02165) VRZ L4241
14500

/002765) /CHANG /1(1127%5)
L5776
L372u
13450

/(02765} NREAD 14330

/(02765) REED 14637

/(02765}) /CALLZ /(030151

/7(021765) /CALL2 /7(03015}

/(02765) JCALLZ /(03015)

/(02765) /CALL2 /(03015)

L6005 THRU 17127

/7CALL2 / 03015
/.LVEC / 03550
LLXOQUT 03617 *
~DBCLS 04011 *
+LJINB 04117 *
JL.RECT (03526}
<LXTST 04642
LXFLG 04774
«FX EM 05005 *
+FX ARG 05401 =
SYSONE 05436
E.3 05471
cC.3 05475
+FCNV. 05515
.DBC 05537
«0DBC9? 05650 %
.ICLO 06064 *
«ANPT 06132
LLJUT 06323
«FXD 06603
-AIUTH 06641
LIST 06704
.TEN 07314 *
~PEX 07341
<DDLET 07544 *
LFRTN. 10223
«-FI1OLC 10401
=X EM 10535 *
«.FBCB 10743
«+.BRDB 11131
JZJOLF 11271

/CALLZ /(03015)

CREAD 15673

PAPCAL 13624
/CALL3 /7(03016)
OIFUSE 13112

/CALL3 /103016)

(LOC)=DELETED,

/CALL3 / 03016

<LXERR (03626
<L XARG 04100 #
+DFOUT 04120
.LVEC (03550)
-LXOVL 064702
«LTCH 04775
“ETAG 05234 *
CEXITse 05403 #
«NGP 05437
F.4 05472
CC.4 05476
+ENOFS 05526
~UBC1l4 05602 &
LDDSW N5673
~STUPJ 06101 *
JONPT 06147
~GOUT 06333
«FXFL2 06607
LFPACK C664¢
<DUNE 06713
.FBDBF 07316
FEXP Q7342
LOCPTL 07747 ¢
«DDRTN 10227 =
«.FSEL 10422
«oFCHK 10552 *

/CALL 3 /{03016

PERTUR 13454

QuTPUT 12200

*=NOT REFERENCED)

JCINPT 7

«LXCAL
-L0

«LXMOD

«FMCRT
EXIT
«BLANK

«CNVSW
+STDP4
+FIXSW
SETOUT
+LNTP
- T50UT
JFXFL3
. TEST
<« NUTRF
«JATUM
«NIS
XPT

««FBCK

03030

03531

04107 *

04744

05350 *
05403 *

05452

05530

05505 *

05702

05111 =

16223

05342 *

36413
05547
07047

07324 %

07343

10145 *

10441 *

/CINPT /(03030)
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