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TWO-DIMENSIONAL CROSS-SECTION SENSITIVITY AND UNCERTAINTY ANALYSIS
FOR FUSION REACTOR BLANKETS
by
Mark Julien Embrechts
ABSTRACT

Sensitivity and uncertainty analysis implement the information ob-
tained from a transport code by providing a reasonable estimate for the
uncertainty for a particular response (e.g., tritium breeding), and by
the ability to better understand the nucleonics involved. The doughnut
shape of many fusion devices makes a two-dimensional calculation capa-
bility highly desirable. Based on first-order generalized perturbation
theory, expressions for a two-dimensional SED (secondary energy distri-
bution) and cross-section sensitivity and uncertainty analysis were de-
veloped for x-y and r-z geometry. This theory was implemented by devel-
oping a two-dimensional sensitivity and uncertainty analysis code,
SENSIT-2D. SENSIT-2D has a design capability and has the option to cal-
culate sensitivities and uncertainties with respect to the response
function itself. SENSIT-2D can only interact with the TRIDENT-CTR code.
A rigorous comparison between a one-dimensional and a two-dimen-
sional analysis for a problem which is one-dimensional from the neu-
tronics point of view, indicates that SENSIT-2D performs as intended.
A two-dimensional sensitivity and uncertainty analysis for the heat-

ing of the TF coil for the FED (fusion engineering device) blanket was
performed. The uncertainties calculated are of the same order of magni-
tude as those resulting from a one-dimensional analysis. The largest un-

certainties were caused by the cross section uncertainties for chromium.

xiv




1. INTRODUCTION TO SENSITIVITY THEORY AND UNCERTAINTY ANALYSIS

In a time characterized by a continuously growing demand for so-
phisticated technology it should not be surprising that the production
of fusion energy might materialize more rapidly than commonly predicted.
With fusion devices going into a demonstration phase there is a need for
sophisticated nucleonics methods, tailored to the fusion community. In
a relatively short time frame fusion nucleonics has established itself
as a more or less mature subfield. In this context sensitivity theory
has become a widely applied concept which provides the reactor designer
with a deeper understanding of the information obtained from transport
calculations.

Under the term sensitivity theory usually algorithms based upon
classical perturbation and variational theory are understood. The scope
of this work will be limited to cross-section and design sensitivity
analysis with respect to fusion reactors. Since fusion nucleonics do
not involve eigenvalue calculations, the mathematical concepts utilized
will be simpler than those required by the fission community.

Sensitivity theory determines how a design quantity changes when

one or more of the design parameters are altered. Uncertainty analysis



provides the error range on a design quantity due to errors on the de-
sign parameters. Sensitivity information can easily be incorporated
into an uncertainty analysis by introducing covariance matrices.
Cross-section sensitivity and uncertainty analysis will give error
estimates of response functions (such as tritium breeding ratio, heating
and material damage) due to uncertainties in the cross-section data.
Such a study will reveal which partial cross sections and in what energy
range contribute most to the error and will recommend refinements on
cross-section evaluations in order to reduce that error. Although those
results will depend on the particular response and the particular de-
sign, general conclusions can still be drawn for a class of similar
designs.18 Sensitivity theory is a powerful design tool and is commonly
applied to cross-section adjustment procedures. -3 Design sensitivity
analysis is frequently used to reduce the many and expensive computer

runs required during the development of a new reactor concept.

1.1 Motivation

The purpose of this work is to assess the state of the art of sen-
sitivity and uncertainty analysis with respect to fusion nucleonics,
fill existing gaps in that field and suggest areas which deserve further
attention.

At this moment the literature about sensitivity theory is scattered

between various journal articles and technical reports. Therefore, the




author considered it as one of his responsibilities to provide a con-
sistent monograph which explains, starting from the transport equation,
how analytical and explicit expressions for various sensitivity profiles
can be obtained. Current limitations with respect to the applicability
of sensitivity theory are pointed out and the application of sensitivity
theory to uncertainty analysis is explained. At the same time the scope
has been kept limited to those algorithms which are presently used in
calculation schemes.

Due to the particular geometry of fusion devices (toroidal geom-
etry, non-symmetric plasma shape, etc.), a one-dimensional transport
code (and therefore a one-dimensional sensitivity analysis) will gener-
ally be inadequate. In order to mock-up a fusion reactor more closely,
a two-dimensional analysis is required. Although a two-dimensional
sensitivity code - VIPI"5 - already exists, VIP was developed with a
fission reactor in mind, and does not include an r-z geometry option,
nor a secondary energy distribution capability. To answer the needs of
the fusion community, a two-dimensional sensitivity and uncertainty
analysis code, SENSIT-2D, has been written.

A sensitivity code uses the regular and adjoint fluxes of a neutron
transport code in order to construct sensitivity profiles. SENSIT-2D

requires angular fluxes generated by TRIDENT-CTR.é’7

TRIDENT-CIR is a
two~dimensional discrete-ordinates neutron transport code specially
developed for the fusion community. Since SENSIT-2D incorporates the

essential features of TRIDENT-CTR, i.e., triangular meshes and r-z geom-

etry option, toroidal devices can be modeled quite accurately. SENSIT-



2D has the capability of group-dependent quadrature sets and includes
the option of a secondary energy distribution (SED) sensitivity and un-
certainty analysis. An option to calculate the loss term of the cross-
section sensitivity profile based on either flux moments or angular
fluxes is built into SENSIT-2D. The question whether a third-order
spherical harmonics expansion of the angular flux will be adequate for a
2-D sensitivity analysis has not yet been adequately answered.8 The
flux moment/angular flux option will help provide an answer to that
question.

As an application of the SENSIT-2D code, a two-dimensional sensi-
tivity and uncertaintly analysis of the inboard shield for the FED
(fusion engineering device), currently in a preconceptual design stage

by the General Atomic Company, was performed.

1.2 Literature Review

The roots of cross-section sensitivity theory can be traced to the

9,10

work of Prezbindowski. The first widely used cross-section sensi-

tivity code, SWANLAKE,11 was developed at ORNL (Oak Ridge National Lab-
oratory). In order to include the evaluation of the sensitivity of the
response to the response function, SWANLAKE was modified to SWANLAKE-UW

by Wu and Maynard.77 Already early in its history, sensitivity theory

was applied to fusion reactor st‘.udies.lz-16 It has now become a common

practice to include a sensitivity study in fusion neutronics.17-23’54




The mathematical concepts behind sensitivity theory are based on

variational and perturbation theory.zl’-29

The application of sensitiv-
ity profiles to uncertaintly analysis was restricted not due to a lack
of adequate mathematical formulations, but due to the lack of cross-
section covariance data. An extensive effort to include standardized
covariance data into ENDF/B files has recently been made.30-34

The theory of design sensitivity analysis can be traced to the work

of Conn, Stacey, and Gerst1.14’26’35’40

The current limitation of de-
sign sensitivity analysis is related to the fact that the integral
response is exact up to the second order with respect to the fluxes, but
only exact to the first order with respect to design changes. There-
fore, only relatively small design changes are allowed. The utilization
of Padé approximant:sl'2 might prove to be a valuable alternative to
higher-order perturbation theory, but has not yet been applied to design

sensitivity analysis.63

The two~dimensional sensitivity code VIPA’5 was developed by
Childs. VIP is oriented towards fission reactors and does not include a
design sensitivity option, nor a secondary energy distribution capa-
bility.

The theory of secondary energy distribution (SED) and secondary
angular distribution (SAD) sensitivity and uncertainty analysis was

originated by Gerst‘,ll'?'-45 46

47

and is incorporated into the SENSIT = code.

The FORSS

ie548,49

code package has been applied mainly to fast reactor stud-

but can be applied to fusion reactor designs as well. Higher-

42,50-51,78

order semsitivity theory still seems to be too impractical to



be readily applied. Recently however, the French developed a code

52

system, SAMPO, which includes some higher-order sensitivity analysis

capability.




2. SENSITIVITY THEORY

In this chapter the theory behind source and detector sensitivity,
cross-section and secondary energy distribution (SED) sensitivity, and
design sensitivity analysis will be explained. Starting from the trans-
port equation, expressions for the corresponding sensitivity profiles
will be derived. Those formulas will then be made more explicit and
applied to a two-dimensional geometry. The theory presented in this and
the following chapter is merely a consistent combination and reconstruc-
tion of several papers and reports.3’13’16’17’18’43.46’53

Since up to this time no single reference work about the various
concepts used in sensitivity and uncertainty analysis has been pub-
lished, the author uses the most commonly referred to terminology. In

an attempt to present an overview with the emphasis on internal consist-

ency, there might be some minor conflicts with the terminology used in

earlier published papers.




2.1 Definitions

2.1.1 Cross-section sensitivity function, cross-section sensitivity
profile and integral cross-section sensitivity

Let I represent a design quantity (such as a reaction rate, e.g.,
the tritium breeding ratio), depending on a cross-section set and the

angular fluxes. The cross-section sensitivity function for a particular

cross section X  at energy E, Fy (E), is defined as the fractional
X
change of the design parameter of interest per unit fractional change of

cross section Zx, or

_ 9I/1
Fz (E) = 53 /5 (1)

In a multigroup formulation the usual preference is to work with a

sensitivity profile Pg , which is defined by

X

Pg = 81/1 R 1 , (2)
X azi/zﬁ Aud

where Au is the lethargy width of group g and Zi is the multigroup
cross section for group g. The sum over all the groups of the sensi=

tivity profiles for a particular group cross section Zﬁ, multiplied by




the corresponding lethargy widths, is called the integral cross-section

sensitivity for cross section Zx’ or

= [ dE FZX(E) . (3)

The integral cross-section semsitivity can be interpreted as the
percentage change of the design parameter of interest, I, resulting from
a simultaneous one percent increase of the group cross sections Eg in

all energy groups g.

2.1.2 Vector cross section

The term 'vector cross section" describes a multigroup partial

cross-section set with one group-averaged reaction cross section for
each group. Such a cross-section set can be described by a vector with
GMAX elements, where GMAX is the number of energy groups. The term
vector cross section was introduced by Gerstl to discriminate it from
the matrix representation of a multigroup cross-section set. Differ-
ential scattering cross sections can obviously not be described in the

form of a vector cross section.




2.1.3 Geometry related terminology

Under the term region we will understand a collection of one or
more zones. A zone will always describe a homogeneous part of the reac-

tor. We will make a distinction between source regions, detector

regions and perturbed regions, and as a consequence between source,

detector and perturbed zones. We will introduce the term blank region

for a region that is neither a detector, source or perturbed region. A
zone will further be divided into intervals.

The source region will describe that part of the reactor which con-
tains a volumetric source. The detector region indicates the part of
the reactor for which an integral response is desired. In the perturbed
region changes in one or more cross sections can be made.

A source or a detector regions can contain more than one zone, and
each zone can be made up of a different material. Due to the mathemat-
ical formulations a perturbed region can still contain more than one
zone, but in this case all the zones have to contain identical materials.
If there is more than one perturbed region, all those regions should
contain the same materials.

The geometry-related terminology is illustrated in Fig. 1. In this
case, there are six regions; a source region, two perturbed regions, one
detector region and two blank regions. The source region contains three
zones (identified by a, b, and c). The first zone, a, is a vacuum,
while the other two zones are made up of iron. Note that both perturbed

regions satisfy the requirement that the zones in these regions contain

10
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identical materials. This requirement does not have to be met for

source and detector regions.

2.2 Cross-Section Sensitivity Profiles

2.2.1 Introduction

Perturbation theory is most commonly applied in order to derive

analytical expressions for the cross-section sensitivity profile. We

11,25

therefore will follow in this work Oblow's approach. Based on the

analytical expression, an explicit formula for the cross-section sensi-
tivity profile in discrete ordinates form for a two-dimensional geometry
will then be derived.

During the last few years there has been a trend towards using gen-

5,55,61

eralized perturbation theory for sensitivity studies. General-

ized perturbation theory has the advantage that it can readily be

applied to derive expressions for the ratio of bilinear functionals and

59,60

that it can be used to study nonlinear systems. Also, higher-order

expressions, based on generalized perturbation theory, have been de-

rived.57’58’61

The differential approach is closely related to generalized pertur-

bation theory and has been applied to cross-section sensitivity analysis

by Oblow.28 A more rigorous formulation of the differential approach

50,51

was made by Dubi and Dudziak. Although higher-order expressions

12




for cross-section sensitivity profiles can be derived,so’51

50,51,78

the practi-
cality of its application has not yet been proved.

The evaluation of a sensitivity profile will generally require the
solution of a direct and an adjoint problem. Such a system carries more
information than the forward equation and it is therefore not surprising
that this extra amount of information can be made explicit (e.g.,
through sensitivity profiles).

The higher-order expressions for the cross-section sensitivity pro-
files derived by Dubi and Dudziak involve the use of Green's func-

tions.so’51

The Green's function - if properly integrated - allows one
to gain all possible information for a particular transport problem. It
therefore can be expected that higher-order sensitivity profiles can be
calculated up to an arbitrary high order by evaluating one Green's func-
tion. For most cases, the derivation of the Green's function is ex-
tremely complicated, if not impossible. It therefore can be argued that
the Green's function carries such a tremendous amount of information
that it is not surprising that higher-order expressions for the sensi-
tivity profile can be obtained, and that while the use of Green's func-
tions can prove to be very valuable for gaining analytical and physical
insight, they will not be practical as a basis for numerical evaluations.

From the study done by Wu and Maynard,78 it can be concluded that a
first-order expression allows for a 40% perturbation in the cross sec-
tions (or rather the mean free path) and will still yield a reasonably

accurate integral response (less than 10% error). Larger perturbations

give rapidly increasing errors (the error increases roughly by a power

13




of three). Expressions exact up to the second order allow a 65% per-
turbation, and a sixth-order expression allows a 190% perturbation, both
for an error less than 10%. Also, for higher-order approximations, if
was found that the error on the integral response will increase drastic-
ally once the error exceeds 10%. It can be concluded therefore that the
higher-order expressions do not bring a tremendous improvement over the
first-order approximation (unless very high orders are used), while the
computational effort increases drastically. Higher-order sensitivity
analysis can only become practical when extremely simple expressions for
the sensitivity profiles can be obtained, or when a suitable approxima-

tion for Green's functions can be found.79

2.2.2 Analytical expression for the cross-section sensitivity profile

Consider the regular and adjoint transport equations

L.¢=Q |, (4)
and

L'.¢ =R , (5)

where & and ¢ represent the forward and the adjoint angular fluxes, L

Lo
and L are the forward and adjoint transport operator, Q is the source,

14




and R is the detector response function. The integral response, I, can

then be written as
I = <R,9> (6)

or

oo

1" = <6 )

where the symbol < , > means the inner product, i.e., the integral over

the phase space. In a fully converged calculation I" will be equal to

I. For the perturbed system, similar expressions can be obtained:
Lo =0, (8)
L:¢: =R , 9)
I, = R >, (10)
and 1: = <Q,¢:> , (11)
where
¢p=¢+6¢ , (12)

15




¢ =d¢ + 6 (13)

and Ip I+6I . (14)
From Eqs. (9), (13), and (5) we have

* % k%
L.6 =(L -L).¢9 . 1
D ( p) (15)

Further, we have from Egs. (14), (11), (6), (12), and (9)

SI=1--1 ,
'Y
= <R,¢p - ¢
= R8>
or &I =<L ¢ ,56> . (16)
PP

Using the definition of the adjoint transport operator and Eqs. (15) and

(16) transforms to

S
6I = <¢_,L &6 > ,
P p
or

oI

@ @ - 1> . 17
p’( p) (17)
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It is assumed that the perturbed differential scattering cross
section can be expressed as a function of the unperturbed differential

scattering cross section by

Zsp(g,gag',EéE') = C.ZP(E,Q*Q',E+E') ' (18)
and similarly for the total cross section

ZTP(E,E) = C-ZT(E’E) s | (19)

where C is a small quantity, which can be a function of E and Q. Defin-

ing 6C = C - 1, we have

ZTP(E,E) - ZT(_I_‘,E) _ ZSP(E’(—)-)Q"EQE) - Zs(_{,g_)@v,f‘.»E.)

6C = zT(E,E) - ZS (5,9_99: ’E_)Eq) (20)

so that
SI(E) = 6C f dr J dg.¢p{-zT(£,E).¢*(£,g,E)

+ [ @B [ dQ' 3 (@0 ,B0E').6 (£,0',ED)} . (21)

The cross~-section sensitivity function Fz'(E) is defined by
X

F; B) = 5575 > . | “ (22)

17




and can be approximated by

Py @ 2 1 dr [ (-0(x,0,5).5, 4(r,E).¢" (£,,E)

+ fdQ [ dE'd)(_r_,Q,E).Zx S(E’Q')Q"E*E')-("*(E,Q' ,E')} . (23)

The sensitivity function FZ (E) represents the dependence or sensi-
X
tivity of a design parameter of interest to a particular cross section

Zx at energy E. The first term is usually referred to as the loss term

and the second term is called the gain term.27

The cross-section sensitivity profile P§ is then defined as
X

-1
dE sz(E) . (24)

1
P¢ = =
zx Aud

tx—
0o

The scaling factor A8 is the lethargy width of group g and is intro-
duced as a normalization factor in order to remove the influence of the

choice of the group structure.

Remarks

1. In the previous section Zx represents a partial cross section for
a particular material. Zx can be an absorption cross section, a
total cross section, a differential scattering cross section, a re-

action cross section, etc. Therefore Zx has a surpressed index

18




which indicates the specific partial cross section. When evaluat-
ing the cross-section sensitivity profile for a partial cross sec-
tion only the appropriate part, either the loss term or the gain
term, will have to be considered in Eq. (23). When the partial
cross section is not related to the production of secondary parti-
cles (e.g., a differential scattering cross section) the sensitiv-
ity profile in the multigroup form is referred to by Gerstl as a
vector cross-section sensitivity profile. Obviously such cross
sections contribute only to the loss term.

It is possible to define a net or a total semnsitivity profile,
which can be obtained by summing the loss and the gain terms for
various partial reactions. The net sensitivity profile can be used
to determine how important a particular element is with respect to
a particular response.

Note that while deriving an expression for the cross-section sensi-
tivity profile, we implicitly assumed that the response function
was independent from the partial cross section for which a sensi-
tivity profile is desired. If this assumption does not hold, an
extra term has to be added to the previously obtained expressions.
When the response function is also the cross section for which a
sensitivity profile is sought, the sensitivity function will take

the form
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*
<L ¢ >
91/1 _ <R,®> x
35, /%, - Tt I ; (25)

where LZ represents that portion of the transport operator that
contains ihe cross-section set {Zx}. In this expression the first

term is a direct effect and the second term is an indirect effect.

If the direct effect is present, the indirect effect will usually

be negligible. A summary of the various possibilities is given in

Table I.

4. The spatial integration in Eq. (23) has to be carried out over the

perturbed regions only.

2.2.3 Explicit expression for the cross-section sensitivity profile in
discrete ordinates form for a two-dimensional geometry represen-
tation - ' ‘

Coordinate system

The coordinate systems for x-y and r-z geometry are shown in Figs.

53

2a and 2b. In both geometries ¢ was chosen to be the angle of rota-

tion about the p-axis such that dQ = dp.d¢, and since £2 + pz + vz =1,

we have
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TABLE I: FORMULAS FOR THE SENSITIVITY FUNCTION

Case Sensitivity Function

<R,$>, where I, # R F <¢",LZ¢>/1

= <R,®>, where Zi = R FZ = <R,$>/1
i
and Zi ¢ L
= <R,$>, vhere 3, = R Fs = <R,>/1 + <$ L. ¢>/1
i i
and Zi CL direct indirect
effect effect

The direct effect is usually
dominant

indicates the inner product over the phase space §

stands for the transport operator

represents that portion of the transport operator which
contains cross-section {Zi}

means is included in

means is not included in
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Figure 2. a.

Coordinates in x-y geometry
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Figure 2. b.
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Coordinates in r-z geometry
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Qa - pz)%.sin¢ ,

ure
]

and

s ]
]

(1 - pz)%.cos¢

Therefore both the x-y and the r-z geometry representation will
lead to identical expressions for the sensitivity profile, with the
understanding that in x-y geometry the angular flux is represented by
$(x,y,H,9), and by ¢(r,z,u,¢) in the case of r-z geometry.

We now will derive an expression for the sensitivity profile in an

X-y or in an r-z geometry representation.
Method

Before deriving an expression in a discrete-ordinates formulation
and a two-dimensional geometry for Eq. (23), a brief overview of the
methods used is outlined.

Gain term:

Im order to represent the differential scattering cross section in

a multigroup format, the common approach to expand the differential

scattering cross section in Legendre polynomials is used. The num-

ber of terms in the expansion is a function of the order of aniso-
tropic scattering. The Legendre polynomials are a function of the

scattering angle H, (Fig. 2). 1Introducing spherical harmonics
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functions and applying the addition theorem for spherical har-
monics, the dependence on B, can be replaced by p's and ¢'s. The
angular fluxes are expanded in flux moments. The integrals are
replaced by summations. Defining multigroup cross sections an
expressions for the gain term can be obtained.

Loss term:

An explicit expression for the loss term can be derived based on
angular fluxes or based on flux moments. In order to check the
internal consistency in SENSIT-2D both methods will b. applied.
The derivation of an expression based on angular fluxes is
straightforward: the integrations are replaced by summations and
the appropriate multigroup cross sections are defined. An expres-
sion as a function of flux momepts can be obtained by expanding the
fluxes in flux moments, using spherical harmonics functions. The
orthogonality relation of spherical harmonics is applied, the
integrations are replaced by summations and appropriate multigroup
cross sections are defined. Finally an expression for the loss

term is the result.

Analytical derivations

Expand the differential scattering cross section in Legendre poly-

nomials according to
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LMAX

= = 2041 '
5, @REE) =3 (B = 3 Py(u)Z, G(EE') , (26)

4n
2=0

where the Pz(po)'s are the Legendre polynomials and LMAX the order of

anisotropic scattering. Here, the scattering angle M, can be written as

Ho=0.0' =00 +Q90' +00
—-= X X vy z'z
or

M, = HH' +n' + EE'

1 1 1 1
pp' 4+ (1-p2)%(1-p'2)? cosd cos¢' + (1-p2)%(1-p'2)* sing sind ,
or

o= e+ (1-p2) (1-p'2)® cos(9-0")

The spherical harmonics addition theorem states that (see e.g., Bell and

Glasstone62)

2
Pyliy) = PRy (w) + 2 T (L B Py cos[k(9-01] ,  (27)

where the P;(p)'s are the associated Legendre polynomials. The above

expression can then be reformulated as
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2 (2-6k°)(£-k)!

Pylhg) = 2 —(grryr—— Pp()Pg(h')cos [k(9-¢")]
2 e e |® fe-s peir]r
= kio 5! )T Py(W)Py(p')
X (cos k¢ cos k¢' + sin k¢ sin k¢') . (28)
We define
) (28, ) (2-K)1 ]
R‘Q(“’¢) = (2+k)! PQ(P)COS k¢ ’ (29)
and
. (2-8, ) (2K
Q,Q(p’¢) = (£+k)! PR(P)S]'.D k¢ . (30)
so that
P,( —§Rk REW, 0 + ¥, 05w’ ,07)3 (
2 po) - k:o { 2(P,¢ 2(“ ’¢ Ql P,¢ Q'Q(P ’¢ ) . 31)

The Q terms will generate odd moments which will vanish on integration,

k
£

terms are the spherical harmonics polynomials. Using the above expres-

thus the Q terms will be omitted in the following discussion. The R

sion for Pg(“o) in the expansion of the scattering cross section, we

have
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3 (9 E5E') = LgAX 2841 5 (EsE') § RE, RS, 0" , (32)
X,5 = = ’ = Ln S’z - 2 P,¢ 9 H )¢ ’

2=0 k=0

where LMAX is the order of anisotropic scattering.

The second term of the sensitivity profile, Eq. (24), becomes

. fgl o IMAX 5.0 ¢ 1 =
I dE [ dr JdB' 3 =3 (ESE') 3 2 [ dp f d¢
1AuB Eg vV 0 2= ’ k=0 -1 o

1 n N
. RE(H,0)0(z,2,E) . 2 [ oo d0'RE(M',0")% (£,Q',E') . (33)
- o]

Note that

1 m k n 2n
Il dp g d¢ Rz(p)¢)Rm(p’¢) = EE;T éﬂmékn ’ (34)

and therefore the angular flux can be expanded according to

© 2

®(@Q,E) = 3 (2041) 3 RyOS(E) (352)
£2=0 k=0
k 1 1k
where ¢2(E) = [ dp [ do R£¢(Q,E)/2n , (35b)
-1 p
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and similarly for the adjoint angular flux

L .
© (QE) = I (2041) I RS, “(E) (36a)
2=0 k=0
K - nook
where ¢ (E) = [ dp [ do R, ®(2,E)/2n , (36b)
-1 o

Introducing these expansions in the sensitivity profile, the gain term

becomes
i oMax Egr-1 Fee1 iMax
Pg = fdar I J GE'J G I (2041) I_ ,(E5E")
x,gain  Iau® V T g'=1 E, E 2=0 ’
8 g
2 k <k
< 2 %, (E)e,(E') , (37)
PRI At
k=0
where GMAX is the number of energy groups. Defining
Egr-1 Eg
878" gkgy7kg' _ ' 'YK (F v K et
zs’2 POk, © = g dE fE dE ZS,Q(E+E )o (B, "(E") (38)
g’ 8

and discretizing over the spatial variable we have
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GMAX LMAX . 2 TIPERT o
P =4 s s 20+1)288 3 5 V. eLB()8, "8 (1) , (39)
X,gain IAud g'=1l £=0 7 k=0 i=1

where IPERT is the number of perturbed spatial intervals and i indicates

the spatial interval. If there is no upscattering, and introducing
' 2 IPERT K *kg!
Y88 =4n 3 (2041) I V.o B(i)e, B (1) (40)
k=0 i=1
we have
IMAX GMAX ' '
p8 =—L1 "3 5 88 88 (41)

zx,gain Iau®  2=0 g'=g 5,2 2

The loss term of the sensitivity profile is given by

E
g-1 .
Pg = 1 J dE f dr f dg{-(b(_l_‘,g,E)zx T(E)q) (E’Q’E)} , (42)
x,loss IAuB Eg v s
1 Eg’l 1 n .
= J @ fdr 2 [ dp [ do {-¢(u,0,E)2 L (E)® (W,0,E)} ,
IAu® Eg A -1 o ’
(43)
E
_4n B7L MM N “
g
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vhere
¢m

tan” (1 - uﬁ - nif’/um for y >0, (45)

- b}
tan 1 (1 - ui - ni)’/um +n forp <O , (46)

©
"

and MM is the number of angular fluxes per quadrant.

Define
o6 g1 * g o egtE
mil é dE 2, p(E)-@(uy,0,E) @ (h,0p,E) = 20 ¢ mzl boon- 0 (47)
g
so that
- IPERT MM "
Pg = Boozov, 3 oweB)e i) . (48)
X,loss 1au8 ? i=1 m=1
Introducing
g IPERT MM g g
x® = 4n ‘E Vi E wm¢m(1)¢m (i) , (49)
i= 1 m=1
we have
p8 =1 58 Txg . (50)

Note that the gain term was expressed as a function of flux moments,
while the loss term was expressed in terms of angular fluxes. When the

gain term is expressed as a function of flux moments, a very useful
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relationship between the ¥'s and the X's will be obtained. For this

case, substituting Eqs. (36) and (38) into Eq. (42), the loss term can

be expanded as

pé -2 ?g-l Jdrs } d ? do z ‘(2z+1) § REoK
= r !
zx,loss IAud E8 v x,T -1 o l 24
0 j'A k"‘
I j(2041) I R® o0 . (51)
2=0 k=0

Using the orthogonality relations Eq. (34) and defining the multigroup

total cross section for group g by

IMAX ¢ K *K LMAX £ Eg-l Kk *k
5 03 38 "B *8(rx) = 3z ¥ [ dE I (E)d.(r,E)d, " (r,E)
9=0 k=0 XT% 7% = 2=0 k=0 E x,T 2= 2 0=

g

(52)

we have after discretizing the spatial variable, r, and truncating the

summation over £,

58  LMAX IPERT
3 =T DT e D, vekB)ekE) (53)
x,loss IAud 2=0 i=1
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Introducing

LMAX
= 5 y88 (54)

the expression for the loss term reduces to Eq. (50) again.

Summary
IMAX GMAX ' )
p§ =1 S R G IR T 1 L (55)
x I.Mu8 ’ 2=0 g'=g 5

where
Zi T T total macroscopic cross section for reaction type x,

’

t

2595 = £'th Legendre coefficient of the scattering matrix element for

! energy transfer from group g to group g', as derived from the

differential scattering cross section for reaction type x,
. IPERT £ K ko'
Y88 = 4m(2041) I 3 V. 0 8(i)e. 8 (i) (56)
£ . - ig £
i=l k=0
= spatial integral of the product of the spherical harmonics
expansions for the regular and adjoint angular fluxes,
IPERT MM o
x8 =4nm 3 v, 3 o8(i)o B(i)w (57)
j=1 Li1g=p @ m m

= numerical integral of the product of forward and adjoint
angular fluxes over all angles and all spatial intervals de-

scribed by i=1 . . ., IPERT,
LMAX

= 3 yBk (58)
=0
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Note that expression (55) is identical with the expression for the
cross-section sensitivity profile in a one-dimensional formulation.l‘6

The flux moments can be expressed in terms of angular fluxes corre-

sponding to

kg _ ¢ T ysrked B o8'gk
¢2 - f dp f d¢R£¢' (9)/27t = E ¢m R.Q(“m’q)m)wm ’ (59)
-1 0 m=1
and
L 1 T[ 2, MM
-n-kg' _ k -'\-81 _ g| k
b = [ dp [ dRge S (@/2m = I ¢ Ry(n .0 0w, (60)
-1 ° m=1
RE(Q) = spherical harmonics function
Vi = volume of rotated triangles
Mg = lethargy width of energy group g
= 1n (Eg/Eg+1), where E8 and &' are upper and lower energy
group boundaries
= integral response as calculated from forward fluxes only
IDET 1IGM 0
= 3 3 V.R8¢.8(i)
. = ii’o
i=l g=1
Ri = spatially and group-dependent detector response function.

46

2.3 Source and Detector Sensitivity Profiles

Source and detector sensitivity profiles indicate how sensitive the
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integral response I or I* is to the energy distribution of the source,
or to the detector response R. The integral response I can be calcu-
lated from the forward flux, according to Eq. (63), or from the adjoint
flux, according to Eq. (64). When the integral response is calculated

L

from the adjoint flux it will be denoted as 1. Ideally, I will be
equal to I*.

The sensitivity of the integral response to the energy distribution
of the detector response function or the source can therefore be ex-

pressed by the sensitivity profiles

txs

g-1
PE =/ dr J dE [ dQ R(r,E).®(r,Q,E) / I.Mub (61)
vy, E
g
and
Ee-1
Pg=J) dr ] dE 2 QGQE).¢ (£,0,F) / I .ab (62)
v E
5 g

where R(r,E) is the detector response and Q(x,Q,E) is the angular source,
and Vd and VS are the volumes of the detector and the source region. I
was used in the denumerator of Pg and I was used in the denominator of

Pg for internal consistency. It is obvious that the integral source and

detector sensitivities, SQ and SR’ will be equal to one.
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It is possible to derive an expression similar to Eq. (61) for the
sensitivity of the integral response to the angular distribution of the
source. The derivation of explicit expressions for Pg and Pg is

straightforward. The detector sensitivity profile as a function of the

scalar fluxes becomes

IDET 0
Pg = '21 vi.R§.¢og(i) / 1.008 (63)
1:

where the ¢8g(i) are the scalar fluxes for group g at interval i, IDET
is the number of detector intervals, and RE is the detector response at
interval i for group g.

For the source sensitivity profile in case of an isotropic source

Eq. (62) transforms into

ISRS 0 N
p3 Vi.Q§.¢og(i) /I .a8 (64)

pE =
Q 1=1

where Qg is the voluminar source for group g at source interval i.

In the case of an anisotropic source we defined Qg(g,g) by

52}

2. g-1 %
QB(r,2).9 8(r,@) = [  dE Q(z,R,E).® (r,0,E) , (65)

8

b=

36



and expand the angular source according to

g 8 T0AN 2 ok kg
Q~(z,9) = Q°(r,p,) = zgo (22+1) k§0 Ry(p,®).Qp°(r)/2m (66)

where IQAN is the order of anisotropy of the source.

Substituting Egs. (65) and (66) in Eq. (63), discretizing the

spatial variable and using Eq. (36), the expression for the source

sensitivity profile becomes

ISRS IQAN 2 K %ok %
Pg =2. 3V, 2 oD 3 QRN )/ . aud
i=1 2=0 k=0
As in Eq. (61) we can also define an angular source sensitivity func-
tion.

The angular source sensitivity function indicates how sensitive
.

the integral response 1" is to the angular distribution of the source,

or

ob
il
-

[ dr J dE Q(z,@,E). (r,@,E)/T" . (68)
\Y) 0
S
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2.4 Sensitivity Profiles for the Secondary Energy Distribution and the
Secondary Angular Distribution

The theory of the secondary energy distribution (SED) and the sec-
ondary angular distribution (SAD) sensitivity analysis was originated by
Gerst:l.l'B.46 Physically the only difference between a secondary energy
distribution and a cross-section sensitivity profile is the way in which
the integration over the energy variable is carried out. The "hot-cold"
and the "forward-backward" concepts lead to a simple formulation of
secondary sensitivity theory and can easily be incorporated in an uncer-
tainty analysis. Even when both those concepts are a rather coarse
approximation they have the advantage that they are simple and can be
physically understood.

A more rigorous formulation might be possible, but its simple

physical interpretation would be lost.63

The primary restriction on the
application of secondary energy distribution and secondary angular dis-

tribution sensitivity profiles is the lack of cross-section uncertainty

information in the proper format.

2.4.1 Introduction

The expression for the sensitivity profile for the differential
scattering cross section is part of the gain term of the cross-section

sensitivity profile and takes the form
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E ®
Py (@Q',E5E') = —— [dr [do f8 ! aE f dB' [ a@'
LIae ] g r L b
X Au®.1 E )
g
X Ry (r,Q' E5E') , (69)
X,gain
where RZ (r,®Q',E-E') is a shorthand notation for
X,gain
Ry (2, @9 ,E9E') = &(2,Q,E)3  _(r,2Q" ,E5E')é (r,0',E')  (70)
X,gain !
and similarly,
Ry (r,Q'>Q,E'2E) = ¢(£’9’E)Zx,s(5’9'*Q’E*E)¢%(£’9’E) . (71)

X,gain

Equation (70) gives the contribution to the integral detector re-
sponse, I, from the particles born at position r with energy E', travel-

ing in direction Q', since
I=<$,L' 0> =< ,Lo> . (72)

Similarly, RZ (r,®Q',E'E) gives the contribution to the integral
X,gain

detector response from the particles born at position r, with energy E,

traveling in direction Q.

As it turms out, up to this point there is no difference in the

physical interpretation of Eqs. (70) and (71). The way the integrations
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are carried out will distinguish between the differential scattering
cross-section sensitivity profile and the secondary energy distribution

and secondary angular distribution sensitivity profile.

2.4.2 Further theoretical development

In this section we will elaborate on the physics behind the deriva-

tion of SEDs and SADs. Consider

=

(E,E') =7 [ dr [ dQ [ 4Q' RZ (r, Q' ,E5E') . (73)
X,S X,gain

In this expression FZ represents the fractional change in the inte-
X,S
gral response per unit fractional change in the differential scattering

cross section Zx S(E->E'); i.e., it is the fractional change in the in-
b

tegral response when the number of particles that scatter from E into E'
is increased by ome percent. Obviously this will always be a positive
effect and will therefore be included in the gain term.

Similar to Eq. (73),

By
5 1

P2 =27

5. Tg

[+
dE [ dE' f d4Q [ dQ'Rg (r, Q' ,E°E') (74)
X,S 0

g X,gain
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represents the fractional change in the integral response when the num-
ber of particles that scatter from group g is increased by one percent.
The tilda in Eq. (74) is introduced to distinguish from a lethargy nor-

malized sensitivity profile.

In the adjoint formulation the equivalent of Eq. (73) will be

ZX’S(E',E) = Fgen(B',E) =1 fdr [ do S dg'sz’gain(E,g'»g,EwE) ,

(75)
which represents the fractional change in the integral response per unit
fractional change in differential scattering cross section ZX’S(E'+E),
i.e., it is the fractional change in the integral response when the num-
ber of primary particles that scatter from E' to E is increased by one
percent, or for that matter that the number of secondary particles that
were scattered from E into E' were increased by one percent. Again,
this will always have a positive effect and will therefore constitute a
gain term in the sensitivity profile.

Define

g-1 =
dE [ @E' aQ f dS_?'RZ (x.Q"»Q,E'-E) . (76)
0 X,gain

et

While there is no difference in the physical meaning of Egs. (73)

and (75), the formulations (74) and (76) are different. Equation (74)
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represents the fractional change in the integral response when the num-
ber of secondary particles that were scattered into group g have been
increased by one percent.

It is clear from these examples that, depending on the way the
integrations are done, several different sensitivity profiles can be
constructed. In order to study the secondary angular distribution, we

can introduce

[+ ]
F (Q,E') = Fo, (Q,E') = + [ dr [ dE [ dO'R (r,0'+Q,E'SE)
z . o= SAD - I = - 72 L= =
X,gain 0 X,gain
(77)
This expression gives the fractional change in the integral response
when the number of secondary particles scattered from initial energy E'

into final direction Q is increased by one percent. It will therefore

be clear that

Poap(® = J dE'Fg,(Q,E") (78)

is the fractional change in the response function when the number of
secondary particles which were scattered into direction ( was increased

by one percent.
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2.4.3 Secondary energy and secondary angular distribution sensitivity

profiles

A double secondary energy distribution (SED) sensitivity profile is

defined by
E
glg 1 Eg-l g'-l
PEb=——— [ [ B fdr [d@ 4Ry (5, @REE),
TouBaud E Eg' X,gain
(79)
The energy integrated SED sensitivity profile becomes
1 Bg-1
PE.y = —1 [ E' [ dE [dr [ ARy (5,@REE) . (80)
TAu® 0 Eg X,gain

The differential sensitivity profile for the angular distribution

of secondary particles scattered from initial energy E' is

E_,
[ g -1 ©
P @ =—L [ dB' [dE [ dr [ QR (z,Q'5Q,E-E')  (82)
TAu8 Eg 0 X,gain

An energy integrated SED sensitivity profile can be defined by
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[+ [+ -]

P, (Q) =1 [dE' [ dE [ dr [ dQ'R (r,0'5Q,E4E') . (82)

sap= T T g 5 rJaRy o nied
s,gain

2.4.4 Integral sensitivities for SEDs and SADs

In order to make the senmsitivity and uncertainty analysis for
secondary energy distributions and secondary angular distributions less
tedious, Gerstl introduced the concepts of the "hold-cold" SED and the

"forward-backward" SAD integral sensitivity:

1 ~Mal I |
s8 = [ dEPE_(E) - [ dE P8, (E) (83)
SED HOT SED coLD SAD ’
and
Seap = S d@P,(@ - d@ P, (@) . (84)
SAD forward SAD backward SAD
angles angles
(p>0) (p<0)

The forward-backward SAD integral sensitivity can be interpreted as
the fractional change in the integral response when the number of sec-
ondaries which were scattered forward is increased by one percent, while
the number of secondaries that were scattered backwards (p<0) is de-
creased by one percent. The integral SAD sensitivity is a positive
number which is labeled '"forward" or "backward" depending whether the

first or the second term in Eq. (84) is the larger one. Physically,
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that positive number indicates how much more sensitive the response
function is to forward scattered particles than to backward scattered
particles, or vice versa.

For the hot-cold integral SED sensitivity, the concept of the

median energy has to be introduced. In the multigroup formulation, the

median energy defines the energy boundary which roughly divides the
cross-section profile into two equal parts. The median energy and the

43 Note that the

integral SED sensitivity are illustrated in Fig. 3.
median energy g' is a function of the primary enmergy group g'. For that
reason also the integral SED sensitivity will depend on g'.

The hot-cold integral SED sensitivity expresses the fractional
change in integral response when the number of secondaries which scatter
in the "hot" part of the secondary energy distribution is increased by
one percent while the number of secondaries scattered into the "cold"
part is decreased by one percent. The integral hot-cold SED sensitivity
is a positive number; labeled "hot" or "cold" depending on which term
dominates in Eq. (83). That number indicates how much more sensitive
the integral response is to particles scattered into the hot part of the

secondary energy distribution than to particles scattered into the cold

part, or vice versa.
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2.4.5 Explicit expressions for integral SED sensitivity profiles in a
two-dimensional geometry representation

The expression for the double SED sensitivity profile, Eq. (79), is
similar to the gain term of the cross-section senmsitivity profile, Eq.
(24). By comparing Eq. (79) with Eq. (24) and using Eq. (41), the ex-

plicit expression for the double SED sensitivity profile becomes

LMAX \
p8 -8 - 1 5 5878 y8'S

(85)
IAuBAu8’ g0 =2 %27

From Eqs. (85) and (80), it follows that the energy integrated SED sen-

sitivity profile for the case of no upscattering can be represented by

g LMAX ' .
p2 = _1 5 5 5878 ys's (86)
SED  1pu8  gr=1 g=¢ S0% £

Using the definition for the integral SED sensitivity (83), it becomes

clear that
1]
g En 8" g8 o8 GHAX g 8
SSED = E ’ Au ‘PSED - 2 ' Au .PSED , (87)
8=8 g=g (g8')+1

where gm(g') is defined in Fig. 1.
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2.6 Design Sensitivity Analysis

Design sensitivity analysis provides a method to estimate changes
in integral response for a slightly altered design. The results are
exact up to the second order with respect to the corresponding flux
changes, but only exact up to the first order with respect to design
changes. The theory presented in this section is applicable only when
the design changes can be expressed in terms of macroscopic cross-
section changes. Methods based on generalized perturbation theory have
been applied to design sensitivity analysis.ll*’37
The integral response for the perturbed system can be expressed by

Eq. (88) for the adjoint difference formulation,35

I,p = <R,®> - <" AL> = I - 8,y » (88)
and by Eq. (89) in the forward difference formulation
IFD =<Q,I > -<dp,AL P >=1 - SIFD . (89)
Proceeding in a manner similar to the derivation of the cross-

section sensitivity profile, the second-order term in the right hand

side of Eqs. (88) and (89) can be written as
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o L
81,. = f dE [ dr [ dQ{¢(r,Q,E)62 T(r,E)¢"(r,Q,E)
o v, ~ T 77 Xl -

dE' [ dQ'#(r,Q',E')6E _(z,Q'-Q,E'SE)¢ (r,Q,E)} ,  (90)

+
o 8

and

@ %
61, = J dE J dr [ aQ{$(r,Q,E)62_ .(x,E)® (r,Q,E)
Fp ~ , % g OF ) EERILIRI0N 4L I,

S

’

@ %
+ ] dE' [ aQ'0(r,2,E)8%  (r,@0',EsE")¢ (£,Q',E') . (91)
0

In the above expressions we used
65, ¢ =3 o -2 , (92)
and

sz,s = zx,s - zx’s , (93)
where 2 refers to a perturbed cross section and 3 to a reference cross
section.

A design sensitivity coefficient X can be defined as the ratio of

the integral response for the altered design over the integral response
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for the original model. Depending whether the forward or the adjoint

difference method are used, the design sensitivity coefficient equals

Xpp = Ipp/T=1- 8I,p/T (94)
or

X =1 /1 =1 -6l *

wp = Ipp/l =1 - Olg/T . (95)

o
Note that respectively, I and I were used in the denominator of Egs.

(94) and (95) for internal consistency. Numerically GIAD and GIFD are
identical; I and I*, however, can be different. Gerstl and Stacey35 in-
dicate that the adjoint formulation is more accurate for perturbations
closer to the detector, while the forward difference method gives better
results for perturbations closer to the source. If both reference
fluxes ¢ and ¢* are completely converged, Egqs. (94) and (95) will give
identical results.

Explicit expressions for Eqs. (94) and (95) can be formulated. The
procedure for the evaluations of 6IAD and GIFD is similar to the deriva-

tion of the cross-section semsitivity profile and leads to the equations

I6M IMAX g = .
81, = 3 azg Txg - S 3 &53878y8 78
b}

g=1 g=0 g'=1 St 5% ’ ©6)
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and

(97)
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3. APPLICATION OF SENSITIVITY THEORY TO UNCERTAINTY ANALYSIS

Sensitivity theory can be used to do an uncertainty analysis by
introducing the concepts of cross-section covariance matrices and frac-
tional uncertainties for SEDs. In this chapter we will explain how sen-
sitivity profiles can be used in order to calculate the uncertainty of a

reaction rate due to the uncertainties in the cross sections.

3.1 Definitions

Let I represent a design parameter depending on a multigroup cross-

section set {Zi}, so that

1=1(5) , (98)

where the index i can reflect a group, a partial cross section or a

material.
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The variance of I is defined as the expected value of the square of
the difference between the actual value of I and the expected value of

I, or

Var(I) = E{(61)2} = E{(I - E{I})?3} . (99)

The standard deviation of I is the square root of the variance,
1
Al = [Var(I)]? . (100)

The covariance of a and b is defiuned as

Cov(a,b) = E{6a6b} = [ [ da.db.(a - Efa}).(b -~ E{b}).f(a,b) ,

~-® =00

(101)

where f(a,b) is a joint probability density function. A nonzero covar-
iance between the quantities a and b indicates a mutual dependence on

another quantity. Obviously we have

Cov(a,a) = Var(a) , (102)

since f(a,a) = 1.

A relative covariance element is defined by
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R(a,b) = Cov(a,b)/a.b . (103)

3.2 Cross-Section Covariance Matrices

During the experimental evaluation of cross-section data, statis-
tical errors arise from the fact that two similar experiments never
agree completely. Also a systematic error reflects the fact that no
equipment and no evaluation procedure is perfect, and that - among other
factors - reference standards are used.

Cross-section covariance data describe the uncertainties in the
multigroup cross sections and the correlation between those uncertain-
ties. A nonzero nondiagonal covariance matrix element indicates that
there was a common reason why an uncertainty in two different (e.g.,
partial cross sections or energy range) cross section was introduced.
The evaluation procedure for covariance data is tedious and requires a
sophisticated statistical analysis.2’30’31

Multigroup cross-section covariance data are ordered in covariance
matrices. Such a covariance matrix contains GMAX rows and GMAX columns,
where GMAX is the number of energy groups. A covariance matrix can
contain covariance data of a particular partial cross section with
itself over an energy range , with a different cross section for the
same element, or with a partial cross section of a different element.

It has become a common practice to include formatted uncertainty

data in the ENDF/B data files. Even though the uncertainty files are
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still missing for many materials in ENDF/B-V, extensive work is under-

way. Based on these uncertainty data, covariance libraries can be con-

32,33

structed. A 30-group covariance library based on ENDF/B-V which

contains most of the elements commonly used in reactor shielding has

33

been constructed by Muir and LaBauve. The covariance data in this

library were processed into a 30-group format by using the NJOY

64,65

code. In this particular library, called COVFILS, the multigroup

cross sections and the relative covariance matrices for 1H, 10B, C, 160,

Cr, Fe, Ni, Cu, and Pb are included. Another covariance library was set

up by Drischler and Weisbin.32

3.3 Application of Cross-Section Sensitivity Profiles and Cross Section
Covariance Matrices to Predict Uncertainties

Using first-order perturbation theory, the change in the integral
response I, O8I, as a consequence of small changes in Zi can be approxi-

mated by

61 = ? 55 GZi . (104)

We further have

Var(I) = E{6I12} = E{ Z. g%_ g%—

' GZiGZj} , (105)
1,3 1 ]
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or

_ ¢ 91 9l
Var(I) = = 57, az Cov(z; %) . (106)

1,3

From Eqs. (100) and (106) it now becomes obvious that

A 2 Cov(Zi,Z.)
[1_] =2 P Pz 53, ’ (107)
xs 1i,j i%j
\‘\~ S —
I 11

where PZ. and PZ. are sensitivity profiles, and the subscript xs refers
to react;r crosstections.

The concept of covariance data and sensitivity profiles leads to a
simple way to evaluate the error in I. The first part in the summation
requires sensitivity profiles and is highly problem dependent. The
second part requires cross-section uncertainty information and is prob-
lem independent.

When trying to apply the theory presented here, very often covari-
ance data will be missing for certain materials. One way of going
around this problem would be to substitute the covariance file of the
missing material by a covariance file for another material for which the
cross sections are less well known.[’5 Other methods to eliminate this
problem would be to make very conservative estimates.16’17

The most conservative method would be to assume that the error in
the cross section is the same for all groups and equal to the largest

error for any one group. In that case it can be shown thatle’17
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A
Al i
H S SRS S (108)
max 1

3.4 Secondary Energy Distribution Uncertainty Analysis

For evaluating uncertainties in the integral response due to un-
certainties in the secondary energy distribution we will follow Gerstl's

approach“’46 and introduce the spectral shape uncertainty parameter for

the hot-cold concept.
When the total number of secondaries scattered from group g' are

held constant, then necessarily

82yor _  %comp _

£, . (109)
20T 200LD 8

Therefore fg' quantifies the uncertainty in the shape of the SEDs and is
called the spectral shape uncertainty parameter (Fig. 4)44.

It now becomes possible to express the relative change in integral
response due to the uncertainty in the secondary energy distribution in

a form similar to Eq. (107):

v, 02,
B, = = ks 110)
SED ' '>g
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Figure 4.
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Interpretation of the integral SED uncertainty as
spectrum shape perturbations and definition of the
spectral shape uncertainty parameter "f" (ref, 44)
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Substituting Eqs. (87) and (109) in Eq. (110), it follows that

6%] g'
- =2 S £, . (111)
[I SED g SED g

Denote fg' by fj’ where the index j refers to a particular nuclear
reaction, e.g., (n,2n), at specific incident energy g', and let fi rep-
resent some different reaction/primary energy combination. Then the
uncertainty in integral response corresponding to correlated uncertain-

ties of all SEDs for a specific isotope is

2 2 i
E%]SED = Yéiéll = E {iéi%-} = E% ifj tEpStenfs £ } (112)
or
Eg]Z = 5 si gl Cov(f.,f.) . (113)
Ugep 4, SED'SED ir%)

If the spectral shape uncertainty parameters for a specific par-
ticle interaction, identified by the subscript £, are assumed to be

fully correlated, it can be shown that67

Cov(fi,f ) = [Cov(f,,f, )]é [Cov(fj,fj)]% , (114)

cor(+1) ~

so that
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l—f}—] Iz sg28' [Cov (s, iy zg.)] (115)

or,

Il _

If N independent measurements of the same SED are available, the
values for Var(fzg,) can easily be evaluated. For each cross-section

evaluation, weights, w . are assigned, then

O C for n = 1,2...N (117)

with

N
E{f%,} = = wf L, =0 . (118)
g =1 D8

The variance of fg' will be

2 2
N (o -c )
Var(f ,) = E{fz,} = 3 w HOT CgLD (119)
g g n=1 ° (E{o}]

Var(fg,) is called the fractional uncertainty for the secondary energy

distribution and is identified by the symbol F. A short program which

evaluates the values of F has been written by Muir;66 the results for

the 30-group neutron structure45 is shown in Table II.
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TABLE II
MEDTAN ENERGIES (E;, IN MEV) AND FRACTIONAL UNCERTAINTIES (F) FOR SECONDARY
ENERGY DISTRIBUTIONS AT INCIDENT NEUTRON ENERGIES E

19

0
(Ref. 45)
12¢ 169 Cr Fe Ni Cu

I T R A T A F En 0§
16.0 14.71 0.071 14.62 0.088 3.27 0.17 4.49 0.11 14.95 0.13 3.42 0.11 1.86 0.
14.25 13.00 0.059 13.33 0.072 8.65 0.15 5.99 0.10 13.97 0.11 3.51 0.10 2.17 O.
12.75 11.71 0.054 11.93 0.062 11.42 0.13 11.17 0.10 12.67 0.1 4.30 0.10 1.91 0.
11.00 9.77 0.060 9.82 0.057 10.48 0.11 10.57 0.09 10.91 1.10 10.42 0.09 1.57 0.
8.90 7.35 0.048 7.90 0.050 8.79 0.09 8.77 0.08 8.85 0.09 8.81 0.08 1.24 0.
6.93 5.96 0.035 6.04 0.030 6.83 0.08 6.86 0.07 6.88 0.08 6.86 0.07 6.66 0.
4.88 4.46 0.010 4.57 0.010 4.81 0.07 4.81 0.07 4.83 0.07 4.82 0.07 4.83 0.
3.27 2.63 0.010 3.09 0.010 3.21 0.06 3.21 0.06 3.24 0.06 3.22 0.06 3.25 0.
2,55 2.16 0.010 2.31 0.010 2.48 0.05 2.49 0.06 2.49 0.05 2.50 0.06 2.51 O.
1.99 1.73 0.005 1.79 0.010 1.93 0.06 1.93 0.06 1.94 0.04 1.94 0.06 1.96 0.
1.55 1.34 0.005 1.35 0.010 1.50 0.03 1.51 0.05 1.50 0.03 1.51 0.05 1.51 0.
1.09 0.95 0.005 0.94 0.010 1.05 0.02 1.06 0.03 1.06 0.02 1.06 0.03 1.06 0.
0.66 0.57 0.005 0.60 0.010 0.64 0.07 0.63 0.02 0.64 0.02 0.66 0.
0.40 0.35 0.005 0.34 0.010 0.39 0.02 0.39 0.02 0.38 O.
0.24 0.21 0.005 0.22 0.010 0.24 0.02 0.22 0.
0.13 0.12 0.005 0.12 0.010 0.12 0.02 0.12 0.




3.5 Overall Response Uncertainty

The overall response uncertainty will be of the form

- VP, B

where
2 2
[A—ﬂ =3 [‘—%] (121)
SED i SED, i
and
2 2
[4—3 =3 [A—ﬂ . (122)
XS ik XS,i,k

The index i reflects the unzertainties in the various materials.
It was assumed that the effects from SED uncertainties for all possible
reactions which generate secondaries are uncorrelated. It is also
assumed that the uncertainties due to the SEDs are uncorrelated with
other uncertainties due to reaction cross sections (XS), and that the
uncertainties between the reaction cross sections themselves are un-

correlated.
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Remarks

To be absolutely correct, a term reflecting the uncertainty in
the secondary angular distribution should be included. Due to
the difficulty in generating uncertainty data from ENDF/B-V in
the proper format, we do not include that term.

In order to evaluate the sensitivity profiles, we should keep
in mind that the form of the sensitivity profile will depend
on the particular reaction cross section for which a response

is desired (Table I).



4. SENSIT-2D: A TWO-DIMENSIONAL CROSS-SECTION AND DESIGN SENSITIVITY

AND UNCERTAINTY ANALYSIS CODE

4.1 Introduction

The theory explained in the previous chapters has been incorporated
in a two-dimensional cross-section and design sensitivity and uncertain-
ty analysis code, SENSIT-2D. This code is written for a CDC-7600
machine and is accessible via the NMFECC-network (National Magnetic
Fusion Energy Computer Center) at Livermore. SENSIT-2D has the capa-
bility to perform a standard cross-section and a vector cross-section
sensitivity and uncertainty analysis, a seconda-y energy distribution
sensitivity and uncertainty analysis, a design sensitivity analysis and
an integral response (e.g., dose rate) sensitivity and uncertainty
analysis. As a special feature in the SENSIT-2D code, the loss term of
the sensitivity profile can be evaluated based on angular fluxes and/or

flux moments.
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SENSIT-2D is developed with the purpose of interacting with the
TRIDENT-CTR6 code, a two-dimensional discrete-ordinates code with tri-
angular meshes and an r-z geometry capability, tailored to the needs of
the fusion community. Angular fluxes generated by other 2-D codes, such
as DOT, TWODANT, TRIDENT, etc., cannot be accepted by SENSIT-2D due to
the different format. The unique features of TRIDENT-CTR (group de-
pendent quadrature sets, r-z geometry description, triangular meshes)
are reflected in SENSIT-2D. Coupled neutrun/gamma-ray studies can be
performed. In contrast with TRIDENT-CTR however, SENSIT-2D is re-
stricted to the use of equal weight (EQn) quadrature sets,68 symmetrical
with respect to the four quadrants. Upscattering is not allowed.

Many subroutines used in SENSIT-2D are taken from SENSIT46 or
TRIDENT-CTR. SENSIT-2D is similar in its structure to SENSIT, but is an
entirely different code. Unlike SENSIT, SENSIT-2D does not use the
BPOINTR69 package for dynamical data storage allocation, but rather uses
a sophisticated pointer scheme in order to allow variably dimensioned
arrays. As soon as an array is not used any more, its memory space
becomes immediately available for other data. SENSIT-2D does not in-
clude a source sensitivity analysis capability and cannot calculate
integral responses based on the adjoint formulation. This has the dis-
advantage that no check for internal consistency can be made. There-
fore, other ways have to be found in order to determine whether the

fluxes are fully converged. One way for doing so would be to calculate

the integral response based on the adjoint formulation while performing
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the adjoint TRIDENT-CTR or the adjoint TRDSEN run, and compare with the
integral response based on the forward calculation.

SENSIT-2D requires input files which contain the angular fluxes at
the triangle midpoints multipled by the corresponding volumes, and the
adjoint angular fluxes at the triangle midpoints. A modified version of
TRIDENT-CTR, TRDSEN, was written by T. J. Seed70 to generate these flux
files. A summary of these modifications was provided by T. J. Seed and
is included as Appendix B. After a TRIDENT-CTR run, the TRDSEN code
will use the dump files generated by TRIDENT-CTR, go through an extra
iteration, and write out the angular fluxes in a form compatible with
SENSIT-2D. Both SENSIT-2D and TRDSEN use little computing time compared
with the time required by TRIDENT-CTR.

The features of SENSIT-2D are summarized in Table III. The SENSIT-
2D source code is generously provided with comment cards and is included

as Appendix A.

4.2 Computational Qutline of a Sensitivity Study

A flow chart (Fig. 5) illustrates the outline for a two-dimensional
sensitivity and uncertainty analysis. From this figure it becomes imme-
diately apparent that a sensitivity analysis requires elaborate data
management. The data flow can be divided into three major parts: a
cross-section preparation module, in which the cross sections required

by TRIDENT-CTR and SENSIT-2D are prepared, a TRIDENT-CTR/TRDSEN block,
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TABLE III: SUMMARY OF THE FEATURES OF SENSIT-2D
(PART I)

SENSIT-2D: A Two-Dimensional Cross-Section and Design

Sensitivity and Uncertainty Analysis Code

Code Information:

written for the CDC-7600

typical storage, 20K (SCM), 80K (LCM)
number of program lines, 3400

used with the TRIDENT-CTR transport code
typical rua times, 10-100 sec

% % ¥ 3%

*

Capabilities:

%

computes sensitivity and uncertainty of a calculated
integral response (e.g., dose rate) due to input cross

sections and their uncertainties

*

cross-section sensitivity

*

vector cross-section sensitivity and uncertainty
analysis

* design sensitivity analysis

b

secondary energy distribution (SED) sensitivity and

uncertainty analysis
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TABLE III: SUMMARY OF THE FEATURES OF SENSIT-2D
(PART 2)

SENSIT-2D

TRIDENT-CTR Features Carried Over into SENSIT-2D:

* X-yor r-z geometry
* group-dependent Sn order
* triangular spatial mesh

Unique Features:

developed primarily for fusion problems

%

group dependent quadrature order and triangular mesh

*

can evaluate loss-term of sensitivity profile based

on angular fluxes and/or flux moments

Current Limitations:

* can only interact with TRIDENT-CTR transport code

*

not yet implemented on other than CDC computers

based on first-order perturbation theory

%

upscattering not allowed
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Figure 5. Computational outline for a two-dimensional sensitivity analysis with SENSIT-2D




where the angular fluxes in a form compatible with SENSIT-2D are gener-
ated, and a SENSIT-2D module, which performs the calculations and manip-

ulations necessary for a sensitivity and uncertainty analysis.

4.2.1 Cross-section preparation module

There are many possible ways to generate the multigroup cross-
section tables required by SENSIT-2D and TRIDENT-CTR. The flow chart
of Fig. 5 illustrates just one of these possibilities. All the codes
mentioned here are accessible via the MFE machine. Basically, three
codes are required: NJOY, TRANSX, and MIXIT. Starting from the ENDF/B-V
data file, the NJOY code system64 generates a multigroup cross-section
library (MATXS5) and a vector cross-section and covariance library
(TAPE10). A covariance library can be constructed by using the ERROR
module in the NJOY code system.33

From the multigroup cross-section library (MATXS5), the desired
isotopes can be extracted by the TRANSX code72 and will be written on
a file with the name XSLIBF5. The MIXIT code73 can make up new mate-
rials by mixing isotopes from the XSLIBF5 library. The cross sections
used in SENSIT-2D have to be written on a file called TAPE4. The cross
sections used in TRIDENT-CTR and TRDSEN will be on file GEODXS. SENSIT-
2D and TRIDENT-CTIR include the option to feed in cross sections directly

from cards.
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4.2.2 The TRIDENT-CTR and TRDSENS block

SENSIT-2D requires regular angular fluxes at the triangle center-
points, multipled by the corresponding volumes, and adjoint angular
fluxes at the triangle centerpoints. TRIDENT-CTR does not write out
angular fluxes. Therefore the TRDSEN version of TRIDENT-CTR was written
by SEFD. TRDSEN makes use of the flux moment dump files, generated by
TRIDENT-CTR. These dump files will be the starting flux guesses for
TRDSEN. TRDSEN will perform one more iteration and write out the
angular fluxes. In this discussion we will represent the dump file
families by DUMP1 for the regular flux moments, and DUMP2 for the
angular flux moments. Except for a different starting guess option,

TRDSEN requires the same input as TRIDENT-CTR.

4.2.3 The SENSIT-2D module

The SENSIT-2D code performs a sensitivity and uncertainty analysis.
When vector cross sections and their covariances are required, they have
to be present on a file with the name TAPE10. If the cross section data
are read from tape, they have to be written on a file called TAPE4. The
regular angular fluxes at the triangle centerpoints multiplied by the
corresponding volumes (TAPE11, TAPEl12,...) and the adjoint angular
fluxes at the triangle centerpoints (TAPE15, TAPE16é,...) can be quite

voluminous. Writing out large files can be troublesome on the MFE
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machine when there is a temporary lack of continuous disk space. There-
fore TRIDENT-CTR and SENSIT-2D have the built-in option to specify the
maximum number of words to be written on ome file. This limit has to
be set high enough to ensure that all the flux data related to une group
can be written on one file. 1 000 000 words per file is usually a
practical size and is the default in TRIDENT-CIR.
SENSIT-2D can generate four more file families:
1. TAPEl, which contains the regular scalar fluxes at the triangle
centerpoints.
2. TAPE20, TAPE21,..., which are random access files and contain the
adjoint angular fluxes at the triangle centerpoints,
3. TAPE25, TAPE26,..., containing the regular flux moments at the
triangle centerpoints, multipled by the corresponding volumes,
4. TAPE30, TAPE31l,..., which contain the adjoint angular fluxes at the
triangle midpoints.
SENSIT-2D has the option of not generating those file families, but
using those created by a former run. The flux moments are comnstructed

from the angular fluxes according to the formula

k x,y N k X,y
’ -— b
¢2(r’z) = mz]_ Wng(pm,¢m)¢m(r’z) s

where the wm's are the quadrature weights, the Rg's the sphericai har-

monics functions, and MN the total number of angular fluxes.
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4.3 The SENSIT-2D Code

In this section the structure of the SENSIT-2D code, its options
and capabilities will be explained in more detail. SENSIT-2D is a
powerful sensitivity and uncertainty analysis code. The description of

this code from the user's point of view is given in the user's manual.’}

4.3.1 Flow charts

The overall data flow within the SENSIT-2D module is repeated in
Fig. 6. A simplified flow chart is illustrated in Fig. 7. The main
parts of the flow chart include these steps:

The control parameters and the geometry related information are

read in.

i

The quadrature sets and the spherical harmonics functions required

to generate the flux moments are constructed.

bl

The adjoint angular fluxes at the triangle centerpoints are written
on random access files, flux moments are generated and scalar

fluxes are extracted.

*

A detector semsitivity analysis is performed; if desired an uncer-

tainty analysis is done.

*

The X's and ¢'s which form the essential parts of the cross-section
and secondary energy distribution senmsitivity profiles are calcu-

lated for each perturbed zone and for the sum over all perturbed

zones.
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Vector cross-sections and covariance data
(only required for vector cross-section
sensitivity and uncertainty analysis)

Cross sections in LASL format (only required
i1f cross sections sre intended to be read
from cross~section file)

Angular fluxes at triangle midpoints
multiplied by the corresponding volumes

Adjoint angular fluxes
at triangle midpoints

INPUT FILE —
SENSIT-2D
scalar fluxes at
// n triangle midpoants

TAPE2S

TAPE26

ajoint flux moments psi's adjoint angulsr regular flux momernts at
at triangle center- and fluxes at triangle triangle centerpoints
points chi's midpoints celtiplied by the

(random access file) corresponding volures

Figure 6. Data flow for the SENSIT-2D module
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(

Start ’

»

Read the inp

* CALL SNCON:

* CALL TAPAS:

ut parameters.

* CALL EBND: Pead in the neutron and gamma-rav structure
and calculate the lethargy width/group.

* CALL GEOM: Read and edit the geometry.

Read quadrature information and calculate
EQn-sets.

Assign files to the fluxes.

prepare
flux files?

no

——-L do for f

orward and adjoint fluxes >

1

* CALL PNGEN

: Calculate spherical harmonics functions,

* CALL FLU)MOM: Calculate flux moments.

Extract scalar fluxes.

Aj\AVContznue >

* CALL DETSEN;

* CALL CHIS

* CALL PSIS

Calculate detector response and detector
sensitivity profile.

1f desired a detector uncertainty analysis
is performed.

Calculate chi's based on angular fluxes if
desired,

Calculate the psi's based on flux morents
and store in LCM.

If desired chi's based on flux moments will
be calculated.

Figure 7. Flow chart for STNSIT-2D (part 1)
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Is a vector cross-section
sensitivity and uncertainty
analysis desired®

¢ In the case that a SID uncertainty analysis 1s required,
read in the SED uncertainty data.

* CALL SUB5 : Read in cross sections.
Convert to macroscopic cross sections via
nunber densities.

* CALL SUBS : Read in second cross-section set in the case
that a design sensitivity analysis {s desired.

* CALL SUB6

Extract vector cross sections and scattering
matrix from the full cross-section table.

In case of a design sensitivity analysis
calculate delts sigma.

Calculate macroscopic scattering cross sections.

‘ do for all perturbed zones and for the sum
over all perturbed zones

{

* CALL TLYT or TLXIA: Print appropriste definitions when this
section is passed for the first time,

* CALL POINTB : Set pointers in order to choose proper chi's
and psi's.

* CALL SUBS8 : Calculates and edits final results of sensitivity
analysis 1f 1t is not a SED analysis,

* CALL SUB11 : Calculates and edits final results for a SED
sensitivity and uncertainty analvsis (neutrorn
groups only).

L}
_'_—< co?'xt inue ‘>

* CALL SURY : Read covariance data and provide uncertainties
in the integral responee for the fully correlated
and the non-correlated case.

NYELLT.YPERNS

Figure 7. Flow chart for SENSIT-2D (part 2)
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This section performs a complete sensitivity and uncertainty
analysis for vector cross sections,

The code requires a covariance file to be given in LASL error-
file format which contains pairs of vector cross sections with
their corresponding covariance matrix,

1

———o( do for all successive cases >

* CALL SUBS5V : Reads cross-section ID from input file,
Reads number density from input file,
Reads relative vovariance data (via COVARD)
Generates macroscopic cross sections,
Peads cross sections (via COVARD).
* CALL POINTB: Set appropriate pointers for chi's and psi's,
* CALL SUBBV : Computes and edits sensitivity profiles and
folds them with the covariance matrix in order
to obtain the relative integral response.

- continue >

* CALL SUB9V : Computes partial sums of individual response
variances.
Reads SUMSTRT and SUMIND (variances to be surmed)
assuming no correlation between individual vector
cross-section errors, the total variance and the
relative standard variation are computed.

Stop

Figure 7. Flow chart for SENSIT-2D (part 3)
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Up to this point, all the subroutines used are different from those used

in the SENSIT code. The remaining calculations are done with SENSIT sub-

routines.
* Cross sections are read in.
* Vector cross sections are extracted.

5%

Sensitivity profiles are calculated used in the appropriate {'s and
xX's.

If desired to do so, an uncertainty analysis is performed.

3

A vector cross-section sensitivity and uncertainty analysis can be
performed and partial sums of individual response variances can be

made.

4.3.2 Subroutines used in SENSIT-2D

Table IV summarizes the subroutines used in SENSIT-2D and indicates
their origin in case they were taken over or adapted from another code.
The essential difference between SENSIT and SENSIT-2D is the way that
the geometry is described and how the ¥'s and the ¥'s are calculated.
Basically, all the subroutines are called from the main program with a
few exemptions when subroutines are called from other subroutines. The
subroutines for SENSIT-2D which were not taken over from other codes
will now be described. For the SENSIT subroutines we refer to the

46
user's manual.
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TABLE IV: LIST OF SUBROUTINES USED IN SENSIT-2D

79

Name Subroutine Origin If Taken From Another
Code, Were Changes Made?
EBND SENSIT-2D -
GEOM SENSIT-2D -
SNCON TRIDENT-CTR yes
TAPAS SENSIT-2D -
PNGEN TRIDENT-CTR yes
FLUXMOM SENSIT-2D -
DETSEN SENSIT-2D -
CHIS SENSIT-2D -
POINT4B SENSIT-2D -
PSIS SENSIT-2D -
POINTS SENSIT-2D -
SUB5S SENSIT yes
SUB6 SENSIT no
TEXT SENSIT no
TESTA SENSIT no
SUB8 SENSIT yes
SUB11 SENSIT yes
SUB8V SENSIT no
SUB9 SENSIT no
SUB9V SENSIT no
SUB5V SENSIT no
COVARD SENSIT no
SETID SENSIT no



1. Subroutine EDNB. Neutron and gamma-ray energy group structures

are read in from cards and the lethargy widths for each group are
calculated.

2. Subroutine GEOM. Geometry related information is read in and

edited.

3. Subroutine SNCON. This routine was taken and adapted from the

TRIDENT-CTR code. The EQn cosines and weights are calcualted. The
quadrature information is edited whenever IOPT is 1 or 3.

4. Subroutine TAPAS. Files are assigned to the various flux data.

The filenames for the angular fluxes are read from the input file.
Those filenames will have to be of the form TAPEXY, where XY will
be the input information. Filenames in the same format will then
be assigned to the adjoint angular fluxes (on sequential files in
this case), and the flux moments. The maximum number of words to
be written on each file is controlled by the input parameter
MAXWRD. Groups will never be broken up between different files,

5. Subroutine PNGEN. This subroutine originates from the TRIDENT-

CTR code. Spherical harmonics functions, used for constructing
flux moments, are calculated. For the adjoint flux moment calcu-
lation the arrays related to the spherical harmonics will be re-
arranged to take into account the fact that the numbering of the
angular directions was not symmetric with respect to the four
quadrants in TRIDENT-CTR.

6. Subroutine FLUXMOM. The adjoint angular fluxes will be re-

written on a random access file. The direct and adjoint flux
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moments are constructed and written on sequential files. 1In the
case that the input parameter IPREP1, it is assumed that those
manipulations are already performed in an earlier SENSTT-2D run.
In this case one has to make sure that the parameter MAXWRD was not
changed. While creating the regular flux moments, the scalar
fluxes will be extracted and written on a file named TAPEl.

7. Subroutine DETSEN. From the scalar fluxes, the integral re-

sponse for each detector zone is read from input cards. The detec-
tor sensitivity profile is calculated and edited. In the case that
the input parameter DETCOV equals ome, a covariance matrix has to
be provided, subroutine SUB9 will be called and a detector response
uncertainty analysis is performed.

8. Subroutine CHIS. The X's are calculated for each perturbed

zone and for the sum over all perturbed zones based on angular
fluxes. In the case that the parameter ICHIMOM equals one, this
subroutine will be skipped and the X's will be calculated based
on flux moments via the Y's.

9. Subroutine POINT4B. This subroutine sets LCM pointers for the

flux moments which will be used in SUB4B.

10. Subroutine PSIS. The §'s are calculated for each of the per-

turbed zones and for the sum over all perturbed zones based on
flux moments. In the case that ICHIMOM is not equal to zero also
the x's will be calculated from flux moments. In the case that

parameter IPREP equals one, the ¢'s will be read in from file

TAPE3.
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11. Subroutine POINT8. This subroutine sets pointers for the

appropriate X's and y's, used in subroutine SUBS.
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5. COMPARISON OF A TWO-DIMENSIONAL SENSITIVITY ANALYSIS WITH A ONE

DIMENSIONAL SENSITIVITY ANALYSIS

Before applying SENSIT-2D to the FED (fusion engineering device)
inboard shield design, currently in development at the General Atomic
Company, it was necessary to make sure that SENSIT-2D will provide the
correct answers. One way for checking on the performance of SENSIT-2D
is to analyze a two-dimensional sample problem, which is one-dimensional
from the neutronics point of view, and then to compare the results with

4 and SENSIT46 are

a one-dimensional analysis. In this case ONEDANT
used for the one-dimensional study, while TRIDENT-CTR, TRDSEN, and
SENSIT-2D are used for the two-dimensional analysis.

Two sample problems will be studied. The first sample problem uses
real cross-section data, while the second sample problem utilizes arti-
ficial cross sections. Computing times, the influence of the quadrature

set order, and the performance of the angular fluxes versus the flux

moments option for the calculation of the chi's will be discussed.

83



5.1 Sample Problem #1

The first sample problem is a mock-up of a cylindrical geometry
(Fig. 8). There are four zones present: a source zone (vacuum), a per-
turbed zone (iron), a zone made up of 40% iron and 40% water, and a
detector zone (copper). The reaction rate of interest is the heat gen-
erated in the copper region. The source was assumed isotropic and had a
neutron density of one neutron per cubic centimeter (1 neutron/cm3).
The source neutrons are emitted at 14.1 MeV (group 2). The left bound-
ary is reflecting, and on the right there is a vacuum boundary condition.
Thirty neutron groups were used with a third order of anisotropic scat-

tering. The cross sections were generated using the TRANSX72

code. The
energy group boundaries are reproduced in Table V.

In the two-dimensional model (TRIDENT-CTR) two bands--each 0.5-cm
wide-~are present. In order to be consistent with the one-dimensional
analysis the upper and the lower boundaries were made reflective (Fig.
9). Each band is divided into 35 triangles (5 triangles for the source
zone, 10 triangles for each of the other three zones). The automatic
mesh generator in TRIDENT-CTR was used. The convergence precision was
set to 10-3. A convergence precision of 10-3 means here that the aver-
age scalar flux for any triangle changes by less than 0.1% between two
consecutive iterations. A similar criterion is used in ONEDANT. The
calculation is performed with the built-in EQn -8 (equal weight) quad-

rature set. The mixture densities are given in Table VI. For the ad-

joint calculation the source is in zone IV and consists of the copper
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lA].Ocm 10cm 10cm 10cm

Figure 8, Cylindrical geometry representation for sample
problem #1
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TABLE V: 30-GROUP ENERGY STRUCTURE
Neutrons

E-Upper Group E-lower E-Upper Group E-Lower
(MeV) (MeV) (MeV) (MeV)
1.700+01 1 1.500+01 6.140-05 24 2.260-05
1.500401 2 1.350+01 2.260-05 25 8.320-06
1.350+01 3 1.200+01 8.320-06 26 3.060-06
1.200+01 &4 1.000+01 3.060-06 27 1.130-06
1.000+01 5 7.790+00 1.130-06 28 4.140-07
7.790+00 6 6.070+00 4.140-07 29 1.520-07
6.070+00 7 3.680¢t00 1.520-07 30 1.390-10
3.680+00 8 2.865+00
2.865+00 9 2.232+00
2.232+00 10 1.738+00
1.738+00 1 1.353+00
1.353+00 12 8.230-0)
8.230-01 13 5.000-01
5.000-01 14 3.030-01
3.030-01 15 1.840-01
1.840-01 16 6.760-02
6.760-02 17 2.480-02
2.480-02 18 $.120-03
9.120-03 19 3.350-03
3.350-03 20 1.235-03
1.235-03 21 4.540-04
4.540-04 22 1.670-04
1.670-04 23 6.140-05
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REFLECTING BOUNDARY

5 tr\fanglesy 10 trianples

10 triangles

10 triangles

REFLECTING BOUNDARY
I“ 10 cm 10 cm 10 cm 10 cm

=]
O I
ZO¥E ¢ ZONE I ZONE {#I1I Z0NE {#IV N ﬁ
=

URCE PERTURBED DETECTOR o

E

(3]

VAQU Fe 40% Fe Cu N

o

Figure 9.

REFLECTING BOUNDARY

30 neutron groups

neutron source: 1 neutromn / cm3 in group2 (14.1 MeV)

pP-3, EQn—8 : third-order of anisotropic scattering

8th-order equal weight quadrature set

response function:copper kerma factor in zone #IV

-3

convergence precision : 10

Two-dimensional (TRIDENT-CTR) representation for
sample problem #1
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TABLE VI.

ZONE #1
ZONE #11

ZONE #111°

ZONE #IV

ATOM DENSITIES OF MATERIALS

Vacuum

Fe

Fe

Cu

8 8.490 + 28 = 8.49 X 10

b

88

28

Atoms/m3

8.490
3.396
4.020
1.900

8.490

40 vol % Fe and 40 vol % water.

+ 282
+ 28
+ 28
+ 28

+ 28




kerma factors. The response is calculated in that case in zone I. It
was found that the adjoint calculation required more iterations and time
in order to reach convergence. Originally the forward calculation was
done using 20 triangles per band. The adjoint problem, however, did not
converge. In the evaluation process of the kerma factors, the kermas
for some groups are made negative in order to satisfy energy balance.
Making those negative sources zero in the TRIDENT-CTR run did not lead
to any improvement. Subsequently, 35 triangles per band were used.
When the negative sources were set to zero convergence was reached.
Ignoring the negative kerma factors leads to a 20% increase in the total
heating. The forward calculation required about 11 minutes cpu time
(central processor unit time on a CDC-7600), while the adjoint cal-
culation required about 13.5 minutes. Generating the angular fluxes
using the TRDSEN code required about 20 seconds of cpu time for each
case.

TRDSEN does on extra iteration in order to generate the angular
fluxes. The convergence criterion in TRIDENT-CTR is based on the scalar
fluxes, and therefore one extra iteration in TRDSEN should be adequate.
However, restarting TRIDENT-CTR with the flux moments as starting
guesses, revealed that for some groups two extra iterations were neces-
sary to reach a convergence precision of 10-3. No explanation fér this
could be found.

The one-dimensional model (ONEDANT) contains 35 intervals (5 for
the source zone, 10 intervals for each of the remaining zones). The

one-dimensional description for the forward problem is summarized in
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REFLECTING BOUNDARY

10 em 10 cm
- -t
ZONE #I ZONE #11 ZONE #III ZONE {#1IV
SOURCE PERTURBED DETECTOR
vacuum zFe 407 Fe+607%H, 0 Cu

5 intervals 10 intervals 810 intervals %10 intervals

30 neutron groups

neutron source: 1 neutron / cm3 in group 2 (14.1MeVO

P-3, S-8 : third-order of anisotropic scattering
8th~order Gaussian quadrature set

detector response: copper kerma factor in zone #1y

convergence precision: 1074

Figure 10. One-dimensional (ONEDANT) .cpresentation for

sample problem #1
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Fig. 10. Again it was found that the use of negative sources in the
adjoint calculation caused difficulties with respect to the convergence.
In that case, groups 18 and 19 triggered the message "TRANSPORT FLUXES
BAD"; groups 4, 5, 6, 7, and 19 did not converge (max. number of inner
iterations 300/group). However, the overall heating in the copper
region was within 0.1% of the heating calculated by the forward run. A
coupled neturon/gamma-ray calculation (30 neutrons groups and 12 gamma-
ray groups) in the adjoint mode led to some improvement. In that case,
only group 2 did not converge. The required convergence precision in
the ONEDANT runs was set to 10-4. The built-in S-8 Gaussian quadrature
sets were used. In order to be consistent with the TRIDENT-CTR calcula-
tions, the negative sources in the adjoint case were set to zero, even
though this did not seem to be necessary. Each run required about six
seconds of cpu time.

A standard cross-section sensitivity analysis (the cross sections
in zone II are perturbed) was performed using the SENSIT code and the
SENSIT-2D code. A ‘comparison between the SENSIT and the SENSIT-2D
results revealed that SENSIT76 does not rearrange the angular fluxes
correctly (in cylindrical geometry). To correct this error, a shuffling
routine which takes case of this deficiency was then built into SENSIT.
The SENSIT results are in good agreement with those obtained from
SENSIT-2D. The flux moments versus the angular flux option was tested
out for the calculation of the loss term. Again there is good agreement.

Finally, an uncertainty analysis was performed for the heating in the

copper zone. The SENSIT-2D analysis matches the SENSIT analysis.
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5.1.1 TRIDENT-CTR and ONEDANT results

A comparison of the heating in the copper region (zone IV) between
TRIDENT-CTR (and SENSIT-2D) and ONEDANT (and SENSIT) is summarized in
Table VII a. The adjoint calculations yield a 20% higher heating rate
due to the fact that the negative kerma factors were set equal to zero.
The one-dimensional and the two-dimensional analysis are in agreement.
The computing times for those various runs are given in Table VII b.

Each ONEDANT run requires about 8 seconds of total computing time
(LTSS time), whereas it takes about 12 minutes to do the TRIDENT-CTR
runs. The TRIDENT-CTR runs were done with a convergence precision of
10-3, whereas for the ONEDANT runs a convergence precision of 10-4 was
specified. In order to obtain the same convergence precision in
TRIDENT-CTR about eight additional minutes of cpu time are required. It
was found that a forward coupled neutron/gamma-ray calculation (30 neu-
tron groups and 12 gamma-ray groups) required only 8 minutes of comput-
ing time with TRIDENT-CTR (convergence precision 10-3). An explanation
for this paradoxial behavior is related to the fact that crs/cT has a
different (smaller) value in a coupled neutron/gamma-ray calculation.

The flux moments generated by TRIDENT-CTR and ONEDANT were com-
pared. In the ONEDANT geometry the angular fluxes are assumed to be
symmetrical with respect to the z-axis,75 so that the odd flux moments
(¢2, ¢%, ¢g, and ¢§) vanish. Since TRIDENT-CTR performs a real two-
dimensional calculation the odd moments will not be zero in that case.

In our sample problems there is still symmetry with respect to the

92




TABLE VIIa. COMPARISON OF THE HEATING IN THE COPPER REGION
CALCULATED BY ONEDANT AND TRIDENT-CTR

FORWARD ADJOINT
ONEDANT? 2.37382 + 7 2.40541 + 7
ONEDANT 2.01189 + 7 2.01882 + 7
TRIDENT-CTR 2.01175 + 7 2.39263 + 7
SENSIT 2.01011 + 7 2.40541 + 7
SENSIT-2D 2.01098 + 7

a negative KERMA factors set to

Zero

TABLE VIIb. COMPUTING TIMES ON A CDC-7600 MACHINE

cPU-TIME?  I/0 TBE® LTSS TIMES
ONEDANT FORWARD 5.80 sec. 1.87 sec. 7.65 sec.
ONEDANT ADJOINT 6.09 sec. 1.82 sec. 7.97 sec.
TRIDENT-CTR FORWARD 13.5 minutes
TRIDENT-CTR ADJOINT 11.1 minutes
SENSIT 4.92 sec. 0.55 sec. 6.08 sec.
SENSIT-2D 8.50 sec. 9.02 sec. 17.84 sec.

a . .
central processor unit time

b input/output time

€ Livermore time sharing system time (total computing time)
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z-axis. For that reason, the odd moments in TRIDENT-CTIR will have oppo-
site signs in band one and band two. For some zones and some groups
this was not completely the case. There was about 30% difference in the
absolute values of some flux moments in band one and band two, which
indicates that the problem was not in a sense truly converged. The con-
vergence criteria in ONEDANT and TRIDENT-CTR test only for the scalar
fluxes between two consecutive iterations. Even when the convergence
criteria are satisfied in both codes, a true convergence of the angular
flux is not guaranteed. The even moments in band one are exactly the
same as those for band two. Because the contribution of the odd moments
is small compared to the contribution of the even moments (about one
thousandth), the problem can be considered fully converged.

The scalar flux moments calculated by TRIDENT-CTR and ONEDANT are
in very good agreement. The higher-order moments are different. Since
TRIDENT-CTR and ONEDANT do not use the same coordinate system, they do
not calculate the same physical quantity for the higher-order flux
moments. As long as TRIDENT-CTR is consistent with SENSIT-2D, and
ONEDANT consistent with SENSIT, the results from the one-dimensional
sensitivity analysis should match those obtained from a two-dimensional

sensitivity analysis.

5.1.2 SENSIT and SENSIT-2D results for a standard cross-section sensi-
tivity analysis

A standard cross-section sensitivity analysis was performed using
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SENSIT and SENSIT-2D. The sensitivity of the heating in zone IV to the
cross sections in zome II was studied. SENSIT-2D requires about three
times more computing time than SENSIT in this case (Table VII b). The
main part of the calculation involves the evaluation of the Y's (gain
term). A complete sensitivity and uncertainty analysis may involve
several SENSIT (or SENSIT-2D) runs. Thus an option which allows one to
save the Y's has been built into SENSIT-2D. It is obvious that the com-
puting time required in SENSIT-2D is negligible compared to the comput-
ing time required for the forward and adjoint TRIDENT-CTR calculations.

The partial and the net sensitivity profiles calculated by SENSIT
and SENSIT-2D are reproduced in TABLES VIII a and VIII b. It can be
concluded that the SENSIT-2D results are in good agreement with those
obtained by SENSIT. Note that the absorption cross section is negative
for groups 2 and 3. A negative absorption cross section does not nec-
essarily indicate that errors were made during the cross section pro-
cessing. There are various ways to define an absorption cross section,
and a controversy about a commonly agreed on definition is currently in
progress. What is called an absorption cross section in a transport
code is not truly an absorption cross section but the difference between
the transport cross section and the outscattering (og =of -3 og*g').

tr g'
Note that groups 2 and 3 are the main contributors to the integral

sensitivity.
It was mentioned earlier that the X's can be calculated based on

flux moments or based on angular fluxes according to
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TABLE VIIIa: PARTIAL AND NET SENSITIVITY PROFILES
FOR THE ONE-DIMENSIONAL ANALYSIS
(Part 1)

DCFINITIONS OF SENSIT SUNSITIVITY PROFILE NOMENCLATURE

SENSITIVITY PROFILE PCR DELTA-U FOR MIE ADSONPTIUN CROSS-SECTIOH (Tril{cN FROI1 POSITION
1A IN INPUT CRUSS-SECTIUN TRULES), PURE LUSS TERM

SENSITIVITY PROFILE PER DELTA-U FOR THE CROSS SECTION IN POSITION IMA+1 IN INPUT XS-TABLES,
WHICH 1S USUALLY WU-TIMES THE FISSION CRUSS SCCTIOM. PURE LOSS TERIt

PARTIAL SCNSITIVITY PROFILE PER DCLTA-U FOR THE SCNATTERING CRUSS-SECTION (COIPUTED FOR EACH
ENERGY GROUP RS A DIAGOHAL SUM FROM INPUT XS-TAROLES), LOSS TERI ONLY

SENSITIVITY PROFILE PCR LELTA-U FOR THC TOTAL CHOSS SECTION (AS GIVEN IN POSITION IHT IN
14PUT CROSS-SECTION TAULES), PURC LOSS TERM

PARTIAL SENSITIVITY PROFILL PCI} LELTN-U FOR THE HEUTRON SCATTCRING CROSS-SCCYINN. GAIN TERM FOR
SENHSITIVITY GAIWS DUE TO SCRTTIRINLG UUT OF EHLRGY GNUUP G IHIU ALL LUWCR NLUTRUW

ENERGY GROUPS, COMPUTED FROM FORWUNRD DIFFERENCE FORMULATION.

PARTIAL SENSITIVITY PROFILE PER DCLTA-U FOI! TIE GOTA SCATTERING CROZS-SCCTI0N. GONIN TERM

FOR SENSITIVITY GAINS DUL 10 SCATILRING UUT UF GHISIA ENCRGY GRUUP G INfO ALL LOWR GAMMA ENCRGY
COMPUTED FROM FORWARD DIFFLRCNCE FURMJLATION.

RE-OPDERED PARTINL SENSITIVITY PRUFILE PER PELTN-U FOR SCATTLIING CRuULS-SCCTION, Gl TGRH FOR
SENSITIVITY GNHIS DUC T0 SLNATTERING INTO GROUP G FROIM ALL*HICIER HLUIKUN ERERGY GHUUPS,
COIPUTED FROIM ALJOINT DIFFERNCE FUKIDLLATIULE,

CONTESPONDS 10 SIWGLE-DIFFLRLNHIING SLD SENSITIVITY PRUFILE, PSED(G-OUT) PER DELU-OUT,
INTEGRATED OVER ALL IHCIDLNT LNERGY GlUUPS.

PARTIAL SENSITIVITY PROFILE PCR DLLIA-U IFOR THL GFEN PRODUCTION CROSS-STCTION

AT MCUTRON EILLRGY CRUUP G. PURE GAIN TEKM FOR SCHSITIVINY GAIWS DUC TO TRAHSKFIR FRUM NEUTRON
GROUP G INTO ALL GLAITR GRUUPS,

HET SENSITIVITY PROFILE PLR DELTA-U FUR THE SCATTERING CRUSS-SCCTION (SENSASHHGRIND

NET SENSITIVITY PROFILE PER DCLTA-U FOR TMIE TUTAL CROSS-SECTIUN (SUHT=TAS1HGALI

SENSITIVITY PROFILE PER DELTR-U FOR THC DETECYON RESPONSE FUHCTION R(G)

SENSITIVITY PROFILE PER DELTA-U FOR THE SOURLE DISIRILUTION FUNCTION Q(G)
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TABLE VIIIa: PARTIAL AND NET SENSITIVITY PROFILES
FOR THE ONE-DIMENSIONAL ANALYSIS
(Part 2)

P L £ SUMTTD OVEP AtL PERTUTDCD ZONDS %t iuhtiseist 4 1msid 1 08 1 " m oo ne s o0 v e s
LPATTIAL AUE MET SENSITIVITY PLOFILES PLR DLLTA-U, HUD'ULIZED TO I1IPHI = (R,PHI) = 2, lOd:.E#J?
FOR NEUTROM INTERACTION CROSS SECTIUNS: (N-~H) AND (4~GAItH)

xaxtx PURE LOSS TERMS smmmuxs sk PURE GOl TENMG #esraskene

GROUP UPPER-E(EV) DELTA-U S tHU-F 188 28453 ™s H=-GHIR(SED) His-GA Tt
1 1, 7nCC+HA? 1.25e-01 0. 0. 0. 8. €, .
1.5007497  1.853-01 2.4426400 @. ~2.10CC+01 =1.952C401 B.20dC+400  4.772E+40R 0,
1.25BE+07  1.1BZ-01} 1.8CGE-02 ®. ~1.801E450 =1.703E4(0  7.613CE-D1  1.GOMEAD 10,

1.200E467 1.82&£-01 -1.99%E~-N2 O.
1.000F407  2.32E-01 -1.333E-02 U,

3

g =3.131C~0i 1.7230-0 2.80.6-81 0.
6 7.7905406  2.426-81 =5.715C-02 0.

7

2]

9

=3.57.6-01 E-01 3.1008E-01 O,
=2.74GE-D1 f.644L-81  2.a%6e-61 9,
~2.45?7€-01 1.743C-01 2.3232-6!0 O,
-2.837E-91  2,3423-01  2.0C0F-RY  O.
=3.629C~01  3.150:-01 I.TISE-O0! O.
=3.5126-01  3.198t-01 3.709C-01  O.

6.07GE+35  5.B0E-B1 -1.795E~05 0.
3.€656406 2.50E-81 -9.62JE-04 0.
2.CA5E406  2.53C-01 ~5.937E-84 @.
18 2.2328+05 2.50£-81 -3.097E~B4 6.

11 1.733708  2.508-01 ~2.649C-04 ©. =3.743C-01  2.550€-01 0.
12 1.353C+H06  4.97E-8) -5.90CE-84 B, ~4.63C%-01 =-4.644C-01  4.357C-31 8.
13 B.236E+05 4.98£-01 -1.534E-03 @. ~7.0u¢E-01 -7.110C-01 6.959C~-01 0.
14  $.00e~-05  5.812-01 -1.B57E-83 8. ~?.707E-01 -7.797E-01 7.7105-08 0.
IS 3.620E+65 4.99€-01 -3.822E-¢4 B. -1.957E-01 -2.80:1£-81 1.954C-01 8.
16 1.8425+05  1.687+08 -7.033-64 @, -3.0196-01 -3.606E-01  2.97GE-0t 8.
17 6.7682+94  1.BCE+BO -4.663E-84 0. -3.49€E-81 <-3.S02E-B!  3.452E-01 3.5J1E-81 0.
18 2,207F+84  1.09E+60 -5.5326-05 8. ~2.032E~02 <-2.85¢7-82 1.9245-02  Z.054C-82 Q.
19 9,1220.%3 1.0LE+LD ~7.229C-05 O. ~4.8L7E-U2 =4.B44E-02 .O00e-L2 A.040L-02 0.
23 3.35n0+33 9.90C-81 -1.83vE-0S 0. =2.030L2-02 <2.412E-0C  2.37L-02 > Q.
21 1.2302+403  1.8UC400 -2.671E-04 0. =1..040-02 =1.530C-02  1.5058-62 0.
22  4.570C402 1.8CE400 -3.807E-US O. ~1.6E1E-)2 =1.6CAC-02 0.
23 1.67G2+C2  1.00E+00 ~4.7126€-03 0. =1.3% SE 82 -1.3°00-02 0.
24 6.14054)1 9,99E-91 -5.910E-05 0. =1.03¢C-0z 0.
2 2.2€CE+B]  9.9%E-01 =-6.CI6C-05 B. =-7.80CE~03 B.
25 B.32CC+0C  1.GJIE+CE -7.005E-~US  B. =4.206L-03 R AL 0.
2?7  3.060Z+460  8,96£-01 -6.675E-05 0. =2.5UCE-03 2 2..626-03 0.
28 1.13CE~0B 1.6024409 -5.720E-05 B. ~1.28CE~0C =1.2C3C-03 {3 1.5G1E-83 0.
29  4.142z2-C) 1.892+30 -4.4340-05 8. -6.1160-84 -G.5022-04  G.{Y €.57%1-84 B,
S8 1.S26E-B1 1.11E+08 ~2.U96E-84  B. =1.0365~03 ~-1.2.46E-03 1.2250-05 1.:37E-B3 8.
INTEGRAL 2.455E-81 BO. =5.022EH.0 -~4.B4TE+00  3.340C+E0  3.343EW0 O,
wexr NET PROFILES =t
SNCUP UPPER-F(EVY) DELTR-U SEN SENT
1 1.767E+G? 1.25€E-01 8. 0.
2 1.507E+07 1.83C-81 =1.256E481 -1.112E481
3 1.2370487 1.1CE-D1 ~1.059E400 ~1.0GZ1E+QU
4  1.207£407  3.828-01 -1.594L-01 ~1,.792E-D1
S 1.0002407 2,55E-91 -1.99CE-8) ~1.7305-81
6 ?7.700£4T3  2.45E-01 ~1.84%E-81 -1.102C-01
?  6.67054#6  5.88:-01 =-7.00S(-02 -7.244E-D2
8 3.626C4BE  2,SpE-01 =-5.300E~G2 ~5.476E-02
9 2.Le5ZiP6 2,502-01 -4,736C-02 -4.7ISE-82

18 2.2307456  2.5%5-01 =3.1006-02 ~3.134E-02

11 2.57%E-9] -1.C64C-02 =1.0LDIC~-B2
12 4.97E-01 -2.71BE-02 -2.7705-02
13 4.93E-01 -1.253E-02 <1.407k-02
14 S.0)E-B1 ~€£.9200-03 ~7.904.-03
15 4.97E~81 =-4.34CE~-03  -A4.727E-83
16 1.682+00 -2.35%E-D3 ~3.0G5E-82
17 1.6f E+LO =5.206C-p4  -9,.77E-04

18 2.4°9E+B4  1.00C+00 -5.81CE-04 =-6.270C-84
19 9.1205403  1.5CE+00 ~-2.090C-D% -3.622t-84
20 3.257C+03 ©.9CE-03 «3.823E-U4 -3.007C~04
21 1.235C+83 1.6¢C+30 5.205E~b5 -2.092C-04
22 4.5/0i402  1.€3C+00 -8.478L-05 =1.220C-04
2T 1.€7C0102 1.LCE+BD =7.€39L-05 ~1.205C-ba
24 6.14%20+01  9.23E-01 =5.9426-85 ~1.1000-04
25 2.26°C+0)  9,9%E-0) =2.427C-05 =1.024C-04
26  B.3WC+E9 §.0%E+3D «0.8526-06 =7.090C-65

27  3.870L4B0 9,56E-81 1.201E-05  ~5.374C-00
28 1.13GE+N8  1,.EDE+40LB 2.513z-u5 -3.215€-65
2%  4.143C-81 1.80E+08 2.595€-05 ~1.839C-00
33 1.52cE-B1 1.11E+89 1.092C-04 -2.022E-035
INTEGRAL ~1.743E+t8 ~1.504E+UD
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TABLE VIIIb: PARTIAL AND NET SENSITIVITY PROFILES
FOR THE TWO-DIMENSIONAL ANALYSIS

TR SRy T t=xnesiiesk FOR PERTUPRED 20NE K » 1 o
PARTIAL AUD IET S H"ITIVITY PROF ILEY PPCR DELTA-U, HORIWLIZED TO RR = (R,PHI) = 2.10092E+07
FOR HEUTTOH INTERNCTION CROSS SECTIONS: (H-H) AID (H-GAITR)

waxex PURE LOSS TERMS oo s PURE CAIN TERMS

GROUP UPPER-ECEV) DELTA-U AXs HU-F 1SS SXS TS N-CRIN N-GAIN(SED) NG-CnlN
1 1.7URE:8? 1.25€-81 0, 8. . Q. 0. 8. 0.
2 1.50CE +07 1.0LE-01 2.4GAE+0B 0. -2.215E491 =-1.9CCE4+0] 8.452E+08 4.033E+«8 A.
3 1.350C+87 1.18€-81 1.,797E-02 8. -1,791E480 <-1.773E+0® ?7,523E-01 1.590E+08 0.
4 1.206E407 1.82£-81 -1.977E-82 D. -2.85%€-b1 ~-3.152E-81 1.3G5E-01 2.010E-01 O
S 1.8C0E+B7 2.50E-01 -1,3C0E-02 8. -3.399E-81 -3.537E-81 1.002E-81 3.125C-01 ;8
6 7.79E4D6 2.4SE-81 ~S.G57E-03 8. -2.6626-81 -2.71eC-61 1.618E-01 2.470C-81 8,
7 6.076C+06 S.g05-81 -1.770E-03 ©. -2.427E-0] -2,445E-01 1.719€-01 2.303C-a1 a.
8 3.603C+06 2.56t-01 -9.54CC-84 O. -2.86<C-B1 -2.8745-81 2.321:-61 2.055e-81 @,
9 2.C65E+06 2.SCE-B1 -5.680%E-04  ®. -3.594E-8) =~3.6BUE-O1 3.111E-08 3.60:E-01 a.
18 2.232E+6 2.5GE-B1 ~3.073E-04 0O. -3.4U1E-81 -3.404aC-081 3.1501E-B)]  3.GGIE-D} -8
11 1.730C+H36  2.50C-01 -2.624E-04 O, -3.711E-81 =3.71/E-D1 3.511C-41 3.SGCE-U1 0.
12 1.353C05 4,97C-81 -5.924E-04 0. -4,5C8E-B1 -4.59:1E-01 4,301£-01 4.97<(-61 0.
13 8.234E+05 4.98C-b1 -1.509e-83 O. -6.9C0C-81 -6.9YTE-01 6,030k-01 7.563C-01 2.
14 S.000E<0S S.B81E-81 -1.832E-02 O, ~?7.692E-81 -7.61<E-01 ?.522E-01 0.04%-u1 0,
15 3.G35E+S  4.9CC-81 -3,729e-04 @, -1.94uE-01 -1.952E-01 1.9U3E-G1 2.012E-01 0.
16 1.E45E40S 1.6E0409 -6.051E-04 0. ~2.9142-01 =2.926C-01 2.04re-o1 3.025E-01 0.
17 6.76GZ404 1.82E+00 ~4,2CUE-b4 @, -3.196E-81 =3.20CE-01 3.191£-01 3.217E-81 [+ 18
18 2,4C95C:04 1.U5C+03 =5,399£-65 0. «-2.603L-82 =-2,L92C-62 1.9.108-62 2,0U3E~02 0.
19 9.125£ 403 1.00E+C3 -7.037t-05 0. -4,6345-b2 -4.C91E-02 4,65C5-02 4.69(C-02 0.

20 3.3YNE+83 9,93E-81 -1.0226-05 0. =2.3%L-62 -2,392C6-u2 2.300E-0L2  2.3C4E-82 8.
21 1,235L0403 1.06C+03 -2.503e-04 0. -1.47CE-62 ~1.502E-82 1.¢326-02 1.422E-02 0.
22 4.520E+42 1.8CE+Q3 -3.72CE-US B, =1.€45£-02 =-1.0640C-02 1.65¢E-02 1.643E-02 ©.
23 1.6700 432 1.0655407 -4.620C-0% 0. -1.325CE-02 -1.3G2E-02 1.351E-02 1.3C1E-02 8.
24 6.14GE01 9.92-01 -5.810%-05 ©, -1.812C-02 -1.818E-02 1.007E-02 1.01tE-92 Q.
25 2.2CGE+Q1 8.90°c-01 -6.727E-05 6. -6.927F-L3 =-6.994C-03 6.093:-63 6.Y57E-83 .
28 8.320C400 1.COE4CD ~?7.022E-05 6. -4,300~-03 -4.410C-03 4.341E-63  4.4126-93 8.,
27 3.B6uS+td  9.SGE-81 -6.64AGE-05  ©. =2.49%E-03 -2.562C€-03 2.509C-03 2.55CE-83 0.
28 1.130E+006 1.05C+00 -5.720E-05 0. -1.20:£-03 -1,.331E-03 1.220e-03 1.359E-03 @.
29  4,140€-91 1.CCE+23 -4.4C.0E-05 @. -6.11LF-P4 -6.5C1E-04 6.362C-04 6.5GLE-04 Q.
30 1.520€-01 1.11E408 -2.022E-04 0. ~9.990k-04 -1.20¢E-03 1. 162E-03 1.1B1E-03 O©O.
INTEGRAL 2.478%e-81 0. -5.841EH8 -4.793E409 3.275E+08  3.27S5C+00 Q.
o HET PROF ILES wwee

GROUP UPPER-ECEV) DELTA~U SEN SENT

1 1.708E+87 1.25E-81 8. 8.
2 1.50NE+0?7 1.856~-81 -1.309C4+01 -1,123E+01
3 1.350R487 1.3LC-01 ~1.029C400 ~1.821C+N0
4 1.20:£.407 1.62-A1 =1.50YE-01 =1.70¢C-01
S 1.6092+407 2.5fC-81 =1.59GE-B1 ~1,734E-91
€ 7.70¢E+406 2.4°C-91 ~1.8044E-01 -1,101E-8}
? 6.870E40€ 5.8GE-D1 =?7.001L-02 ~-7,089E-B2
8 3.600E+06 2.5GC-81 ~5.4356-02 -5,431E-02
9 2.L:5E406  2.58C-81 ~4.832C-642 -4.091C-02
18 2.232E406 2.597C-81 =3.22CE-02 -3,257E-U2

11 1.730C486  2.55E-01 «2.067E-02 ~2.03/E-b2
12 1.353C<06 4.97C-B1 =2,C0CE-02 ~2.927E-02
13 8.220£405 4.90C-081 =1.417€-02 -1.UGLE-D2

14 3.09n5485  5.81C-01 =9.22¢E-03
1S 3.020C+85 4.92E-01 -4.94C-03
16 1.0<7E:B5  1.0ME+408 =3.314€-03

17 6.260L413 1.8UC+E0 «5.4456-04 -9.719C-04
13

18 2.030L+04  1.0L+400 -5.6 =6.21.1~-04
19  9.120E03  1.6.€469 =2.618C-L4 -3,.32%E-04
28 3.350%+403  9.9CGE~DI =-3.U.10C~p4 =3.222€-04
21 1.255C+403  1.0ME4LD S.UCUC-US  <2.025L-04

22 A515E+22 3.PAuE4093 ~?.725C-65 -1.14uC-04
23 1.CrOE402 1.8.C163 ~7.0UCE-US -1.1GIE-K4
o -

24 €.120C401 ~1.126C-04
25 2.2¢7E+01 =9.u33L-u%
26 B.320C409  1.814:499 =7.GrUE~6S
2? 3.650E489  9.9CE-01 =5.,322C-0S
28 1.1212408  1,0%E408 2.4240-04  =3.276L~015
29  4.1VE-01 1.80C+08 2.45UC-0%  -1.901E-00
29 1.520C-01 1.11E+0D 1.G9UL-04 =3.24uL-b35
INTEGRAL ~1.7GCE+)B ~1.510E+80
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. LMAX
8= 3 3 w88 = 5 yB8

Table IX provides a comparison between the X's calculated from angular
fluxes and flux moments. There is a very good agreement. It was found
that this relationship is also true in the one-dimensional analysis.
For £ =0 and £ =1, the Wz's calculated in SENSIT and SENSIT-2D are
different. However, the Wz's defined by

2 K
y88 - 5 yRBE (123)
272"

are in agreement.

5.1.3 Comparison between a two-dimensional and a one-dimensional cross-
section sensitivity and uncertainty analysis

A cross-section sensitivity and uncertainty analysis was done for
the heating in the copper region, using SENSIT and SENSIT-2D. 1In this
analysis the effects of the uncertainties in the secondary energy dis-
tribution were included. Six separate SENSIT (or SENSIT-2D) rums were

required:
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TABLE IX;

COMPARISON BETWEEN THE CHI'S CALCULATED FROM ANGULAR
FLUXES AND FROM FLUX MOMENTS

SFNSIT«2D SENSIT
Sroup chi (anp. fluxes) chi (flux morents) chi (ang, fluxes) chi (flix monents)
R ———
1 0.0 0.0 0.0
2 2,5058+8 2,5053+8 2.L833+8 2.5003+8
3 2.4380+7 2,U4362+7 2,Ll9347
L 6,130L+6 6.1264+6 6,1829+6
1 B,3365+6 8.3329+6 8.L135+6
6 5.6869+6 5.685L+6 S.7L2L+6
? 9.395345 9.39LL+6 9.L775+6
8 S.6883+6 S.6881+6 5.731246
9 7.15L3+6 74154346 7.2078+6
10 7.3349+6 7.33L946 7.389L+6
83 7.8619+6 7.8619+6 7.9321+6
12 2,1571+7 2.1571+7 2.1793+6
13 2.857147 2,8571+7 2.902246
U 2,5L79+7 2,5L29+7 2,6026+6
15 6434816 6,3L81+6 6.,5028+6
16 1,5783+7 1.5783+7 1.63u5+7
17 6,5269+6 6.5269+6 74138446
18 1,7636+6 1,7536+6 1.8060+6
13 1.2L63+6 1,2463+6 1,2862+6
20 7686045 76B60+5 7745245
21 3.776L+5 3.776L45 3.8LL0+S
22 3.7h15+5 3.7L155 3.820545
23 2.9673+5 2.,9673+5 3.0024545
2 2.20L1+5 2,20L1+5 2,2405+5
25 1,505745 1,5067+5 1.5857+5
26 9.u63Lsk 9.u63u*k 9,5405+k
27 $.L090+4 5.L091+L 5.4300<k
28 2,8L76+L 2,8L76+k 2,8L99+L
29 1,332u+4 1,3325+L 1,3318+L
30 2439514 2.3949+L 2,4%10¢4
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- three runs for the vector cross-section sensitivity and uncertainty
analysis (one for the cross sections of zone II, one for the cross
sections of zone III, and one for the cross sections of zone IV),

- three runs for the SED sensitivity and uncertainty analysis.

Oxygen was not included in the vector cross-section sensitivity and un-

certainty analysis, and hydrogen was ignored in the SED sensitivity and

uncertainty analysis.

The procedure for an uncertainty analysis has been discussed by
Gerstl.45 The results from the one-dimensional analysis are reproduced
in Table Xa, while those from the two-dimensional study are given in
Table Xb. The studies are in good agreement. Sensit required a total
of 89 seconds of computing time, while SENSIT-2D required 90 seconds on
a CDC-7600 machine. The uncertainty of the heating rate due to all
cross-section uncertainties is 30%. The iron in zone II is the largest
contributor to that uncertainty. The contribution of the SED uncer-
tainty is smaller than that from the vector cross sections. Gerstl
points out that the results obtained from the SED analysis might have
been underestimated due to the simplicity of the "hot-cold" concept and
due to the fact that the partial cross sections which contribute to the
secondary energy distribution were not separated into individual partial

. 45
cross sections.
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TABLE Xa.
SECTION AND SED UNCERTAINTIES IN A ONE-DIMENSIONAL ANALYSIS

PREDICTED RESPONSE UNCERTAINTIES DUE TO ESTIMATED CROSS

RESPONSE UNCERTAINTIES DUE
CROSS RESPONSE UNCERTAINTIES DUE TO CROSS-SECTION UNCERTAIN-
SECTION ZONE TO SED UNCERTAINTIES, IN % | TIES, IN %
AR AR|* AR AR
R R R R
X-sect zone X-sect
zone zone zone
Fe I1 8.18 8.18 23.80 23.80
Fe IT1 2.50 10.33
0 III 0.78 2.61 - 10.52
H I11 - 1.96
Cu Iv 4,02 4.02 11.72 11.72
All* 9.48 28.54

1
Overall uncertainty = (9.482 + 28.542)'2 = 30.0%

* quadratic sums
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TABLE Xb.

PREDICTED RESPONSE UNCERTAINTIES DUE TO ESTIMATED CROSS

SECTION AND SED UNCERTAINTIES IN A TWO-DIMENSIONAL ANALYSIS

RESPONSE UNCERTAINTIES DUE
CROSS RESPONSE UNCERTAINTIES DUE TO CROSS-SECTION UNCERTAIN-
SECTION ZONE TO SED UNCERTAINTIES, IN % TIES, IN %
N [@]* R NE
element R zone R element R
zone zone zone
Fe 11 8.17 8.17 23.88 23.88
Fe I11 2.50 10.27
0 0.79 2.62 - 10.46
H 111 - 1.96
Cu IV 4.02 4.02 11.68 11.68
Al1% 9.47 28.57
. _ 2 2.% _ o
Overall uncertainty = (9.47° + 28.577)° = 30.1%

* quadratic sums
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5.2 Sample Problem #2

A simple one-band problem will be analyzed to study the influence
of the mesh spacing, quadrature order, convergence precision, and the
c-factor (mean number of secondaries per collision) on the sensitivity
profile. The band is 1-cm high and 20-cm wide. There are ten distinct
zones, each l-cm wide (Fig. 11), and all zones are made of the same
material. A three-group artificial cross-section set with a third-order
anisotropic scattering is used (Table XI). The Pl’ P2, and P3 compo-
nents of the scattering cross-section tables were chosen to be identical
with the Po component. A volumetric source with a source density of
1 neutron/cm® in group 1 is present in the first zone. A standard
cross-section sensitivity analysis will be performed, in which the cross
sections in zone IV are perturbed, and the detector response is calcu-

lated in zones IX and X for a response function of 100 cm_1 in each

group.

5.2.1 Influence of the quadrature order on the sensitivity profile

The detector response calculated by TRIDENT-CTR using EQ6, EQ12,
and EQ16 quadrature sets are compared in Table XII. For the first three

3 and each zone

cases, the pointwise convergence precision was set to 10°
contained four triangles (using automatic meshes). Five additional

cases are included in Table XII:
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REFLECTING BOV'NTARY

SOURCE PIRT, D*T. D°T. >
g | zox 20ME. 706 | 2ZONE g
£E é1 FI |l =
pE ~- E
g é Lone one one wone zone wne Tone 20ne sone gone E
/I ' 411 | Vv v v # VI #viir] ¢ x ¥x g
0.0 1.0 2,0 3.0 4.0 5.0 6.0 7.0 8.0 9.0  10.0 em
REFLSCTING BOUNDARY
r-z geometry
All zones contain identical materials
3 neutron groups
3
Neutron source: 1 neutron / em~ in zone I and group 1
-1
Response function: 100 cm (all groups)
Figure 11. Two-dimensional model for sample problem #2
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TABLE XI:

CROSS SECTION TABLE USED IN SAMPLE PROBLEM #2

(THE P, P,, P,, AND P, TABLES ARE IDENTICAL)
c Group g =1 g =2 g=3
roSss
Section
g . - -
zedit
zg 0.02 0.05 0.1
zg 0.0 0.0 0.0
}:% 0.1 0.2 0.3
zg*g 0.05 0.1 0.2
zg'l"g 0.0 0.02 0.05
zg'z*g 0.0 0.0 0.01
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TABLE XII: INTEGRAL RESPONSE FOR SAMPLE PROBLEM #2

Transport Quadrature Convergence Forward Adjoint
Code Set Precision # Triangles! Response Response
TRIDENT-CTR  EQ-62 1073 40 593.968  592.256
TRIDENT-CTR ~ EQ-12 1073 40 592.826  591.659
TRIDENT-CTR  EQ-16 1073 40 593.659  592.476
TRIDENT-CTR  EQ-12 1074 40 593.659  593.148
TRIDENT-CTR  Eq-12 107 80 593.688  593.208
ONEDANT §-123 1074 40 593.855  590.370
ONEDANT §-32 1074 40 591.814  590.883
ONEDANT 5-32 1074 80 592.055  590.900

! # spatial intervals for ONEDANT.
2 equal-weight quadrature sets.

3 Gaussian quadrature sets.
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1. integral response using an EQ12 quadrature set with conver-
gence precision 10-4;

2. integral response using an EQ12 quadrature set with conver-
gence precision 10-4 and eight triangles per zone;

3. integral response calculated by ONEDANT using an S12 quadra-
ture set, four intervals per zone and a 10-4 convergence pre-
cision;,

4. integral response calculated by ONEDANT, using an S32 quadra-
ture set, four intervals per zone and a 10-4 convergence pre-
cision;

5. integral response calculated by ONEDANT, using an 832 quadra-
ture set, eight intervals per zone and a 10-4 convergence pre-
cision.

The response functions in Table XII are in good agreement (maximum dif-
ference 0.6%). The standard cross-section sensitivity profiles for the
EQ6, EQ12, and EQ16 calculations are reproduced in Tables XIIIa, XIIIb,
and XIIIc. The integral sensitivity for the EQ6 case is 5% different
from the EQ12 case for AXS (absorption cross-section sensitivity pro-
file) and 5% different for N-GAIN (outscattering cross-section sensi-
tivity profile). The results obtained from the EQ12 calculation are in
good agreement with those obtained from the EQ16 calculation. The sen-
sitivity profiles for the Ele case (10-4 convergence precision) and the
EQ12 case (10-4 convergence precision, eight triangles per zone) are not

shown. They are nearly identical with Table XIIIDb.
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TABLE IIla:

GROUP UPPER-E (EV)
1 1.800E+01
2 5.00eE+eP
3 1.e08E+RR

INTEGRAL

GROUP UPPER-E(EV)
1 1.80BE+D1

2 5.008E+08
3 1.880E+00
INTEGRAL

TABLE XIIIb:

GROUP UPPER-E(EV)
1 1.880£+0)
2 5.880:+08
3 1.800E£ +28

INTEGRAL

GRDUP UPPER-E(EV)
1 1.88BE+D1
2 5.88vc+8p
3 1.88bE+08

INTEGRAL

STANDARD CROSS-SECTION SENSITIVITY PROFILES

CALCULATED BY SENSIT-2D FOR THE EQ-6 CASE
(CONVERGENCE PRECISION 0.001, 4 TRIANGLES
PER ZONE) FOR SAMPLE PROBLEM #2

DELTR-U

6.93E-B}
1.61E480
6.93£-01

DELTAR-U

6.93E-81
1.61E+4080
6.93E-0!

moverk PURE LOSS TERMS moooonoor soickrkss PURE GAIN TERME maokscansss
AXS NU-F 1SS (3,33 TS N-GAIN N-GAIN(SED)  NG-GRIN
-4.632E-02 ©. -1,B53E-81 <-2.316E-81 1,549E-81 1.155€-B81 .
-4.532E-83 8. -1.359E-82 -~1.6132€-082 1.186E-B2 2.19€E-82 @.
-1.142E-82 8. ~2.284E-B2 -3.426E-82 2.204E-82 3.477E-p2 8.
-4.732e-82 8. -1.661E-8! <-2.135E-B1 1.423E-B1 1.423E-B1 @

sowx NET PROF ILES wosaon
SEN SENT

~3.839E-82
-1.731E-83
3.252€-86

-7.671E-82
-6.263£-83
-1.1426-82

-2.306SE-82

~7.116E-82

STANDARD CROSS-SECTION SENSITIVITY PROFILES

CALCULATED BY SENSIT-2D FOR THE EQ-12 CASE
(CONVERGENCE PRECISION 0.001, 4 TRIANGLES
PER' ZONE) FOR SAMPLE PROBLEM #2

DELTR-U

6.93£-01
1.61E408
6.93£-81

DELTR-U

6.93t-81
1.61E408
6.93E-81

wooces PURE LOSS TERMS soooooock semoreeor PURE GAIN TERMS wock sass ¢
AXS NU-F 1SS §XS ™5 R-GAIN N-GAIN(SED)  NG-GRIN
-4.329£-82 8. ~1.731E-B1 -2.164E-01 1.45B8E-0) 1.875€-81 a.
-4.366E-83 8. ~1.31BE-82 -1.74€E-B2 1.143E-82  2.125E-02 8.
-1.183e-B2 8. ~2.206E-82 -3.318E-82 2.207E-82 3.761E-32 a.
-4.46BE-82 8. -1.564E-B1 <-2.B11E-B} 1.348E-81 1.348E-01 B.
noswox NET PROF 1LES mosuox
SEN SENT
~2.731E-82 ~-7.B6BE-B2
-1.668£-83 -6.834-83
8.848E-87 -1.183E-82
-2.161E-82 -6.629E-82
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TABLE XIIIc:

GROUP UPPER-E (EV)
i 1.8887+81

2 S.088E+0B
3 1.88BE+E8
INTEGRAL

GROUP UPPER-E(EV)
1 1.88BE+D1
2 5.080E+008
3 1.88BE+0B

INTEGRAL

DELTR-U

6.93E-81
1.61E402
6.937-01

DELTR-U

6.93E-81
1.61E+00
6.93E-81

STANDARD CROSS-SECTION SENSITIVITY PROFILES
CALCULATED BY SENSIT-2D FOR THE EQ-16 CASE
{CONVERGENCE PRECISION 0,001, 4 TRIANGLES
PER ZONE) FOR SAMPLE PROBLEM #2

o PURE LOSE TERDMS moonoomox saookence PURE GAIN TERMS monksansss

axs NU-F1SS 2] TS N-GAIN N-GAIN(SED)  NG-GAIN
-4.292E-82 @. =-1.716E-81 -2,145E-81 1.443E-8) 1.062€-B1 8.
-4.338E-83 8. -1.2956£-02 ~-1.7326-82 1.133E-B2 2.189E-02 @.
-1.894E-82 ©. ~2.18BE-082 =-3.281E-02 2.187E-B2 3.732E-82 8.
-4.429C-82 8. -1.55@E-81 =1.993E-81 1.334E-81 1.334E-01 8.
waors NET PROF ILES waoncx

SEN SENT

-2.734E-02 -~7.8242-82
~1.€53E-83 -5.989E-83
~1.484E-06 -1.894E-82

-2.162E-82 -6.S91E-82
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Note that the net sensitivity profiles SEN (= SXS + N-GAIN) for

group 3 are respectively 3.252 X 10-6, 8.040 X 10-7 6

, and 1.484 x 10~
for the EQ6, the EQ12, and the EQ16 case. The large discrepancies here
can be attributed to the fact that those quantities result from sub-
tracting two numbers that are nearly equal in magnitude.

It can be concluded from Tables XII and XIII that even when the
integral responses differ by less than 0.4%, the sensitivity profiles
can differ by as much as 5% between an EQ6 and an EQ12 calculation. The
close agreement between the results from the Ele and the EQ16 calcula-
tion suggest that this difference is probably due to the fact that the
angular fluxes in the EQ6 calculation are not yet fully converged.81
Indeed, choosing the higher~order anisotropic scattering cross sections
equal to the isotropic components is unphysical. The convergence cri-

teria used in ONEDANT and TRIDENT-CTR do guarantee convergence for the

scalar fluxes, but not for the higher-order flux moments.

5.2.2 Comparison between the two-dimensional and one-dimensional analy-
sys of sample problem #2

The cross-section sensitivity profiles resulting from a one-dimen-
sional analysis (S12 quadrature set, 10-4 convergence precision and four
intervals per zone; 532 quadrature set, 10-4 convergence precision and
eight intervals per zone) are compared with those obtained from a two-
dimensional analysis (EQ12 quadrature set, 10-4 convergence precision

and eight triangles per zone in Tables XIVa, .IVb, and XIVc.
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TABLE XIVa:

STANDARD CROSS~SECTION SENSITIVITY PROFILES

CALCULATED BY SENSIT FOR THE S-12 CASE (CON-
VERGENCE PRECISION 0.0001, 4 INTERVALS PER
ZONE) FOR SAMPLE PROBLEM #2

o*oe L2 d 122 o d

GROUP UPPER-E \EV)

N=GAIN

3 1.000E+01

%eco0o p U RE L DS
PURE GAIN TERRS 460050000
DELTA-U axs NU-F1SS
N=GAINISED) NE-GAIN
6.935e-01 —4.2u46-02 0.

9.920e-02 0.

1.61e+00

-4.357€-03 0.

2.039-02 0.

6.93e-01

-1.1018-02 0.

3.733~02 0.

s TE® M S ooecee
x5 Tes
=1.713e-01 =c&.l4ce
~1.307€~0c -1.743c
~&.c0cE-0c =3.303x

-01 1.3531e-01
2 S. 000E+00
-0z 1.140e-02
3 1.000e+00
=02 2.234e-02
INTESSAL
=01 1.274£-01

SROUP UPPER-K (EV)
1 1.000e+01
2 S5.000e+00
3 1.000£+00

INTEGPAL

TABLE XIVb:

~4.433E-02 0.

1.274¢-~01 0.
G000 NET PROFILES Sooe
DELTA-U SEN SENTY
6.53e~01 =-3.6coE-02 =-?.51ce-02
1.61+00 ~1.6r1€-03 =-6.0e6e-03
6.935-01 J.c3c-08 ~1,06%€-02

-2.762€-02 =7.195k-0z

~1.5%1g~-ut -1.

STANDARD CROSS-SECTION SENSITIVITY PROFILES

CALCULATED BY SENSIT FOR THE S-32 CASE (CON-
VERGENCE PRECISION 0.0001, 8 INTERVALS PER
ZONE) FPOR SAMPLE PROBLEM #2

GROUP UPPER-E(EV) DELTR-U
1 1.000c+01 6.93t-81
2 5.880c+08 1.61E+80
3 1.080E+DB 6.93E-81

INTEGRAL

GROUP UPPFR-E(EV) DELTA-U
1 1.88PE+B] 6.93E-8}
2 5.020c+08 1.61E+BD
3 1.0B0E+8® 6.53E-81

INTEGRAL

SveE

weoers P URE L DOSS TERNMS movomeks sorsonioes PURE GRIN TERMS sonsckenass
RXS NU-F 1SS SXS ™S N-GAlIN N-GARIN(SED) NG-GR.H
-4.215€-82 8. -1.68CE-@1 =~2.187E-01 1.299£-81 S.517E-82 @.
-4.277E-83  O. -1.2083E-82 ~-1.711E-82 1.128E-82 1.991E-82 8.
-1.u8l1E-B2 ®. -2.161E-02 ~-3.242E-02 2.22)E-82 3.685E-D2 O.
-4.359e-82 8. -1.525E-81 -1.961E-81 1.236F-81 1.236£-81 e.
woxk NET PROF ILES »»ex
SEN SENT
-3.871E-B2 -8.BBSE-B2
~1.551£-83 -5.82%£-83
5.989£-04 -1.B21E-82
~2.891E-02 -7.258E-82
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TABLE XIVc:

GROUP UFPER-E(EV)

1 1.8BUE+B1

2 5.80BE+0B

3  1.889c+00
INTEGRAL

GROUP UPPER-E(EV)
1 1.80BE+D)
2 S5.009E+@0
3 1.80BE+BB

INTEGRAL

DELTA-U

6.93e-01
1.61E408
6.93E-01

DELYA-U

6.93E-01
1.61E+08
6.93e-0!

STANDARD CROSS-SECTION SENSITIVITY PROFILES CALCU
CALCULATED BY SENSIT-2D FOR THE EQ-12 CASE (CON-
VERGENCE PRECISION 0,.0001, 8 TRIANGLES PER ZONE)
FOR SAMPLE PROBLEM #2

ook PURE LDOSS TERMS oo soonsssoor PURE GRIN TERMS  soksoxsss.ss
axs NU-F 1SS SX5 ™S N-GAIN N-GRIN(SED)  NG-fNIH
-4.324E-02 ©. -1.730E-8) ~2.1€2E-81 1.457E-81 1.874E-21 8.
-4.362E-83 8. -1.389E-02 ~1.74SE-82 1.142€-B2 2.123€-b2 ©.
-1.162E-82 6. ~2.283t-B2 -3.3085E-02 2.223E-82 3.755E-22 ©.
-4.463E-02 8. -1.5626-81 -2.88S5E-81 t.346£-81 1.34GE-01 8.
wor NET PROFILES wwokk
SEN SENT
-2.727E-B2 -7.051E-82
~1.668E-83 -(.8393E£-83
7.918E-87 ~-1.182C-82
-2.158E-82 -6.621E-82
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Note that the N-GAIN integral sensitivity differs by about 6% be-
tween Table XIV b and XIV c¢. The integral net sensitivity shows a 35%
difference for SEN (= SXS + N-GAIN) and a 10% difference for SENT
(= TXS + N-GAIN) between the one-dimensional and the two-dimensional
analysis. The bulk part of this large difference for the integral net
sensitivity results from the subtraction of two numbers that are nearly
equal in magnitude. A comparison of N-GAIN (integral) in Tables XIV a,
XIV b, and XIV c suggests that - even with an S32 quadrature set - the

one-dimensional calculation is not yet fullz converged.

5.3.2 Comparison between the X's calculated from angular fluxes and the
X's resulting from flux moments

The X's (or the loss term of the cross~section sensitivity profile)
can be evaluated based on flux moments (Eq. 58) or based on angular
fluxes (Eq. 57). A calculation based on flux moments requires less com-
puting time, less computer memory, and less data transfer. To have an
idea of the order of expansion of the angular fluxes in flux moments
necessary to reach a reasonable accuracy, the X's resulting from angular
fluxes are compared with those obtained from a P-0, P-1, P-2, . . .,P-17
spherical harmonics expansion of the angular fluxes (Table XV). It is
found that for any expansion of order greater than P-0, there is good
agreement (less than 1% difference for 2 x8). For very high spherical
harmonics expansions (P-15 and higher) tﬁere is divergence. This diver-

gence can be avoided by doing the computations in quadruple precision.
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TABLE XV: COMPARISON BETWEEN THE CHI'S CALCULATED FROM ANGULAR
FLUXES AND THE CHI'S CALCULATED FROM FLUX MOMENTS

. 2 3
KR S S 1o
angular fluxes 889.88 83.382 45.352 -

0 796.63 76.811 41.898 103.275
1 880.43 83.755 45.524 8.905
2 868.78 83.054 45.326 21.454
3 884.11 83.374 45.353 5.777
4 884.58 83.388 45.364 5.282
5 886.82 83.385 45.357 2.052
6 888.82 83.389 45.354 1.051
7 889.16 83.381 45.353 0.720
8 889.78 83.381 45.352 0.101
9 889.74 83.382 45.352 0.140
10 889.91 83.383 45.352 0.031
11 890.01 83.385 45.351 0.133
12 889.89 83.382 45.351 0.009
14 898.27 83.573 45.431 8.610
16 938.59 83.100 46.203 51.279
17 951.85 85.617 46.416 65.269

a xl mean X for group 1
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The small differences in Table XV indicate that the loss term of
the sensitivity profile can indeed be calculated based on a low-order

spherical harmonics expansion of the angular fluxes.

5.2.4 Evaluation of the loss term based on flux moments in the case of
low ¢

The question whether the ¥X's can be computed with adequate accuracy
from Eq. (58) in the case of low c (mean number of secondaries per col-
lision) was raised.8 Based on an analytical one-dimensional analysis of
the half-space problem (one group) with a mono-directional boundary
source, it was found that for c¢ less than 0.8, a low-order spherical
harmonics expansion of the angular flux would lead to erroneous results
in the X's.

In order to confirm the analytical study, sample problem #2 was re-
examined with a different cross-section table. The corresponding c's
were 0.5 for the high-energy group, 0.4 for the second group, and 0.33
for the low-energy group. The X's calculated based on flux moments were
still in agreement with those obtained from the angular fluxes (even for
a P-1 expansion). An explanation for this paradoxical behavior is prob-
ably related to the use of a distributed volumetric source in sample
problem #2, whereas the conclusions drawn in the analytical evaluation

were based on the presence of a mono-directional boundary source.
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5.3 Conclusions

The rigorous study of the two sample problems indicates that there
is good agreement between the one- and two-dimensional analysis. Wher-
ever discrepancies appear, a plausible explanation can be provided. Ul-
timately, the comparison between a one- and two-dimensional study proves
to be a sound debugging procedure for SENSIT-2D as well as for the
SENSIT code.

For the flux moments versus the angular fluxes comparison for the
evaluation of the X's, there is a strong indication that the loss term
can be calculated from lower-order flux moments (P-1) as well as from
angular fluxes. By the same token, a P-1 sensitivity and uncertainty
analysis seems to provide sufficient accuracy.

The study of the influence of the quadrature sets on the sensi-
tivity profiles reveals the importance of the angular-flux convergence
in ONEDANT and TRIDENT-CTR. Furthermore, some doubts about the meaning-

fulness and practicality of the net sensitivity profile (SEN) can be

raised.
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6. SENSITIVITY AND UNCERTAINTY ANALYSIS OF THE HEATING IN THE TF COIL
FOR THE FED

In this part a secondary energy distribution and a vector cross-
section sensitivity and uncertainty analysis will be performed for the
heating of the TF coil in the inner shield of the FED. The results ob-
tained from the two-dimensional analysis will be compared with selected
results from a one-dimensional model. The blanket design for the FED is

currently in development at the General Atomic Company.82’83

6.1 Two-Dimensional Model for the FED

The two-dimensional model for the FED in r-z geometry is illus~-
trated in Fig. 12, and is documented in more detail in reference 84.
The material composition is shown in Table XVI. In the forward TRIDENT-
CTR model, which was set up by W. T. Urban,84 the standard Los Alamos
42 coupled neutron/gamma-ray group structure was used.85 There are 30

neutron groups and 12 gamma-ray groups. The TRIDENT-CTR model84 (Fig.
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TABLE XVI. ATOM DENSITIES FOR THE ISOTOPES USED IN THE MATERIALS (atom/b cm)

MATERIAL
Isotope SS316 TFCOIL SS304 CNAT IHDLC THDLB IHDLA SS312
H-1 3.79E-3 5.03E-2 1.34E-2 1.68E-3
He~4 6.67E-3
B-10 2.98E-5
B-11 1.20E-4
c 1.90E-3 8.03E-2
0-16 2.17E-3 2.51E-2 6.70E-3 8.38E-4
Al1-27 1.81E-4
Si 5.59E-4
Ca 2.42E-4
Cr 1.67E-2 5.97E-3 1.77E-2 4.18E-3 1.34E-2 1.63E-2 3.34E-3
Mn-55 1.75E-3 6.27E-4 1.67E-3 4.38E-4 1.40E-3 1.71E-3 3.50E-4
Fe 5.44E-2 1.95E-2 6.06E-2 1.36E-2 4 . 35E-2 5.30E-2 1.09E-2
Ni 1.15E~2  4.12E-3 7.40E-3 2.88E-3 9.20E-3 1.12E-2 2.30E-3
Cu 2.11E-2
Nb-93 2.44E-4
Mo 1.51E-3 5.41E-4 3.78E-4 1.21E-3 1.47E-3 3.02E-4
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Figure 12, Two-dimensional model for the FED
The numbers within each zone indicate the zone number,
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Figure 13, The TRIDENT-CTR band and triangle structure for the FED




13) utilizes 2062 triangles, divided over 27 bands. The response func-
tions for calculating the heating in the TF coil, were prepared by the

TRANSXX code.72

Those response functions will be the sources for the
adjoint calculation. It was noted earlier that negative sources can
introduce instabilities in the sweeping algorithm for the adjoint
TRIDENT-CTR calculation. The negative kerma factors are therefore set
to zero. This will have a minor effect on the total heating calculated
in the TF-coil (less than 1%).

EQ-2 and EQ-8 quadrature sets are used for groups 1 and 2 respec-
tively, EQ-3 is used for groups 3, 4, and 5, while an EQ-4 quadrature
set is utilized for the remaining groups. The convergence precision is

3

specified to be 10" . The gamma-ray groups contribute most to the heat-

ing in the TF coil (93%). The total heating in the TF coil is 823 X
107 Mw.

The heating calculated by the adjoint TRIDENT-CTR calculation is
found to be 3% smaller than the heating resulting from the forward run.
The forward calculation required about one hour of c.p.u. time on a
CDC-7600 computer, while the adjoint run took about four hours. Groups
11 to 23 required significantly more inner iterations in the adjoint
mode than the other groups. No explanation of this behavior could be
found. Experience with other neutronics codes indicates that the ad-

joint mode for this type of calculation requires usually no more than

30% extra calculation time.
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6.2 Two-Dimensional Sensitivity and Uncertainty Analysis for the Heating
in the TF Coil due to SED and Cross-Section Uncertainties

A secondary energy distribution and vector cross-section uncertain-
ty analysis was performed with SENSIT-2D using the forward and adjoint
angular flux files created by TRDSEN. A separate SENSIT-2D run is re-
quired for each zone. Because separate runs are necessary for a cross-
section and a SED analysis, a total of 22 SENSIT-2D cases were analyzed.
A total of 15 minutes c.p.u. time was used by SENSIT-2D. The bulk of
this time is consumed during input/output manipulations.

The median energies and fractional uncertainties for the SED uncer-

45

tainty calculations were taken from Table II. A special cross-section

table was created - using TRANSX - for the SED analysis. COVFILS33

data
were used for generating the covariance matrices utilized in the cross-
section uncertainty evaluation. Only 0-16, C, Fe, Ni, Cr, and Cu were
considered for the SED uncertainties, while H, Fe, Cr, Ni, B-10, C, and
Cu were included for the cross-section uncertainties. With the excep-
tion of oxygen, no important materials were left out. It was found in
an earlier study that the cross-section uncertainties for oxygen caused

45

an 8% uncertainty in the heating. The current version of SENSIT-2D

does not include the option to extract the covariance data for oxygen

from COVFILS.

The gamma-ray cross sections are generally better known than the

neutron cross sections. Therefore, only the uncertainties resulting
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from uncertainties in neutron cross sections are calculated. Throughout
this analysis a third order of anisotropic scattering is used,

The predicted uncertainties in the heating of the TF-coil are sum-
marized in Table XVII. It was assumed that the uncertainties for a par-
ticular element in the various S$$316 zones (1, 3, 7, 11, and 12 in Fig.
12) are fully correlated, while all other uncertainties were assumed to
be noncorrelated. This implies that the uncertainties for a particular
element can be added over all SS313 zones, while all the other uncer-
tainties are added quadratically. The approach of either assuming full
correlation or assuming noncorrelation is rather simplistic. Trans-
lating the physics of this particular problem into a more sophisticated
correlation scheme would be a major study by itself. The uncertainties
resulting from the uncertainties in the cross sections for Cr, Fe, and
Ni in the SS316 zones are reproduced in Table XVIII.

From Table XVII it can be concluded that the cross-section uncer-
tainties (predicted to be 113%) tend to be more important than the SED
uncertainties (20%). Even when the overal uncertainty seems to be rela-
tively large (115%), the blanket designer is able to set an upper bound
for the heating in the TF coil. The largest uncertainties are due to
uncertainties in the Cr cross sections. A more detailed look at the
computer listings generated by this analysis reveals that the largest
uncertainties are produced by uncertaintiecs in the total Cr and the
elastic Cr scattering cross sections. The heating is less sensitive to
Cr than to Fe. This indicates that the calculated uncertainty is large-

ly due to the fact that Cr has very large covariances. A re-evaluation
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TABLE XVII: PREDICTED UNCERTAINTIES (STANDARD DEVIATION) DUE TO
ESTIMATED SED AND CROSS-SECTION UNCERTAINTIES FOR
THE HEATING IN THE TF COIL (part 1)

Cross Section SED Uncertainties in % XS Uncertainties in %
Material Zone ng ng" [ég] ng )
Mat,region R Mat R Mat,region R-Mat
Cr SS316 3.8 60.0
TFCOIL 0.2 34.5
SS304 0.1 4.5
S§S8312 0.0 4.9 1.1 96.7
ISDLC 0.2 2.2
ISDLB 0.8 33.3
ISDLA 3.0 58.5
Fe SS316 14.8 18.9
TFCOIL 0.1 10.4
SS304 0.0 2.2
88312 0.2 18.4 0.7 47.3
ISDLC 0.5 4.4
ISDLB 2.7 23.6
ISDLA 10.8 34.5
Ni SS316 1.5 18.6
TFCOIL 0.7 11.8
SS304 0.0 0.9
SS312 0.0 4.3 0.4 31.4
ISDLC 0.0 1.3
ISDLB 0.4 13.4
ISDLA 1.2 18.0

oo

Quadratic Sums
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TABLE XVII: PREDICTED UNCERTAINTIES (STANDARD DEVIATION) DUE TO
ESTIMATED SED AND CROSS-SECTION UNCERTAINTIES FOR
THE HEATING IN THE TF-COIL (part 2)

Cross Section

SED Uncertainties in %

XS Uncertainties in %

* *
Material Zone ng ng Fg% ng
R . R R . R
Mat,region Mat Mat,region Mat
H TFCOIL - 1.7
ISDLC - - 6.0 7.2
ISDLB - 3.7
ISDLA - 0.5
0 TFCOIL 0.1 -
ISDLC 0.2 0.3 - -
ISDLB 0.1 -
ISDLA 0.1 -
c TFCOIL .0 0.1
C-region 0.3 0.3 3.2 3.2
B TFCOIL - - 0.0 0.0
Cu TFCOIL 2.9 2.9 10.1 10.1
*
Total 19.7 112.9

Total uncertainty due to

<%
cross-section uncertainties and SEDs = 114.6%

Quadratic Sums
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TABLE XVIII: PREDICTED SED AND CROSS-SECTION UNCERTAINTIES IN THE
TF COIL DUE TO UNCERTAINTIES IN THE SS316 ZONES

Cross Section SED Uncertainties in % XS Uncertainties in %
Material Zone Fg% FB]“ ng ng =
R Mat,region R Mat R Mat,region R Mat
Cr 1 0.1 12.0
3 0.7 45.5
7 0.0 3.8 0.8 60.0
11 3.0 4.3
12 0.0 0.4
Fe 1 0.5 2.3
3 3.1 11.3
7 0.1 14.8 0.7 18.9
11 11.0 4.3
12 0.1 0.3
Ni 1 0.0 3.6
3 0.3 12.8
7 0.0 1.5 0.3 18.6
11 1.2 1.8
12 0.0 1.1
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of the covariance data for Cr is highly recommended. If new covariance
data would not reduce the predicted uncertainty, new experiments for
measuring the Cr cross sections are suggested. The conclusions drawn
here are consistent with an earlier study of a similar design.["5

The SED uncertainties, although less relevant to overall predicted
uncertainty, tend to become more important in the outboard shield
(region 11 in Table XVIII). An explanation for this behavior is related
with the fact that the heating in the TF coil will be very sensitive to
backscattering in this region. An SAD (secondary angular distribution)
sensitivity and uncertainty analysis might lead to very interesting
results.

The ¥%'s for the region near to the plasma in the outboard shield
are calculated for each group based on angular fluxes and based on flux
moments (Table XIX). Both methods lead generally to the same X's. The
difference for the upper neutron groups might indicate that a third-
order spherical harmonics expansion of the angular flux tends to become
inadequate, due to the peaked shape of the angular flux close to the
source region. In this particular study no serious error in the calcu-
lation of the uncertainties would have been introduced if the loss term
of the sensitivity profile would have been calculated from flux moments.
For a situation where the angular flux would have a pronounced peaked
behavior, it would be highly desirable to evaluate the X's based on

angular fluxes.
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It is obvious from Table XIX that some fluxes in the lower gamma-
ray groups (groups 41 and 42) are negative. Since only neutron sensi-
tivity profiles are utilized to calculate uncertainties, this will not

affect the results.

6.3 Comparison of the Two-Dimensional Model with a One-Dimensional Rep-
resentation

The results obtained from the two-dimensional sensitivity and un-
certainty analysis will be compared with those of a one-dimensional
analysis in selected regions (Table XX). The uncertainties in the heat-
ing in the TF coil due to the uncertainties in the Cr, Ni, and Fe cross-
sections and secondary energy distributions will be calculated with
ONEDANT and SENSIT in zone 1 and zone 3 (Fig. 12). The one-dimensional
model for ONEDANT is straightforward. The total heating calculated in
the TF-coil is 1043 x 1070 MW (compared to 823 X 107 MW for the two-
dimensional model). In this comparison the uncertainties calculated by
SENSIT will be normalized to the response calculated in the two-dimen-
sional model.

It can be concluded from Table XII that the calculated uncertain-
ties agree reasonably well for zone 3. There are substantial differ-
ences for the results in zone 1. The reason for those differences is

probably related with the fact that the one-dimensional model is not

adequate for calculating the overall heating in the TF coil (especially
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COMPARISON BETWEEN THE X 's CALCULATED FROM ANGULAR
FLUXES (UPPER PART) AND THE X's RESULTINGaFROM FLUX
MOMENTS (LOWER PART) FOR REGION 11 (SS316)

TABLE XIX:

¢ & 6 TEST PRINTDUT FOR THE CHI'S & & o

oo = leee
0. «13195e-05 .17957e-06 .67647e-07 .86778e-07 .79271e-07
.21326e-06 .19166e-06 .32175e-06 .40693e-06 .46797e-06 .15589g-05
.22361E~05 .14093e-05 .1B633e~U6 .37?S5e-06 .107688e~-06 .17607-07
.8€RBBE-08 .68189£-08 .2B276E~UB .178B6E-08 .12639e~-08 ,S4Ec45e-09
«45433E~09 .26407e-09 .12122E-Uy .48579e-10 .16319€e-10 .47290e-11
.24385e-10 .71906e~10 .12091e-UY .66S33e-10 .49747e-10 ,26669e~10
«13096E-10 .22923e-11 .14850e-12 .22953E-16 -.51897E-23 ~.2B794E~-48

900006¢ CHI'S GENEPATED FROM FLUX MOMENTS €6666e

® & ¢ TEST PRINTOUT FOR THE CHI'S & ¢ ¢

*oop = leee

0. «10555E-05 ,17003e-U6 .59837e-07 .B1854e-07 .78798e-07
.21318E-06 .19164g-06 .32167E-U6 .406E69e-06 .48798e-06 .15%592e-05
' CRIEEE-0S . 14096E-05 .18630E-U6 .37797e-06 .107REE-06 .17€05e-07
-86885E~08 .68187g-08 .28273e-U8 .17886e-08 .12638Be-08 .T423Ce-09
+49424-09 .26401e-09 .12118e-09 .48553e~-10 .16304e-10 .47171e-11
+2443BE-10 .71918e-10 .12068E-09Y .66705e-10 .49849e-10 .26296e~10
«1313%e-10 .29046e-11 .18631E~12 .26240e~-16 —,.52915e-23 -.45]1166-48

a The X 's are ordered by group (high neutron energy to low
neutron energy; high gamma-ray energy to low gamma-ray energy)
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TABLE XX: PREDICTED UNCERTAINTIES (STANDARD DEVIATION) DUE TO
ESTIMATED SED AND CROSS~SECTION UNCERTAINTIES IN
ZONES 1 AND 3 FOR THE HEATING IN THE TF-COIL

Cross Section SED Uncertainties in % XS Uncertainties in %

Material Zone AR AR} AR AR ©
R R R R

Mat,zone Mat Mat,zone Mat

1-D 2-D 1-D 2-D

Cr 1 0.1 0.1 29.3 12.0
2 0.6 0.7 44.8 42.5

Fe 1 0.8 0.5 4.5 2.3
3 2.6 3.1 9.6 11.3

Ni 1 0.0 0.0 8.3 3.6
3 0.2 0.3 13.1 12.8
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the source region is poorly simulated in the one-dimensional representa-
tion). A more relevant sensitivity analysis would be to consider the
heating calculated at the hottest spot in the TF coil. The hottest spot
is in the center plane of the toroid. We would expect that the one-

dimensional model would be an adequate representation in this case.
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7. CONCLUSIONS AND RECOMMENDATIONS

Expressions for a two-dimensional SED (secondary energy distribu-
tion) and cross-section sensitivity and uncertainty analysis were de-
veloped. This {ueury was implemented by developing a two-dimensional
sensitivity and uncertainty analysis code SENSIT-2D. SENSIT-2D has a
design capability and has the option to calculate sensitivities and
uncertainties with respect to the response function itself. A rigorous
comparison between a one-dimensional and a two-dimensional analysis for
a problem which is one-dimensional from the neutronics point of view,
indicates that SENSIT-2D performs as intended. Algorithms for calculat-
ing the angular source distribution sensitivity and secondary angular
distribution sensitivity and uncert;inty are explained.

The analysis of the FED (fusion engineering device) inboard shield
indicates that, although the calculated uncertainties in the 2-D model
are of the same order of magnitude as those resulting from the 1-D model,
there might be severe differences. This does not necessarily imply that
the overall conclusions from a 1-D study would not be wvaluable. The

more complex the geometry, the more compulsory a 2-D analysis becomes.
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The most serious source of discrepancies between a 1-D and a 2<D
study are related to the difficulty of describing a complex geometry
adequately in a one-dimensional model. However, several neutronics
related aspects might introduce differences. The use of different quad-
rature sets -~ especially when streaming might be involved - could lead
to different results. When the angular fluxes have a pronounced peaked
behavior, the angular flux option for calculating the loss term of the
sensitivity profile will provide a better answer than the flux moment
option. The different sweeping algorithms and code characteristics used
by the 1-D and 2-D transport codes might be another cause of discrep-
ancies in the results. Needless to say, a meaningful transport calcu-
lation is compulsory in order to obtain reliable results from a sensi-
tivity and uncertainty analysis.

The results from the FED study suggest that the SED uncertainties
tend to be smaller than those generated by cross-section uncertainties.
It has been pointed out45 that, because all secondary particle produc-
tion processes for a particular element are presently treated as one
single process, the simplicity of the hot-cold concept for SED sensi-
tivity might mask several causes of a larger uncertainty than calculated
by BENSIT or SENSIT-2D. A more elaborate algorithm for a SED analysis,
as an alternative to the hot-cold concept, a separate treatment for the
various particle production processes involved, or a combination of
both, would eliminate this deficiency. Even with the hot-cold model,
which might underestimate SED uncertainties, the SEDs might become the

dominant cause of the calculated uncertainty in the case that the
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response function is a threshold reaction or in the case that backscat-
tering becomes important. In this latter situation, an SAD (secondary
angular distribution) analysis might also contribute significantly to
the overall uncertainty estimate. At present, the required cross-
section data are not arranged in the proper format to do this type of
study.

Sensitivity and uncertainty analysis estimates the uncertainty to a
calculated response. It would be more meaningful to be able to imple-
ment those uncertainties with a confidence level. 1In order to do this,
we have to know how reliable the covariance data are, what the effects
of errors resulting from the transport calculations will be, and what
the limits of first-order perturbation theory are. It was assumed in
this study that the wuncertainties, resulting from uncertainties in
different regions, were either fully correlated or not correlated at
all, depending on whether these regions have the same or a different
material constituency. The evaluation of reliable correlation coeffi-
cients would be a major effort by itself.

The validity of an uncertainty analysis is often limited more due
to the lack of the proper cross-section covariance data, than due to the
lack of representative mathematical formalisms. Covariance data for
several materials are still missing, or just guesstimates (e.g., Cu)33.
The fractional uncertainties required for an SED analysis are evaluated
for just a few materials and are not available for the various indi-

vidual particle production processes.
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The current version of SENSIT-2D cannot yet access all the covari-

ance data available in COVFILS,33

but will be able to do so in the
future. Even when SENSIT-2D does not require a lot of computing time,
the extra amount of c.p.u. time required by the adjoint TRIDENT-CTR run
makes a two-dimensional sensitivity and uncertainty analysis demanding
when it comes to computer resources. The development and implementation
of acceleration methods for TRIDENT-CTR are therefore desirable. A
sensitivity analysis involves a tremendous amount of data management. A
mechanization of the various steps required, by the development of an
interactive systems code, would provide a more elegant procedure for
sensitivity and uncertainty analysis.

The algorithms to perform a higher order sensitivity analysis have
been developed, but are still too complicated to be built into a com-
puter program for general applicability. The increasing number of
transport equations to be solved prohibits the incorporation of present
higher order sensitivity schemes in a two-dimensional code. An effort
to develop simple algorithms for higher order sensitivity can certainly
be justified, however.

It becomes obvious that several flaws can be found in the state of
the art of sensitivity and uncertainty analysis. Removing any one of

them would require a major commitment.
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APPENDIX A

SENSIT-2D SOURCE CODE LISTING
In this appendix a source listing of the SENSIT-2D code is repro-
duced. The source listing is documented by many comments.
A source listing of the SENSIT-2D code can also be obtained from

the NMFECC by typing the command

FILEMSREAD 5043 .SENS2D SSSS$END
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Los Alamos Identification No. LP-1390.

1 FRDGPAM SENSER x;sx~-1~‘£bfssxstzusuu1-1ﬁv:¢=sgnsnu7.
g c 1 TAPELDr TAPE L) TAPEZ ) TARES) TAPE 7 Tamg 6 YRr L 3)
; C THIS IS5 THE MAIN FPART OF THE PROGRAX (SENSIT-Z2D)» NDV. i VERSIDN
c
6 LEVEL 2LC
?
8 CDMMDN AC (220000
9 CDMMDN /PLDOTZ TITLE(B)
10 COMMON/ITE/ITESTIITYP
11 COMMON/COVAR] /JCOVAR
12 COMMDN/ ¥SEOMR/ KXES THT THA
13 COMMON/ VRS /LHAXP
14 COMMDN ZLLE7 LC (40000
15
16 INTEGER Sr&P
17
i8 CALL ECZE®O (LC)
19 C 66 START REALING CONTROL PARANKETERS
20 mEAD (591010 CTITLECI) 92=198)
21 1010 rommar(Bal 0
ee WRITE (6010200 (TITLE(I)r21=1+8)
23 1020 rommaT(inli1Balld)
&4 READ (5910307 ITYPIMAXLADI MNP MNEL I IPREF I ITI ITHAXY
25 1 IGMINCOUPLYLMAXY ITEST » JTPAX
26 1030 rommaT(1216)
27 READ (51 1030) IXSTAPEINPERYS) IDESIKDIIKPZIKXSE? 3HTI TA?
28 1 DETCOVINSED IDUTPUT e NSURCOV
29 READ (59 1030) 1CHIMDMI IDPT ISTOPI IGED IAP3
30 HWRITECEr» 1040) ITYPIMAXRDIHMNPER s MNEL Y IPREPIIT I JTHAXS
31 1 IGMINCDUPLILMAX Y ITEST s JZMAX
32 ¢
33 1040 rommAT(IM so3TYR E TYPE OF SENS.=UNCERT,~ANAL .1 0-xX$s ]~DESI6N®)
34 L) ¢y 2~VECTDM-XE» 3-SED®r 16x9l1mmy3dy/
35 > O MAXWRD & MARIMUM NUMBER DF NORDS ON R FILE x 1000e,
36 c 3Sxeinze 340/
37 ] * MNPR = mAX, NUMBER FLUXES/BUADBANT® s 48Xy 1=y 149/
38 [ 3 * MNEL ® pAr., NUNBER DF EYA LEVELS®»S0xr 1y 14y
39 [ ] & IpnEe & PREPARED FLUXTAPES RESUINED? 071 wo/vES ©935x»
40 L 1my 14y /
41 [3 * IJY & NUMBER DF BANDS®160xy Juxy 140/
42 L ¢ JTHMAX £ MAXIRUNM NUMBE® DF TRIANGLES IN ®»
43 ] SANY DONE DAND®)» IEX9 Jnx9y 249/
44 ~ ® 18m = TOTAL NUMBER DF ENESGY &ROUPSOrdExy Luxg 14y
45 - ¢ NCOUPL & NUMBER DF NEUTRON GROUPS IN CFiL. CALC.» ZERD®S
46 [ 4 @ FOR NEUTRONS DNLY®s 130 sy 340/
47 -] ® LmAax ® |AX, P-L DRDER DF CRDSS SECTIDNS®s43xelncy 14,/
48 ] ¢ ITEST = TEST PRINTDUT FLAGE O-NONE?Y 1 ~XS)2-NDNE®
49 s ) I-VECTDR-XE®» ZOx s Jmmy 349/
S0 h 4 * IJZrax = pMAX & DF ZONES IN ANY ONE BAND®»45xs Inxp 149 /)
St ¢
52 WRITE(691050) IXSTAPEINPERXS! IDESIKDIINKPZIKXES THTH TN
S3 1 DETCOVINSED? JOUTPUT» NSUMCDV
S4

S5 1050 FORMAT (Il +SIXTARE = SPURCE DF INPUT CROSS—SECTIONS: D-camds: o,

Se L) Cl=TAPE4»Z~TAPE] (®) 19X 1Mxr 14y~

X4 » ® NPERXS = NUMBEM DF SUCCESSIVE CASES? ALSO ND. DF INPUT®,
o8 c ® XS~SETS TD BE MEADOr 11xeo ImEp2de/

S9 4 ¢ IDES B ASSURMED 1 PEA CENT DENSITY INCREASE 1IN PERT.®)
60 [ ® 25. FDR DES.~SEN.? U/1=nND/YES®s 0l1xs lmo 34/

61 " ® xDZ % NUMBPE®N DF DETECTOP ZOWNES®»Sixe lemssdy s

62 [ ® xpx ® NURBERN DF PERTURDED ZONES®» SOxo lu=y 14y

63 ~ ® KxS§ ® INPUT XS—FDRMATS 0-1F ITYPERs 1-LASLIZ-DRNL®»
64 1 3Zxrinxo 34,/

[ 3] J ® INT = PRSITION DF TOTAL CRDSS SECTION IN XS—TABLES®
66 [ Iixvimxs 34/

67 L * Tmn & POSITION DF ARSOMETION CROSS-SECTION IN XS—O9
68 ” CYADLESSr26xs Joemy 140/

69 ~ ¢ DETCOv = (/1 = DO MDY/ D0 MEAD COVARIANCE MATRIX FDRey
20 o ® mM(G)®sE26x1]

?3 [ 4 ¢ NSED = 0/]1 & DO NOT/D0 MEAD INTESRAL SEDEUNCERTAIN®)
7e [ ] OTIES 187Xy lumy 14y /

?3 L] ® IDUTPUY = BUTAUT PRINTY DETAILS 0-SUum DVER PERT. ZONES®
74 s S DHLYY 1= ALSD INDIV, PERT. ZS. ¢ Dixelmxy1d4y/

79 T ® NSURNCOV & ND. OF RESP,.~VARIANCES SUMMED FDR ITYPE2y o)
?6, v ® ZERC FOR ITYPEUI 1o 30r 1axr 1m0 140 /)

?7 ¢

78 WRITE (61 1055) ICHIMONY IDPT) ISTOP) I6ED 3AP3

7?9 ¢

€0 1057 FORMAT(IW 10ICHINDM & CHI'E GENERATED FROM FLUX MONENTSS),
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141
142
143
144
145
146
147
146
149
150
151
152
1S3
154
155
156
15?7
1356
159

c
c
[

n

nnnn

nAnNnnNn

c

SEY

SET

CAL

110

SET

¢ NO/YES (/76EL1 O1Z8x0 =y 149/

¢ ineY E O/J/2/73PRINT NO/SN-SETS/PS1 S/PSI S+SN-SETS®y
R TRIT TRT T

e 31sTDP = £TOP ACTER PSI'S AND CMI'S ARE CALCULATED? &)

®0/1 ND/YES®rECxr 1m0 149/

* 1G6ED = (/] m-2/%x=Y GEDMETRYS® s STre Joims 149/ -
¢ 1Ar3 = (/1 USE EXISTING SEB. ANG. FLUX FILE? NO-YES®»
29x11H=9 344/

ITeNMYNW)

POINTERS FDP SUDRDUTINE EPND

LE=]
LDELUSLE+IGN+2

CALL EBIND (AC (LDELU) » AC (LE) » 16M» NCOUPL)

POINTERS FOF SUIRDUTINE SEDM

LITZ = LDELU + 16M

LIIT = L3172 + 37

LNTPZ = L1217 ¢ 37

LNEZ B LNTPZ * JTOIZmMAX
LNDZ B LnPZ + KPZ

LIDZ = LNDZ + KDZ

LNEIDT =L IDZ 4+ JTOIZMAX
LNDIDZ = LNFIDZ + JTSIZMAX
LIPELE = LNDIDZ + JTOIZMAX
LIDELE = LIPELE + wPZ

LPT ® LIDELC ¢ KDX

LT = LPTY 4+ JTOxPZ

LKTP & LDY ¢ JTOxDZ

LETD & LKTP ¢ JTONPZ
LKELP]l = LKTD + JTéKDZ
LKELPE = | KELP] ¢ JTOxPZ
LKNELD] & LKELPE ¢+ JTONPZ
LrELDE = LKELD] ¢ JTOxD2
LCOVR = (KELDLE * JTOND2
LAST = LCOVR + 16mMOI6n

CALL SEDR(ACCLITZI sACC(LIIT) sACILNTPI) sACLLNPZ) s AC LLNDZ) vACLLIDZ /v
AC(LNPIDZ) ¢ ACLLNDITZ) sACLLIPELE) s AC\LIDELL) s AC LPT) o
2 ACALDT) sACILNTPI s AC WLETD? s AC (LRELP]) s AC LULKELPE) »
3 AC WHELDLI) 1 AC (LKELDC) 1 ITINPZINKTZI ITESUN)

CULATE AUXILARY VARIABLES

®PZP = xp2el
LHANYE & LAy ¢ ]
I6MP = 16m ¢+ 1
“AYy = 0

D0 110 z=lrLmaxe
N E e e
CONTINUE

POINTENS FDR SUBRODUTINE SWCDON AND SUBROUTINE TAPAS
MASHRDEMAXHADS] 000

LKTAPSLASTYT

LMY = LTar ¢+ 16med ¢ ]
LMME LT ¢ 36m

LISN B Lo + 26m

LNPD = LISN + 16M

LNUP = Lrp + 4

LAST & LUP + HNELSY

1cE = 3
ICM & ICE + 4omNPPeIen
ILASTY & ICH ¢ S0nnPPOIe~

CALL SNCON(LCCICE) 1LC C(ICHM) s AC LLWNT) 1 AC (LNUP) 1 AC (LvPR) »
AC MR s MNPDIFNELIAC (LISN/ + 26Me 30PT)

CALL TAPAS (AC (LKTAR) s AC (LMM) s M ITEUMI TEM HAXWRD S
ACWKTP) 1 AC (LKELP 1) » AC LLKELPE) s KPZHIT)

160 C SET POINTERS FOR SUBROUTINES PNGEN AND FLUXMDN
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161 ¢

162 LP = (nep

163 LI T P + MNPDOLHASPSLHAXP

164 LPHMHT & LR + 46mNPPONN

165 LY = LPNHT + wNPp

166 LASY = LY + ZoLmax ¢+ ]

167

168 IFFLUX = JLAST

169 IFLUX & IFFLUX + JTHAXSmnPR

170 IFUX & IFLUX + JTRAYOmneD

171 IFHOM & IFUX * NROJTOITHANX

172 ILASTEIEMORSITOITHAX

173

174 IF(IPmEr . ER. 1) &0 TO 140

175 po 130 3121s2

176 IF(1.6Q,2) kAD=]

1?7 30 120 er=iriom

178 ox6P

179

180 CALL PNGENIAC(LE) s AC (LA 1 LC(ICM) PLCLICE) sAC LPMNTI) sAC (LT ¢
181 1 AC LM SLMAE I MNPD I NMILMAXPIGrRADI AC (L ISN) )

162

183 CALL FLUXMOM(ACCLIZIT) sLECIFFLUXI SLECCIFLUN) 9LC (3FUNX) pAC(LKT) »
184 b ACALMM IAC LR SAC LLKTAR) 161 JIGMINPZINMI ITY

185 2 HBITIMAWBD I RADIAC LN TP) s AC (LEELP L) ¢t AC (LKELPE) ¢
186 3 AC LKTD) ACILKELDI) I AC(LKELDZ) 1LC CIFMOM) s D2 IAEZ)
187

188 120 conTINUE
189 130 conTinuE
190 140 CONTINUE

191 ¢

182 € SET PDINTERS FOPR SNUIRDUTINE DETSEN

193 ¢

194 LFSUMP = Larp

195 LPHIV = LESUME ¢ I6M

19¢€ LR = LBNIV 4 JTRAX

19?7 L2ON = LPp ¢ xL2O16M

19¢ LSEN® = LION + KDY

199 LESSENR & LSENW ¢ I6M

200 LSIGRA = LSSENR + I6MONDZ

201 LAST = LSI6MA + KDZOI6™

20

203 CALL DETSEN(AC (LNELDI) vAC ALKELTE) 1 AC(LNTD) oRDZIITIAC(LIIT)
204 1 1Sy IDUTPUT I DETCOV I B s AC (LCDVR ) 1 AC (LEFSUMR I s AC LLPHIV) »
€05 e ACCLT) IARCILZDNI IACILSEND ) s AC (LSSENB) ) AC LS ISNA, »
206 3 AC (LTELU) Y AC (LE) » NCDUPL ) 368D

g0? ¢

20E& € SET PDINTERS FDR CHI'S AND PS1’S

209 c

210 LIPSI = Lrp

211 LCHI = LIPS] + IGRmOKPIP

ele LCCHI & LCHI ¢ NPIPSIGM

213 LAST] = LCCHEI + 216m

el14

2195 IFCICHIMOR.ER. 1) GD TD 14O

216 C SET PDINTESS FOP SUDBOUTINE CHIS

217

218 1FLUx = 1

219 TAFFLUR SIFLUX 4 MNEPOITMAX

220 IAFLUX = JAEFLUY +RNEPOITRAX

&2} ILAST & JAFLUX + MNPOOITHAX

2¢e

223 € CALCULATE THE CHI'S

2ce

e2s CALL CHIS(LCIIRLUR) ILCCIAFFLOUX) PLE (IAFLUX) $ACLNTA®) ¢ AC (LEWID »
2e6 1 AC(LKELP L) $AC (LKELPC) SIACALKTP) 1AC AL IITI sAC (Ltoms
227 e ACLISN/ IACLNT) IKPZIITIITRAXS J6EMs IDUTPUT ITSUMY 168D
&ge ¢

EE29 C SEY PDINTERS FOR SUBROUTINE FPOINTES

&30 c

231 145 Linmn = LaAsST]

&3e LILP = LIABA + JYONPD

e33 LPSL = LILe & ITOxPZ

234 LEPSIELAS] % LAAXPOISHONPZP

235 LAST & L PPSI ¢ LNAXPOIGM

236

£37 € SEY PDINTERS FDR SUDRDUTINE PSIS

238 CALL POINTAB (IEMIAC(LIPSI) 1 ISUMILNAXP I ILPNT I XPZP)

€39

e4v IFFLUX & I8UN ¢ ]
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a%5¢e

esd
&56
e57
258
2359
e60
£61

&6é€
ee?

ee9
é70
ev1
e72
273
274
ers
e76é6
ar?
278
e79
280
egel
282
2e3
1424
285
286
287
288
289
&%0
&91
&9e
293
294
es%

309
310
311

313

IEAFLUX = IFFLUR ¢ ITSUNONN
ILAST = IFAFLUX * TTSUMOMN

C CALCULATE THE PSS AND STORE IN LCH

CALL PSIS ACCLKTI) sACILIIT) sACLAELP L) saCc (LELPE)
ACWLIPSI)ILC(IFFLUR) rLCCIFAFLUX)

1
e ACCLPSIIIACULPASI) INMIITICPZIRPIP) IGHILMNAXP)
3

AC(LKTAP) s ACKLCHII 2 IDF T I1PMEP) ICHINOMNY 16E0)

IF(zsYDr.ER. 1) SYDP

C CLEAR APPBOPRIATE SCM AND LCH SPACE

155

157

C eoe
C eee

c
c eee
C oo

150
c ser
10€0

1070
10860
1

INELPI=ISUMS]

HELPCEILASTY

DD 1S5S IHELPEINELPL) INELPR
LCCImELP)=0, 0

IMELPI=LAST]

IMELP2ELASTY

DD IST IHELPEINELP L) IMELPE
ACCInELP) =0, 0

CALL SUDRDUTINES TD WEAD IN AND/DR CALCULATE VALUES DF CRDSS
SECTIONS

~Nxs = 0

DEPENDING DN THE TYPE DF CROSS SECTIDN OF ERROAFILE AVAILABLESY
THE CODE BRANCHES WERE INTO TWD DIFFEMENT EXECUTIDN WODES
1r(tTYr.Ep.2) 60 YO 290

I A SED UNCESTAINTY ANALYSIS IS5 WANTED THEN I HUSYT BEAD IN THE
ARRAYS GMED AND FSED FOR ALL NEUTRON 6ROUFS

CONTINUE

I¥ (NSED.ER.D) 6D To 170D

IF (NCOUPL.EP. 0) Z6MIE=3EM

IF (NCOUPL.NE. 0) 2GnI=NnCDUPL

POINTERS FDR GHED AND FSED

LOGRED = LAST]

LFSED = LGMED + 16ml

LAST] = LFSED + 36m)

PEAD (S 1060) (ACLEMED-1+2)921%]926m])

FORRAT (1216)

mEAD (5110700 (ACLFSED=141)93=]1916m1)

FOPMAT (BEL1E. D)

=P ITE (60} 0B0)

FORMAT(IN +OSED MEDIAN ENEREY GROUPE (GMED) AND INTEGRAL @)
CUNCERTAINTIES (FSED) INPUT EDR SED UNCERT. ANALYSIS®r ./~

4 Sx19G-IN®I I 10GMED® I BN SFEED®r)

1050
1€0
c eee

170

o 160 1=1y18m1

HRITE (6 1090) TIAC (LGMED-142) saC L rSED-[+2)
FORMAT (Il 12X I1314x91316X0 IPELU, I

CONT INUVE

END DF SED-UNCERTAINTY INPUT AND PRINT

CONT INUE

C CALCULATE AUXILARY VARIADILES

C SEY

C SEY

1100
1

C SEY

ITL = Iem * IMY

NHI £ ITLOIEHOLMAXP

NNL = I6meITL

NHK E IGROIGHOLMAXP

POINTERS FDR DSLFD AND DSL. (LCwW)

ILVSLFD = Isum ¢+ 1

IDSL = IDSLED * e

LCHM-PDINTE®NS FO® CRDSS SECTIONS

IXS & JDSL ¢ MM

Ixsl = 3ixs

IF(KXS.ER.2) IXS]l = IxS * NMI

ILAST & IxXS] * NS

Hxs]l = uxs ¢ 1

“RITEC611100) NxSlowPERxS

FORMAT (10 19 CASE NUMBER €9 1310 OF NPERXS =®) 1399 SUCCESSIVE®)
® CASKSS)

CALL SUBS(LCCIXE)? 0 1@ ITLENMLILMAXI IXETAPEI TITLEILC (IXS1))

POINTERS FOR SECOND CROSS SECTION SEY

IXSIAR & Ixg

tr(3TYP.NE. 1) 6O YD 180

3FpEs.aw. 1) 60 YD 180

IXSIAR & IXE ¢ NKI

Ix$] = IxXSDAW

IF(KXS, ER.2) IXS] = IxEBAR <+ NI

ILASTY = IxS] * MNuI
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321 WRITE(6e1110) ~nrs]

322 1110 FORRAT (I 1@ UNPERTURDED REFEMENCE CROSS SECTIONY XSDAR; FDN &)
3e3 1 CCASE NUMDER®) I3 )

324 CALL SUBS(LCCIXSDAN) 5 J6Mo ITLINNLILMALS IXSTAPEI TITLES

325 1 LC\2IXS1))

3e6 180 cONTINUE

327 € SEY SCR-PDINTERNS FDR DSTIAXSIFISNS)IEXSISXESNG

328 LDSY = LASY]

329 LAXS &= LUSY ¢+ I16M

330 LFISXS % LAXS ¢ IGM

331 LSXS = LFISXS ¢ 16M

332 LEXSNG € LEXS + 16m

333 LAST = LSEXENG * I16M

334 C CALL SUBROUTINE TD CALCULATE PERTURDIATION DF CWOSS SECTIONS
335 CALL SUBSI(ACILDSTI) sLC (IDSLI 7L ClIXS) 1LClIXSDAR)Y

336 1 IGMI ITLIAC (LAXS) s ACILEXS) 1 LCCIDSLED) 1 AC (LEXSNG, ¢
337 e NCOUPLIAC (LFISXS) ) IDES)

338 € €96 IN DMDER TD EDIT SED PROFILES AND COMPUTE SED UNCESTAINTIES
339 C ¢%¢ WE NEED ADDITIONAL ARPAYS AS FOLLONS

340 IF ANCDUPL . ED. 0/ 216M1=16m

341 IF (NCOUPL . NE. ) I6mI=nCOurPL.
342 NHSED = 16mieIem]

343 IPSED = JLSL + NHK

344 ILASY = IPSED * NWHSED

345 LF = LEXS * I6M

346 LFEFD & LF <+ 160

347 LSEN = LFFD ¢ 16n

348 LSENT = LSEN ¢ 160

349 LEFDNG = LSENT + 216N

350 LPSGP = LFFDNG * 16M

351 LESG = LPSGr ¢ I6m]

3%e LSSED = LPSE + IGm]

353 LENDY = LSSED + 1e&m]

3%54 LSCOLD = LSMOT + 16m)

35S LORSED = LSCOLD + I6mi

3%6 LAST = LDRSED ¢+ 316m]

337 ¢

356 C €00 TD PRINT SENSITIVITY PROFILES PEM ZONE WE IDENTIFY A ZONE-PARAMETE
359 € eee AnI LDDP TrROUG™ ALL DUTPUT ROUTINES
360 ¢

3€1

362 J1i=])

3€3 190 w=y

364 &b Yo 210

365 200 w=mwe]

366 Ji=]

367 WP ITE (69131200

3€8 1120 romsaT (im0

3€9 210 cCONTINUE

370 IFi(urs.NE. 0) @D TD 220

373 IF(CII . NE. 1) .DP, (. 6T7.0)) €D YO 22U

3IT2 € 00 FUP ¥E-SENSITIVITY CALCULATIONS PRINT A LIST OF DEFINITIDNS
373 C FOR PARTIAL AND NET SENSITIVITY PRDFILES AS ETITED In SUBE

376 C o¢e FOM DESIGN-SENSITIVITY CALCULATIONS PRINT ANDTHE® LIST OF
377 C LEFINITIDNS OF EDITS FROn SUBE

3786

379 IFCITYP.ER. U.DW. ITYP.ER.J) CALL TEXT

360 IFCITYP.ER. 1) CALL TEXTA

381 220 CONTINUE

362 ¢

383 IF(Jl.NE. 1) @D YD 230

364 IF (NCDUPL . ER. [) ten]=28m

385 I1F (INCOUPL.NE, 0) 16m]sncOUPL

366 230 cCONTINUE

387 CALL POINTE(ACILIPSI) 'Ky IPPSIIKPZP 9 36RIAC (LCHI) s AC (LCCKT))
388

389 CALL SUBE(AC (LI sl CCIDSL) 2L.CLIPPSIIrAC(LDST) v AC (LCCHI) I DEL Y
3%0 1 DELIFDIMBILMALP ) IGHIAC (LAXSE) sAC (LSEN) »AC (LEXS) »
391 2 ACLE) yAC (LDELUI VLCAIDSLED) vAC\LEFD) PAC\LFLISXS) »
392 3 AC(LEENT) e J1 v NCDUPLY 161 s AC LLFFDNG) IRy IDES)

3%3

394 1IF (ITYP.NE.3) 8D TR 240

39T € ¢¢0 FDM SED SENSITIVITY AND UNCERTAINTY ANALYSIS MNE EDIT FROm SUBlle
3I9E € % BUYT DNLY FDR THE SUR DVER ALL PERTURIED ZDNESS

397 C *0¢ AND ONLY PFDR NEUTRON SRDUPS .

396

399 r((I3l.va.1).0n. (., 867.00) oD YO 240

400
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401
40e
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
44

438
439
440
441
442
443
444
4475
446
447
448
445
450

o1
452
453
454

<5
45¢
457
45¢

3
4€0
4€]
46z
463
464
4cs
4c6
4c?
468
4€9
470
471
472
472
424
473
476
477
478
479
460

c

n

nnNnonnnn

nnon

nn

nnnNnon

CALL SUBIICURAsPIIIIIGHIIIGRIPRINSEDILC CIPSED) 1 AC (LPSERP)
AC(LPSG) 1AC LLSSED, 1 AC 'LSHOT) rACCLSCOLE) 1AC (LIPSED) »

2 LCCIDSL/PLCUIPPSI) vsACU DELU) $AC\LGHMELD) s AC\LFSED))

250

260

SET

&80
290

L X 24
*00
00
00
L2 2]

W e

SET

L X 2]

[ 45 ¢

300

oo
*ee

END SET ANALYSIS

1F (nCOUPL .E9. 0) G0 TDO 250
1r(3].N€.1) 60 TO 250

IGHI=IEn

Ji=ncourL+l

6D To 220

CONT INVE

1F ClouTPUT.ER. 00 8D YO Z60
IF(n.EP.«PZ) GO YO 260

Go To 00

1r LJcovam.&r. 0) 80 TO 270
LENCOVEIGROIEM

POINTERS FOP COVARIANCE MATRIX
ICOVR = ILASY

ILAST = 1COVA + LENCOV

LFSUR = LAST

LAST & LFSUM + I8M

CALL SURYLL CICOVR) yACILEEN) sMC ULFESUM) 9 I6Me LC (LDELU) )
NsS E NXS ¢ ]
IF(NXS.LT.NPERXS) 60 TO 130

STOP
CONTINUE

THIS SECTIDN PESEDPME A COMFLETE SENSITIVITY AND UNCESTAINTY ANA-
LYSIS DF THE LECTD® CROSS SECTIDNS

THE COIE THEN PEDUIRES A CDVARIANCE FILE TD BE GIVEN IN LASL EBBF]
FORPRAT WMICH CONTAINS PAIRS DF VECTDOR CPDSS SECTIDNS WITH THEIRN
PESPECTIVE COLABIANCE HATRIX,

NCOV = NPERXS
RRITE (692130 wcDv
FORHAT (I 97O VECTDR CRDSS—-SECTION UNCERTAINTY ANALYSIS WILL®
LR 111]
¢ PERFORNED®)»/SFDP A TOTAL DF NPERXS = 913
® PAIRS DF VECTOR >$ WITH COVARIANCES FROM TAREL( o)
IF (NCDUPL . E®. () 16mi=3Em
IF(NCDUPL.NE, 0) 18mlzNncOUPL
NHCOV = 1gm]le1em]
PDINTESS FOP VECTOR CROSS SECTIDN UNCERTAINTY ANALYSIS
LUXS] = LAST
LUXSE ® LuxS] ¢ 16m}
LE]l & LuxsE ¢+ 16ml
LePZ = Lp]l <+ 3Gm}
L™ = Leg + 1eml
LAST = L DN ¢ NCOV
IcOv = JLAST
ILAST = ICOV ¢ NeCDV
STARY A LDOP WHERE DVE® ALL XS-PAIRS

CHI’‘S IN APPROPRIATE SPACE IN SCh

CALL PDINTE(AC (LIPS I 16PZPIIPPSIINPIP) 16MIAC (LCHI) s AC LLCENT) )

NXE & NxS ¢ ]

CALL SUBSUIAC (ILVXS1) 1ACLLESC) 2L CLICOVI 2 36M1 0 IDIDEN] Y DENS)

THIS PDUTINE WEALS PAIRS DF VECTDP 35 AND THEIR COVARIANCE MATRIX

rRon Yesgl 0

CALL SUBEBY (ACCLYXS1) 1AC (LVXSE) 9LC (1COV) s AL (LCCHI) Y AC (LDELL) »
ACULPI)IAC(LEZ) s AC(LIM) ¢ ACLLE) s I6Mr IGM] o nP 2y

1
2 B IDINrSI DEN] » DENC)

(2 22
So0
L4 2]

THIS WOUTINE CONPUTES AND EDITS SENSITIVITY PROFILES Pl AND P2
AND FDLTS TiEM MITH THE COUARIANIE NATRIX DR-®

FOR THIS PARTICULA® PAIR DF VECTOR X5 AND THELIR CORELATED ERADRS
IF(NXS.LT.NCOV) 6D YO 300

CALL SUBTL (AC (LDM) s NCOV s MEUMCDV)
THIS MDUTINE COMPUTES THE TOTAL VARIANCE DUE TO THE SUR DF ALL
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461 C ®¢¢ CPDSE~SECTION ERADRS) AND PERFORNS PARTIAL SUMS IF NSUNCDV.NE. 0
482 ¢

453

484 E£ND

485 c

4%6 c

487 ¢

486 c

489 C EBND REALDS IN NEUTRON AND GAMMA BAY STRUCTURE AND CALCULATES LETHARGY
4%0 C HIDTHS PER GROUS

491 ¢

492 c

493 SUBROUTINE EDNYD (DELUIET I6Mr NCOURL)

494 ¢

45T C ¢ ¢ ¢ INPUT COMMENTS © ¢ ©

495 C

49?7 ¢ £ = ENEPGY BOUNDARIES FOR NEUTRON AND-DF GANMMA GROUPS
498 ¢

499 € ¢ @ & DUTPUT COMMENTS © © &

S00 ¢ DELUCI) = LETHARGY WIDTHS

S0 ¢©

Soe INTEGER &

S03 DIMENSION DELUKL) v E (D)

S04 C RMEARD IN NEUTRON AND GARMA GROUP BDUNDARIES AND EDIY
505 IF(NCDUFL . EB. 0) 2GHPl = 16m + ]

S06 IF (NCOUPL.NE. 0) 16mMP] = NCODURL®}

507 rEAD (594300 (EC(I)r2=]s16mel)

o008 WRITE (60420) 26mm)

509 WRITEL61410) (E(2)93x]r36mm])

S10 tFuNcpUeL. . E®.0) 8D YO 110

S11 1gmre = 16m ¢ 2

S1e NCP2 = nCDUPL + 2

513 NGARMP] B 16M = NCOUPL ¢+ 1

S14 READ (S14230) (EL2) 9 I=RNCPEr TOMPC)

S18 HRITE(69440) ~NGarr )

S16 HRITE (61 450) (EC3) s IRNCPE TEMPL)

S17 110 conTINnuE
S18 € CALCULATE LETHABRGY INTERUALS KFO® BOTH NEUTRON AND GAMRA GROULPS

S19 IF (NCOUPL.ER. 0) NNEUTEIG™
520 IF (NCDUPL o NE. () NNEUTENCDUPL
oel D 120 &=l rmnEuT

S22 EQUOZ® E(6)/E(6+]1)

523 DELULS) = ALDG \EPUDZ)

Sca 120 conTiwnue

o295 1F (NCOUPL.E0. 0) s TD 190
e o0 130 e=16mPleTem

S27 EDUDZ=E (§+]1) /K (@+C)

See LELU(6) =atL D6 \&8UDZ)

oz9 130 conTINnuE

530 HRITE (60 460)

31 oD 140 €=1s16m

S32 HRITE(6)470) &)DELU (S

o33 140 conTinue

T34 150 conTinuE

S3° 410 rommAT (I 210C0Ixe1eg10.30)

S36 420 FORMAT (1 134+ NEUTRON ENERGY GROUP BDOUNDARIES WEAD) 1IN EVE)
$37 430 rOPRAT (6E12.5) |

o3e 440 FOPHAT (1M 11419 GARMA ENERGY GRDUP BDUNLARNIES MEAD) IN EV ©)
o39 SO FoPmAT (10 210(Ixs 1PE10.30) !

T40 4¢.0 FORRAT (I 2/ 1 SCOMPUTED LETHARGY WIZTHSE PES SGROUP) DELULEG,S)
c41 470 roRmAT (1 196 =€) 13) I71ODELU(E) =e, lepel0.3)

S42 RETURN

43 &~D

Sad ¢

545 ¢

S4€ C GEKDm WEADS AND EDITS YHE GEDMETRY FOM FPESTURBED AND DETECTD® ZDNES
54?7 ¢

S4& SUBRDUTINE GEDMCIT2I3ITINTPZINFEZINDZI ISZoNPIZZINDIDI IPELE
S49 1 TLELCIPTIDTINTPInTDIELP 1o wELPCIKELD] s nELDC Y
S0 2 JYIKPZIKDZI ITSUM)

S1 ¢

Ss52 INTEGER PYIDTIMELP I I MELPE I HELP Iy ELPS

S$3 ¢

ST4 DIMENSION ITZ (1)1 IIT (I aNTPZ(ITII) ot (1) onNDZ (1) 2ID2Z WITI1)
T3 ) NP IDZ(ITr 1) eNDIDZIITII) p IPELE (L) v IDELE 1D s@TYLITI LV
S36 2 DY CITI 1) o TP LITII) eTD(ITr 1) e kELPICITI 1) s nELPEITI ) »
TT? 3 KELDL (IT1 1) o ELDECITI L)

%36 ¢

SS9 € © ¢ & DUTPUY CDMNENTS & © o

60 ¢ NP IDZ(Jrn) = IDENTIFIES PENTURDED IONE & PFOR BAND J
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561

o563
S64
S€S
566
S67
566
S69
S70

S72
SV
S74
35?5
576
57?7
78
S?9
S80
581
S&2
583
S84
S5
Ss6
587
Sg8
589
$90
S$91
592
593
594
595
C9e ¢
97 ¢
596
599
600 c
€01
602
603
604
605
€06
607
606
609
610
611
€12
€13
614
615
616
€17
618
619
620
621

nonAnNNANNANNNANANDNNNANANNANDN

623

633

636
€37
638
€39
640 ¢

NDIDZ(Je) -

IPELE () -
IDELE () -

PTIIIND -
DY (33980) -
TP (I ) -
KTD (Ten) -
KELPL(Ire) =~
KELPE(Ion) =
KELD] (Jrx) ~
MELDE(IIK) =

IDENTIFIES LETECTOR ZONE © FOR SAND I

PERT, ZONE Kk SHOWS UP IN IPELE (N) DANDS

TET, ZONE Kk SHOMS UF IN IDELE (W) BANDS

PERTY, ZONE fh SHOWNS UP IN THE BDANDE PT (ke 1) o
DEY., ZDNE K SHONS UP IN THE BAND DT (x»1) ., .,
1S FERY, 2DNE ® PRESENT IN PAND 3 7 O/1 wD/YE
1S DETY. ZONE Kk PRESENT In 3AND 3 7 (/1 ND/YES
PERT., ZONE & IN BAND J STARTS WITH TRI. KELP]
PERT, ZONE K IN BAND J ENDS WITH TRI. KELPZ
DET, ZONE K IN DAND J STARTS KITM TRI, KELDI
DEY. ZONE & IN BAND J ENDS WITH TRI., KELDZ

® & & INPUT COMMENTS & & ©

11T\ -
NTPZ\I922) =
ID2(Iv32) =
1vz ) -
ez -
[ 224 -
~NeZ (epZ) -
NDZ (xD2) -
ITESY -
J7 -

G TRIANGLES IN BAND J

& NUMBER DF TRIANGLES IN 2DNE 12 FOFP 3AND J
ZONE IDENTIFICATION FDR THE IZ TH ZONE IN DAN
$ ZONES IN BAND J

& PERTURBED ZONES

$ DETECTDW ZONES

CERTUABED ZONE IDENTIFICATION FUR KPZ Thk PERT
PETECTOR ZONE IDENTIFICATION FO® KIX'TH DET.
DETAILED DUTPUT JESIMED 7 (-/67.0 NO/YES

& BANDS

WERD IN T ZDONES FOP EACK DAND ITZr & TRIANGLES FDR EACH B3AND 312
READ IN & TRIANGLES IN EACKH ZDNE NTPX
READ IN ZONE IDENTIFICATIONS 31D2

ITSsUN=)
oD 110 Ia=irJT

READ (D59 402) IYZ(I)r33T7C(D
ITSUNEITSUM+2IIT ()

3z=317Z (3

WEAD (S51403) (NTP2(J9 2921922
®EAD (5:403) (1DZ(IJe2) v 2=1022)

110 conTINUE

READ PERTURBED ZONE IDENTIFICATION 8 mPZ
READ DETECTO® ZODNE IDENTIFICATION & NDZ
PEAD (51403 (NPZ(2Z) 03251 sxr2)
WEAD (D1 403> (NDZCI2) 0121122
SET IDENTIFIERS FOR PERTURBED AND DETECTOR ZONES

20 120 w=lyxpr2

IPELE (k) =0

oo 120 I=ie37

TP (I =0
120 conTINnuE

0 185 w=1yxdZ

IDELE (=)
125 comTinue

D0 2310 I=3raY

JI=3ITZ I

»o 130 12=1v33

NEIDZ(Ir322%0
130 wp1Dd2¢3v3127=0

oo 160 zz=1¢33

oD 150 k=loxp2

~NeENPZ ()

IF (IDZ(I122) . NE.NP) &D YO 1DV
IF kTP (Jex) ,NE. D) 8D TO 140V
IRELZ (W) IPELE (6D +]
PYOIPELE (K) 1) ®I

140 nP232C(2r22) 8K
KTYP (T =]

156 convimnue

160 conTinug

20 3170 x=1,xD2

xTD(Ire) =0
170 convinue

»o 200 12=1032
DD 190 w=lyxd2

NDENDZ ()

3F (IDZ(Iv3IZ2).NE.ND) SD YD 1YV
IF (TD(Ie) onE. 0) €D TO 18U
IDELE (W)= IDELE (W) +]

DT (IDELE (R s I =g

180 NpID2(3932) B
wTp(Irrm]

190 comnTINuE

200 convinue

210 cownTInuE
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€41 C SET TRIANGLE IDENTIFICATION FOR PERTURPDED AND DETECTOD®

642
643
644
€43
€46
647
648
649
650
651
€5¢
€53
[ 32
€35
656
[ 3
65&
659
660
661
662
663
664
665
666
667
6€8
€€9
670
671

668
6€9

709
710
211
712
713
714
715
71€
71?7
718
7319
720

c

oo 880 g=lrav
pD 240 1zZ=1iwP2
IFWwTP(Jr32) . 6®.0) GD YO 40
wELPIIrz2O®]
KELPZ(Ir32)=0
HELPEFITZ (D)
0 220 1=1rmELPe
HELP IZ=NTPZ (I 1)
IF(NPIDZ(Jr 1) . EP.22) 6D YD &30
HELPI (I 12)ExELP L (I 22) +mELP]
€20 cOonTINUE
230 MELPZ (I I EwELP ] (Jr IZ) *ELPl=]
RERR REMOVE NEXT CARD IN PROGRAM
WPITELGeT01) WELPLI (I 1) 1KELPCITITININLIZ
RREA END RENDVING
240 CONTINUE
>0 270 12=1sxD2
1 (vTD (I 312) .60, 0) €D TO &70
wELDICIr3X)=]
KELDZ (Jr22)=0
HELPE4=ITZ (3
po 250 1=)lrmELP4
HELP3ENTPZ (29 3)
IFANDIDZ (20 1).80.32) 6O TO &bV
KELDI (I J2)=nELDI (I IZ)¢ HELPS
290 conTINnNuE
60 nELDE (J91Z)=wELD] (Jr1Z) *rELPI-]
ARESs PERDVE NEXT CARD IN PROGAAM
WRITE (60502) «ELDI(IrIZ)srELDEIIZT) 139122
END REMQV ING
70 cONTINUE
2680 cCoONTINUE

EDITING
HRITE(Cr 410D
HRITESr4]10)
Do 290 a=1raY
1z=372(3)
HRITE G409 g
HRITE (6 405)
WRITE(Gs405) CID2C(392093=1r22)
WHRITE (6o 408)
WPITE G2 404) (NTP2Z(I012)93=]1932)
WP ITECEr 406> (P ID2 (3229 2%1022)
HWRITE (61 4(7) (NDIDI(Ir1)93E1932)
“RITE 60 410)
290 cosTINnuE
R ITE(6e 430>
WRITE (60 411D
20 310 x=lixerz
IPELEIPELS (&)
HRITE(6r1412) KIIPEL
HRITECE1413) (PT (e rIx]y IPEL)
310 conTinug
e ITECEr410)
WRITE (61 41T)
DD 320 wxlexdX
IDEL=IDELL (&)
WRITE (6r414) &9 IDEL
HNRITE(61413) (DT (I 1) 91 I%]10 IDEL)
320 conTimue

ARRP BENDVE FOLLDOWING CAADS 1IN ACTUAL PROGRAN
WRITE (6o 41 0)
WRITE (69 SO0
oo 330 Jg=ls3v
HRITE (69 S03) (KTP (Jre) s=] s P 2)
330 Wm1TE (69 504) (KTD(IIk) o NE=]1 s KDZ)

ZODNES

500
S01
Se2
S063
S04

FORMAT (1
FOWRAT (1o
FOwRAT ($w
FOPHAT (1w
FOMMAT (1k

140ne® & © YRIANGLE INFD FOR® PERT 2ONES © ¢ O)
211X1Pm JUNKDUT 223831 W= 333940 3JI%e13)

S LIXIIN JUNKDUT 3213 Ur3m w=s313rden 33%933)
sCU» 1 rmTPrEnr 1216)

SEUXRI I TDIEXY 1220)

RREEE END PENDYING

401
402
403
04

FoOmAY (16)

rFomeaT (2169
FomaT (1216

romenaT (1m0

PExI IINE TRIANGLES IDL26r IX))
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el

veE
723

ced
Tes

727
728

730
231
732
733
734
735
736
237
738
729
740
741
vag

744
745
746
747
748
749
750
751
752
753
754

~=s
D=3

756
7?57
258
759
260

7€9
7?70

7’87
768
789
790
791
792
7?93
754
795
796
79?7
?9¢
799
600

nnNann

405 rommAT(IM +10x919 ZONE ID.031D0I0»INe))

Q0% FORMAT (16 18X 1 1PEST, ZONET9 1D 1X))

407 FOPMAT (I 1 9x9» J0MDET, ZONE?91D(26901X))

K08 roOPRATY (I 932059 15 (721000 eeee), /)

409 rORMAT (1N 9 1CHE®® BAND & =) 101G ©00)

410 romeAT (LK ¢/ 07)

411 FORRMAY (1M 127THO®® PERTURBETD ZONE INecD $06)

412 FOPRAT (I 21021 16HPERTURDED ZONE $9 28128 IS PRESENT In THE FOLLOW
J1INGIIC16m BANDS)

413 FORMAT (L0 9 20x92014)

414 FDRMAT (1M 91029 ISHDETECTOR ZONE £93Z91E6M 1S PRESENT IN THE FOLLOWNI
INGs 3206 DANDS)

415 FORRAT (1M 1 26H006e DETECTOM ZONE INFD ©66)
RETURN
END

SUBROUTINE DETSEN CALCULATES DETECTD® RESPDNSES AND DETECTOS
SENSITIVITY SROFILES. IF DETCOVE] A DETECTOR UNCEBTAINTY ANALYSIS
28 PERFODMNED

SUBDWDUTINE DETSEN(KELD] s RELDCIKTDIRDZIITI 2IT9 16 I0UTPUT e DEYCOVS
RRCOVRIFSUNRIPHIVI M) ZONI SENSI SSEMI SIGMAI DELUI K
2 NCDUPL» 16ED)

DIMENSION MELD] CITr DD ywELDZITIII s wTDCITe ) 2 22T CI) s DELUCIIIE (D)
1 PHIVID s INDZr1) 1 SSENS (NI Z1 1) 920NL1) 1COVMLIGMI L)y
2 SENRCID 1FSUMR (1) 1 S16mALKDZY 1) v8E (S0)

COMMDN 7PLDT/ TITLE (B)

INTEGER 6¢DETCOV

DATA CP3/6.283185308/
ir (t6c0.g8.1) cei=l.0

READ AND EDIT DETECTDS RESPONSE FUNCTIONS
D 120 wmloxdpz
RNEAD(D+410) (SI16MAIKIS) 1865]r 160
HRITE 614200 ®
D0 110 G=lrzem

110 wmITE(61430) GrSIOMA(KIE)

120 conTinue

INITIALIZE
po 130 e=1le3em
130 senm6>=0.0
o0 150 «=lsxd2
F{-RCPE 3/
2o 140 €x1s36m
ninsg)=(,
SSEnNR(xoe)=0, 0
140 conTinuE
150 conTINnuE
npe=(,

CALCULATE GRDUPWISE AND ZOMEHISE RESPONSES W0 6)
REMIND 1
20 200 ex=ls16n
D0 1590 Jg=isa3Y
DD 1680 w=lryxd2
IF (vTD(Jeu) 0. 0) €0 TO 1BU
IZEVELDS (Jym)~NELD] (Jex) +]
READ (1) (PrIv(1)e3=ly 32
po 170 1=1s32
RNIE)RB NI ) *PHIV(I) PSIGHA LK S)
170 canvinue
180 conTiNnuE
190 conTINuE
200 conTINnuE

CALCULATE TDTAL SESPONSE FUNCTION PR
oo 220 &=1s26m
SEnn (6)=0
D0 210 w=irxp2
PRERRICP IOM (K &)
210 convImue
220 comTimnuk

CALCULATE SENSITIVITY PROFILES

“mITE (60325)
DD €40 e=lvzon
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€01
eo2
&03
&04

817
818
19
8z0
621
822
823 ¢
824 c
825
826
82?7
828
829
830
831
83¢
833
834
&35 ¢
636 ¢
837
838
€39 ¢
640 ¢
641
2273
643
22
€45
846
847
€48
849
eso
€851
ese
es53
e54
ess

874
€75
676
E?7
&’e
B?9
&80 ¢

20 230 w=lsxp2
IFiSIGRA(neG) . ER. 0.0) €0 TO 23V
RIKIG)ERIKIE) SCP]
WPITE (6530 xrerminsE)
SSENRIKIGIER(NIG) / (BPODELU (E))
SENRIG) = SENRLG) + SSENMWIE)
230 cownTIiNnuE
€40 CONTINUE

SET UPPES-DOUNLARIES FOR GROUSPS
1F weourL B, 00 ea Yo 270
pD 250 G=lincourL
EE(G)=E )

250 conTINUE
NCPI=ncDUPL ¢ §

PO 260 s=ncelr zem
EE (G)SE(E*+])

260 conTINUE
su To 290

270 oo 280 e=lszem
€€ (6) =K (§)

£80 conTINuE

EDIT SENSITIVITY PROFILES SUNMED DVER ALL DET. ZONES
290 wmITE (61 440) (TITLECD) rI=10l)

WRITE(60450)

HRITE(E1460) An

HRITE (61470

WP ITE (60 490)

po 300 e=lriem

WRITEC(Er»S00) SI1EECG) 1 DELU(G) + SENR ()
300 conTINUE

HRITE (695100

WwRITE (61520 1.0

DO UNCERTAINTY ANALYSIS IF DESINED
1F (LETCOV.NE. 1) €O YO 310
CALL SUBYICOVRISENIFSUMB)Y I6M1 DELU)

EDIT SENSITIVITY PROFILES FO® INDIVIDUAL ZONES
310 3F (zouTPUT.ER. () 60 TD 36U
D 330 w=lyxp2z
o0 320 e=lriem
ZDN(K) & ZONIK) + SSENR (K1 G) ODELULE)
320 conTinue
330 conTIinuE
20 250 w=lixd2
WRITE (61 440) (TITLECI)vIx=]leE)
WRITE (69450
WRITE (694600 mm
WRITE(6r»480) &
WRITE (621 490)
20 340 ex=lriem
WRITE(61500) SrEEC(E) 1DELUG) 1 SSENRIKIS)
340 conTinue
“wmITE6eS10)
WRITE (61520) ZOM(K)
350 conTimue
FDRRATS
410 romenaY (6K12.%)
AC) FORMAT (I 171 SENERGY DISTRIDUTION DF DETECTOR WESPONSE FUNCTION
$51GHA(N1IG) Br GMDUP KFDM TETECTOM ZONE & 9160
430 FOPAT (S5 6 & 1131 3x0 1mElE.D)
440 roORrATY (e 27060100 7)
S0 FORMAT (I 124 (1He) 1 SENSITIVITY PRDFILE FOR THE DETECTOR MESPONS
SE FUNCTION PLE) €:25(1me))
460 FOPIAT (1M 1OSENRNIG) 215 PER LETHARGY=KIDYN DELTA~U AND NORMALIZED
STD THE TDTAL BESPONSE B8 K (MipMI) = ¢ 1pell.5rv/)
470 FOPRAT (J »OFDP THE SUM DVER ALL DETECTO® ZONESS)
450 FORMAT (I 10FDR DETECTOR ZDNE WE®9 330 /)
490 FORMAT (11t 30 BRDUP UFPFER-E LEV) DELTA-USIBx) SSENRS)
SU0 FORRAT (I 2151Ex0 1PEl 0. 3vExs 1PEY. Ce X 1PE10.3)
S10 FOPMAT (1N 13Ex) 0 mcmmmee—=e)
SZ0 FORMATY (1t s 1Rr S INTEGRALSIZIXI IPELIU. 30 /)
S2T FORMAT (46 © & © MESPONSE BT GROUP AND LETECTODS ZDNE © ¢ @)
S30 FOPMAT (I 1 CEMRESPONSE FOR DETECTDM ZOWNEY» 230 10 AND SRQUP Y 330
12»inl2. S
360 mxTUMN
END
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8et c

BEC C SUBRDUTINE TAPAS ASSIGNS LDGICAL UNITS TD THE ANGULAR FLUXES AND THE
&3 € FLU> MORENTS

&4 c

&85 SUBNDUTINE TAPAS (KTAP s 1M INMDI TTSUMNS 16M» MAXMSD I W TPy

8&6 1 RELPLIKELPCIKPZI»IT)

eev

BHE C & & & INPUT COMNENTS © & o

8eS ¢ HMALWRD X HMACIMUM NUNBE® DF WORDS DN A LOGICAL UNIT
€%l ¢ 16M = NUMBER OF GROUPS

8%1 ¢ I1TSUM = TOTAL NUMBER DF YRIANGLES

8% c ~e E NUMDIER DF MOMENTS

893 ¢ ~MAG) = I DUADRATURE DIRECTIONS.BUALRANT FOR GROUP &
894

B95 C ® & ¢ DUTAUT COMMENTS © & &

&96 ¢ KTAP (S5 I16M) = LDGICAL UNITS FDAR FLUXKS

EST € umEREY

€98 ¢ HKTAP (1v6) = LDGICAL UNITS FDOR ANGULAN FLUXES

699 ¢ WIAP (E16) = LDGICAL UNIT FOR ALJOINT ANGULAR FLUXES FDP ¢ROUF 6
900 ¢ KTAP(3+8) = LOGICAL UNITS FDP ALJOINT ANGULAR FLUIES—RANIDN ACCESS
901 ¢ KTAP (456) %= LDGICAL. UNIY FDR FLUs HMONENTS FDR RDUP &
9082 ¢ ®TAP (516) = LDGICAL UNIT FD® AZJDINT FLUX MONENTS

903

904 DIMENSION HTAr (S 1) smm (1) seTP(ITI 1) ewELPL (ITr 1) s ELPCITI )
905

906 INTEGER® 6166

50?7

903 D 200 1=1,2

909 200 WEAL(51410) (KTAR(106) 98]0 I8M)

910 LAST ® KTAP(ErI6m) +

911 1sUm=0

912 0 230 o= 1rzem

913 GGRI1Gn-6+}

914 ANGWDBEITSUNOMM (66)

915 IF CANGHD® . GT. MAXMAD) SO TD AU

916 ISUM K ISUMSANGHDR

917 I* ($SUM.LT.nAXWRD) 6D YO 21U

918 ISUREANGHDON

9319 KTAP (3166)BLASTH]

9290 6D Yo &20

921 210 wYar (3166)%LASY
9z2 220 LAsT=RNTAP (31660
923 230 cONTINUE

9c4 oo Yo 2590

925 240 wmITE (60420)

926 sYDP

927 250 LASTERTAP (391) < |

928 pD €90 1=1+2

929 IF(I.E@.2) LAST = ¢TAP (49 16M)+]
930 Ipx3ey

931 1sUnE(

93¢z IrLDF=(

933 oD 255 a=lra7v

934 DD 255 «=lixex

935 IF(rTP(Ivm) . ER. 0) 6D TD 3O
936 IPLOFEIPLDF +KELPE (Jork) =KELP]L CToe0) +]
937 295 conTINUE

938 MOMWORE 3 PLOF Sne

939 I1F (MDMWDP, 6T . wAXNAD) 8D TD 240
940 »o 260 eG=lr16m

941 (1114

942 IF(1.K9.2) G=16m-66*]

943 ISUM B ISUM ¢ HOMED®

G944 IFCISUM. LT . MAXWAD) 60 YO £60
945 1S UMEHDMND®

946 HTYAP (3P16) R LASTH]

947 &0 TD 270

948 260 wYar (IP1G)®LAST

949 270 LASTEwTAP (IPr E)

9%0 260 conTinue

951 290 conTinue

95¢ 410 wDRraT (1236

93 420 rommaT (16 150 ¢ & & ERADR XXX ~ VALUE OF ®AXWAD TDD SMALL ¢ & o)
954 RE TURN

9S5 END

o

(L]

©
nnNnnNnN

90 SUBROUTINE SNCON(CESCHIMTINUP I NPD 1 M0 ) (NP E > EL Y TSNS 36Ny
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961 1 1o,PT)

e
963 LEVEL €+CaICM
964
965 DIMENSION CHMNPR 14 1) 9 CECHNPE 1A 1) sWT (1) s uUP CrnvEL? 1) oL (4D 0
66 11ELS \E) 4 SN L) snrp (1) 2 38N v td)
967
968 DIMENSION U4 s UE(EI s LBLIW Y LIVWIS) s UI2(E1)r LIAREI» UG 36D
969
970 INTEGER &
9?71
972 pATA LR/.57735037
T3 DPATA LG/, BEBEBS03y.3500212. . 35002127
974 DATA UGS’ 930546y . 66156461 ,6E1D0461 2561429 ,2663443,2561429/
975 DATA UB/ (9E0I506s 6065570y .BULDDT0r».ST12908y, 5773503, .5512936
976 1,1971380,.2133981+.2133981+.1971380 ~
S7? pATA Ul0/ 97302181 . 6721024 . 8/CIULEr ,69618869.7212773+,69612660
9v 1.4567S76+ . 46977491 . 48977495 . 4D6/D76+, 1631408, , 1785273y, 1755273y
9?9 &.1755273+.1631408 7
S&0 DATA U127/ FE103449,908US2Es . YUBUD22r . 7827706+ .68030727y. 7627706,
981 1.6040252, . 6400753+ ,.640073%1 ,60AUZDRr,IF11744,,4513515,, 424978,
982 C.4213515+,.39117445,13706119.149745%6+9.1457456+,14974%56+.1457456»
983 3.1370613 -
o84 DATA Ulds ,GESSB65+.931403%r.9314035,,8362916+.8521232,.8362916,
985 s TO10SERe, 73242500 . 73242500 . 7UIUYE3)r . 5326134+ ,5691623,5773503»
986 R.SEVIEETr . T3261340 , 33992361 . 370UDD99 . 37361069, 3736106+ ,.3700559,
98?7 3.33992£36+.1196230+,1301510,,1303010+,.13301510,,1301510+.1301510
S88 4.1196230 7
989 DATA UL6/ FSED102r,.94641631.94041631.87275341.6ETTB77 . 8727534
950 1.7€57353, . T92508%8, . 725089 . 7657301+ . 6327389+ . 6666774, 6752671
991 E.666E7741 03273691 ,47435205.51Ur319».521%431»,52154319.5107319
992 3.474252%50 ., 30167010.3CE43109.352c9U6r. 33329069 . 33329061 .3264315
993 4.30167063+.1050159,.1152880,.113288U».115¢680,.1352B60s.1152880,
L1 S.11%52680,.3050159 ~
995 LATA SN/ 1.00~1.01~3.001.0~
99%¢ c©
997 ¢
998 READ (59440) (2SN(E) 16x=]9 208M)
299 oo 350 exls1en
1000 120 mEL=2ISN(G) 7@
10012 G0 YO (130115091700 190+210s23Ur2B06rs27009 mEL
1002 130 2D 140 L =1,4
1003 wep (L) =]
1004 CE(lrir@)mSnL)®u
1005 =Y (e>=0,25
1006 140 conTINnLE
1007 en To 290
1008 150 o0 160 L=1r4
1009 ~Nep (L)=3
1010 o0 360 m=3,3
1011 CE(MIL16) =SSN L) Sud ()
1012 wT (G =0, 06333333
1013 160 cOnTINnuE
1014 sD YD 290
1015 170 pD 180 L*1+4
1016 NPD (L) =6
1037 o 1860 m=146
1018 CE(MILI G =S (L) U6 (W)
1019 WT (=0, 04166667
1020 1680 cowTimnue
1021 8D To €90
1022 190 Do 200 L=1+4
1023 e (L)=)0
1024 PO 200 »w=1+10
1025 CE(rILI@)=SN (L) SUB (M)
1026 wuT (6=, 12D
1027 200 conTinug
1028 en TO 290
1029 210 po 220 L=1+4
1030 wrpL)=lS
1031 po 220 w=1,15
1032 CEMrLIGImgn Lol D)
1033 w“r(6)=0, 01666667
1034 220 conTiInuvE
103% en Yo 290
1036 230 Do 240 L=1+4
1037 (L XTOY -3}
1038 DD 240 m=1,21
1039 CE(mIL IS ) BmENILIOGUIR ()
1040 “T(6)=0, V11950476
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1041
1042
1043
1044
10435
1046
1047
1048
1049
1050
1051
10352
1053
1054
1055
1096
1057
1058
1059
1060
1061
1062
1063
1064
1063
1066
1067
1068
1069
1070
31073
1072
1073
1074
1075
1076
1077
1078
1079
1080
10e3
1082
1083
1064
10835
1066
1067
1068
1069
1090
1091
1092
1093
1094
1095
1096
1097
1096
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
11186
1119
3120

240
250

260
270

280
290

300
3i0

320

330

CONT INUE

6D To 2%0

o £60 L=1:4
~NPR L) =28

DD 260 m=1,28
CECMILYG) ESN (LI ®UlE (o)
wuTe) =0, 006928571
CDNT INUE

oo To 250

D 280 L=1+4

NPD (L) =36

oD £60 m=1+36
CE(rILIG) ESNILI®LI6 ()
WT(G)=0. 606944444
CONT INVE

G =donep (1)

D0 310 1L=lomec

po 300 v=1r4

NUP CILPL) =30
CDONTINUE

JELS CIL)=CILOCIL~1)) /2
CONT INUE

Do 320 L=1v4
NEL (L) =MEL

CONT INUE

pD 330 L=lemEl
ILI=MEL"-2L

PO 330 me=ly3i
mMEIELS (ZL) *np

MIZIELS (IL14nP) oo
CHimdig/ ==CE(m]r4r @)
CHiMI 1@/ E~CE(x]rvdre)
MEZIELS (IL)4IL~mre]
cmimgriegizcaE(nlrdrs)
CHIMEIEI @) =CE (mlrvdr @)
CONTINUE

C EDIT SN-SETS BY GROUP IF IDPY EQua. TO 1 ORm 3

nnNnnNnNNON

nnNnnAnnNnNNN

340
350

IE (IOPT.NE, 1.AND, IDPT . NE. I)
WRITE (61410) &r ISN(E)

2D 340 L = 1y 4
wRITE (694205 L
mrp = Nwep (L)

D0 340 n = 1y wrp

60 To 350

HRITE 614300 tICH(MILIGI ICELMILIG) P NT (S

CONT INUE
CONT INUE

410 FORMAT(///7IX127H® © © & @ DUADRATURE GROUP +131100 © © & @ o .~

420
430
440

1130 2CMBUILT=IN CONSTANTS

S$-v1& )

FORMAT (/ /7% s THPUATBANT 131/ /70X CoomiUs 17X INETAY 1431 Gril 16T )

rommAaT (S5»9 330 3820, 6>
rommaT (1226)

AE TURN
END

SUBROUTINE PNGEN HAS DEEN COPIED AND MODIFIED FROMN THE TRIDENT-CTR
CODE .

TH1IS SUBRQUYTINE

GENEPATES SPHEMICAL HMABMDNICS POLYNOMIALS AND

STORES THER IN THE PROPER DRLERy CORALSPONING WHITH A DIRECT DR
ATIDINT FLUX=HMDMENT CONSTRUCTION.

* o

SUBRDUTINE PHNGENCP My CNICEIPHMIITINMNILMAXIMNEDI NI LOAXPI G xADY ISN)

LEVEL 2¢ CErCH

DIMENSION CH(MnePrds 1) s CE (e Pr@s 1) 3P (1) o T (L) s P (e @rLwaAXPr 1) 0

LU TRORT L YOPREYF LN
INTEGER &
DATA CP1-3.§4135926~/

@ INPUT COMMENTS © © o

CRIMNPDI4dr 16N> BPUADSATURE NU'S
CE (MNP 41 I161) BUADRATURE ETA'S

" (G) € DUADRATUNE DIRAECTIONS FOR GROUS &
LmAx ORILER DF SCATTERING

LrAxP & LmAax ¢+ 1

et TOTAL NUMDER DF MOMENTS
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1121 ¢ L3 GRDUP INDEX

llgg c HAD IDENTIFIE® ADJIDINT OF LINECT FLUXES

11

1124 € ® © & DUTPUT COMHENTS ¢ & o

1125 ¢ RONMI MG ) SEHERICAL HNABMDNICS POLYNOMIALS REARBANGED IM
1126 ¢ THE DUADMANT SEQUENCE 31949 ] I1F nar=l
1127 ¢ AND IN THE SEPUENCE 114¢Ce3 1IF waDx]
1128

1129 NELEISN(G) /R

1130 IE=CeLmAx+]

1131 ¢

113¢ ¢ GENERATE FACTORIALS

1133 ¢

1134 T(IO=1,0

1135 oo 100 J=2s1r

1136 TWHOE(I-TrevI~1)

1137 100 cowTinug

1138 =0

1139 »o0 210 Le=1s4

1140 reR=mm () /4

1141 ¢

1142 ¢ GENERATE Pl

1143 ¢

1144 D0 110 m=lrmre

1145 PHNI (=D, Secey

114¢ IF(CEAVMILEIE) s NE. 0, 0) PHNI GO EATANISENTY (1, O-CH (ML) G) &6T
1147 1=CE(MILDIG) ®OT) /ADS (CE \PILDIG) )

1148 IFCCEILEIE) chTe 0,00 Proel (=PIl (O *CP3

114% 110 conTinug

1150 ¢

1151 ¢ ZERD DRDER ASSDCIATED LEGENLRE POLYNDMIALS

1152 ¢

1153 20 130 mxlrmep

1154 CECMMILEG)

1155 Pinrlstr=1.0

1156 1Fr (Lmax.g0.0) 6o To 130

1157 PimI2elde=C

1158 1 (Lmax.E@.1) 60 YO 130

1159 LD 120 w=grLrnx

1160 PNt o 1)=CO(Z.0~1.0/0)®P Moo 10=~C1,.0-1.0/ /) ®P tmoan=-193)

1161 120 conTINuE
1162 130 conNTINuE

1163 1Fr (Lemx . E@0.D.Anz.nep.80.0) 6D TO 180

1164 IF( LAMAX . ER. U.AND . HAZ.ER. 1) 6D TD 220

1165 ¢

1166 c HIGHMER DBDE® ASSDCIATED LEGENDRE PDLYNORIALS
116? ¢

1168 D0 160 m=iimen

1169 CECHIMILDIG)

1170 e 160 J=Zrimaxe

1171 20 160 n=lrimaxp

13172 IF (N—-3) 160+1405150

1173 140 p(msnr I~ (COI-3)05pRT (], U—Coo) ®p (min~-113-1)
1174 150 ¢ (N, E@.LMASP) 6D TD 160

1175 S UMINGII IR ((2ON=1)GCOR (MINI T) = (NS I=D) OP (meN=11T))/ (=341
117¢ 160 conTinug

1177 ¢

1178 ¢ MULTIPLY BY COS(Prrl) TERS AND FACTORIAL CDEFFICIENT
1179 ¢

1180 o0 170 J=ZsLmare

111 D0 170 NEJiLmAxe

1182 SOET (2, UOT (N—J+1) /T (NeI-1))

3183 2D 170 m=lsrwem

1164 CEPHMI (M)

1185 aar=Cos ((I=1) oC)

1166 ¢ IF(G.EP. 1) MRITE(10:420) DesP(mInII) vAne
1167 PMINIIIEROP (RN J) OCOS (CI~)) OC)

11€E8 170 conTiNnuE

1189 ¢

1190 ¢ MEDUCE NURBER OF INDICIES AND REARRANGE
1191 ¢

1192 1r (vap.~nE. 0) 8D TD 220

1193 160 1r (LD.ED.1) WP=3empp

1194 IFULB.ER.C) wnPumpp

1195 IFLP.ER.3) er=0

1196 IF(LB.ER.4) wraZonen

1197 =]

1196 DD £00 w=leLraxe

1199 o €00 I=lrw

1200 50 190 m=limem
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1201
1£02
1203
1204
1205
1206
1eo?
1208
1209
1210
1211
121¢&
1213
ic14
1215
121€
1217
1218
1219
1220
1221
1222
1223
1224
1289
1226
1227
1228
1229
1230
1231
1232
1233
1234
123%
1236
1237
1236
1239
1240
1241
1c42
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1e62
1263
1264
1265
1266
1267
1268
1269
1270
1271
2ve
1273
1e74
1279
1276
1877
1276
1279
1280

nnnn

nanNnNNANNANNNNN

annNnANNN

Wiy P me (MY NI I

190 comTinuE

wEpt]

200 CONTINLE

o To 210

220 3ruw.Ea.1) mr=0d

IF (LB ER.2) MP=2ompP
IFLR.EP.3) mePEIonee
IFWLR.E2.4) me=rre
x=]
20 240 N=lrLmaxe
DD 240 I=lsnN

REVERSE COUNT DN EACK ETA LEVEL FO® ALIOINT MOMENTS
m=]1
INDEX]®]
DOE3S 1I=]INEL
INDEx]=INDEX]I®2I-]
pD €30 mi=ls3a
INDEXE=3I~M]
INDEAI®INDEX]SINDEXS
Pk MPSINDEXTI) =P AMr 0 JT)
MEpe]

230 conTINnuE
235 conTInue

= x+]

240 conTINuE
210 conTINnuE

»o 500 1=1,10
IF(G.ER. JDumITE (1 0+420) (W eI 9a=1012)

500 conTINnUuE
420 romeaT6E12.5)

RETURN
E~D

SUSPOUTINE FLUXHMDM GENERMATES THE FLUX MDMENTS

SUBRDUTINE FLUNMOM (IITIFELURIFLUS IEUN IHIMMIBInTAP I 69 26Ms
1 FEZINMIITINRITIMASADINADIN TR INELP I swELPC
e KTDIMELD Ll s MELDE I FMOMINDZ IAPI)

® ¢ ¢ INPUT COMMENTS © & &

FRLUX (ITSURMOMM(6) 74) ONGULAR FLUXES IN LCM
FLUX (JTSUMOMMLIG) - 4) ANGULAR KLUXES IN LCHN

LIS T LM QUADRATURE MEISHTS

217 CIT) LYRIANGLES” DAND

(G TOTAL 3 DUADBATURE DIRECTIONS

KTAP (16M) IDENTIFIES FILES FOP ANGULAR FLUXES
[ GRDUP INDEX

bL L] TOTAL & GaDUPS

NM NUMBEP® DF HOMENTS

37 NUMBER® DF BANDS

®AD ITENTIFIER ADJODINT/DIMECTY FLUXKS
“RIT PANIDM ACCESS FILE AIINESS INDICATDR
L -1 SCALAR FLURES IN DETECTOR ®SEGID~

® & ¢ DUTPUT COMMENTS & & o

TEFENDING UEDN THE PARAMETEP KAD) DINECT O ALIDINT
FLUY MOMENTS ARE CALCULATED AND SRITTEN .

THE ZEWD’ T MOMENTS OF THE DIRECT FLUX ARE SONTED DUT AND
HRITTEN DN TAPE]L

FUX (NMMIITI IIT(IT)) FLUX MONENTS
LEVEL 20 FFLUXIFLUXSFUXSFMON
DIMENSION FELUX (1D 1FLux (1) srux Cnms ITe 1) sxTa® (S 1l sm(l)
DIMENSION MHL1) oW ANMI 1) 0 23T L) 9 IHOLTHE3) s Jrmam (10)

DIMENSION KTP(ITI 1) IKELPLI(ITII) snELPT(IT 1)
DIMENSION HTDLITr 1) IKELDI (CITr 1) okELDT (IT9 1) ¢+ FMOsLITr 1)

INTEGER SrUNIIUNT s UN3

C INITIALIZE

36 = xAD ¢+ §

I* (xmD.NE.0) @0 YO 130
M & e (§) /e

UNn] = wYer (1696
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1281
1588
1263
1284
1285
1286
1£87
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1303
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
31321
13z2
1323
1324
132%
1226
13e7
1328
1329
1330
1331
133¢
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
13244
1348
1346
1347
1348
1349
1350
1351
13Se
1353
1354
138%
13%¢
1397
1356
13%9
1360

100

[
1000

10
b

10
10

20

UNC & RTAP (1864316

IF W TAP (1G16) . NE.XKTAP LIG16-1).OR.6.6E0.1) s YO 100
o 10 110

CALL ASSIGN(UNMIY 0v~3)

PEATD WUNL) (IMOLTHIKK) senE] oY)

R ITEC?r1000) CIHOLTH (MR onb =L 23D

FORAT (23n4)

READWUNL) (IPmam (pw) suwxle1 )

WRITE(Tr1010) (IPmAmcRn) swE]e IY)

FoORNAT(1216)

IF(NTAP (164316) .NE.KTAP (164316~1) .0, 6.80.1) 60 To 120
6o Yo 190

CALL ASSIGNIUNS Uy~

CALL FANSIZ AUNE I MAXKNAD)

6D Yo 190

€ INITIALIZE FODR THE ADJIDINY CASK

c

[

1

1

3
1
1
1

1

30

40

14
60
70
&0

S0

GEIEm=6+]

N () 72

UNI=SWTAP (16+6)

UNCSNTAP (16433 8

UNSERTAP (306

IFRTAP (1616) NE.KTAP (1616+]) .DR. 6. ER.I6m) &0 TD 140
Go To 150

CALL ASSI6N (UM1Y D9 ~3)

READ LUNT)  CIHDLTH (RN s k=] 23)

READ (UNT) (Ipmam (ko) sew=]s 11D

IF(HTAP (16+316) s NE.XTAP LIE+316+]1) .DR.G.ER. I16m) 6D TD 160
6o To 170

CALL ASSIGN(UNT)Y 09 ~3)

CALL FAMSIZ (UNC I MAXMAD)

IF(HTARP (316) . NE.KTAP (316+]1) . DN. 6. EB. IR 6D TD 180
6D TD 190

CALL ASSIGNLUNI 09 =3

CALL FAMSIZ (UNI?HAXMAT)

wm1iTE]

CONTINUE

INITIALIZE FLUX MOMENTS

oo 205 a=1ls37
1TI=11T ()

o 207 1v=is2va
20 €00 snN=1smm
FUX(INI I ITIED,
From I ITIE0
JIT=ZeIT

po 605 J=lia3v

READ ANSGULAR FLUXES

Icouni=]

JI=g

IF(I.6T.3T) JI=2eIT-I+]

IITIEIIT(II) Gvarié 2 2

17I=127(I33)

"My mane /2

0 10 tmiz=]oearex

1CDUNEEICOUNT®ITI~1

BEAD (Un1) 3K

READ (UND)  (FFLUX (1CDUN) 9 ICDUNE ICOUNL Y 2CDUNSD
IcouNi=IcOUNE*]

CONT INUE

IF (WAD. ER. 1D WMITE (79420) (FFLUN (ICOUND ¢ 3COUNEICDUN] » ICOUNE)D
IF(vAY . NE. 1. DP. 18r3.80.1) 6D YO &30
wWhITEC1091430) wmiy

CALL WDISHK (UNIIFFLUXI IITIIkRIT)
KRITENRIT®ITITS

Jjcoumis=]

DO &20 smI=]1 oo

1COUNC=ICOUNI*TTI~1

®EAD (UN1) 2%

READ \UND)  (FLUN (ICOUND » SCOUNE ICOUNL » 3COUNS)
1CoUNI=1ICoUNE+]

CONT INUE

IF(MAD.EF. 1) wmITE (714200 (FLUX (ICOUN) » ICOUNEICOUNT » 3CDUNS)
I1F (AT . NE. 1. DN, 3ar3. E0. 1) 60 TO &350
wm1TEC10+430) wm3Y

CALL HDISK (UNIIFLUKI 2IITIINKALIY)
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1361
1362
13€3
1304
1365
1366
1367
1366
1369
1370
1371
1372
1373
1374
1375
1376
1377
137

1379
1380
1381
1282
1363
1384
1385
13686
1387
1368
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1406
1409
1410
1411
1412
1413
1414
1415
1416
1417
1416
1419
1420
1421
1422
1423
1424
142%
1426
1427
1428
1429
14390
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440

KRITEXKRIT$IITS

C CALCULATE FLU> HMOMENTS 1IN PERTUNBEID ZDNES

€

e50

260
270

280

330

340

360
385

390

1F¢J.6T.37) 6D TO 3&0
po 315 w=lixPZ

IFAWNTP WIIIe) .ER.0) 6D TR 31D
ITI=vELP) (I3
ITEERELP (JIPR)
mHlemnZ 2

1COUNT=D

1cous=1T]1

PO £E60 TM=1remal

obh E70 31T=1v1e2TR

DD 60 IN=]onm
FUX(INISIIZIT) & FUXCINIJINIT) + WG/ oM TNy IM) SrrLUY (JCOUN)
1CDUNTICDUN®]

CONT INVE
ICOUNTEICOUNTH3TI
ICOUNSICOUNT®IT]

CONT INUE

1cOUNT=0

1coun=3Tl

M izmn2s24]

DD 310 ImEprmliend

poc 300 1v=iviszrd

DD 290 IN=lomm

FUN CINITIISIT) = FUXCINIITIIT) ¢ HIG)SM(INY I0) SFLUX CICOUN/
ICOUNEICOUN®]

CONT INUE
ICOUNTEICDUNT®ITS
1CDUNEICOUNT+3 T

CONT INUE

CONT INUE

ec TD 390

0 3680 w=lixmz

IF (kTP (IS &0, 0) 8O TO 3IBL
ITIERE.PL (JIve0)
ITEEKELPZ (JI9 )
1counT=0

ICDUNEIT]

CLELLTT-L D

LT Tl b0

20 350 1MmmmIs s

DO I40 3T=I1TievYE

DD 330 INxlom~
FUNCINIJINIT) B FUXTINIIINIT) * WCEGI)OM LTINS I0t) OFFLUX LICDUN’
1counTIcoun + 1

CONT INUE
ICOUNTEICOUNTHITS
ICOUNE ICOUNT*IT]

CONT INUE

1CouUNT=l

3CoOUN®2T]

LT LT Y

rSmam (6)

DO 360 ImmmndsemS

Do 370 3v=1TiezvE

DO 360 INElsrem
FUXCINIIINIIT) B FUX(INIIIILIT) + WHGIOM (IND IM) OFLUX LICDUN)
ICDUNE ICOUN® ]

CONT INUE
JICOUNTEICOUNT4ITI
ICOUNEICOUNT+IT]

CONT INUE

CONT INUE

1F (Wvap.~a. 0) 8O TD 603

C CAMCULATE SCALAR FLUXES IN DETECTDR REGIDN

[

1F (J.67.37) en To 560

o0 950 w=1lixDZ

IF (TP IIIx) ED. 0) &0 TD SO0
ITI=SNELD] (3300
ITE=mELDE CITI D

nnlsmnz g

1counTE(

1COUNEIT]

DD 520 1m=1seem]

oD 5310 17=1719272
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1443
1442
1443
1444
1445
1446
1447
1448
1449
1450
145

1452
1453
1454
1455
1456
1457
145%
1459
1460
1461

1462
1463
1464
1465
1466
1467
1458
1469
1420
1473

1472
1473
1474
147S
1476
1477
1478
1479
1480
1481

1482
14€3
1454
1485
1486
147
1428
1489
1450
1491

1452
1493
1454
149%
1496
1497
1498
1499
1500
1501

1502
1503
1504
1505
1506
15067
1508
1209
1510
1513

1512
1513
1514
1715
1516
1517
1218
1219
1520

FROMIINIIT) = FrrDmCIIrIT) + WIG)SFFLUS (3CDUN)
1COUNTICOUN+]
S10 conTinug
ICOUNTE ICQUNT* 2T
ICOUNSICDUNT*IT]
520 CONTINUE
1COUNT=0
1COUNEIT]
rlEnn2 /24l
2O S40 Imzmmlsmng
o 530 37v=E3TiiTe
FROM(II»ITISFrmMOm(IIrIT) + wWi(E) erLux (1COUN)
3COUN=ICOLNG]
S30 conTinuEe
JCOUNTEICOUNT®ITS
ICOUNE 1 COUNT®IT]
S40 cownvimnuve
S50 conTimnue
6o To 603
560 oD 600 x=1vxDX
1F (T (JIrx) . ER. 00 6D TO 60U
ITI=wELDE (3T 00
IT2eKELDE (I 900
21COUNT=D
1coun=3T]
MM ITEZe]
rMEA=Jomm2/ 2
D0 S70 ImEmm3e el
DD 565 :T=ITiszvE
FHOM(JI IT)RFMOM (JI9 3T 44 (G) SFELUX ( 3COUND
1COUNT ICOUN®]
563 conTinuE
JCOUNTEICOUNT*ITI
ICOUNE ICOUNT+IT]
T70 conTINnuE
1CoUNTRD
1COoUNEST]
e Epemd ]
MHD=rm ()
O SS90 1m=rwad oD
o S80 17=31710372
FHOR (I IT)EFROM A IIIIT) 4 WM(G) OFLUX (3CDUN)
1COUN=3COUN® ]
S60 conTinuE
ICOUNTEICOUNT+ITS
ICOUNTICOUNT*IT]
906 conTiInuE
€00 conTinuE
€605 conTInuE

HRITE FLUY MOMENTS AND SCALAR FLUXES

DD 620 a=leaY

DO 610 w=loumz

IF(vTP (JIrw) 60, 0) 80 TD 61U

1Z1=wELP] CI0e0)

I2EEKELPE (Jr k)

HRITE CUNE) CKPUN CINIIIIT) t INS o em) 0 3T*2250 322
610 CONTINUE
620 conTinug

1* (vaD.nE. 0) €0 Yo 650

DD 640 g=lr3v

D0 630 x=1lixDp2

3F (kYD (Irx) . a8.0) S0 TO 63U

321=xxELD]) (Jro)

1ZCEWELDT (Jr )

WRITE (1) (PrOMC(Ie22)922=22112)
€30 conTimnuE
640 conTINUE

CLOSE TAPES IF NECESSERY

SO 1renz.nE. 00 6D TO 400
IFNTAP (2616) . NE.MTAP (1616+]1) . ON.G.ER. 16) CALL CLDSE tUnDD
IF(HTAP (216+3168) NE.KTAP (264316+]) .OR. 6. EB.16M) CALL CLDSE \UnG
6D Yo 410

400 IF(FTAP (1616) . NE. XTAP (3616-1).DP . 6.ER. 1) CaLL CLOSE (UNDD
IF(FTAP LIG23) . ME. KTAS LI8+3+6-1) . ON. 6.80.1) CALL CLOSE \UNE)
IF (TAP (310) . NE.XTAP (316-1) DR, 6.60.1) CALL CLOSE LN

410 conTINUE
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1521
152
1523
154
1525
1526
15E7
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
155

1556
105

1558
1559
1560
1561
1562
1563
1564
15€5
15€6
15€¢7
19€8
1569
1570
1574
1572
157

1574
1975
1576
1577
1578
1579
1580
1881
1582
1583
1564
15es
1586
1557
15e6
15¢9
1550
1591
1592
1593
19594
1995
1596
1597
1996
1599
1600

nnnn

nnnnnAanNnANANnANANONN

nn

420 rommaT (6E12.5)
430 FORMAT(lm 16mIT =9 36)

sSUD

o o

L N J

INT

100

orE

&0

90

RE TURN
END

ROUTINE CHIS CALCULATES THE CHI'S

SUDRDOUTINE CHIS (FLUX I AFFLUXIAFLUS 1+ TAPICHIINELP LrnELPEI TSI TITY
MM ISNIMINREZIIT I ITHAL 2169 IODUTPUTI ITSUM I6ED)

@ INPUT COMMENTS ¢ ¢ ©
FLUA (ITI mPe) ANGULAR FLUXES READ FBOM UN] (LCW)
AFFLUX (I3ITI) AZIDINT ANGULAR FLURESY WEAD FROm LNZ (LCW)
AFLU> (ITIrmem) PEARRANGED ADJDINT ANGULAR FLUYES (LChM)
xTar (5 360 DISK INDEX
ELP L CIe ) PERT. ZONE K IN BAND J STARTS WITH TRI, KELP]
XELP2 (I900) PERT., ZONE & IN BAND J ENDS HITH TAI . KELPE

TP (I a) IS PEWMT, ZDNE & PRESENT I BAND J7 (-] wD/YES
137 () TOTAL £ TRIANGLES IN BAND J

" i(s) TOTAL & HMOMENTS FOPF GROUF 6

ISN(S) - EG,—DUALRATURE SET INZICATON FOR GROUP 6

(G ~ ED.~DUAILRATURE WHEIGNTS FOR &ROUP &

[3F4 - & FERTURDED ZONES

16m - & GmDUPS

JT - & BANDS

JTHAX - MAX. 3 TRIANGLES/DAND

ITSUN = TOTAL NUMBES OF TRIANGLES

® DUTPUT COMMENTS © & &
CHIC(IGMIKPZP) = CHI'S

LEVEL 21FLUXY AFFLUX? AFLUX
INTEGER GoUN1IUNS

DIMENS IDN FLUX (ITHAX 1) s AXELUX (1) 1 AFLUX CTITmAX s 1) oweTme (e 1)y
1 HKELP L (ITP 1) snELPZITI ) s TP ITr 1) 0 22T (L) ey
2 LD ISKCID sCHILIGMI 1) 0 IMOLTH(23) s aPman(10)

DATA CPr3-6.283185307/

i1r (16ED.E@. 1> cr3=1.0
HRITE L1 420D
o0 190 €=ls16m

TIALIZE

o 100 11%6s36m

1=3Gm+E-212

HRITERRIT+ITSUNGNm (1)

IE (HTAP (3030 s NE XTAP (39 1+]) .ON. 3. ER.16H) KRITEITSUMOMMLII) +]
NELXISN(6) /72

JITREOIY

HPO=em (6) 74

uNizxTAr (1 8D

UNEEKTOP (30 8)

o FILES IF NECESSARY

IF(KTAP (106) . NE . KTAP (196-1) . OR. G.EB.1) 6D TD EO

sp To 90

CALL ASSIGN (N1 0y =3>

PEAD (UMD (THOL Yot Coeoe) o=l p 3D

READ (UNT) (IPRa (i) sewE]9 11D

1F (KTAP (3168) NE.#TAP (316-1) .DR. 6. EP. 1) CALL ASSI8NIUNSY 09-3)

MEAD ANGULAR FLUXES DNE DAND AND DNE BUADRANT AT A TINE

20 160 a=1ls337

JIny

1r(3.8T.37) 3amgeaT-J¢1
3vI=13T (33
I13TIEITIOMeR

po 170 12192
KRITEWRIT=32TI

0 95 1m=lomes

READ (UN])D 3K

ST MEAD (UND) (PLUXCITY S s 3T=Lp2ITI)
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1601 CALL RDISH (UNSIAFEELUN I IITIINRRIT)
1602 1F (UNTIT CUNE) ) 96096496

1603 ¢ WP ITE (1004400 KRITIUNIT (LN

1604 ¢ WRITE (E1440) xmIT

1605 ¢ HRITE(81450) (ArrFLUx(IP) 2 1PE]y23TI)
1606 96 i1couw=l

1607 ¢

160S ¢ REARRANGE ADJIDINT ANGULAN FLUXES

1609 ¢

1610 INDEXI®]

1611 PO 3130 3I=lemEL

1612 INDExI®INDEX]1+13~1

1€13 oD 120 mi=iria

1614 INDEXZ = 3J-m]

1615 INDEX3 ®= IWNDEX] ¢ INDEXE

1616 v0 110 17=1s37I

1617 AFLUX (379 INDER3) =AreLUX (3CDUN)

1618 ¢ WRITE(Sr460) ICOUNI INDEXI? ITIAFLUX CIT) INDEXI)
1619 ¢ larFFLux CICOUN)

1620 1COUN = zcouN + 1

1621 110 CONTINUE
1€22 120 conTInuE
1623 130 comnTIimnuE

164 ¢

1625 C CALCULATE THE CHI'S

1626 c

1627 € INITIALIZE WND SXIP IF NECESSARY

1628 oo 160 w=lixr2

1629 INDEx JExELP ] (3T900)

1630 INDEREZNELPR (JT 1K)

1631 IF Y. KD, 1. AND. 1.E8,]1) CMI(GIs)I=U,

1632 IF (TP LI . ER. 0) 6D YO 16U

1633 C CAMLCULATE CW1“S

1634 D0 150 12Z=tINDEX]e INDEXS

1635 vO 140 Im=Jsrere

1636 CHICGIR) ECHILEINI SFLUNKIZI IM) SAFLUN (T2 IM) OW(E)
1637 ¢ WMPITECE1430) I2rIMICHILGINI IFLURLIZIIMN Y
1€36 ¢ IAFLUXCIZ IM) o84 (6D

1639 140 canvinue
1640 150 conTInuE
1641 160 conTInuE
1642 170 conTinve
1643 180 comTinuE

1644 ¢

1645 C CLOSE TAPES IF NECESSARY

1646 ¢

1647 IF(VTAP (116) . NE.HTAP (116+1) .DN.G.ER.I6M) CALL CLOSE (UN1)
1648 IF (KTAE (316) NE.KTARP (316+1) .OR.C.ER. 16M) CALL CLOSE \LNS)
1649 190 cONTINUE

1650 ¢

1651 C CALCILATE THE CHI‘S FOB THE SUMN DVER ALL FERTURIED ZONES
1ESC C AND MULTIPLY TrE CHI'S BY COP1 In THE CASE DF W-Z GEDNETRY
1653 ¢

1654 HEZPERPT+]

1655 P 210 G=1r16m

1€%56 CHI(GrwpZP)u(,

1€57 o 200 w=lexpz

1¢58 CHI(GIN)IBCPIOCHS (Grac)

1659 CMI(GINPZIP)BCHI(GINPZIP) SCHT (G0 00)

1660 200 conTImuE
1661 €10 conTInug

1662 ¢

1€63 C WMITE DUT THE CHI'S

1664 ¢

1665 PO 220 x=lixrze

1666 WRITE(6+1470) &

1€67 WRITE (604100 (CHilBon)sE=]o 16m)

166 220 conTINUE

16€9 410 rFOmmAT (i 16KE12.D)

1€70 AZ0 rOPRATC(IN 171401 & © & TEST PRINTOUT FDR THE CH1I'S & & &
1671 4306 romaT (1o 123604812,

1€72 440 rORmAT (e 16menIT = 189 26)

1673 450 roRmaT (6512.D)

1674 460 rommAaT(1n v 32692612.5)

1€75 470 FDRPMAT (IN s6HGoON =y 134 Intoe)

1676 RE TURN
1€77? anND .
1676 ¢

1679 ¢

1660 € SUBRDUTINE PDINTED SKTS THE APPROPAIATE POINTERS FOR THE FLUXI THE
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1681 ¢
1682 ¢
1€83
1664
1685
1666
1687
1683
1689
1690
1691
1692
1€93
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
17210
1711
1712
1?13
1714
1719
1716
1717
1718
1719
1720
1721
1722
1722
1724
1725
172€
1727
1728
1729
31730
1731
1732
1733
1734
1739
1736
1737
1736
1739
1740
174}
1742
1743
1744
1745
1746
1747 ¢
1748

1749

1750

1731

1752

1753

1754

173%

1736

1?37 ¢
1758

17359

17€0 c

annnNnAannNnnNnNnN

nnnon

nAanNNANANANNNNANANAN

ALIDINT FLUX AND THE PSI’S

SUBRDUTINE POINTED (26 IPSIP ISUMILMAYP) ILPNTINPIP)

INTEGER &
DIMENSION 2IPSI(NP2ZPy 1)

® ¢ & INPUT COMMENTS © & o

xPZ = NUMBER DF PERTURNDED ZIONES

J7 - NUMBE®N DF DPANDS

16m = NUNBER DF GROUPS

ILPNT ® LCH POINTER FROM WHICK THE PSI°S ARE TD STARY (1)
® @ ¢ DUTPUT COMHMENTS ¢ & ¢

1Prs1 (k06D = LCH PDINTERS FDR PS1’S

IsUN = FIAT AVAILABLE SPACE IN LCH AFTER PSI STORAGE

IPSICleld =L PNT
oD 110 w=2ixr2zp
IPSIII)EILPNT ¢ IGMOIGHOLMAXP® (K=]1)

110 conTINUE

120
130

IM3

0 130 w=lyxpze

DD 120 &=Zr18m

IPSI(IGIBIPS]I (K2G—]) + IEMOLMAXP
CONTINUVE

CONT INUE

ISUM K JLPANT ¢ ICROIGHOLMAXPONPIP
RETURN

END

SUBROUTINE PSIS CALCULATES THE PSI°S

SUBROUTINE PSIS (NTPITITINELP JIwELPSr IPSIIFFLUAIFARLUXY
1 ESIIPPSIINIIITINPZIRPIPt IGMILMAXPY
e “TAPICHII IDP T IPBES ) ICHIMOMS I6ED)

¢ & O INPUT COMMENTS & & o

FELUX (T) = FLUX MDMENTS FOB A& PABRTICULAR GRDOUP (LCm)

FAFLUX (1) = ALJIDINT FLUX MDRENTS FDP A PARTICULAR GROUP (LCH)
23T - & TRIANGLES 1IN BDAND J

KTP (I 0e) ~ 1S PERT. ZONE & PRESENT IN BAND J? (/1 NO/YES

PERT, ZDNE & IN BAND J STARTS HITH TRI. wELP]

PERT, ZONE & IN BAND J ENDS WITH TRIANGLE NELPE

LCH PDINTER FOP THE PS1°S (PERAT. ZONE #16BDUPrP G)
D1SK IDENTIFIERS FOR THE FLU> MOMENTS FO® 6R0OUP &
DisSr ITENTIFIERS FOR THE ALJIDINT MDMENTS FDS GRDUP &

wELPL (Ir)
HELPE (Trw)
IPSI(rr @)
®TAr (49 6)
xTar (S5 6)

ICHINDN IF .GE. 1 CHI'S WILL BE CALCULATET FRO™ FLU> MOMENTS
IrRES 0/] CALCULATE PS1 S/ BEADL PREPARED PS1°S FRDM TAPES
10,7 IF .GE. € PRINT OUT PSS

® © & DUTERUT CDMMENTS

rrs3 - PSI’S IN LCW
cHl(Gri) - CHI‘S 3IF JCHIMOM 6E. 1

LEVEL Z/LCrFFLUXY FAFLUX
COmmMON /LLCs LC(40000>
INTEGER 6166P &P I UNTIYUNS

DIMENSION TP (ITr 1) 21T (1) ikELPI(ITI 1) s ELPZ(ITI 1)
1 FELUX (1) s rarUr (1) 3PSIeP2ZPe ]
e PSICIGrILMAXPI 1) IPPSI(IGMI 1) e TAP (Se 1) s CHI(I6Mr 1)

patTa Ccr1/6.263185307/

1¥ (1¢sD.6@.1) cr1=1.0
IF(IDPT.GE.E) WMITE (62 400)
TIALIZE ¢#51°S

oo 320 €=1r16m

¢ (temer .. 0> 6D TD 251
20 140 gr=liien

20 130 L=lsLmaxe

D 120 x=lixerze
rSICerrLINI=0,

120 comTimuE
130 cowTimue
140 cownTinuE
QPEN TAPE IF NECESSARY

UNIExTAr (49 8)
IF(TAP (41 6) . NE.WTAP (606-1) . DR.6.E8.1) CALL ASSIGN(UNLI D=3

READ THE FLUX MDWENTS

168




1761
1762
1763
1764
1765

766
1767
1768
1769
1?70
1°71
1?7?72
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
17683
1784
1785
1786
1787
1768
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1e0z
1803
1604
1805
1606
1607
180
1809
1610
1811
1&12
1E13
1614
1615
1516
1817
1€18
1819
1820
1821
1822
1823
1624
1825
1€26
1827
1628
1e29
1630
1831
1€32
1633
1€34
1635
1€36
1637
16838
1639
1640

[ =

icounl = ]
o0 150 I=1rJY
PD 145 w=)liwrz
IF TP (Jin) &@. 0) 6D TD 145
ICOUNETICOUNT + (RELPE(Iok) —HELPL (Ir) 41D Gpe — 1
READ (UND)  (FrLUX (ICOUND » ICOUNEICOUN]» 3COUNS)
WRITE (Br 420> (FELUX (JCOUN) 9 ICOUNSICOUNT ¢ 2COUNR)
tcouNl=1coune + 1
145 conTIinue
150 conTinug
20 220 cer=Eritm
GPEIGH~GGP+E
DPEN FILE IF NECESSARY
uNEErTar (Srep)
IF W TAR (T16P) cNE.MTAP (51 6P+]1) .OR.GP.ER. 16M) CALL ASSIGN(UNZY D ~3)
READ THE ADIDINT FLUX MDNENTS
3CDOUN] = 1
pao 160 J=1leaY
0 155 w=linez
IFTP (310 . E8.0) 6O YO 13D
SCOUNE = ICDUNL + (KELPZ(Ira) =xELPL (I10)41) O ~
PEAD CUNZ) (FAFLUX (3COUN) 3 3COUNE JCOUM] ¢ TCOUNE)
HWAITE (& 420) (FAFLUX C2COUN/ » 3COUNT ICOUNT ¢ 2COUNS)
ICDUN] & JCDUNE + ]
155 conTinua
160 conYIinug
CLDSE FILE IF NECESSARY
IF(KTAP (516P) cNE. N TARP (D16l ~]1) .DR. CF.ER.6) CALL CLDSE (UNE)
CALCULATE THE PS1°S
INDEXI=]
2o 210 J=1saY
DD 200 xxlixm2
IF (TP (Jex) . E®. 00 60 TB 200
ITREnELPE (Jon) ~wELPL (Jrx) ]
D0 190 1zElezTR
DD 180 L=lrLmaxe
DD 170 wwx=loL
WRITE(71444) PSI(EPILIK)IIFFLUXLINDEX]) s FAFLUX (INDEX1) L1 6Py
Iso 220 InDEX]
PSI(GPILIKIEPSTI(GPILIK) SFEFLUX (INDER]) Srar Uux (INDEX])
INDEXI=INDEX]®]
170 conTinuE
180 canvinue
190 conTiImuE
200 CONTINUE
210 conTinuE
220 cCONTINUE
CALCULATE THE PSI’S FOR THE SUN DUER ALL PERTUNDED ZONES
AND MULTIPLY BY 2091 1F B-2 GEDNETRY
D 250 LElsLmnaxe
DD 240 GrE=6r 16m
DD 230 wElinm2
PSI(GPILINIECPIOPSTI (GPIL YN
PSI(GRILINKPIPITRSI (GPILINPZP) PSS (GPILIK)
230 conTInuE
£40 CONTINUE
250 conTienue
READ THE PSI’S FROR PREVIDUSLY PREPARED TAPES
%1 srcgemge . g0.0) 60 TOD 254
DD E93 K=lixp2P
0 252 er=6rI8m
REAL (39410) IAlsIN2rIA3
PEAD (3r420) (PEI(EPILIK) rLE] ) LIWAXP)
252 conTinue
2%3 conTINnuvE
CALCULATE CHI'S FROM FLUX MDRENTS IF CHIROm E@ 1
294 3F (JCcHImMOmM.LT. ) &0 TO 239
20 237 K=lixrxze
2%5 cHIteix>mD. 0
DD 256 LE=liLmaxe
PD 256 w=lixp2ze
296 CHI(GIKIBCHI(GIN)ISPET (Gl ok) @ (g ~1)
“PITE PS1°S 1F DESIMED
259 1F (1PMEP . EB. 1. AND. IDPT.LT. &) 6D YO 280
20 270 w=Elinmrze
D 260 er=2griem
IF(IPREP .. 0) WwRITE(31410) SrePrx
IFCIenEr B0, 0) wRITE(30420) (PSIBPILIKI PL= oL eAxp)
IF(IDPY.6E.2) MWITE (6+410) G166, 0
IF(IDPY,BE.C) WRITE (6+420) (PEI LGP ILIKI ILE] o iromxP)
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c

c

c

c

c
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260 CONTINULE
270 conTiNnuE
PUT PSI’S IN APPROPARIATE PLACE IN LCH
260 b 310 x=lirxpze
PO J00 L=lrimaxe
DD 290 eP=]szem
PRPSI(GPIL)I=PSI (GPILYN)
290 CONTINUE
S00 conTINnUE
CALL ECHR(PPSLIIIPSI (K16) ) IGNOLIAXR)
310 conTinuE
CLDSE FILE IF NECESSARY
ircemEr. 6. 0) 60 TO 320
IE(NTAPLEIC) . NE . S TAP (4:6+]) . DR.G.ER. I16M) CALL CLOSE (UMD
320 conTinuve
HMITE CHI’S 3F CALC. FROM MONENYS AND L1ST DESINED
IFCICHIMOM.LY. 1) 6D YD 340
we3ITE6r450)
HRITEEr 440>
20 330 x=lixmze
WWITE (61460
330 weITE61430) (CHI(EIN) sGx1r2EM)
340 conTiNnuE
MEAD THE PSI’'S IF PREFPARED
1F(IPPEP.NE. 1) 6D TO 343
DD 344 K=JixpzP
READL314C0) (CHI(EIN) &=L T0M)
344 conTINnuE
HRITE OUT THE CHI’'S
o0 300 xk=lsxpze
345 1rCiemer. k.00 6D TO 335
MRITE (314200 (CHI(EIr8x])I16m)
350 cowTinue
35S cownTinue
400 FORMAT(IN 17940 © ¢ ¢ TES PRINTOUY FODP THE PS1I'S © & o)
410 FORMAT (Ise 1346 =1 3390 P Z9 T3040 & =933)
A2 FORMAT (I 16E1E.5)
430 FORmAT (10 16E12.5)
440 FORAT (I 240 © & & TEST PRINTLUY FDR THE CHI‘'S & ¢ o)
444 FORHAT (1 13€12.5160 18P 0236
Q%0 FOMMAT (LN 179 45M 900600 CHI'S GENERATED EROM FLUX MOMENTS ©06066)
460 FORMAT (I 160K =) 33y Inees)
RE TUMN
&END

SUPRDUTINE POINTE SETS THE LCn PODINTER FOB THE PS]1°S COMRESPDNDING
HITH PEBTURBED ZONE &9 AND PUTS THE ARPPROPRIATE CHI'S IN VECTD® CCHM2

SUBRDUTINE POINTE (IPSI ik IPPSIINPIP) IGMICHIICCHT)
® @ ¢ INPUT COMMENTS © & ¢

3PS NI ]) = LCM POINTES FOR THE PSI°S FOR PESTURBED ZONE &
CHI(EINR) = CHI'S FOP GRDUE & AND FERTURBIED ZONE &

[ - FERTUPDIED ZONE IDENTIFIER
Pz ~ & PEMTUMNDED ZIDNES
“eZr ~ JDENTIFIER FDR SUM DUVER ALL PERTURDED ZDNES
16m - 8 SPOUrS
® ¢ & DUTPUT COMRNENTS © & ¢
P13 3] = LCH PDINTER FDA TiE PS1°S FOP PERTURIED ZONE &
ccemui le) = CHWI FACTDR FOP GRDUP & AND PERTURDED ZDNE &

TIMENSION IPSI(kPZPr 1) eCHI(3EMr 1) ocCer (1)
INTEGE® &

Ir (x.NE. 0) 8D TOD 120
Irrs: = IPSIikeZPII) 4 ]
wmiTE (294100 1PPSIsK
o0 110 ex1r38m
CCHILE) = CHI (SrkPZP)
110 conTinue
60 To 140
120 irrs: = 3PSI(ke]) + 1
HRITE(Er410) 1PPSIex
D0 130 e=lr3em
CCri (s> = Chi(Sr00)
130 comTimug
410 FORRAT (I 2160« ZPPS292126)
140 mevume
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1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1924
1935
1936
1937
1938
1939
1940
1941
1542
1943
1944
1945
1946
1947
1948
19495
1950
19351
19%g
1953
1954
1955
1956
1957
1958
19%9
1960
1961
1962
19€3
1964
19€5
19€6
1967
1968
1969
1970
1971
1972
1973
1574
1973
1976
1977
1978
1979
1980
1981
1982
1983
1964
1985
1966
1967
1965
1989
1990
1991
199¢
1993
1994
1995
1996
1997
1998
1999
2000

annnnNn

na

END

SUBRDUTINE SUBS (XNCINCEINCTLINWLI ILMANI IXSTAPEI XTITLEY ¥N1)

HARDL DS ANISN XSECTIDON PMDUTINE? SIMPLIFIED TO READL ANISIN CRDSS SECY
TAILES FOP DNLY 1 ISDTOPE OR MIX AT A TINMES DUT AL P-L COMPONENTS

LEVEL 29 XNEYXN]
DIMENSIDN XNZ (NCEGINCTLI ) sl uemit 9 1)

- INCGE) 1k ) VB s tIc) svmmgl (10D v TITLECRD)
-

[ 2 2 4

5w N

303

4

S

PITITLELID » TITLEX(ZW
EQUIVALENCE (2D A0k s XBLANMK)
COMMNDN/ ITE/ ITESTIITYP
CORMON, COVARTZ, JCOVAR
COMMON/ XSFORM/ KXE0 IMT e 2R
COMMDN/DENS/ NUMDEN

REM NUMDEN

INTEGER PLCDNP

DATA RODOHL/ ANGRP . 7 9 I DL ANK /Gt
NS=D

~O=6

Gwr= 000N

~nc =0

Ncl = 0

~NTl = 32767

LLkAx = JLmAxY 4 ]
IF(IxSTARPE.ER. 1 . AND . KXS.EB. 1) 6O TO S500
17 (kx$.ER.2) 60 TD 40

BEAD LASL-FORMAT CROSS SECTIDNS FPOM INPUT FILE (DR CARDS)

CONT ImUE

READ LNDI2)  (TITLEC(IIv3=lrgl)

rommat (20n4)

READ (NS 3) NUNMDENY ICOVAR

FORMAY (12x9E12.,6011x0121)

eI TE (69 303>

FORMAT (o 2@ MICRD CPDYS~SECTIONS AND NUMDEN DENSITY READ IN LASL™

OEDBMAT HNITH FOLLe TITLE CARY &)

WRITE(Grd) (TITLE(3)r11%1eE0)

FomeaY (16 22004

WWITE (695) wuUMDEN

FOBRAY (16t 9@ NUNDER DENSITY Z01FY. 600 » MAKES THE FOLLOMING MAKRD~

SCROSE SECTIDNSY In §/Cme/)

6

301
i0

300

305
304
302
910
900
999
500

Ccooe
cooeoo

ce

ce

ce
Sovo

ceee

ce

2D F00 LL=]riLmmx

PEAD (NTe2) (TITLEXC(1)s2=1ys20)

HRITE (G &) (TITLEX (2D o2=lo20)

READ (N51301) C((xnC(IoIrlil) ¢ I=1oNCYLI s I® s NCE)
roRmaY (6£12.5)

oo 300 1=lence

pp 300 JI=linCTL

XNE(ZeIrlL) & WNUMDEN®XNE (T9J90Ll)

CONT IMUE

IF(ITEST . ER,)) €0 TO 304

wWRITE (69 300D

FORMAT (Is1 +OXS PRINTED DNLY MEN ITESTE=1lr DMITTED FOR THIS CASES)
6o To 910 .

WRITE (693020 C((XN2CIIIILLII1IBLINCTL) 9 218]9NCE)
FORmAY (Jon 16 2xelegll.5))

CONT INUE

CONY IMUE

N TR

CONT 10K

REWIND 4

WEAT NICHDSCOPIC CAOSS SECTIDNS FRO®R LASL CARD SHAGE TARE
PROGRAN DETESHINES NUMDER DOF MECONDS PER 1SOTOPE

1T (NCEGONETL) 76

IF M1 1S NDT A HULTIPLE DF &) TiEW ADD | mDRE MECORD
IE (CEPMI) s E . (NCESNCTL)) nmlmm]e]

ALY D~NE FOR TITLE RECOND

nEsnlel

MULTIPLY MITH NUMDER DF PL-COMPONENTS PER ISUTDFE
MTEMSOLLmAX

WEAD inSISU00) 2D 0 MURDENY XSrRnE

FORMAT (I616X 2812, DrExrm1 0D

PROGRAN DETESHINES THE NUMBER DF MECOADS TD PE SKIPPED
ISCIPR(ID=]) &

IF MEADING FIREY MATERIAL DN TASE  SxiP ZERD RECDRDS
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2001 tr(Ip.E0.1> ®0 TO J5007

2002 vo 510 x=ls2sCIP

2003 10 mEAD (41 S001) CTITLEXINI o= 22U
2004 S007 conNTINUE

2005 oo S02 LL=lrLimax

2006 cee READ TITLE OF HMATERIAL W P-L CONPONENT DESIRED FAORN TAPE
2007 PEAT (4> 5001) CTITLEXCI) 92219200

20068 S001 romeaT (20m4)

2009 HWRITE (NG S002) (TITLEX(II»Ix19v2U)

2010 5002 FommaAT(fs » Ixs20n4)>

a2uvil HRITE (W6 50030 NURDENS XSrang

2012 S00U3 FORMAT(IN ¢t IxsONUNBER DENSITYR®) 1PEIZ.Se2xenl )
2013 cee READ CRMDSS SECTIDNS DF NATERIAL DESIMED

2014 REAT I S004) CAORNE(IIIILLI 1 IZTonCTL) 1 IR ]INCE)
2015 S004 rommaT6ELIZ2.D)

2016 cee IFr ITEST FLAG=0D DD NDT PRINT MICROX’S

2017 IFr (ITEST.NE. 1) €0 TO S07
2018 w=rL-1
2019 HRITE (62 S005) L

2020 S00Y FOMMAT(In 11XIOTEST PRINDUT FOR HICROSCOPIC CROSS SECTIONS FODM ¢
2021 1=e,313)

022 WHRITE(E1S09) ((xN2C2oIILL) pI=TINCTL) 9 3819 CE)
2023 S09 ropeaT(In 16 2xy IrE12.5))

E(E4 ceoe HAKE THE MACROSCOPIC CPOSS SECTIDNS

2025 S07 .20 S05 1=lince

2026 oD 505 J=lsncTL

2027 T05 XNEZ (I Ir L) =nUNTENSXNE (Te I L)
eoz8 S02 contTinuE

2029 6D TOD 499

2030 c

2031 C ©06 MEAD LINITED-FIDD FORMAY X§
2032 c

2033 40 DD 9999 LN=liLirax

2034 S0 1rincI 1219121931

&035 121 PEAZ INDSI11) NCCIPLCOMP Iy vANE]
2036 11 FOPMAT (2169 10n4)

£037 NCID = piLcCOMe + 1

2038 NCi1x= NCID

2039 1F(NCC) 22922021

2040 21 1F(nCC~Z)24122+24

2041 e a=0

2042 NCDUNTENCEONCTL

2043 622 mEAD  (NT1B) (INUID o (I oI 9Ix106) 9 (MCTdr2m1y 12D
20448 6 FORPMATE (121 srF.0)eTlrbtaxrcnd))
2045 D 635 1=%1.+6

2046 IF (k (3) ~IDLAen) 7000810+200

2047 ¢ NO REPKATS

2046 B10 IF (M(ZOI=1) .E0.XDLANNK AND. HICO®1).EB.XBLANR)ED TD §00
&0e9 J=3+1

2030 XMl (Il =V (3D
2051 o To 600
e0%2 ¢ REPEAT

2053 700 Lezn(D)

2054 o0 809 m=l,s
2055 JE3+1

2056 809 ¥nicIeiw)=v ()
2057 600 1F (J-NCOUNT) 635124924
2058 637 conNTINuE

2059 so TO 622

20€0 24 wncs}

2061 TF (nce~7) 31925, 31

2062 29 Nc1=32767

2063 TF(NCI=NT1) 31026931

£064 26 mETUmN

20€S 31 IF(NTI~NC1)43043043

2066 43 wnesD

2067 =0

2068 Do 120 1=3snce

€069 Do 120 I=fencTL

2070 wEmpe]

€071 120 w¥NZ (3ot =xnd (xoimd

2072 3r C(I1TEST.NE.1) sOTD D)

£073 HRITE (NG Z01) NCEIVNCTLINCCINCIDI LN MAE ]
£074 201 rORRAT( SHINDG®1393x1 IRT LENGTHEII 32 EMCONTROLE I3 Ins 1 FrenC IDEAN
eu?s CISN-MAT . NO.®1413xs 13 ~DRDEREPL*]1 =12 3x1 ] (n4)
2076 S1 eniny

2077 [T

2078 TESTE FLOAT(NCE) 78,0 +.999

2079 LMASZTRSYT

2080 DD 147 L=lyLenx
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2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101

2102
2103
2104
2105
2106
2107
2108
2109
2110
2111

2112
2113
2114
2115
2116
2117
2118
2119
2120
2121

2122
2123
2124
21285
2126
a1e7
2128
2129
2130
2131

2132
2133
2134
2135
2136
2137
2138
2139
2140
2141

2142
2143
2144
2145
2146
c14?7
2148
2149
2150
2131

2152
2133
2154
21%s
2156
2157
2158
2159
2160

75
9999
41

n

499

nnANnNn

IF (NN2=-NCE) 232023280233

NNCE NCE

IF (ITEST.NE.1) GOTOD 49

WRITE (NG 24T) (GBe 1 I Iumnl s g
FORMAT (7H-PDS MToE(Exrndr13))
0 241 1=linCTL

MRITE (NGIRD2) oLy O (I ToL ) p Ixeun] o i)
FORRAT (2149 1PEE13.D)

NNLE 2o

MNCENN] 47

IF (ITEST.NE. 1) GOTD 9999
HRITE (N6I7D)

FORmAT (100D

CONTINUE

o To S0

RE TURN
END

SUBRDUTINE SUBE(DSTIDSLIXSI XSIARI IGMI ITLIAXSISASIDSLEDISXSNG

* NCDUPLIFISXSY IDES)

C oo

C oo

CALCULATES DST=3 DSL- ANDI ARS-ARBAYS!) ARND DSLFD-ABRAY
LEVEL &) DSLIXSINSPARIDSLFD

DIMENSION AXS(1)rSxS (1)1 DSLEDLIGMIIEMI 1) 9P ISXxS (1)
DIMENSION DSLCIGMIIEMI 1) e DSTI(I) I xS CIGMI ITLI ) I XEDARCIGMI ITLI 1)
DIMENSION SXSNG (1)

CDMMON/ ITEZ 2TESTIITYP

COMMON/VAS /4L

COmRON/DENS/ NUADEN

COMMDN/ XEFDBM/ KXE ) THT ¢ THA

REAL NUMDEN

INTEGER Grop

20 1 er=lyiem

20 | =1y 26m

PO 1 L=lell

DSLFL (GrerrLO>=D, O

PSL(GI6PIL)=0, 0

CALCULATE DELTR SI16MAS DST AND DSL

20 40 €=1s16m

DEST(E) = XS GrINT )
IFCCITYP . ER. ]) . ANT. CIDES .ER. OD)
L4 DST(E) = XE(GrINTI 1) ~ XSPDAMIEIINTI])
IF(CITYP . EP. 1) . AND, \IDES.ER. 1))

* PSTC(E) = O, 01oxg(GrInTr >

40
oo
eoe
coe
soe

nnnnNnnnN

>0

30
C deoo
c
c oo

Axg () = ¥SE(GrIrnr])

FISxS(G)EXS(Gr2ea+ls 1)

DO 40 Gr=lre

DD 40 L =lot

LSL(G*I=CGPrGIL) = XS(GIGPE*IMTIL)

IF((ITYP . E@. 1) . AND, (IDES.ER, VW)
- VSL (GHI-GPIGIL) B XS(GIGP+INTIL) ~ XSIARIGIGPFINTIL)
IFCCITYP . ER. 1) cAND., (IDES.ER. 1))
. DSL(G+1-6Pr&rL) = D, 0l0xs (Gr@PoImTIL)

CONT INUK

NOK THE LEL~ARRAY IS5 CONVENIENTLY DRDERED FOR THE AD-FORMULATIONS
DSLIGPIGIL) CAN DIBECTLY BE INTERPRETED AS SCATTERING FROM GEROUP
GP INTD GROUP S+ ONLERED SO THAT GPF STARTS KITH | AND INCREASES
TD GPE=6r THE REST ARE 2ERQS.

CALCULATE DSLED FON FD—FDRHULATIDN
oD 30 e=ls16m

DD 30 er=gs 1@

rEIuTEr-g*L

DO 30 L=lsLe

LSLFD(GIGPIL) = XS (GPINIL)

tF(C1TvP.ER. 1) .anp, (1DES. B8, 0))
L4 DELFD(GIGPIL) & XE(GPINIL) ~ XEDAR(GPIKIL)
IF(CITYP.ER. 1) .AND, (IDES.EP. 1))
. TELFD(G188rL) = D.DioxS SPre0r L)

CONT INUE

NDW THE DSL~ARBAY 1S CONVENIENTLY DRDERED FOR THE FD-FDRNULATION

CALCULATE TOTAL HOCROSCOPIC SCATTERING CROSS SECTION PER gmOUS
IF ITYP.E@. 1) &0 TOD 203

D0 60U 1%1y 260

sx$(1) = 0.0
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2161 o0 50 e=1v36m

2162 GP = THYSE—1+]

£1€3 50 $x$(31) = $x$(1) + XS(Gr&,rr 1)
e164 60 CONTINUE

21695 1r \wcourL.E®. 0> 60 TO 202
2166 C ¢66 COPRECT DIAGCONAL SUNS FOR NEUTRON-SXS BY SUBTRACTION DF S»SNG
2167 PD 204 €=lri6m

2168 204 sxsne¢6>=0.0

2169 ~NGl=ncOousL*l

2170 »o 200 exliwncours

2173 20 201 er=~nElriem

2172 I=IHT+EP—6+]

€173 201 S»SNGLEIZEXENG (G) *xS (GPr 291D
2174 xS (G)EEXE (6) ~EXENG (6)

2175 200 cONTINUE
2176 202 1FrC1TEST.NE.1) €O YO 26

2177 WRITE (6210500

2178 1050 FDRRAT(IN sOTEST PRINT-DUT FOR TOTAL MACRDSCOPIC SCATTEMING CROSS-
2179 CSECTION PER GROUPY IN l/CHe/)

2180 po 70 G=lriem

2181 WRITE 6010351) ersxs(6)

2182 1051 rORmAT (I 106 20931316 SxS-MACRD = & 1pEl12.510 1/Cne)

2183 7?0 conTIiNnuE

2184 WRITE <691032)

2185 1052 rOmeAT(IH 1OTEST PRINTOUT FOR TOTAL GAMNA PRODUCTION X§ PER NEUTRO
2166 N GROUPS)

2187 Do 71 &=lenCOUPrL

2188 MRITE (691053) GrSxSNG(G)

2189 1053 rOmeAT(lN 106 %0,31310 SXSNG~HMACAD = &y 1rE12.5re  1l/Ccwme)
2190 71 cCONTINUE

2191 €03 17 C1TEST.NE. 1) 8D TO 26
2192 € ¢e® YEST PRINTDUT DF DELTA SIGHAS

£193 HRITE (697004

2194 7004 rpmeaT (i 1OTESY PRODLEM VALUES FDR DST(§)®/)
2195 WRITE (691042) (DSTY (G 16=1r16M)

2196 1042 rommaT(In 19 (CxiIrgl2.D)

2197 IF 16m.67.9) €D TO 805

2198 D0 41 L=l

2199 we3TE (6010400 o

2200 1040 rOmmAT (1 1STEST PRINTOUT FOR ISL(G:6PIL) FOR LE®,I13//)
£201 DD 4] € =1y16m

ea20e WPITE(691016) €

2203 1016 FORMAT (16 9 Swin 650913 )

2204 4] WRITE(Gr 1042) (DSL\GIEGPIL) »EPT]) 260

2205 &0%5 conTINnuE

2206 1F (ncOUrL.E@.0) SO TD 26

2207 o0 B0O L=leoL

2208 wRITE (69 E01) L

2e09 601l FORRAT (1M 1OTEST PRINTDUT FDB N-GARMA MATRIX DSLENG (GI&PIL) FDM LE
2210 ey 13 )

2211 wmITE (6+807)

2212 G077 FORMAT (I +75106-62101Sx106-GECO1Tx106-Cx36)5x 1066240 5x)06-6=5e,
e213 OTx106-GE60 1 Sn106-GET7OrSn196-6THOI D21 06-6=9¢)Sxyreg-6=100 )

azl4 20 610 eé=lvncDUPC

22195 €10 wumITE (61 1062) &+ (DELFD(EI1EPIL I 1EPENGLr ZOM)
E216 10€2 rOmmMAT (I 1On-GEOy 12y 12(1Xs IPEY.E))
2217 600 conTinug

2218 WRITE (6+803)

e219 B023 FORMAT (1 1OTEST PRINTOUT FDR TOTAL N-GAMMA MACROSCDPIC CROSS
2220 CSECTION PER NEUTRON GROUPY IN 1/Cme )

2221 o 602 e=lrncourL

2ea2 G0Z wmITE(6r1EU4) €1 SxSNE ()
2ee3 G084 FORRAT (I 10650, 1310 SEXSNG—MACRD=®) 1pE12.Srixrvel/cme)
22c4 €6 mETURN

2225 &~D

22e6 ¢

2227 ¢

228 ¢

2229 ¢

22306 ¢

e231 SUBRDUTINE TEXY

CR3Z € ¢4 THIE MOUTINE PRINTS A LIST DF DEFINITIONS FORN XS=PROFILES
2233 ¢ EDITED IN SUBB

2234 HRITE (60801

223% 801 PORRAT (1 +111x91B7 (0=0) /)
£236 “mITE (626020

2237 BUZ FORMAT (1 +Z6XIODEFINITIDNS OF SENSIT SENSITIVITY GROFILE NOWENCLA
2238 Iryumg ¢ )

2239 a3 TE (60 B05)

2z40 60D romraT (1 211xs87(0—0) /)
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nnnNnNnNn

wHmITE (69803)

803 FOMMAT (1 » oAxS "= SENSITIVITY PROFILE PER DELTA-U FORS,
@ THE ARSOMATION CADSS-SECTION (TAREN FPOR PDSITION®) /
I1Sx1® IMA IN INPUT CRDSS-SECTION TADLES) Y PURE LOSS TERM ¢9//

* NUTF1ISS = SENSITIVITY PBDFILE PE® LELTA™U FD® THE®y
¢ CPDSS SECYION IN POSITION IMA+] IN INPUT XS-TABLESY®/3
1S21® WHICH 25 USUALLY NU-TINES THE FISSION CRDSS SECTIDN. )
® PURE LDSS TERM®y//
® sxs$ & PARTIAL SENSITIVITY PROFILE SER DELTA-US,
® £FOP THE SCATTERING CRDSS—SECTION (COMPUTED FOR EACH® s
15x1® ENERGY GRDUP AS A DIAGONAL SUN FRDM INPUT XS—TABLES) 1@y
@ LOSS TERM DNLY®y /7 )
HRITE (6,604
B804 romMAT (I 10TXS = SENSITIVITY PROFILE PER DELTA-U FOR®,
¢ THE TDTAL CADSS SECTION (AS GIVEN IN POSITIDN IMT INGs/
1Sx9@® INPUT CROSS-SECTION TABLES)? PUPE LOSS TEMN®y//
®* N-GALIN = PARTIAL SENSITIVITY PROFILE PER DELTA-US,
® FDR THE NEUTRDN SCATTERING CADSS~SECTION. GAIN TERM KOS/
I1Sx1® SENSITIVITY GAINS DUE TD SCATTERING DUT DF ENERGYS)
¢ GPDUP G INTD ALL LOWER NEUTRONS®y S/
ISx1® ENERGY GRDUPSY COMPUTED FAOM FOMARD DIFFERENCE®y
¢ FORRULATION.®» /7
® G-GAIN £ PARTIAL SENSITIVITY PROFILE PER DELTA~U®)
® FDR THE GAMMA SCATTERING CAOSS—SECTION. GAIN TERMOy/
15x1® FOR SENSITIVITY GAINS DUE TO SCATTERING DUT DF GAmnmA®,
@ ENERGY GROUP € INTO ALL LOWER GAMMA ENERGY GROUPS) S/
15x1® CONPUTED FROM FORWARD DIFFERENCE FORMULATION. ®y/ 7/
® N-GAINI(SED) = WE-DNIERED PARTIAL SENSITIVITY PROFILE®S
¢ PER DELTA-U FOR SCATTESING CROSS~SECTION. GAIN TERN FOR®)/
10%1® SENSITIVITY GAINS TUE TD SCATTERING INTD GROUP & KFRDWM®,
® ALL HIGHER NEUTRON ENERGY GROUPSY o/
ISx1® COMPUTED FROM ALJIDINT DIFFEMNCE FORMULATION, ®y /
152 9@ COPRESPDNDS TD SINGLE-DIFFEMENTIAL SED SENSITIVITY®,
® EROFILEY PSEDIG-DUT) PEM DELU-DUTY &y~
15299 INTEGRATED DVER ALL INCITENT ENERGY GROUPS.®v// )
wumITE 69806
B06 FORMAT (1 +ONG-GAIN = PARTIAL SENSITIVITY PROFILE PENS)
® DELTA-U FOR THE GAMMA PRODUCTION CROSS-SECTION®)/
I1SX1® AT NEUTRON ENESGY GROUP 6. PURE GAIN TERK FDRS,
® SENSITIVITY GAINS DUE TD TRANSFER FROM NEUTRON®)/
ISxe® GRDUP 6 INTO ALL GAMNA GROUPS.®¢//
SEN = NET SENSITIVITY PROFILE PER DELYA-U FORS)
THE SCATTEPING CAOSS-SECTION (SENZESXSINEAIN)®p//
SENT ® NET SENSITIVITY PRDFILE PER DELTA-U FDMS)
THE TOTAL CADSS—SECTION (SENTETISENGAINI S/ /
SENR X SENSITIVITY PROFILE PER DELTA-U FOR THE®,
PETECTD® MESPONSE FUNCTIDN RLIE) Gy
SEND = SENSITIVITY PROFILE PE® DELTA-U FON THE®)
SDURCE TISTRIBUTION FUNCTION B(E) @2/7/ )
R ITE (680D
wR3TE (6)805)
PMETURN
END

DODNRAULREWN -

TR NYWIVOUZICRUNCARWN -

WIOVRNRNANALX N~
6060600000

SUBRDUTINE TEXTA
G060 THIS MOUTINE PRINTS A LIST DF DEFINITIONS FDR TESmS EDITED IW
DESIGN SENSITIVITY MDDE FROM SUBY
wmiTE (69101)
101 rDPmAY (1m1)
wrITE 601000
100 rommaY (Jo¢ »10x0S0Cied 0/ D
“miTE (6013100
110 FORAT (104 130x+SDEFINITIONS FOR SENSIT—ID DESIGN SENSITIVITY &9
SPRINTOUT @ )
HRITE (621000
umITE (601200
120 FOPMAT (I s 1X)OFOR THEDRY AND DETAILED DEMIVATIONS DF THESE @
SEXPRESSIONS WEFER TO ¢ /s Ex»
(1) S.A.H. GERSTL AND N.M. STACEY JM.s NUCLEAR SCIENCE )
CAND ENGINEEMINGs Bls 33IYLIYZ3) & o /0 2xo
G(2) S.A. M. GERSTLI ARGONNE NATIDNAL LAB. TECHNICAL MEMOS,
SRANDUN AP/ CTR/TH-EE (1974) DR FRA-TR=67 (I1574) ¢
“nITE (641300
130 rOPRAT (1M 12X9ODUE TD THE DUALISK DF FDAMAAD AND ADIDINT o)
SEDRMULAT IONS FOR RADIATION TRANSPDAT CALCULATIONS &)
CHE MAVE ALNAYS ©y 7/ ¢ IX»

PNEWN -

TV *e
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2321 3 OTMD DIFFERMENT) DUT EPUIVALENTS FDRRULATIDNS FOP Any @)
2322 4 SRESPONSE CALCULATION? AND BOTH ARE INPLENENTED IN THIS &)
23z3 S ecopel ¢ )

2324 WRITE 61400
232% 140 roSmAT (1 9 3x) omm = (RIPHI) Oy /

2326 1 18x10= FIRST-DADEN INTEGRAL SESPONSE FROM FORARD &

2327 e SCALCULATION ®» ~

2328 3 18x10= FORLARD INTEGRAL RESPONSE FOR THE UNPERTURBED &9

2329 4 SREFERENCE CASE 9 //14x)0nnm = (DIFISTAR) &) /

2330 S 12x16x FIAST-ORIER INTEGCRAL BESPONSE FRON ADJIOINT CACULATION®y/
2331 6 12xr0= ATIDINT INTEGRAL RESPONSE FOR THE UNEERTURIED &)

2332 4 SREFERENCE CASE &y )

2333 HRITE (69150)
2334 150 rDPrAT (I 13X 91ODELI-AD B (FISTARIDELTA=SIGCHAS) JHOISPNL) &y /

2333 1 12»99x SECOND-ORLER TEMH (DELTA-1) FROM ADJOINT-DIRFEMENCE )
2336 2 SKOMMULATION &y //

2337 3 4r1CDELIVFD & (PHIIDELTA-SIGCHASTARS) o1 ¢FISTAR) &) /

2338 4 12x16= SECOND-DRDER TEMM (TELTA—1) FMDN FORARD DIFFERENCE )
2339 S SFORRULATION ¢y //

2340 6 4x3s912AD & SECOND~ORDEN INTEGRAL RELSPONSE FROM ADIDINT=®)
2341 K4 CLIFFEMEINCE FORMULATION &y /

2342 8 12x10= APPROXINATE INTEGRAL BESPONSE FOR PERTUNSDED CASE &) )
2343 WRITE (601600

2344 160 FomrAT (1 »3xr932FD = SECOND-DRDER INTEGCRAL RESPONSE FRON &)
2345 1 OFOPNARD-DIFFERENCE FORPNULATIDON ©y /

2346 2 12x16x APPRD>IMATE INTEGRAL RESPONSE FON PERTURDED CASE @ //»
2347 3 4nesoxad B ZENSITIVITY CDEFFICIENT FROM ALJIDINT-DIFFEMENCE )
2348 4 SFORMULATION ¢y //

2349 S 4xsexrp E SENSITIVITY CDEFFICIENT FBOM FORPRARD-DIFFESENCE ©¢
2350 6 SFDRMULATION @y //

2351 7 3x10APPRADY INATE CAMLCULATIONS DOF THE INTEGRAL RESPONSE FOR &)
2352 8 COTHE PERTURBED CASE FDLLOW DIRECTLY FROM THE AD~ AND FD=®)/
2353 9 3x1SFORRMULATIONS (C.F, PEFEPENCES)E & / )

2354 WRITE 601700

2355 170 FORMAT (I +3421® I12AD = @M -~ DELI-AD ®y /

2356 b 3%x16 I1EZFD & AWM - DELI-FD &y /

2357 & 3S5vre xaDd = jZAL/BA B ] - (DELI~ATI/Rm & /
2358 3 35xre xrd = I1gFh/mm = ] - (DELI-FDI/BR &y.)
2339 WPITE (69180>

2360 180 FORMAT (1M »32xromm = pm e sy

2361 1 33x90DELU-AL = DELU-FD ¢y /

2362 H 33xve12AD = 3cFD ®y s

2363 3 33xsexAp = xFp ® )

2364 WRITE (65100

2365 RE TURN

2366 END

2367 ¢

2366 c

£369 c

2370 ¢

2371 ¢

2372 SUBRDUTINE SUBE (FrDSLIPSIIDSTICHIIDELIIDELIFD I MRy LIAXSS

2373 1 IGMIAXESISENISXSIEIDELUIDSLEDIEFFDIFISRSY

2374 & SENTIILINCDUPLYIGRIIFFDNGIRY IDES)

2378 LEVEL 2 DSLIPSIIDSLFD

2376 TIMENSION AxS (1) rSENCI 1SXS (1D 1B (1) 1 DELUC(I) 1 DSLED (16ms 16me 1D s FrD (]
2377 . D1FISxS (1) s SENT (1) s rFDNG (1) ) ThDoLm] (500 »EE (S0

2378 DIMENSION F 1) sDSL (I8M126m1 1) sPSILIGMILIARP s 1) 9CE (1) 9 DST (D)
2379 COMMON, ¥ SFDPM/KXE ) IMTI TR

2380 COMMON/PLOT/ TITLE (B

2381 COMMDN/ITE/ ITESTY ITYP

2382 INTEGER &+ &P

2383 PEAL 3EADe 3EFD

2364 DATA P2/3.141598/

23e% 410 roRmAT(6E12.D)

2386 IF (k. ED. 0) D, (J1.80.1)) wRITE (603014) (TITLEC(I)s1=196)
2387 1014 romeaY(In o 8mni10s7

2388 c

2389 C SET UPPER-BDUNDARIKS FOR GROUFS

2390 1¥ (nCOUrL . &0. 0> &0 TO 250

23914 o 255 e=lincOourL

23%2 gk (6) =K ()

2393 295 conTInug

2394 nCPlancoueL ¢ )

2395 D €60 exwncelezen

2396 EE (8) =K (8+1)

2397 260 conTiINuE

2398 eo Yo 205

2399 250 »p 265 e=1r180

£400 K () =g (&)
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2401 265 conTINnue

2402 ¢

2403 C 406 CALCULATE SECOND DRLE® EFFECTY DF INTEREST FROM AD-FOMMULATION
o404 205 irc3i.ee. 1) DELI=0.0

2405 20 S LEleLmAaxe

2406 IF (Kx$S.ER.2) THOLMIWLI=], U

£407 IF (XS NE.E) THOLMI W) =r DAY (Z0L-1)

2408 S CONTINUE

2409 ¢

2410 c 00 USE A SINPLE SUMNMATION DVER L

2411 Db 99 exJirienml

2412 r(G)=0.0

2413 o 98 L=lrimaxe

2414 va 98 er=alie

2415 SE F(G)E THOLM]I (L) ODSL (EP16ILIOPSILGrLIBP) + K (G)

2416 SS9 TELITDELI® (DST (G) OCHL (6) ) ~F ()

c417? 1ZAD = mm - DELI

€418 XAD = IZAD/ AR

2419 ¢

2420 C ®¢0 CALCULATE SECOND DADE® EFFECY OF INTEREST FAON FD-FDRRULATION
2425 ¢

2422 1ryl.ER. 1) pELIFD = 0.0

2423 do B9 ecIlriem]

2424 rFrpte) = 0.0

2425 20 68 L=lsimaxe

2426 »0 6B GP=6s1em!

2427 FEDIGIEFFD(GI+THOLMI (L) ®DSLED (GrEPrIL) P S2 (GPrL 0 E)

2428 BB wumITEC2r31302) THDLMI (L) 1 DSLFDLGIGPILI IPSI(GPILIG) 1FFDLE)

2429 1302 rommat (Sn '4£12.5)

2430 TELIFD ® DELIFD * DST(E)OCHI(E) ~ FFD(E)

2431 €% WRITE(211303) DST(E) 1CWIG) sFFDIE) 1 DELIFD

2432 1303 rommAT (1 1 4£12.5)

2433 12FY = AMN - DELIFD

c434 XFD ® JIZFD /AR

2435 IF(ITYP.NE. 1) 6D TD 100

2436 ¢

E437 C €00 STARY EDITING DESIEN SENSITIVITY INFORNATION

2438 1FrJl.nE.l) 60 YO 1110

2429 IFCIDES.ER.§) wWPITE (6+1109)

2440 1109 rFommAT (I 1 06(1M0) 10 MESULTS ARE FOR ASSUNED | PER CENT FLAY XS—IN
LT Y 1CREASEY D® | PER CENTY DENSITY INCREASE IN PERT, ZDNES €5 07 Ciwme))
2442 1110 1¢r(x.67.0) 0 TO 70

2443 IFIi.NE. L) 6D YO 71

2444 umITE (6911000

2445 1100 FOPMAT (I 1ODESIEN SENSITIVITY INFORMATION! INTEGRATED DVER @
e446 1 ® ALL ENERGIES © /

ce4?7 e ® FDP THE SUM OVEP MALL PERTUADED 2ZDNES ¢ 7 )

£448 WNMITE (691101) DELIY DELIFD

£449 1101 rFOARAT (Sx1OCONTRIDUTION FROR NEUTRON GBOUPS DM Y ®r15xy

2450 1 ODELIAD(N) = Oy IPEIZ . DrOxrODELLI~FD(N) = & IPEIZ, S0/ )
24%1 oo TD 73

za%2 71 umiTE (691102> DELIY DELIFD

€493  110Z rOMMAT (571 0TDTAL SECONL-DARDER TERMy FROM NEUTRONSGAMMA GROUPS: -
2454 1 ®DELI~AY ® 0y IPEIC. V1Y reDELI~FD = ey irgl2.5v7 )
455 HWRITE 691103 we

E4%€ 1103 rOmmAT(S> 10 INTEGRAL BESPONSE FDR UNPERTURDED MEFERENCE CASES .
-2 34 1 oprm ® &y IPEIE.DY )

z4%8 WRITE (611104 212ADy 320D

€459 1104 rOMMAT (Sx 1@ INTERGRAL MESPONSE FOR PERTUNBED CASE: ©9 1déxs

€460 1 *312AD = &y IPEIE.VeOxv@1EFD = &y IPEI2. 00/ )
2461 weITE (6133105) xaDsr xFD

E46C 1105 rOMMAT (5y1OSENSITIVITY COEFFICIENT FON TOTAL PERTURBATIONS Gvdxe
2463 1 exAD & ¢y IrE1Z.5rOxvoxrDd & &y 1PEI2. OV D)
€464 sp To 73

£4€S 70 1= (Jl.~n6.1) @D TD 72

2466 wWeITE (691106

467 1106 rOAMAT (1s 1 SCONTRIDUTIONS TD DELI-AD AND DELI-FD FRON PERTURABED ©»
2468 1 OZONE & =@y 13 /

£4€9 «“mITE (691107 DELZIY DELIFD

€470 1307 rommAT (Zxie0emOn NEUTRDN GROUSS ONLYE! @4 10xe

c4?1 1 CDELI=AD\N) * & IPKIZ.DrOxrODELI-PDIN) = @0 1pPElZ. Drs )
2472 6o Yo 73

2473 72 weiTE (691106> DELI DELIFD

C474 13105 rOMnAT (Zy i 0rmOm NEUTRON PLUS GARNA SROUFPS? Sidx,

24735 3 @®DEL I-AD & ) 1PEI2. D Ox1ODELLI-FD & ¢y 1PE1I2. D07 )
2476 73 conTIinug

E477 € €06 END EDITING DESIGN SENSITIVITY INFDReATION

2478 ¢

2479 eD Yo 900

2480 100 cownTiNnuE
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2481
2482
2483
24R4
2485
£486
2467
24c8
2489
2490
2491
2492
2493
2494
2495
€496
2497
2498
2499
2500
2501
2502
2503
2504
25035
10
23507
2508
2509
2510
2511
2512
2513
2514
2513
2516
£517
2518
23519
2520
2521
avaz2
2523
25¢c4
2%52s
2526
2527
2528
2529
2530
2531
2532
2533
2534
2535
2536
23537
2538
2539
2540
2%41
2542
2543
2544
2543
2546
2547
2548
2549
23550
2551
2352
2553
2554
2555
2556
2557
2558
2%%9
2560

®ee FOR SENSITIVITY CALCULATIONS 31T FDLLOWS
4F(G)/PAR IS THE GAIN-TESH FROM SCATTEMING NATRIX
=DSTL(GIOCHIC(G) /MM IS THE LDSS-TESM FROM SIGHA-TOTAL
~AXSLGIOCHMI(G) /MW IS TrE LDSS—TERH EPON SIGRA—ADISONETIDN
—-Sx$ (G OCHI (G)/MP 1S THE LDSS—TERK FROM SIGMA-SCATTERING (DUTYT)
SX5(G) 1S FINALLY USED FOR THE SUM DF LDSS— AND GAIN-TESmS FSQOn SC
SENLG) 1S FINALLY USKD FD® THE SUM OF LDSS- AND GAIN-TERMS
1F (nCODUPL . ER. 0) 6D TD 942
3 (J1.~E.1) GD TO 941
wWNITEGr 17500
TS50 rORRAT(IM 1 Ix) 34000000000 0000 * »
@44 NEUTRON CPDSS SECTION SENSITIVITY PROFILES
GIS000000000600090000000000000000000000)
Go To 942
S4] CONTINUE
we3TE (691751
1751 FOPRAT (IM 9777770 In1Cee0000ee v
G4Zr GAMmA CADSS SECTION SENSITIVITY PROFILES v
V23(140 0060000000000 000 0 >]
942 CONTINUE
IF (N ER. 00 cAND. (J1.EB.10) wmITE(61080)
IF (K EP. D) AND. (J1.nE. 1)) WmITE (60 108B2)
1IF((x.GT.0).AND. (J1.88.1)) wWmITELI1081) «
IFC((k,@T.0).AND. (J1.NE. 1)) WRITE(6r1083) w
1080 FORRAT (2t 140C1NG) 1@ SUMMED DVES ALL PERTURBED ZUNES 140 (ine) )
J062 FORRAT(2H 134110 1@ SURNED DOVER ALL PERTURBEI ZONKS O34 (1me) )
106] FORMAT(2H  $42(1Me) 1@ FOR PERTURIED ZONE Kk =613 Ixrd4(Ine) )
10E3 FORHAT(ENM 137 (1H®) 1@ FOM PERTURDED ZONE & Z65 135 Ix137(lme) )
C €06 CONPUTE LDSS~TEMMSEs GAIN-TEMMS) AND NET SENSITIVITY PROFILES
C €60 FDR BDTHs PURE NEUTEDN AND PURE GANMA INTESACTION XS
C 00 (WMICH DOF THE THD IS COMPUTED DEPENDS DN THE VALUES DF J]1 AND IGM]
sass = 0.
sris = 0,
sTDOT =,
sscar= 0,
srrp = 0O,
o.
0.

nnaannnNn

SFAD =
SSEN =
SSENT = 0.0
DD & &=J1vi0m]
XY 2 = KF(G)/ (PReDELU(E))
FFrU(E) = FFDIG) 7/ (RRODELULE))
ArS(G) & =(As»$(B)OCHI(G) )/ (PRODELU(E))
FISxS\6) & —(FISXSiG)OCHI(G) )/ (MRODELU(E))
Ex$(G) & —(SxS(G)OSCHMILE)) /7 (PPODELULS))
DPET(E) E ~ DT (E)OCKHI(E))/ (WMMODELULE))
SENIG) = Sx$(E) + EFDLE)
SENT(G) = DST(G) + FFED(E)
SABS = SARS + AxS (6)*DELV (S
SFIS ® S$FIS ¢ FISXS$(6)ODELUIE)
SSCATE SSCAT4 Sx$.6)ODELUS)
STDY = STDT + DSY(G)SDELU(S)
SFFD = SFED ¢+ FED(6) ODELU(E)
SFAY = SFAD 4 F(G)ODELUE)
SSEN = SSEN ¢ SEN(E) ODELU(E)
SEENT & SSENT + SENT (6) eDELULE)
2 conTInuE
1% (ncoOUPL.E8. 0) 60 T 8000
1F(3i.Ne. 1) o YO 2001
C €00 COMPUTE GAmeA PRODUCTION PROFILE FFDNG (GAIN-TEMM ODwNLY)
NG l=ncOourL !
o 60C €=31r16nm}
rrone te)=0, 0
D0 BOZ L=lriLmaxe
Do H0Z ermnGly IeM
B02 FFDNG (6) EFFDNG LE) *THOLM] (L) ODSLED(GI16PIL) SRS (GP 1L E)
srrone=0,. 0
20 604 e=31036m]
FrDNG (G) BEFDNG () /7 (MPODELULS) )
BU4 SFrDNGESEFDNGSFF DNGE L6) ODELU ()
8000 conrvimua
C 000 PRINT NEUTRON PRDFILES (INCL. N-GAMNA)
IFral.ng.1) o TO 2001
WRITEC(Er 1)) om
11 FORMAT (10 +6 PARTIAL AND NET SENSITIVITY PROFILES PEM DELTA-U) NOW
CHALIZEY TD AR B (R1Pw1) = &) 1PELIZ.Or 7/
¢  FOR NEUTRON INTERACTION CROSS SECTIDNSED (N=N) AND (N—GAMMA) &/ /)
HRITE (691D
21 FORRAT (I 13Exs46neveese P U B & LDSS T E R 1§ S00000000,
OZn 1 341400000600 PURE GAIN TERHE €00000669)

(-X-N-N-N-N-N-J
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e%61
&562
25¢3
2564
2%€5
2566
e%e?
£56&
&%€9
2570
571
2572
e573
2574
2579
2576
25?7
e578
2579
2580
2581
esse
2583
2564
2585
2586
2587
2588
25e9
2590
=32
2592
2593
2594
2%9%
2596
2597
2°98
2599
2600
2601
2¢e02
2603
2¢04
2605
2606
2607
2608
2609
2€10
e611
eé12
2€13
2614
2€15
2616
2617
2€18
2619
2¢€e o
g621
2622
2623
26z4
2625
£626
g627
2628
e6e9
2630
2€31
2632
e€33
£634
ee3%
2636
£637
£€38
2639
2640

e ITE (6 12)

12 rO®mAT (1 1@ GROUP UPPEM-E(EV) TELTA-US®IBrionarse s 73 10nu—FI5S59)

14

C eoe

[

nnnnNnnNn

*oe

18
17

202
19

e001
oo

23

312

L X 24
L X 24

OTHIOSRSOI TN 1OTASO 1B I ON-GAIN® I A2 ) ON—"GAIN'SED,) ®+ 351 OPNG—-GAINS )
0 13 6=3ir16ml

HRITE(Gr {4) GIEE (G IDELUG) 1AXS (G 1FISXS (G ISXS (G IDST(G) o

* FEDLGIIF \GI) 1 FEDNG \G)

FawmaT(lM 1159 Cxe 1pEL10, 3022 IPEY. 238> 721 1pE10.3))

REVERSE NOPNALIZATION FROM PRINTED PROFILES BDACK TD
ORIGINALLY STORED XS-VECTORS

IFCCHNI (@) LT, (1. 0E-15)) 6D YO 13

AXELG) & ~m1S (G EMRODELU (6) /CHI (@)

FISXS(E) & ~F1SxS\G' *PREDELU(E) /CHL (6D

s»$ (&) E =SS GIORMODELU (G) 7CHI (&)

ST (G B ~IST(G)SMMODELU(E) /CHI LG

END REVERSE NOPNAL IZATION

CONTINUE

wR1TE (6 201)

FOBRATY (10t 130x1 7 (X9 O——m=mmeanm—0))

HRITE(ES1D) SABSISFISISSCATISTOTISEFDISFAD SFFDNG

EFOPHAT (30 3 (X1 O INTECHAL® 21X 7 (Exe 1PE1I0.3) 0 )

wnITE (6922)

FORRAT (LN +3Cx)12CHesee NET PROFILES S609)

wRITE (6916

FORMAT(IM 16 GROUP UPPER-E(EV) DELTA-U &3 (07xr10S5En®) (YriosENTS)
o 17 6*J1ls16m]

HRITE(6) 16) GIEE(E) IDELUIG) 1SEN(G) v SENT (6)

FOBRAT(IN 3351220 1PEID. 32X IPEY. 208202 (X JrE10.3)D

CONT INUE

~HRITE (69202)

FORPRAT (1 130%02 (@1 O—mmmmm—en=9))

HRITE(E)19) SSENISSENT

FDPHAT (20 1S INTEGRALS I 2lriZ(Exy 10a10.3) )

o Ta S00

CONTINUE

PRINT SPECIFICATIONS FDR GANNA PROFILES

HRITE(6IZ20) nm

EORRAT (1M 16 PARTIAL AND NET SENSITIVITY PROFILES PER DELTA-UY NOR
CMALIZED TOD MM & (R,PH1) = &y IPELIZ.Se/
*e FOR GAMMA INTERACTION CROSS SECTIDNS: (GAMMA=GArT A, DNLY &//)
R ITE (62 E3)

FORMAT (it 132X 1T 0He00000000PUAE LDSS TERNSSGES0400060 SEAIN TERMS
1eeeoongY PROFILESOO®SS)

HRITE (69312

FOBRAT(IM +® GROUP UPPER-E(EV) DELTA-U®IBXISAXSS)Ix10SxSerIrsOTXS
O BX1OG-GAINGI 7RI OGSENS) Ix ) SSENTS)

DD 313 e=Jlr16m]

WRITEWGI14) SIEECE) IDELULEI +AxS(6) 1EXS (G IDET(E)»PFFrD G
. SENG)ISENT(E)

PEVERSE NOPHAL IZATION ERO~ PRINTED PROFILES PACK TD
ORIGINAM LY STORED AS~VECTORS

IF(CHILG) LT, (1. 06-15)) 6o YO S13

AxS(G) & —AE(G)GRRMODELULE) /CHI LE)

Sx5(G) & —SAS(GIOMMODELUY (6) /CHT (6D

DST(G) = ~DPESY(G)SMNODELU (6) /CHI (6)

END SEVERSE NOPHAL IZATION

CONTY IwUE

“mITE (62 203)

FOMmAT (1t 130x06 (CxyOmmmmmmee —-—e) )

WP ITE (61 1T) SADSISSCATISTOTISFFEDISSANI SSENT

CONT INVE

RETURN

&END

SUBRDUTING SUBLL (LeAxPrJI1eI6Mlr 16GHIBRINEEDS
1 PESELIPSELGPIPSEDGISSED I SHOT I SCOLDY DRSED
2 DELYPEIIDELUIGHED ' FSED )

LEVEL 21 DSLIPSIIPSKED

DIMENSION PSED(16M1¢1) 1P SEDEP L1 1PSEDE (1) s SSEDLL) s S51OT L)y

1 SCOLD LI 1 DPSED (1) IDSL(IGMI TG 1) s PSI(IGrILMAXPI 1)y
2 DELULI) 16MED (1) 1w SED (1) 2 YL (B0)

COMMON /VRS/ &L

CDmmON /PLDYZ TITLE (B)

COMMON /¥ SFOMN/ kXS IMTI TMA

INTEGER GrGP I SMED GHEDANI SNEDS ]

nEM BN
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2641 ¢
642 C *00 IERD DUYT THE NEH ARBAYS

2643 0 2 6=lrieml

2644 rseper 6)= 0.0

2645 eseve ) = 0.0

2646 ssgpe> = 0.0

2647 swoT(G> = 0.0

£648 scoupie) = 0.0

2649 prsED(6)> = 0.0

2650 20 1 GP=lsi6m]

26351 1 esepcerre) = 0.0

2652 2 CONTINUE

2653 ¢

Z€54 € 696 COMPUTE AL ARRAYS TO BE EDITED

2€T5 20 & L=l

2656 IF (KxS.ER.2) TeOLmW] (WLO=1,0

2657 IF (K¥S.NE.E) THOLAL W =FLDAT (Z0L~1)
2658 S conTINUE

2659 oo 33 Gr=Jleieml

2660 DD 32 6 =3lriem]

2661 PD 31 L =1L

e662 31 PSED(GPIE) = PSED(EPIE) + (THOLM] (LIODSL(GPIGIL)ISPSI(GrLr6P))
2663 1 7 (RRODELU (G) *DELY (6P))
2664 32 coONTINVE

€665 33 conTINUE

2666 Go o S50

2667 ¢ ENI DF COMPUTATION OF BASIC PSED (S, 6D

CE6E C €00 INTEGRATE PSED DVER ALL INCIDENT GROUPS GPr FDR ALL FINAL GRDUPS 6
2669 S0 po 5¢ ex=ilrzenml

€670 po U1 erxlre
26713 T PSEDEP (6) = PSEDGP () + PSED (6P 6) *DELU(SP)
2672 S CONTINUVE

2673 C 900 INTEGRATE PSED DVER ALL FINAL GROUPS G» FDOM ALL INCIDENT GROUPS @GP
2674 po 62 er=1s36m1

2675 DD 62 € =e,riem]

2676 €1 PSEDG(GP) = PSEDE(GP) + PSED(GPIE)®DELU(S)
2677 €2 CONTINUE

2678 C %0¢ INTEGRATE PSED ONLY DVER HOT FINAL GROUPS
€679 1r (nsED.E@.0) D TR 93

£680 oD 72 er=lriem]

2681 SHMEDAN E GMED (8P)

268¢ IF (GMETA~.ER.0) €D YO 72

2683 Ir (GmEDAN.LT.SP) @D TO 2356

e£684 DD 71 GEGPIGMEDAN

e68% 7?1 SHDT(6P) = SHOT(GP) < PSED (6P16)*DELUE)
26866 SHDT(GP) = SHOT (GP)ODELU (64)

2687 72 CONTINUE

C6B8 C ®0¢ INTEGHATE PSED DNLY DVER COLD FINAL GRADUPS
2669 D0 62 Gr=]s36ml

2690 IFr (6mEDier) .60.0) 8o YO B2

2691 Ir (GHED(GP) . ER.I6m]) 68 TD B

£2€92 GHEDP] = GnEDtEP) + 1

2693 DD 81 6=GMEDP]s16m]

2694 €1 SCOLD(GP) = SCOLT(GP) + PSED (6R16) *DELU (G)
2¢95 SCOLD(GP) = SCOLY (68) ODELU \&F)

c€96 EC conTiINuE

E€697 C 000 COMPUTE INTEGHAL SED SENSITIVITY COEFFICIENTS AND RESPONSE UNCEST,
£2€98 Tssed = 0.0

2699 vswoT = 0.0

£700 vscoup= 0.0

2701 Tomsgp= 0.0

2702 DT 91 sp=]sienl

2703 SSED (@#) ® SHOY(ER) — SCOLD(SM)
2704 LNSED(EP) & FSED(GP)OSSED (GF)
2705 DRSED(EP) = ARS \DRSED (6F))
270€ C ¢e¢ COMPUTE TDTAL INTEGRALS

£70? TSSED = TSSED + SSED (86)

2708 TLWSED® TDRSED+ DASED (6F)
2709 TSHOT & TEHDT + SHOT (88)
2710 91 TSCOLD® TSCOLD* SCOLD (&P)
2711 92 CONTINUE

2712 C ¢¢e CONPUTE TOTAL INTEGRALS DF SINGLY DIFFEMENTIAL PROFILES
£713 93 veser = 0.0

2714 Yyrse = 0.0

2718 DD 94 1=1s18m]

2716 TPSEr = TPSEPr + PSEDES (1) ODELUD)
2717 TPSG = TPSG + PSEDE(1) © DELULD)
2716 94 conNTINUE

2719 ¢

2720 C 00 NDM HE STARY EDITING
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az21 ¢
2v2e c PRINT PSED (6P 16) =P SED (6~ INIE~DUT) AND INTEGCRAL SENS.PROFILES

2723 WRITE (6r200) wmm
eves 200 FORPRAT (10 17335 (1MO) 1 SDDUBLE=DIFFEMENTIAL SED SENSITIVITYS,

272% . ® PROFILES®y

2726 1 36U 1 7r 1t 134 CIMO) 1 4rDR THE SUM DUVER ALL SPECIFIED ®»
are? 2 CPERTURBED ZONES®» 3D (1me)

a7es 3 164 »OIDUDLE-DIFFEMENTIAL PROFILES PES DELTA-U—IN ANDI PER &9
2729 4 CDELTAU-DUTY NORMALIZED TO ARE(BIPHIIE Sy ieglC. Doy
2730 S 1M 1OFDR NEUTRON GROUPS DNLY®9// )

£731 HRITE (60210)
2732 210 FOPNATUIBXIZ7 (1N 1 SPSED (6-IMIS~DUT) PEM (DELU-IN) (DELU-DUT) &y

2?33 1 SRR, 27 (1me) s/

2734 4 17x0@¢ 8=IN = ] G-IN T g G~IN = 3 g-IN= & G-In = T @,
273% S ® G-IN =6 6-INE=7 G-INEB @-IN= 9 g-In =10
er36 wnITE (62220

2737 220 FOMMAT (1M »96-0UT DELUDUTS)

2738 12 =0

2739 22l 11 = 12 +

2740 212 = mIn0CI2¢10s30m0)

av4l 20 230 G¢=1lr16m]1

2742 WRITE (61231) (GIDELUCE) ¢ (PSEDGPIE)s6P=11412) )

2743 231 rommAT (I 11313x1FE. 60191 0CIR0 IrEY.2) )
2744 230 conTImnue

2745 Ir (32.E@.18m1) 6O TO 232

2746 HRITE (622330

2747 233 rommaT (6 97

2748 D Yo 221

2743 23¢ cownTIinuE

2750 wRITE (602400

2751 C40 FOPMAY (1o 116713 (1®) 1@ SINGLE-DIFFEMENTIAL PRADFILESY PSED Oy
2752 1 3(1me) /1 16x1® PSEDG-DUT) PSED(S~IN) @1y

2753 2 I1x1 -1~ DR &~DUT PE® DELL-DUT PER DELU-IN ®3/)
€754 DD 242 1=1r16m]

2755 WRITE (6124]1) 1+PSEDGP (1) s PSEDE (D)

evoe 243 FORMAT (I 14x9 331 10xv IPEIVU. 31020 )eE10.3)
gvs? €42 CONTINUE

2758 WRITE (69243)
evs 243 rommaY (In 9 J6x0 ®y Dy )
2760 HWRITE (6)E44) TPSGPITPSG

evel 244 FORMAT (1t 1OTOTAL INTEGSAL ®r1rgl0.316x910e10.3
ETE2 C e6% END DF SED-PPROFILE PRINTS

2763 Ir (nSED.ME. D) 6D TD 249

2764 HRITE 60245)

£76% 24% FOPIAT (1re /71 OND SED UNCERTAINTY ANALYSIS WAS PERFORNED FON &
2766 1 SLACK DF INPUT DATA®;/1® NSED IS ZEAO ON INPUT FILE®/ 1nl)
2767 Go TD 999

276E€ C ®04 EDIT SED UNMCERTAINTY INFDROATION

27¢€9 E49 WmmITE (61246) (TITLECI) v21=]1+8)

7?70 24E FOPAT (I 18al 00D

2?71 “nITE (692500

a2v7?2 250 FORMAT (1ee 144 (1HO) 1@ SED UNCENTAINTY ANALYSIS 144 (1ne) s/

2773 I 1S5xve HED S AN C13x9®  INTEGRAL 1 3Ix1® MDY INTEGRAL ©) 3xo
2774 2 SCOLYD INTEGPAL®;3x1® NET INTEGRAL ©€13x14 RESPONSE UNCERTY, o/
&?’7?s 3 15xre 6~-DuY ®13x¢® SED~UNCERT.®)351® SENS. COERF. ®v3xy
£776 4 © SENS. CDEFF. ®13x19SED SENS.—CORFF,®16x10 DR/R &,/

e7?? S 15xee oF SED ®)Ixr® F &1 ?xve $=mDT 9 3Ixy

2778 6 o $-COLD 1 9x1® § SIYXIODUE TD SED~UNCERT, S/

27?9 7 Sx1® GoIN® I TxICLFRADN INPUT) Oy

2780 6B 3510(rmOn INPUT) @9 3EX1 S (SHOT ~ SCOLDI®r 09xr170iF @ £)9 /)

2781 D 2592 srxlszeml
£782 HRITE (6125]1) GPIGHED (EP) 1FSED LEFR) 1 SHOT (6P 1 SCOLD (6R)

e783 1 SSED(GP) s DMSED (GP)

2784 2%1 FOmmaT (I 1Sx323109x3 339 13x0P 7. 41 Invipai0.3¢e6x01mx10,3y

&78% 1 Ex11pg30.319x9 1Pg10.3

2786 292 conTinug

e8? upITE (60253

£788 255 FOPrAT (1o 147X 1 @-—cmm @ Ex JULI=) 9 Bxr 30 CI0e=) s Ox2 10 Cu=)
2789 R ITE (612%54) TSHOYITSCOLD Y TSSEDe TDRSED

£79¢0 254 FOPRAT (1 10TDTAL SNTEGHAL S 33xr 1PE10,.396x01ra30.3sB8x01ea10.30
2791 1 9xr1P£310.3>

2792 rEnCY = 100, 0oTDRSED

€793 wHRITE (6+253) ermcy

2794 25T FDORRAT (99xs08 €, 59,316 PER CENT®y /) 11D

2795 D TO 999

e79¢6 256 wmiTE (642837
ev9? E57 FORRAT (I 1 OND SED UNCERTAINTY ANALYSIS CAN BE PENEDReED®) /)y

2798 1 ® BECAUSE THE INPUY ARBAY FOR GHED (6) CONTAINS AT LEASTS) /)
2799 2 ® DNE MEDIAN SED EMERGY GRDUP NUNDER SPECIFIED TD BE ©/9
2800 3 O LESSE YHAN THE INCIDENT ENEREY SADUP .8/
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2&01
2602
€03
Zele
ee05
2806
eeo07
cE08
€809
2€10
£811
2812
ee13
2¢14
€815
2216
e817?
2618
2819
£620
2821
ese2
ze23
2624
£825
2826
ese?
£628
=174
2830
2831
2€32
2833
2634
2835
£836
ge3?
2838
2639
cea 0
2541
264z
cB43
2e44
cees
2646
2647
264&
2649
28%0
2es1
2es2
gess
ZE54
2ess
2e%€
2e57
cess
2ESY
2860
28€1
266e
2863
2664
28€%
2666
2667
2€e66
28€9
€870
2E71
2eve
2€e?73
2674
2875
2676
£87?7
2678
2679
28680

4 @ GHEXC(E) MUST ALWAYS BE GREATES® DR EOUAL YD 6 Loy
S ® CDRRECY INPUY DATAR! ¢ )
999 CcONTINUE
RETUMRN
EnD
[
c
c
c
c
SUBRDUTINE SUBEV (VxS sUXSCICOVICHIIDELUIPLIPZsDRIE? 3GMr 3GMl e
1 IPERIARI IDINsSIDEN] ¢ DENS)
c
C ¢ee TMIS ROUTINE CONPUTES AND EDITS SENSITIVITY PROFILES FOP VECTDW
C ®0e CRUSS~SECTIONS IN PAIRS DF
C ®¢0 1T ALSD COMPUTES AND PRINTS DELTA-R DVES ® FDR THIS XS-PAIR AND
C €64 ITS COLVARIANCE HATRIX.
[
LEVEL 2rcov
DIMENSION VXS (1) erxS2(L)9COVIEmlr 1D oCHI (L) s DELULL) sPICID Tty
1 [ LIS PEY X¢P)
COMMON Z3TEZ ITESTIITYP
COmMMON 7PLOTZ TITLE(B)
INTEGER 6r6P
REAL MR
MRITE (691000 CTITLEC(I)s3=19E)
3000 FORAT (1N +8AL0y) /)
wmITE (60131000 12
1100 FORRAT (1M 1777924 (19) 1@ SENSITIVITY PROFILES FOM CROSS-SECTION ©)
1 CPAINS WITH ID = S I3rlxrcd(lme) )
WRITE (691200) wm
1200 rORmAT (1ke 19P 1 (6) AND PZLG) ARE PEM LETHABGY NIDTM TELTA-U AND ©f
1 ONDRHALIZED TD THE RESPONSE MR = (MyPM1) = & ipgll.S)
wHmITE 6913000 DENIs DENZ
1300 rORPMAT (1 19FDF TrE SUN DVEP ALL PERTURDED ZONES? WHERE BDTw CRO®)
] €SS SECTIDNS WITH THIS 1T ARE PRESENT IN TeE ™MODEL -
€ OTHE NUMBE® DENSITIES FOR THIS XxS~PAIR ARE NDEN] & @)
3 1PEIC. D¢ ¢ AND WNIENZ = &) 1PEIC.Dr 7 )
“RITE (691400
1400 rOmreAT (1 1@ GROUP UPPER-E (EV) LDELTA-US 17X 10P1(E)®s7rropPZ 6@ )
C ©00 COMPUTE SENSITIVITY PROFILES AND INTEGRAL SENSITIVITIES
sel = 0.0
spZ = 0.0
DD 1 G=lrzem]
P13 = = (UxS](G/OCHI(E))/ (PRODELULE))
P2(G) = ~(UXST(G/OCHILG) )/ (BRODELU\E))
sel = gpl + PliGIODELULE)
seZ = EpZ + PZ(G)ODELULE)
1 conTInuE
C %% PRINT PROFILES
DD 2 e=lsrienl
WRITE (69 1500) G1E (G IDELULIE) 1PLLE) rPEE)
1500 rFORmAT (10 s I51Ex0IPELD.IrExr irEY. &1 2012 (2x21mel0.3) >
£ conTiInue
wHpITE 6916000
1600 rommaT (1ot 130x12 (2xy ®——mmmm—em -9) )
HRITE (691700) sPlised
1700 FORAT (104 s 1X 1O INTECRAL®IZIxIZ (EZx010€10.3)0)
C 060 PERMFDMM UNCEBTAINTY ANALYSIS FDR THIS XS—PAI® ANT ITS CDL
C 900 FINST REVERSE THE PER-DELTA~U NORMALIZATION DF TrE PROFILES
20 3 &=lr16m]
rl(g) = pliG)oDELUS)
3 r2ie) = pZ(G)oDELUCE)
C 90¢ CALCULATE ZDUBLE SUM (USE ARGAY VXSZ(6) AS INTERMEDIATE SINGLE-SUM
yepvrse = 0,0
oD 4 e=]lr18m]
vxse(e) = 0.0
D T er=i,zeml
S UxSZ(6) ® v¥ST(6) + P2(EP) OCDV (Gr6P)
4 DROURSD = DROVASE ¢+ UxE2(6)er)Le)
1F (ymovese.ex.0.0) 8D YO 6
H“PITE (6031600) Dmovmse
1800 FORm AT (I +1® THE DDUBLE SUN FDR DR/P-SEUARE RESULTED IN A NEGAS,
1 STIVE WURBER®, /3@ DROLUASE = &y IPEL2.De~
1 ® ANALYSIS TERPMINATELD FOR THIS ID-NUNDIER &)/
14 ® VARIANCE 1S5 SET TD ZEMD FDR LATER TOTAL VARIANCE CAL®
3 SCCULATION &)
omi(nxs) = 0,0
&0 Yo 99
6 drDvR = SERT (DROVRSE)
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esel
28&g
2883
2ese
2885
2886
2867
2888
2689
2890
2691
z892
2893
28954
2895
2896
2897
£898
2899
£900
2901
2902
2903
2904
2905
2906
2907
2908
2909
e%10
2911
291¢e
2913
2914
2915
2916
2917
2918
2919
2920
2921
2%22
2923
2924
2925
&926
es2?
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2936
2939
2540
2941
2942
2943
2944
2945
29546
2947
2948
£949
2950
2951
2952
2933
2954
2955
2956
2957
29%¢
2959
2960

rEncY = ;00. Oepmovn

C 060 EIIT UNCERTAINTY INFDReATION

HRITE 6919000 TROVRSPIDROVEPESCT

1900 rOmmaT (I 120CIme) 1 ® AN UNCERTAINTY ANALYSIS FOR THIS CROSS~—O)

c eoe

9%

nnnnn

*oe

nn

coce
cLcm
cpCce

1001
1002
1000
1003

10

11
c eoe

98
995

1004

1005

C eooo

20

1007

1008

CSECTION PAIP YIELDS THE FOLLONING ®1Z0C1me) s/
® FERACTIONAL PESPDNSESE UNCERTAINTY DUE TO Y¥S—UNCESTAINTIES®,
@ SPECIFIED IN THE COVARIANCE HMATRIX FOR THIS ID26//910xs
® LARIANCE? (DELTA~R DUES M) -SPUARE = (DR/'R)SR. = & legl 0.3
/7930x9® MELATIVE STANDAND DEVIATION = Dpm/m = oyireil.3
/1T5x90 = 03 JPELU.31® PER CENT O/ /v //)
SAVE VARIANCE FOR THIS ID¢ TO COMPUTE LATER TOTAL VARIANCE In SUMS
DR INRS) = DROVASE
RE TUBN
&~D

CUREWMN =

SUBROUTINE SUBY (COVRI SENIFEUMI 1640 DELL)D

READS COVARIANCE MATRIX AND PEMFOMRS DOUBLE-SUN TO CALCULATE
SDELTA-R OQLER R

LEVEL 2y cOuvm

DIMENSION CTITL(B)» COVRIGMI 1) 1SENC(L) prSUm(l)IDELULD)

LEXT SBERT

INTEGER Sr6P

mEAD (59 1001) C(CTITL Idr2=1e &)

raseay (8al G

wrITE (651002 CCTITLC(IdeI=®1lrl)

FORMAT (1 26A107)

meAD (5910000 ((COVR(GieP) 1EPELI IEM) 28=]0 26N
FommaT (6E12.5)

20 10 Grxirienm

WRITE 61 1003) (emps CCOVM (1P 1819 380D )

EORMAT (Jm 196rmey 135 20IxrFS. 30 /)

CONT INUE

o0 11 e=lsienm

SEN(E) = SEN(G)ODELU(S)

CALCULATE DOUBLE Sum

ymove = 0.0

D0 99 €=lsiem

rsumie) = 0.0

0 96 er=1ls36m

FSURLE) = FEURCE) + SEN(GP) STOVR LIS
DROVA & DROVR ¢ FSUM(G) *SEn(6)

¥ (prpvm. k. 0.0) &0 YO 2

wnIvE <6»1004)>

FORMAT (I 19DR/R-SRUARE RESULTS AS NEGATIVE NUMDES F@EOm DOUBLE SU»
o e///)

en YD 9999

LPOVAR = SORT (DROVR)

sgecy = 100.epmoun

wurITE (6:10035) pmovmrmgmcT

FORMAY (1 1OTHE CALCULATEY FRACTIDNAL UNCERTAINTY DF TrE PESPONSE
®m ®/9 DUE TD CROSS~SECTION UNCERTAINTIES GIVEN IN TrE ABDDVE CDLAN]
CANCE WATRIX 1S/ 9sSxropm/ R 20y Ixr1FB. 51 /Sxr100m ERUALSI AR 1FE. 3y
e PERCENTS)

CALCULATE TOTALLY COMMELATED (+1) AND TOTALLY UNCOARELATED CASES
compm = 0.0

uncon = 0,0

DD £0 &=1s36m

COMD® = CDPDR + SEN(6)SSPRT (COVRI(GYS) )

UNCDR & UNCDR ¢ SEN(G)OSEN LE) SCOVR (61 6)

CONT INUE

comzmEaARs (CORDR)

UNCOR & SORT (UNCDN)

WPITE (691007) compm

FORMAT (1t 1SASEURING FULL CORRELATION(+]) WE DITAING, 1 5ar DB m-COW
L ] = &y»rB8.5/)

wmiTE (601008) uncom

FORMAY (1 s SRSSUMING NO CORMELATION ME DBTAING/ 1 Sx)®DR/ R-UNCOWR =
*e,rE.S/)

0 S e=ls36m

SEn{E) = gEN(E) /DELV(S)

S conTimua

9999

<

K TUM
EnD
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2961
29¢€2
29€3
2%64
29€5
2966
2967
296¢€
2969
2970
2971
a2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2964
2985
2986
2987
2968
2989
2990
2991

2992
2993
29%4
2995
29%6
2997
£998
2999
3000
3001

3002
3003
3004
3005
300€
3007
300
3009
3010
3011

3u12
3013
3014

311S
3016
3017
3018
3019
3020
3021

3022
3023
3024
3025
3026
3027
3026
3029
3030
3031

3032
3033
3034

3035
3036
3037
3036
3039
3040

nann

nnnnanN

c

<

annnnn

nnn

SUBRDUTINE SUBYL (DRSSPI NCOVINSUNCEY)

900 THIS PDUTINE COMPUTES DR-QUER-R FOB THE SUR OF ALL >¥S~UNCEPTEINTIE
S00 ASSUMING RND COPSELATIONS PETWEEN THE INDIVIDUAL >S5 ERPMORS SPECIFIE
G®® In ANY AND ALL DOF THE NCODV COLCARIANCE MATRICKS.

TIMENSION Dms® (1)
INTEGER SUMSTRTr SUMEND
1r (nsumcov.E®.0) 60 YO 20
weITE (621400
1400 ¢t0RMAT(INII36 (1O 1® PARTIAL SUMS OF WMCSPONEE UNCERTAINTIES ©»
} 36CIner /)
NSUM = 0
30 NSUM % NSUm ¢+ ]
mEAD (S511300) SUMSTRTY SUMEND
1300 rommaT (216D
uncorsa = 0.0
D 40 I=SUNSTRT ) SUNEND
40 UNCORSE = UNCORSS + DRSS (J)
UNCO® = SPAY (UNCOaSE)
PERCY = 100. Oeunconm
wumITE (611500) SUMSTRTI SUNEND
1500 FORMAT (1 » SASSUMING ND CORBELATION ANDNG THE STRING OF INPUT ©)
1 CCOLVARIANCES? 90/ 1® THME RESPONSE UNCEPTAINTIES DUE TO @
2 CINPUT SEPUENCE NUNBERS €9 1C1® THADUGH ©) 121 ¢ MAVE BPEEN ®
3 SSUMMED AND YIELD ®y/)
HRITE (69 1600) UNCORSPDIUNCDRI PERCT

1600 roPmAT (1 111X oPARTIAL SUM DF VARIANCES = ¢y 1rpgi0.3s/
12>V OPMELATIVE STANIARL DEVIATIDN = &y 1lrel 0.3y
2 & = &, 1PEl1D.310 PER CENT & /)

IF (NSUM.NE.NSUNCDY) 88 TD 3U
S0e SUM DVER ALL VARIANCES
20 uncomse = 0.0
o0 10 J=1sncoOv
10 UNCORSE = UNCDRSD + DRSS (J)
UNCO® = SOPT (UNCDRS®R)
rERCT = 100. Oeuncom
S6® EDIT INFORRATION AT THE VERY END OF THE ENTIRE UNCERTAINTY ANALYT .
wriTE (693000) wcODv
1000 FOPHAT (100 sE0(1M®) 9@ THIS COMPLETES THE INDIVIDUAL VECTOR )
SCADSS~SECTION UNCERTAINTY ANALYSIS © +Z20C1mer s/
® ASSUMING THAT ALL SPECIFIED XS—COVARIANCES ARE UNCORBELA® .
CTEDr WE DITAIN THE FOLLOWING TDYAL RESAPONSE UNCERTAINTY @59
® DUE TD ALL XS~UNCESTAINTIES SPECIFIED 1IN ALL ©9r13»
® COUARIANCE MATRICES © 7 )
MRITE (621100) UNCORSEIUNCORIPERCT
1100 rOmmAT (1M 3 J0210TOTAL VARIANCE? (DELTYA=R DUVER R)-SHUARE = &)
IrE}0.35711x197DTAL WMELATIVE STANDARD DEVIATION = e,
1rE10.300 & &) 1PEIU.3v® PER CENT O/ v/ )
HRITE (6912000
1200 FoOAMAT (1 136 (1®) 1@ END DF COMPUTATION =~ NO MORE COVARIANCE ©)
1 CLATA 336 In®) s/ 12UIne) )
RETURN
&END

NEWN -

[ AN S

SUBROUTINE SUBSV (UXSIrvXSECrCOVIISMINIDY DENIr DEND)
6% READS PAIRS OF LECTOR XS5 AND THEIR COVARIANCE MATRIX

LEVEL 2+ CDVv
DINENSION COV(I@mle 1) svxs] (1) rxS2(1)spLnECS (1)
COMMON/ENDE AT oME sMTINDT I IR MATIIMF 1 orCrmT 1 omT29 MATE s NOUT I ND2
COMMON- MTRs - COM (S0 S0) rcaZ tDUIDUI s xs1 (200>
xS (200) 163D (200 s L) svEm
COMMDN/ITE/ ITESTI 3ITYS
MEAL  DENI» DENE

NINES

NuUT=S
NDTY=10
~nL2=10
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3041 mEAD (NIn 10) 1Dy DEN1Y DENE

3042 10 rommAY (3696x9 2612, 5)

3043 CAiLL covard (1D DruxslrvxsSerCOvr 38D

3044 IF(ITEST.NE.3) 60 TD 40

3045 HRITE (NDUTI20) NePImaT]

3046 20 FORMAT (Jt 19 HULTIGROUP CDUARIANCE DATA IN ©13,

3047 1 € GPDUPS FDR MAT] = €16)

3048 HRITE (NDUT30) wYl

3049 SO FrOPrAT LI 1@ MICROSCOPIC CPOSS SECTIONS FDR nT] = €13
3050 WRITE (NOUTe30) (vxs) ) snzlines)

3052 HRITE (WNDUT160) w12

3052 60 FOMPMAT(IN 1® NMICRADSCOPIC CROSS SECTIONS FOR MY = ©313)
3053 WRITE (NDUTI30) (UXSZ (N rnElomee)

3054 HWRITE (NDUTHZ70) mATiIimTiimTE

3035 70 FORMAT (I 1€ WELATIVE COVARIANCE MATRIX ~ MAT] = €314

3056 1 @ MTiE 01310 uT2 = €313

3057 WRITE (NDUTH30) ((COVI(Z1J) 1 a=1snGr) o Ix]rnes)

3058 HBITE (NDUTHIED) mMATIimTlomTe

3059 80 rommAT (1N 16 AISDLUTE COVARIANCE HATRI> FOR MICROSCOPICSr
3060 1 ® CROSS SECTIONS OF MATL = o34,

3061 1 ® MTIE 03310 mT2 = 1)

3062 WP ITE (NOUT30) ((CE2CI1I) 21 I=1rNGP) 1 I=1 s NGP)

3063 30 rommar 1P10E12.3)

3064 40 comTINnuE

3065 c *e® TRANSFDAM MICRD XS INTO RACRISCOPIC XS§

3066 D0 90 N=lszemi

3067 vxsl(n) = DENT ¢ vxsl (W)

3066 vxS2(N) = DENE © VxSE(N)

3069 90 caxTimnux

3070 RE TURN

3071 END

3072 ¢

3073 ¢

3074 c

30?5 ¢

3076 ¢

3077 SUBPDUTINE COVARD (M¥ ¥ sNDMI¥SAI XSBICELr 26:1)

3078 ¢ MDUTINE WEAD COVARIANCE DATA IN ENDF-LINE FDRSAT DUTPUT BY
3079 c NIDY AND TRANSEDRNS IT TD T-1 FOAMAT,

3060 ¢ mMPx £ T-] ITENTIFIGER

3081 c NOM = ARS. COv. FLAG.=0rYES =]3n0.

3082 c

3083 LEVEL 2y CEl

3064 DIMENSIDN XSA (1) 1 xED (1) e CEL CTIGMmLs 1)

3085 COMPMONENDF AT IME s MTINDT I IR s mAT I 10 L reer 2rMT Lo MTSIMATS s MOUTINDE
3066 COMMON/ mTRx/COR(S0s S0 sCEZ(DLIDU s x81 2000

3087 1 x$2(200) 163D (2002 »A(10) rvee

3088 ¢

3089 "y S XX

3090 JI®xmpax X

3091 cALL SETID

3092 ¢

3093 ¢ SETID SETS UP INDEXES TO GEY DESIMED Mmx SET.

3094 ¢

3095 ¢ TABLE FO® DEFINITION DF ID-NDS IN TERmS OF SPECIFICATIDN OF
3096 ¢ CROSS SECTION COVARIANCES. NOTE IN THIS VERSIDNINATIEMAT
3097 ¢

3096 c ID=ND  mAT] “AT2 w7l MYZ CWDSS SECTION COVARIANCE
3099 ¢ B

3100 ¢ 1 30S 305 1 1 210 TOTAL WITH 210 TOTAL
3101 ¢ 305 305 1 & 210 TOTAL WiITH 310 ELASTIC
3102 ¢ 3 305 305 1 107 BlU TOTAL WITH 310 (nsALPHA)
3103 ¢ 4 305 305 2 e BlU ELASTIC MiTH 310 ELASTIC
3104 ¢ S 305 305 e 1u7 B1U ELASTIC WITH 310 (MrmiPmn)
3105 ¢ (3 303 305 107 107 310 (MrALPMA) HITH 310 WnrALPEA)
3106 ¢ 7 306 306 1 1 C TDYAL ®ITH C TDTAC

3167 ¢ 8 306 306 1 H € TDTAL WITH C ELASTIC

3108 ¢ 9 306 306 2 4 C ELASTIC MITH C ELASTIC
3109 ¢ 10 306 306 4 4 C INELASTIC WMITH C INELASTIC
3110 ¢ 11 306 306 107 10?7 C (NIALPIA) WITH C (M) ALPMA)
3ilil ¢ Y4 3z4 324 1 1 CR TDTAL MITH CR TOTAL

3112 ¢ 13 324 324 1 e CR TOTAL HITH CR ELASTIC
3113 ¢ 14 324 324 2 4 Ch ELASTIC MNITH CR ELASTIC
3114 ¢ 15 3ce 324 2 4 CP ELASTIC WITH CR INELASTIC
3115 ¢ 16 324 324 4 4 CR INELASTIC NITH CR INELASTIC
3116 c 1?7 324 3c4 L) 10¢ CR INELASTIC MNITH CR CAPTURE
3117 ¢ 18 3z4 34 102 1ve CR CAPTURE HITH CR CAPTURE
33118 ¢ 19 326 326 1 b FE TOTAL H1ITH FE TOYAC

3119 ¢ 20 326 326 3 e FE YDTAL NITW FE ELASTIC
3120 ¢ 21 326 3ez6 1 102 FE TOTAL WITM FE CAPTURE
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3121 ¢ 22 326 326 -4 e FE ELASTIC WITH FE ELASTIC
3122 ¢ 23 326 326 2 4 FE ELASTIC WITH FE INELASTIC
3123 ¢ 24 326 326 2 10z FE ELASTIC WITH FE CAPTURE
3124 ¢ es 3cé 326 4 4 FE INELASTIC WITH FE INELASTIC
3185 ¢ 26 326 326 4 102 FE INELASTIC WITH FE CAPTURE
3126 ¢ er 326 326 4 103 FE INELASTIC MITH FE (NiP)
3127 ¢ 28 326 3ez6 4 107 FE INELASTIC WITH FE (MrALPMA)
3128 ¢ 29 3ez6 3c6 102 102 FE CAPTURE MITH FE CAPTURE
3129 ¢ 30 326 326 103 103 FE (NIP) WNITH FE (N P)

3130 ¢ 31 326 326 107 107 FE (NIALPHA) HITH FE (NsALPHA)
3131 ¢ 32 328 328 1 1 N1 TOTAL WITH NI TOTAL

3132 © 33 328 328 e e NI ELASTIC MITH NI ELASTIC
3133 ¢ 34 328 328 4 4 NI INELASTIC WMITH NI INELASTIC
3134 ¢ 35 328 326 102 10e NI CAPTURE WITH NI CAPTURE
3135 ¢© 36 328 3¢8 103 103 NI (NIP) HITH NI (NeP)

3136 ¢ 37 329 329 1 1 CU YOTAL WITH CU TOTAL

3137 ¢ 38 329 329 1 e CU YOTAL WITH CU ELASTIC

3138 ¢ 39 329 329 2 e CU ELASTIC WITH CU ELASTIC
3139 ¢ 40 329 329 H 4 CU ELASTIC HMITHM CU INELASTIC
3140 ¢ 41 329 329 - 4 CU INELASTIC WITH CU INELASTIC
3141 ¢ 42 329 329 4 102 CU INELASTIC WITH CU CAPTURE
3142 ¢ 43 329 329 4 U3 CU INELASTIC HITH CU (N1 P)
3143 ¢ 44 3e9 329 4 107 CU INELASTIC MITH CU (NeALPMA)
3144 c 45 329 329 102 10e CU CAPTURE WITH CU CAPTURE
3145 c 46 329 329 103 103 CU (MIP) WITH CU (NIB)

3146 c 47 329 329 107 107 CU (NIALPHA) MITH CU (NIALPHA)
3147 c 48 382 382 1 1 P3 TOTAL HITH P3 TOTAL

3148 ¢ 49 382 382 1 e P3 TOTAL HITH P3 ELASTIC

3149 ¢ S0 382 382 1 102 PD TOTAL WITH PP CAPTURE

3150 ¢ S1 382 382 2 4 #3 ELASTIC WNITH PP ELASTIC
3151 ¢ 52 382 382 2 4 PB ELASTIC WITH PB INELASTIC
3152 ¢ S3 382 382 4 4 F3 INELASTIC WITH PB INELASTIC
3153 ¢ 54 382 382 4 102 ED INELASTIC WITH P3 CAPTURE
3154 ¢ % 362 38z 102 1ue PR CAPTURE HITH PD CAPTURE
3185 ¢ 56 1301 1301 1 1 H OTOTAL WITH & TOTAL

3156 ¢ S? 1301 1301 1 2 H TOTAL HITH & ELASTIC

3157 ¢ S8 1301 1301 2 z “ ELASTIC WMITH M ELASTIC

31%8 ¢

3159 ¢ mria3,wr2x33

3160 ¢ MTIBMT=ND FOP SIGMA-]InTCEMT ND FOR S16mMm-2.

3161 ¢

3162 “ras]

3163 "TAR4S]

3164 REWIND ND2

3165 ¢ READ GROUP STRUCTURE

3166 10 mEAT (NDEr20) (ACIIIIELI7) smATIMF I RTINSER

3167 20 FommaT (6A10sm61 349 32,1391D)

3168 1F (MAT,. 67,1301 mATERAT-100U

3169 IF (MAT.E@.mAT]1) 6D TO 30

3170 3F (mAT.LT.maT]) 60 TO 10

3171 HMRITE (NOUTI40) HATI I NDTImAT

3172 sTD®

3173 30 conTIinue

3174 40 rompear ( Julre SORR T IREGPUESTED MAT B €149¢ NOT DN TAPE €13)
3175 ) ® LAST MAT BEAL HAS €14)

3176 PEAD (NDE1T0) CIeC2rLisi@rILlIrLaINATINFE 1 nTINSES

31?? SO roOmmAY (ZE11.49421153493203391D)

3178 IF (nF.E@,nFA) 60 TD 70

33579 HRITE (NDUT60) NDTImesmY

3180 60 romHAT (I 16 SDARYITAPE €3310 SCREMED UP HF=e313) ¢ MTEe14)
3181 sTOP

3182 ?0 1r (uT.E@.mTA) @D TD BD

3183 HRITE (WOUT160) NDTIrromY

3184 sTOP

3185 80 conTINUE

3166 ~nGreL ]

3187 N3D®L3

3188 PEAL (NDZ290) (6D (2Dr2=1sndD)

3189 90 rommaY (6211.4)

3190 ¢ PEAD XSEC FOR KT] AND NTE

3191 100 mEAD (NDE120) (A3 1I=1s7)smATINF INTINSER

3192 tF (wF.LY.nF)l) 8D YO 300

3193 IF (nr.gp.mr)) 60 YO 110

3154 WRITE (NOUTP60) NDTeswsmT

3195 sTDP

3196 110 conTimux

3197 IF (MT.LT.mT]) €0 Yo 100

3198 317 (uT,.E@.n71> @D YO 120

3199 MRITE (NDUTI60) NDTIewomY

3200 sTOR
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npnnNnnNnN

nnNnn

120

140

150

1355
160

170

160

190
200

210

CONTINUE
READ (NDEI 900 (xS1C(2)r1=lrner)
IFr (mri.NE.mT2) SO TOD 130

Do 125 1=xliner

xsc(3)=xs1 (1)

CONT InuE

GD To 150

READ (NDZ120) (A IIZEL37) IMATIMNFINTINSESR

IF (MT.LY.®T2) 6D TO 130
Ir (MY.E@P.mT2) 60 TO 140
WRITE (NDUTI60) NDTreersnT
CONT INUE

WEAD (NDEr90) (XS2(2)9s15]rnes)
CONT INUE

DD 195 NElines

20 155 w=liner
comninen) =0,

cEl (xoN)=0,

cE2(xiN> =D,

CONTINUE

READ CDV. DATA.

READ (NDTI20) (AL 2I=1v7) 1 ATIMFIMTINSER

IE (MF.LT.mF2) 6D YO 160
IF (MT.nNE.1T1) 60 YO 160
IFr wmr.E@.2) 60 TO 170
MRITE (NDUTI60) NDTImFE T
sToe

CONT INUE

READ (NDY1S0) ClrC2rL1rt2ILII LI NATINF LTI NSES

IF (MT.LY.WT1) 6D TO 160
1F (MT.E@.nT1) 60 TO 180
HWRITE (NDUTHIE0) NDTIMEInY
sTOP

CONT INUE

Y x=L2

wGr=L 4

138DV 077/ FOLLONING THREE L INES INSERTED AS PER ERROR FDUMD DY HUI
SEE LETTE® DATED 13INOvBD AN REFERMENCE T-2-(.-3643.

20 250 N=lrnee

D 250 wxlones

CominInI =0,

20 190 wxliwer

READ (NDTIS0) C1rvcot1rt v 3L 4
Lerlm 2

LePZ=L 2431

~GND=L 4

KL=LS

MEAD (NDT190) (COMIKLILI ILELEP LI LEPL)

I1F (NGNO.GE.x8#) 6D YD 200
CONT INUE

IF (MTX.LT.MT2) 6D YO 170
1F (MTX.EP.MT2) 60O TOD £10
HRITE (MOUTI6E0) NDTIswrImT
sToP

CONT InUE

DD 230 x=))nee

W ENGP ]

XSA (Mw)mxg ] ()

*XEP (M) mREL o)

DD 220 N=]rmer

NNENGE —Nt ]

CEL (o rone) RCOM U r 00D

CONT ImLE

CONT INUE

3F (ND®.67.0) METUNS

PO E40 w=]liner

D0 240 wE]lrnes

CEC (W) BCEL (NI N) OxSA (1) OXSP (N)

CONT INUE
RE TURN
END

SUBROUTINE SETID

SUBRDUTINE SEKTSE CORRECT MATIF oMY
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3281 COMMON/ENDE/ MATIME I MY INDTIIRE 9 MAT I 900 J oo 29T J s MTZ o AT » MOUT s NDE
3e82 ¢

3283 LY XL 3

3e6e nri=3 8§ mr2e33 § marnx=6
3285 3F (mAx,67.6) 8o YO £0
3286 HMAT1=30S

3287 Ir (mms.6T7.3)> 60 TD 10
3268 muTi=] 8§ my2=]

3289 IF \nm>,EB.2) mTe=2
3290 IF (ms ER.3) nTEx107
3291 RE TURN

3292 10 conTINUE

3293 nYi=2 § mY2m2

3294 1K (Mmx,.6E.5) wTR=107
3295 IF (Rx.E®.6) mT1=]07
3296 RE TURN

3297 20 conTinug

3298 1Fr (vmx.6T7.11) 60 TD 40
3299 nAT1=306

3300 1F (mmx.6T.08> so vo 30
3301 nri=1l § mrY2=)

3302 IF (mAx.ER.B8) nY2=2
3303 WETURN

3304 30 conTINUE

3305 nTin2 § nT2=2

3306 IF (rmx.E@.10) wYli=d
3307 1 (nev ,E0.10) MT2ed4
3208 1IF (mms E@.313) mT1=107
3309 IF (mmx.E@. 110 mTE=107
3310 RE TURN

3211 40 CONTINUE

3312 IFr (nmx.67,.18> ec To 70
3313 maTi®I24

3314 IF mms,6T7.13) 60 YO SO
3215 nri=l § mT2=]

3316 IF (MAX.ER.13) nT2=2
3317 NETURN

3318 S0 CONTINUE

3319 i1r (mmx.87.15) 6o TO 60
3320 nY1=2 8§ mTE=2

3321 IF (mmz . E@.15) mTe=4
3322 RE TURN

3323 €0 coNTINUE

3324 HTi=nd § mTE=4

3325 1Fr (mmx.GE.17) mT2=102
3326 IF (mmx,E®.18) mYi=]02
3327 RETURN

33z8 70 cowTiNnuvE

3329 IF (mmx.67.31) 6o TO 110
3330 mATI=326

3331 1IFr (mPx.67.21) 60 TD B0
3332 mTiz] § mrEe]

3333 IF (uPx.E@. 200 wY2=2
3334 IF (P>, ER.21) mYE=]02
3335 NETURN

3336 80 coNTINUE

3337 IF (nms,67.24) 80 TO 90
3338 nTiez § mr2mZ

3339 IF (mwx . E0.23) nT2=4
3340 IF (mRxX,EN.24) wT2=]102
3341 RETURN

3342 S0 conTINUE

3343 I (mmx.87.28) eo TO 100
3344 MY1=4 8 HYC=4

3345 1F (e ER.26) mTE=]02
3346 IF (mmx . EQ.27) m72=103
3347 IF (nwx.G0.268) mY2=§07
3348 RETUSN

32349 100 contTinug

33%0 nTi=102 § mye=]02

3351 IF (mpx . E@.30) mTI=]03
3352 1F (mms . €9.30) w12=103
3253 IF (Hmx.E8.31) wmYex)07
3354 1F (mmx.E8.31) mTl=]10?
335° PETURKN

33%6 110 conTInuE

3357 IFr (Mmx.67.36) 8o vo 120
33%8 nATi=328

3359 nTli=] § mrE=)

3360 IF (MMs . E®.33) nri=2
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3361
3362
33€3
3364
3365
3366
3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
33e4
2385
3386
3387
3368
3389
3390
3391
3392
3393
3394
3395
3396
3397
3398
3399
400
3401
3402
3403
3404
34035
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417
3418
3419
3420
3421
3422
3423
3424

120

130

140

150

160

120

180

190

®00

Si10

1r (mex.E®.33)
IF (Max . E0.34)
1F (nmx . E0.34)
IF (MPx EB, 3D)
IF (mme.g@.35)
IF (mea, E@.36)
IF (MAx.EQ. 362
WETURN

CONT INUVE

IF (MAX.GT.47)
HAT 15329

IF (WAX.67.38)
mYiz=] § mr2=]
IF (MPx.E@.38)
RE TURN

CONT INUE

IF (rmx,67.40)
muTin2 § mr2e
IF (mex,E8.40)
RETURN

CONT INVE

IF (MBx,6T,44)
MTi=4 § mT2=4
3F (mmx . EP.48)
IF (e, ER.43)
IF (uex,EB. 44)
RETUSN

CONT INUE

"reep
nro=4
mrind
nri=102
murexl 02
my2=103
nTix]03

6D YD 160

o To 130

nT2a2

&0 Yo 140

nrand

eo To 150

wr2=} 02
n12=3103
2= 07

mTI=]0Z § mTe=102

IF (e €D, 46)
IF (mms . €0.46)
IF (mme, E0.47)
IF (MR . EW.47)
RE TUSN
CONT S UE

IF (mPx,.67.5%)
AT 12382

1F (mex,67.50)
mTiz] § mr2=]
IF (mms  ER.49)
IF (mmx,E0.50)
RETUSN

CONT INUE

IF (mmx,6T.52)
HuTi=Z § mT2%2
IF (MAX,E8.%2)
RE TURN

CONT INUE
MYi=4 § wuTO=4
IF (mmx,GE.D4)
IF (mx.ER.5D)
RE TURN

CONT IwUE

IF (nmx.67.568)
mAT1=1301
muriz] 8 mre=]
IF (mmx,6E.T7)
IF (mAx,z0.58)
RE TUNN

CONT INLE

IF (R .EY.rmxrx)
FORMAT (ld 10 1Rx=013:® GREATER THAN RAXMXES]3)

sTO®
END

mrl1=103
nT2=103
nuTl=]07
nre=107
o vo 190
s0 TD 3170
"r2=2
nree102

6o To 3BV

nTe=4

»wT2=102
nTi=]02

60 To 200

nrz=p
nTis2

“RITE (NOUTHODI L
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APPENDIX B

TRDSEN

This appendix was provided by T. J. Seed and is a summary of the
changes made in TRIDENT-CTR in order to obtain angular fluxes compatible
with SENSIT-2D. 1In order to make a distinction between this version of

TRIDENT-CTR and the normal version, it was renamed TRDSEN.
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First UPDATE
1 ®ID SENSIT
2 =] SEEKTUD.2
3 L SENSIT
4 COMMON /SENST/ FNSEN(28), IHOLTH(23)
S C SENSIT
6§ =D (Cd2.4
? C SENSIT
8 2L TOH, IPXS,LTC, IPCT,LTCT.LTXS, IPFSH, IPFSMALLTFS, IPSEN, LTSEN
9 € SENSIT
18 =] TRIDBD.26
11 T SENSIT
12 DATR FNSEN/EHSNSTB1, EHSHSTB2, GHSNSTB3, EHSNSTB4, GHSHS TS, 6HSNSTBS.
13 1 EMSNSTB?,6HSHSTBE, 6MSNSTDS, 6HSNST18, 6HSNST11,6HSNST17, CHSNST) 3.
14 2 EMSNST14, 6HSNST1S, BHSNST16, BHSNST17, 6HSNSTI8, BHSNZ f 1%, GHSNST28 ¢~
1S C SENSIY
16 =] INPUT11.84
1?7 € SENSIT
18 EQUIVALENCE (1AC164) ,LSEN)
19 € SENSIT
20  =]- INPUT11.238
21 € SENSIT
22 IHOLTK(]) = &HTRID
23 JHOLTH(2) = 4H-SEN
24 THOLTH(3) = 4HSIT
25 THOLTH(4) = QML INK
26 THOLTH(S) = @M
2?7 € SENSIY
20 =] INPUT11.242
29 C SENSIT
30 IF(X.NE, 1) GO TO 158
31 DO 1S5 | « 1, 18
32 THOLTHC I+5) = IDUSE(])
33 155  CONTINUE
34 158 CONTINUE
35 € SENSIT
36 ®D INPUT11.682
3?7 € SENSIT
38 LSEN = LFL ¢+ 3 % MM = ITMRX
39 LTLH = LSEX ¢+ 3 & [TMRX
49 € SENSIT
41 D INPUT1}.B1?
42 C SENSIT
43 LTSEN = 3 s NTC = ITH
a4 IPSEN » IPFSMR + NGFSB ® LTFS
45 LASTEC e IPSEN + LTSEN + 512
46 JFCITH.EQ.8) IPSEN « PP}
47 € SENSIT
, ®D INPUT11.912, INPUT11.913
49 T SENSIT
S8 528 FORMAT(7BH TH]S CASE WRS PROCESSED BY THE TRIDENT-CTR SENSIT P
S1 IROCESSOR DN «2%X.A18)
52 € SENSIT
53  ®D INPUTIL.1824
54 C SENSIT -
S5 758 FORMAT(//1X,3?NTRIDENT-CTR SENSIT PROCESSOR, DATE - . RIBN
56 € SENSIT
S7 &I GEDCON. i4
S8 € SENSIY
89 EQUIVRLENCE (IAC1), ITH)
68 C SENSIT
6! ®I GEDCON.59
62 L SENSIT
63 IF(1TH.E0.8) RETURN
64 D0 128 J » 1, JT
65 CALL LREED(R(LIP),A(LIPG),P1,J,.1,3.1PPI.JT)
66 IHAX = 1T
67 DO 118 1 = 1, IMRX
68 VI e PICI. D) ¢ PL(2,1) ¢« PI(3. D)
€9 PO 118 K = §, 3
78 PI(K,1) e PI(K, 1) 7 VI
?1 118  CONTINUE
72 CALL LRITE(R(LIP),A(LIPG),P1,J,1,.3.IPSEN.JT)
73 120 CONTINUE
74 € SENSIT 292
?5 =D GRIND2B.522GRIND20.73
7?6 C SENSIT
?7? ] DUTER.19
78 € SENSIT
79 oCALL INSTAL
6e €
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*CALL SEEKTUD
C SENSIT
»] DUTER.23
C SENSIT
DIMENSION JPARM(18),ESEN(S)
C SENSIT
=] DUTER.3S
C SENSIT
EQUIVALENCE (IA(63),NTC), (IR(165) ,NSNST), (IR(166), JSEN)
€ SENSIT
#] OUTER.S!
C SENSIT
DATA ESEN/BHTO0 MA,6HNY SEN.6HSIT DU,6HMP FIL,6HES
C SENSIT
sD QUTER.68,0UTER.?78
€ SENSIT

NGSD = MRXDIP 7 MDS

IF (NGSD.LT.1) NGSD = 1

NUDS = NGSD = MUDS + 33 + 512

NSDK = (IGM - 13 7/ NGSD ¢+ |

IF (NSDK.(7.28) CALL ERROR(1.ESEN,S)
NGLD = IGM - (NDSK-1) = NGSD

NUDLD © NGLD = MDS + 33 + 512

JPARM(1) = ITH
JPARM(2) = IGM
JPARM(I) = JT
JPARM(4) = NTC
JPARM(S) = PO
JPARM(6) = NSDK

JPARM(?) e NGSD
JPARM(B) = MUDS
C SENSIT
=] DUTER.181
C SENSIT
IDSDK » (G = 1) 7/ NGSD + 1
IF CIDSDK.EQ.1DOLD) GO TD 138
1F(IDSDK.ED.1) GO TO 137
CALL FILLUC1,FNSEN(IDSDK=1) FNSEN(IDSDK~1) ,MUDS1)
CALL SRITE(NSNST, 1TEtP,0,8,0,4,ISEN)
CALL SEEK(FNSEN(IDSDK-1), IVERS,NSNST,4)
137  CONTINUE
NUDS1 e NUDS
IF (IDSDK.EQ.NSDK) HULDSE = NUDLD
IVERS = 1DSDK
JPARM(9) = NUDS}
JPARM(1B) = ]DSDK
€ALL FILLUCY,FNSENCIDSDK) ,FNSEN(IDSDK) ,HUDS 1)
CALL FILLU(2,FNSEN(IDSDK) ,FNSENCIDSDK),B)
CALL SEEK(FNSEN(IDSDK), IVERS,NSNST, 1)
JSEN = 8
CALL SRITE(NSMNST, IHOLTH.8,8,23,1,JSEN)
CALL SRITE(NSHST,JPARM,8,18,0, ), JSEN)
138 CONTINUE
C SENSIT
sD DUTER.383,0UTER.321
C SENSIT
#D OUTER.324.0UTER.334
C SENSIT
sD QUTER.337,0UTER.379
€ SENSIT
5D INNER.78
C SENS1T
*D INNER.B1
C SENSIT
®D INNER.94
C SENSIT
®D IMNER.97, INNER.115
C SENSIT
JFS e §
C SENSIT
#D INNER.201, INNER.287
C SENSIT
®YANK NEWRB,ABSORB
®] SLEEP.32
C SENSIT
EDUIVALENCE (1A(164),LSEN)
C SENSIT
oD SUEEP.99
C SENSIT
CALL URSNSTCAF(1,2),RS.AILSEN),IT)
C SENCIT

CALL WRSNST(RF(1,2),RS,A(LSEN),IT)
€ BENSIY
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169 D SUEEP.243,SLEEP,254

178 € SENSIT

171 =] SUEEP.259

l;g c SUBRDUTINE LIRSNST(AF,CF,SEN, IT)

1

};; ‘C: ;IOLUrt AVERAGES ANGULRR FLUXES AND WRITES TO SEQUENTIAL
ILE

176 €

177  »CALL BIAR

178 ¢

1?79 »CALL CD2

188 €

{gé ¢ DIMENSION RF(3,1),SEN(3,1),CF (1)
:g: c EQUIVALENCE (1R(165),NSNST), (IA(166), ISEN)
185 D018 ., 1T

186 CF(]) = p.8

187 OBk}, 3

188 CF(1) = CF(1) + AF(K, 1) ® SEN(K, 1)
183 18 CONTINUE

199 ¢

:g; ¢ CALL SRITE(NSNST,CF,17,8.0.2,JSEN)
193 RE TURN

194 END

195 »C TRDCTR.SETBCI

Second UPDATE

31D SE~NI
ey mEADEF.B80
®3 READDF . B4
NLE™ = O
o1 INNER,SS
C SENSIT
EQUIVALENCE (IALI64) s L SEN)
C SENSIY
1 INnER, 131
C SENSIY
CALL LREED A LIP) sALIPG) IALSEN) 039 1030 IPSENIIT)
C SENSIT
D IwunER. 144
C SENSIT
1 INNEW,367
C SENSIT
CALL LREEDALIP)»A (LIPS tA(LSEN 1T 1931 IPSENIITY)
C SENSIT
oL 1mnER. 180
C SENSIY
oD SwEEP,269
OC TPrSEN.SETHCI

e e
“OVONPOALWRN

0 0 e e e
WERNOWNI N

N
R=
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