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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.
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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. 1In 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 - VIP4’5 - 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.6’7

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-

11

tivity code, SWANLAKE, 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

24-29

variational and perturbation theory. 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.3o-34

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

14,26,35,40

of Conn, Stacey, and Gerstl. 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 Pade approximants42 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 VIP4’5 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 Gerst143-45 and is incorporated into the SENSIT46

The FORSS47 code package has been applied mainly to fast reactor stud-

. 48,49
es

1

code.

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

42,50-51,78

order sensitivity 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 semnsitivity,
cross-section and secondary energy distribution (SED) semsitivity, 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 Zx at energy E, Fz (E), is defined as the fractional
X
change of the design parameter of interest per unit fractional change of

cross section Zx, or

_ 9I/I
sz (E) = s/ (1)

2
x'Tx

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

sensitivity profile Pg , which is defined by

X

Pg _ 8;/1g . 1g ’ 2)
X 82x/2x Au

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 Zi, multiplied by




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

sensitivity for cross section Zx, or

Sy =32 P§ - Md
X g X
= [ dE Fs (E) . (3)
X

The integral cross-section sensitivity 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 25 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 g). 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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Figure 1. Illustration of the terminology: blank region,
source region, perturbed region and detector

region
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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 semsitivity 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

Lé=qQ , (4)
and
*.6" = R , (5)

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

oto
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,®> (6)

or

2o

% *
I =<Q,%> |, (7)

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

L

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

I. For the perturbed system, similar expressions can be obtained:
Lp¢p =Q , (8)
L:¢: =R , (9)
1p = <R,¢p> , (10)
and 1: = <Q,¢:> , (11)
where
¢p =¢ + 66 (12)
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©
I
©
+
E?k

b (13)
and I =1+38I . (14)
From Egs. (9), (13), and (5) we have
L. = - 1.6 (15)
Further, we have from Egs. (14), (11), (6), (12), and (9)
Sr=1 -1,
= R0 - >,
= <R,64> ,
or &I = <L:¢:,6¢> . (16)

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

(16) transforms to

61

wx_ %
b L 6b>
P P
or

61

@ @ -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(E,Q*Q',EeE') = C.Zp(£,999',E+E') y ! (18)
and similarly for the total cross section

Spp(£sE) = C.2p(x,E) (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(E’E) _ ZSP(E’Q-)Q' ’E->E) - ZS(E’%"E-)E')

oc = SEE 5 (5,0 ,EE) (20)
so that
8I(E) = 6C [ dr [ d9.¢p{-zT(£,E).¢“(£,9,E) ‘
+ [ dE' [ dQ' I (r,Q',E0E').¢ (z,2',EV)} . (21)
The cross-section sensitivity function Fz'(E) is defined by
X
_ 9I/1 ) ) B '
Fs (B) = 55775 (22)
X ' “x o v
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and can be approximated by

Py ®) £ 17 dr S (05,95, 1(5,E).¢ (z,0,E)

+[aQ" [ dE'e(r,0,E).5 _(r,®Q',E°E').¢ (£,2',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

o1 &t
X Aug

tri—

dE Fy (E) . (24)
X
g

The scaling factor M8 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 semsitivity 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

19




*
<¢,Ls &>
9I/1 _ <R, x

A i ; (25)
X X

where L2 represents that portion of the transport operator that
contains the 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.dd, and since £2 + pz + v2 =1,

we have
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TABLE I: FORMULAS FOR THE SENSITIVITY FUNCTION

Case Sensitivity Function

<R,$>, vhere X, # R F <¢“,LZ¢>/1

= <R,$>, where Zi = R FZ. = <R,$>/1
i
and Zi ¢ L
= <R,9>, where Zi =R FZ; = <R,$>/1 + <¢*’LZ.¢>/I
and Zi CcL i direct indiiect
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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Coordinates in r-z geometry

Figure 2. b.
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1
1 - p2)§~5in¢ ’

ure
1]

and

a1 - pz)%.cos¢

s ]
"

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,p,9) 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 M, (Fig. 2). 1Introducing spherical harmonics
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functions and applying the addition theorem for spherical har-
monics, the dependence on M, 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 momeqts 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

25



ILMAX

= - 24+1
5, s (@QLEED =5 (W EE) = E SR Bo(u I G(EE') , (26)
=0

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

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

p =Q.Q' =QQ'+QQ +qQ
== X X vy z'z

0 ’
or
M, = HH' +nn' + EE
1
= '+ (1-p2)2(1-p'2)* cos¢ cosd’ + (1-p2)%(1-p'2)*% sing sing ,
or
L L
My = HH' + (1-p2)*(1-p'2)* cos(¢-¢')

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

Glasstone62)

P bo 3 R 27
g(H) = Po()Py(p') + 2 2 T Py (u)P (u')cos[k(o-¢")1 , (27)

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

expression can then be reformulated as

26




L (2-6k0)(2-k)!

Pylb) = I —(gepyr— Pg0Pp(u cos[k(9-¢")]

% k
2 (2-61( )(£2-k)! (2-6k ) (2-k)! . .
kzo [ (zi)k)! } [ (zgk)! ] Po(1Py (")

X (cos k¢ cos ko' + sin k¢ sin k¢')

Ve define
RE(P,‘P) = [(z-fﬁiif-k)!r Py(M)cos ko
and
k _ [(z-ﬁko)(z-k)!]% K, o
Qp(1,9) = (k)T Py(M)sin k¢
so that

2
Polig) = 2 {RG (0, ORs (1,01 + oK, 005" 013

(28)

(29)

(30)

(31)

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

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

terms are the spherical harmonics polynomials.

The R

k
L

Using the above expres-

sion for Pz(po) in the expansion of the scattering cross section, we

have
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5 (@9 ,EE') -L}zmxz—@*—lz (E-E') : REu, RNt ,0M) , (32)
X,S ETIE - 2:0 47[ S,E k=0 2 IJ,¢ 2 IJ )¢ ’

where LMAX is the order of anisotropic scattering.

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

A 1 n
ZS z(EéE') 2 2 [ dp [ do
’ k=0 -1 o

28+1
= 4n

k 1 mo Lok *
+ Ro(1,0)9(z,Q,E) . 2 fl dp' S do'Ry(n',¢")¢ (£,2',E') . (33)
- [o]

Note that
1 n k n 2n
{1 dy g d¢ Rz(u,¢)Rm(u,¢) = 3941 Gﬂmékn , (34)

and therefore the angular flux can be expanded according to

© L

®(Q,E) = 3 (2041) 3 R§¢§(E) , (35a)
2=0 k=0
K 1 1 Kk
where ¢2(E) =f dp [ d¢ R£¢(9,E)/2n R (35b)
-1 P
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and similarly for the adjoint angular flux

L kK
¢ (Q,E) = 2 (22+41) = Ry E€) , (36a)
£2=0 k=0
Kk e m ok
where ¢2 (E) =J dp [ d¢ R2 $(Q,E)/2n , (36b)
-1 o]

Introducing these expansions in the sensitivity profile, the gain term

becomes
4nt GMAX Eg'-l Eg-l LMAX
P = Jdar 3 [ ' [f dE 3 (2041) z_ ,(ESE')
X,gain IAug \Y g'=1 E , E 2=0 ’
g g
2 k ks
- 3 ¢, (E), (E') (37)
P ) 2
k=0
where GMAX is the number of energy groups. Defining
E , E
-, -1 g-l KR
g*g' kg ':kg' = g [ Vg K “K oy
Zs’z ¢2 ¢2 = é dE fE dE ZS’Q(E+E )¢2(E)¢2 ("), (38)
g' g

and discretizing over the spatial variable we have
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GMAX LMAX £ 1IPERT Flo!
p8 = A 5T s ens®B s s v.efB)e k8 (i), (39)
Zx,gain IAu8 g'=1 £=0 s)4 k=0 i=1 * 2 2

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 *ko!
¥88 =4m 3 (1) 3 V.o B()e B (1) (40)
k=0 i=1
we have
LMAX GMAX ! 1
p8 =L 5 5 3878 y88 (41)

2x,gain Iau®  2=0 g'=g 5,2 2

The loss term of the sensitivity profile is given by

E
8'1 %
pE =L [ @Sy Q{-6(r,Q,B)3, (E)® (£,Q,E)} ,  (42)
Xx,loss IAu Eg \Y ’
L Fel 1 .
= f dE f d£ 2 f d|J f d¢ {-¢(p,¢,E)2x T(E)d) (IJ,¢,E)} ’
IAu Eg \Y -1 o ’
(43)
_ -hn Sg-1 MM o * (46)
- IAug é dE 5 d£ ZX,T(E) mil wm (pm)q)m)E)d) (pm)q)m) ’
g
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vwhere ¢m

tan”1(1 - uﬁ - n;)%/um for y >0, (45)

- 1
tan 1(1 - pi - ni)é/pm tn for Mo <0 , (46)

©
"

and MM is the number of angular fluxes per quadrant.

Define
ot Fg-1 * g N 8etE
mil é dE ZX’T(E)-¢(pm,¢m,E)'¢ (pm,¢m,E) = zx,T mil ¢m¢m , (&7)
g
so that
IPERT MM %
3 =585 v, 3 weB()eB() . (48)
X,loss Iaud® % i=1 m=1
Introducing
g IPERT MM g g
X° = 4n 'E Vi E wm¢m(1)¢m G) , (49)
i= 1 m=1
we have
8 =1 <8 .8
P = 35 x% . (50)
x,loss IAud x,T

Note that the gain term was expressed as a function of flux moments,
vhile 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

E
g o 81 1 © 2 kK
P = J J dr Zx T J dp f dé 2 (22+1) 2 R2¢ P)
Xx,loss A8 E \' -1 o l
> 2 kK
2 q(22+1) 2 R£¢ o - (51)
2=0 k=0

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

total cross section for group g by

IMAX £ , i IMAX £ “g-1 " *i
s 3 38 o8(r)d."8(r) = 5 5 [ dE 3. . (E)bg(r,E)d, (r,E)
2=0 k=0 TE 7L e k=0 E x,THe=re =

g

(52)

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

summation over £,

58 LMAX IPERT
p8 =2 T B ey D, v.oRB(i)ekE(i) | (53)
g i 2
X,loss IAu 0=0 i=1
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Introducing

LMAX
xB= 3 y88 | (54)

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

Summary
LMAX GMAX \ \
A 8B+ 3 3 BB g (55)
x I.Aud ’ 2=0 g'=g ’
where
25 T = total macroscopic cross section for reaction type x,
y
1
Zgﬁg = 2'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 £ 2o !
Y88 = 4m(2p+1) 3 3 V.oNB(i)e K8 (4) (56)
A .- - i’ g 2
i=1 k=0
= spatial integral of the product of the spherical harmonics
expansions for the regular and adjoint angular fluxes,
g IPERT MM g *g
X = 4n ii] Vi mzl ¢m(1)¢m (i)w o (57)

= 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 Bt (58)
2=0
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Note that expression (55) is identical with the expression for the
46

cross-section sensitivity profile in a one-dimensional formulation.

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

sponding to

1

kg T ok.g M ek
$p- = J dp [ doR;OZ(Q)/2m = 2 ¢ Ro(p 0 dw (59)
-1 0 m=1
and
, 1 n . MM
-ﬂokg' _ k -ﬂ-g' _ g' k
¢£ = [ dp [ d¢R2¢ Q)/2n = E ¢m Rz(pm,¢m)wm . (60)
-1 o m=1
RE(Q) = spherical harmonics function
Vi = volume of rotated triangles
M8 = lethargy width of energy group g
= In (Eg/Eg+1), where E8 and Eg+1 are upper and lower energy
group boundaries
= integral response as calculated from forward fluxes only
IDET 1IGM 0
= 3 3 V.RB¢ B(i)
. - ii'o0
1i=1 g=1
Ri = spatially and group-dependent detector response function.
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2.3 Source and Detector Sensitivity Profiles

Source and detector sensitivity profiles indicate how sensitive the
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oo

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
from the adjoint flux it will be denoted as I*. 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

g-1
P =) dc [ dE [ 40 R(E).8(,28) / I.Au® (61)
d g
and
Ee-1
pg =£ dgé dE [ dQ Q(r,Q,E).¢ (r,Q,E) / I .Au® (62)
5 g

where R(r,E) is the detector response and Q(r,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 Pﬁ and I was used in the denominator of

PS 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 Pﬁ and PS is

straightforward. The detector sensitivity profile as a function of the

scalar fluxes becomes

IDET 0
PE= 5 v..RE.¢'B(i) / I.au® , (63)
R i=1 i71°7°0

where the ¢gg(i) are the scalar fluxes for group g at interval i, IDET
is the number of detector intervals, and R% 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 %
Pg = 3 vi.Q§.¢og(1) /1 .8u8 (64)
i=1

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

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

tr

oo g-l %
Q8(r,2) . 8(x,@) = f  dE Q(r,Q,E).% (r,Q,E) , (65)

8

tr
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and expand the angular source according to

IQAN 2
QB(r,2) = QB(zr,p,0) = 3 (2041) =

Rg(h,0).Qp8(x)/2m ,  (66)
£2=0 k=0

where IQAN is the order of anisotropy of the source.

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

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

sensitivity profile becomes

ISRS  IQAN ) K ek -
Pg =2. 3 V. 3 (2841) 3 Q§ (i)¢2g (i)/1°.Au8
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

oo

the integral response I is to the angular distribution of the source,

or

10

fg=%fd£fﬁQ@’£%f@@£wf : (68)
\' 0
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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'3-46 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 o™
Py (0',E5E') = —— [dr fdo Bl G [ aB' J dg
L Iacl g r 2 pL
X Auc. 1 E o
g
X Ry (x, 0" ,E5E') , (69)
X,gain
where RZ (r,>Q',E*E') is a shorthand notation for
X,gain
R2 (r,®Q' ,E5E') = ¢(£,9,E)Zx S(£,9»9',E+E')¢ (r,Q',E") (70)
X,gain ’
and similarly,
Ry (z,Q'~Q,E'-E) = ¢(£’9’E)zx,5(5’9'99’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=<p,L¢>=<d ,Ld> . (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 turns 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

F (E,E') =1 [dr fdQ fd@ Ry (r, Q' ,E5E') . (73)
X,S X,gain

In this expression FZ represents the fractional change in the inte-
gral response per uni:’;ractional change in the differential scattering
cross section Zx’S(E+E'); i.e., it is the fractional change in the in-
tegral response when the number of particles that scatter from E into E'
is increased by one percent. Obviously this will always be a positive

effect and will therefore be included in the gain term.

Similar to Eq. (73),

o
GE [ dE' [dQ [ dQ'R;y  (z,@Q',EoE') (74)
0 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) = Fgep(E',E) = 1 [ dr [ dg J dg'sz’gain(E,g'eg,E'+E) ,

(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 "1
Psep = T é

o
dE [ dE' [ dQ [ dS_?'R2 (r.Q'»Q,E'SE) . (76)
0 X,gain

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

o
F (Q,E') = Fo, (Q,E') = L [ dr [ dE [ 4'R (r,Q'+Q,E'~E)
2 .= SAD - I - -2 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 @ is increased by one percent. It will therefore

be clear that

~

- 1 1
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
' -1 Fgra
g8 1
P = — dE [ dE' [ dr [ dQ [ dQ'R (r,Q'»Q,E'SE) ,
SED 81 8 = - -2 L == =
TAu®Au Eg Eg' X,gain
(79)
The energy integrated SED sensitivity profile becomes
1 f-1
P& = = [QE' [ dE [ dr J dO'R (r,Q'»Q,E'E) . (80)
SED g = =72 AR
IAu® 0 Eg X,gain

The differential sensitivity profile for the angular distribution

of secondary particles scattered from initial energy E' is

' 8"1 it
P8 (@) = —L [ dE' [ dE [ dr [ dQ'R (r,0'»Q,E5E')  (82)
sap& 2 rJ a@'Ry {20
IAu Eg 0 X,gain

An energy integrated SED sensitivity profile can be defined by
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[+ 4] [+ 4]
P, (@) =1 [dE' [ d4E [ dr [ dQ'R (£,Q'+Q,E5E') . (82)
sap'® = 1 z J 'Ry (r,Q'-0
0 0 s,gain

2.4.4 Integral sensitivities for SEDs and SADs

In order to make the sensitivity 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 Jad | o |
s8 = [ GEPE_(E) - [ dE P8, (E) (83)
SED HOT SED coiD SAD !
and

SSAD = ) dQ PSAD(Q) - ) dQ PSAD(Q) . (84)
forward backward
angles angles
(1>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 onme. 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

integral SED sensitivity are illustrated in Fig. 3.43

Note that the
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 sensitivity 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 s 38'78 y8'8

(85)
IauBaud’ gm0 5% &2 7

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 IMAX ,
P& = 1 5 7 R (86)
a8  g'=19=0 5

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

clear that
&n(8") GHAX
g' _ 8 p8 . 8 p8
Sqgp = I, Bu® Pgpy - 3 Mut.Pg (87)
8=g g=g (8')*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.M’37
The integral response for the perturbed system can be expressed by

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

I,p = <R, &> - <" ALP> = I - 61, (88)

and by Eq. (89) in the forward difference formulation

Ipp = <QI'> - <¢,AL'® > =1 - 81, . (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 8

dE [ dr J dQ{(z,Q,E)6%, .(z,E)¢ (r,Q,E)
V y
d

’

® *
+ [ GE' [ 4Q'(r,@',E')6E _(r,Q'50,E'-E)e (r,,E)} ,  (90)
0
and

© *
Slgp = [ GE [ dr [ aQ{O(QE)0Z, 1(1,E) (1,0,E)

S

’

@ %
+ [ dE' [ d@'(r,Q,E)85 _(r,@0',E5E")® (r,Q',E') . (91)
0

In the above expressions we used

x,T x,T x, T °? (92)

and

6. =3 -3 , (93)
X,8S X,S X,S
where 2 refers to a perturbed cross section and 5 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

Xop = Ipp/T =1~ 61,,/1 (94)
or

X =1 1" =1 -6l *

= Ipp/l =1 - O/ . (95)

o’

Note that respectively, I and 1~ 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, Egs. (94) and (95) will give
identical results.

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

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

16M IMAX g \
61, = = {68 x8- 3 2 53878 y8'78
’

g=1 2=0 ngl s,% s,2 ’ (96)

50



and

1
61 = 3 (858 x8- 5 3 53878 yss'

x,T* s,8 Yo

IGM LMAX GMAX
|

g=1 £2=0 g'=g
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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= I(Zi) , (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,

Al = [Var(D)]% . (100)

The covariance of a and b is defined as

Cov(a,b) = E{6a-6b} = /| [ da.db.(a - Efa}).(b - E{b}).f(a,b) ,
I

(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.2’3o’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
been constructed by Muir and LaBauve.33 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
~ ¢ 01
61 2 2 55 GZi (104)
i i
We further have
oI 31
Var(I) = E{612} = E{ 3 zt— oo 02.62.} (105)
i azi 82j i7] ’
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or

_y 9L 3L
Var(1) = 2' azi SZj Cov(Zi,Zj) . (106)

i,j

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

AT 2 Cov(Zi,Z.)
[1_] =Bk I (107)
xs i,j i %3 i%j
- -
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.45 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 that16’17
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A
Al i
[x—] Sy 2Rl (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 4,46 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

2yor _ 3cowp E

£ ) (109)
240T 201D g'

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):
62
81 - s ps8&_=8&'’8 (110)
I SED 2
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'
ol =3 s& f, . (111)
[I SED g' SED 8

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 .
lz%]sm) ) Vaiél) {(ii%-} - E% % sEpSiEpts % } (112)
or
Eg]z = 1 s Cov(f;,£:) . (113)
Usgp 4, SSEDSSED

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 (£ ,£,) = [Cov (s, f)]1 [Cov(fj,fj)]% , (114)

cor(+1) ~

so that
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lﬂ - 2,8 !2
[I]z = I 2' SSED [COV(fzgc)fzgc)] (115)

or,

ATl _ 2,8 %

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

g —E{e} _ * for n = 1,2...N (117)

with

N
E{fg,} = 3 wil, =0

(118)
n=1 ng
The variance of fg' will be
2 2
N (o -0 )
Var(f ,) = E{f%,} = . HOT CgLD (119)
8 8 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.

60



19

TABLE I1
MEDTAN ENERGIES (E;, IN MEV) AND FRACTIONAL UNCERTAINTIES (F) FOR SECONDARY
ENERGY DISTRIBUTIONS AT INCIDENT NEUTRON ENERGIES Eo

(Ref. 45)
12 16 Fe Ni

E, B B F F B i B F
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 0.12
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 0.10
12.75 11.71 0.0546 11.93 0.062 11.42 0.13 11.17 0.10 12.67 0.11 4.30 0.10 1.91 0.10
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 0.09
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 0.08
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 0.07
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 0.07
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 0.06
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 0.06
1.99 1.73 0.005 1.79 0.010 1.93 0.04 1.93 0.06 1.94 0.04 1.94 0.06 1.96 0.05
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 0.05
1.0 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 0.05
0.66 0.57 0.005 0.60 0.010 0.64 0.02 0.63 0.02 0.64 0.02 0.66 0.04
0.40 0.35 0.005 0.34 0.010 0.39 0.02 0.39 0.02 0.38 0.03
0.24 0.21 0.005 0.22 0.010 0.24 0.02 0.22 0.02
0.13 0.12 0.005 0.12 0.010 0.12 0.02 0.12 0.01




3.5 Overall Response Uncertainty

The overall response uncertainty will be of the form

- VB 1,

SED XS
where
2 2
L2 B
SED i SED, i
and
2 2
[A—ﬂ =3 [A—}] . (122)
XS ik Xs,i,k

The index i reflects the uncertainties 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

1.

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 neutruan/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 Outline 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

%

*

b

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

*

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

Carrent 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

72

isotopes can be extracted by the TRANSX code'™ 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-CTR 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. 1In 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, TAPE12,...) and the adjoint angular
fluxes at the triangle centerpoints (TAPE15, TAPE16,...) 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-CTR.
SENSIT-2D can generate four more file families:
1. TAPE1l, which contains the regular scalar fluxes at the triangle
centerpoints.
2. TAPE20, TAPE21l,..., 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 constructed

from the angular fluxes according to the formula

MN
2

k. x,yy _
q),(’,(r’z) -
m=1

’

k X,y
mez(pm)¢m)¢m(r:z) ’

where the wm's are the quadrature weights, the Rz'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.71

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.

b

The quadrature sets and the spherical harmonics functions required

to generate the flux moments are constructed.

3k

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 sensitivity 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 sensitivity 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
if cross sections are intended to be read
from cross-ssction file)

Angular fluxes at triangle midpoints
multiplied by the corresponding volumes

Adjoint angular fluxes
at triangle midpoints

INPLT FILE —
SENSIT-2D
scalar fluxes at
// n triangle midpoancs

TAPE2 TAPE2S
TAPE26
ajoint flux moments psi’s adjoint angular regular flux morerts at
at triangle center— and fluxes at triangle triangle centerroints
points chi’s midpoints rultiplied by the

(random access file) corresponding volu=zes

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

»

Read the input parameters.

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

* CALL GEOM: Read and edit the geometry.

* CALL SMCON: Pead quadrature information and calculate
EQn-sets.

* CALL TAPAS: Assign files to the fluxes.

prepare
flux files?

no

——.-L do for forward and adjoint fluxes >

1

* CALL PNGEMN : Calculate spherical harmonics functionms.

* CALL FLUYMOM: Calculate flux moments.
Extract scalar fluxes.

Aj\AVContlnue >

* CALL DETSEN: Calculate detector response and detector
sensitivity profile,
1f desired a detector uncertainty analysis
is performed.

* CALL CHIS : Calculate chi’s based on angular fluxes if
desired.

* CALL PSIS : Calculate the psi’s based on flux moments
and store in LCM.
If desired chi’s based on flux moments will
be calculated.

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

* In the case that a SI'D uncertaintt analysis is 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 sensiticity analysis is desired.

* CALL SUB6

Extract vector cross sections and scattering
vatrix from the full cross-section table_

In case of a design sensitivity analysis
calculate delta sigma.

Calculate macroscopic scattering cross sections.

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

{

® CALL TLYT or TENTA: Print appropriate definitions when this
section is passed for the first time,

# CALL POINT8 : Set pointers in order to choose proper chi's
and psi's.

* CALL SLBS8 : Calculates and edits final results of sensitivity
analvsis 1f it 1s not a SED analtvsis.

 CALL SUB1l : Calculates and edits final results for a SED
sensiticite and uncertainty analvsis (neutror
groups only).

L}
_'_—< COTI! inue ‘>

® CALL SUB9 : Read covariance data and provide uncerisintics
in the integral response for the fully correlated
and the non-correlated case.

HVES, LILYPFPNS

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,
Peads 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,

4{ continue >

* CALL SUBYV : Computes partial sums of individual response
variances.
Reads SUMSTPT 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.

*

Sensitivity profiles are calculated used in the appropriate ¥'s and
X's.

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

*

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 X'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 1IV: 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 -
POINT8 SENSIT-2D -
SUB5 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. In 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 one, 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 ¥'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 POINTS. 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
a one-dimensional analysis. In this case ONEDANT74 and SENSIT46 are
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.
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5.1 Sample Problem #l

The first sample problem is a mock-up of a cylindrical geometry
(Fig. 8). There are four zones present: a source zome (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 comsistent 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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lAlOcm 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-Upyrer Group E-Lower
(MeV) (MeV) {MeV) {(MeV)
1.700+01 1 1.500+01 6.140-05 24 2.260-05
1.500+01 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 & 1.000+01 3.060-06 27 1.130-06
1.000+01 5 7.790+00 1.130-06 28 &4.140-07
7.790400 6 6.070+00 &4.140-07 29 1.520-07
6.070+00 7 3.680+00 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 11 1.353+00
1.353+00 12 8.230-01
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 9.120-03
9.120-03 19 3.350-03
3.350-03 20 1.235-03
1.235-03 21 4.540-04
&.540-04 22 1.670-04
1.670-04 23 6.140-05
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REFLECTING BOUNDARY

REFLECTING BOUNDARY

I“ 10 cm 10 cm 10 cm 10 cm
E
(S -]
ZOYE # ZONE #11 ZONE #I1I ZONE #1V n |Z
- 1]
URCE PERTURBED DETECTOR ©
E
(3]
VAQU Fe 407% Fe Cu "
o
5 tr\fangles\10 triangles 10 triangles| 10 triangles

Figure 9.

REFLECTING BOUNDARY

30 neutron groups

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

P-3, EQn—8 : third-order of anisotropic scattering
8th-order equal weight quadrature set

response function:copper kerma factor in zone #IV

A -3
convergence precision : 10

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

ZONE #1
ZONE 11

ZONE #1111

ZONE #IV

ATOM DENSITIES OF MATERIALS

b

Vacuum

Fe

Fe

Cu

3 8.490 + 28 = 8.49 x 10%

8

Atoms/m3
8.490 + 28
3.396 + 28
4,020 + 28
1.900 + 28
8.490 + 28

b 40 vol % Fe and 40 vol % water.
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kerma factors. The response is calculated in that case in zonme 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 em
- .
ZONE #1 ZONE #I1 ZONE {#III ZONE #IV
SOURCE PERTURBED DETECTOR
vacuum zFe 40%Fe+60%H, 0 Cu

5 intervals 10 intervals $10 intervalS %10 intervals

30 neutron groups

neutron source: 1 neutron / cm3 in group 2 (14.1MeV0

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

detector response: copper kerma factor in zone #1y

convergence precision: 107"

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 OS/OT 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
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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 TIMEb 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-CTR 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 ¥'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 {'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 (of =of -3 0g+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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G-GAIN
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SEMQ

TABLE VIIIa: PARTIAL AND NET SENSITIVITY PROFILES
FOR THE ONE-DIMENSIONAL ANALYSIS
(Part 1)

DCFINITIONS OF SENSIT SCNSITIVITY PROFILE NOMENCLATURE

SEIISITIVITY PROFILE PCR DELTA-U FOR TIE ADSONPYIUNH CROSS-SECTION (TH{N FROII POSITI10N
14R 1IN INPUT CRUSS-SECTIUN TAULES>, PURE LUSS TERM

SENS1TIVITY PROFILE PCR DELTA-U FOR THE CNOSS SCCTION 1IN POSITION 1HA+1 IN INPUT XS-TABLES,
WHICH 1S USUALLY HU-TIMES THC F1SSION CRUSS SCCTION. PUIE LOSS TERIt

PARTIAL SCNSITIVITY PKOFILE PER LCLTA-U FOR TIC SCHTTENING CRUSS-SCCTION (COIPUTED FOR EACH
ENERGY GROUP AS A DIAGOHAL SUM FROM INPUT XS-TAOLES), LOSS ITERIY ONLY

SENSITIVITY PROFILE PCR DELTA-U FOR TIC TOTAL C1:05S SECTION <AS GIVEN IN POSITION IHT 1IN
14PUT CROSS-SECTION TALLES)>, PURC LOSS TERN

PARTIAL SENSITIVITY PROFILL PCIE DLLTA-U FOR THE HILUTITVI SCATTCRING CROSS-SCCTION. GNIN TCRM FOR
SCHSITIVITY GAINS DUE TO SLATTLRING UUT OF EHLRGY GRULUP G I1HTU ALL LUWER NLUTOM

ENERGY GROUPS. COMPUTED FROM FORWUNSD DIFFERENCE FORMULATION.

PARTIAL SENSITIVITY PIOFILE PER DCLTA-U FOI! TIC GOA$A SCATTERMIC TROZIS-SCCTION. GNIN TERM

FOR SENSITIVITY GAINS DUL TU SCATICIIIG GUT OF GHITIA ENCRGY GRUUP G INIO ALL LOWR GAFMA ENCRGY
COMPUTED FROM FORWARD DIFFLHCNLE FURMULATION.

NE-OPDERED PARTIAL SENSITIVITY PIUFILE PER PCLTN-U FOR SCATTIL1IG CrULS-SCCTINN. CAIN TEGRH FOR
SCHSITIVITY GAINS DUC TU SLATTCRING INTU GIUUP G FROIM ALL *HICILR HLUILUI ENEIGY GIIUUPS,
COIDUTED FROIM ADLJOINT DIFFEANICE FUKIPH T1ULL.

COMTESPOGNDS 10 SIHGLE-DIFFLLLIICINL SLD SENHSITIVITY PRUFILE, PSED(G-OUT) PER LELU-OUT,
INTEGRATED OVER ALL INMCIDLNT LNCLGY G!UPS,

PARTIAL SEHStTIVITY PLOFILC KOI? PLLIA-U FOC TIL CaM§YV1 PI'ODUCTION CROSS-STCTION

AT MCUTRON EIRRGY CROUP G. PULE GAIN TLKM FOR SCHSITIVITY GA1WS DUC TO IRANSKLR FRUM NEUTROM
GEOUP G INTO ALL LAITR GRUUPS.

NET SENSITIVITY PROFILE PCR DELTA-U FUR TIIC SCATTERING CRUSS-SCCTION C(SEIISSASHHGRIND

NET SENSITIVITY PROFILE PCR DCLTA-U FOR TIE TUTAL CROSS-SECTIUN <SCUT-TAS1HGALD

SENSITIVITY PROFILE PER DCLTA-U FOR THEC DETCCIU RESPONSE FUMCTIONH R<G>

SENSITIVITY PROFILE PER DCLTA-U FOR THE SOUKLE DISTRIUUTION FUICTION 0<G)
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TABLE VIIIa: PARTIAL AND NET SENSITIVITY PROFILES
FOR THE ONE-DIMENSIONAL ANALYSIS
(Part 2)

o =* SU=IZD OVCP ALL PERTLTLLD ZONCS ot s imeay 1 oxt-r
PARTIAL ANE PET SENSITIVITY PEOFILES PLR DLLTA-U, HUT'UALIZED 70 11PII] = (R,PHI> = 2, 1047sE+07
FOR HEUTRUA INTERACTION CROSS SECTIUNS: (N-H) AND CH-Gelbe)

"RTLATRCERERL AL YR 4

worxtx P URE LOSS TERMS scimmoas  axeiikst PUNE CNill TEOMS aeaskone:

GR0UP UPPER-ECEV) DELTA-U as HU-F 1S5 sve ™ N-GAIN  11-GNHINCZED>  Mu-andn
1 1.70C2+@7  1.252-01 0. e. 0. e. . 0.
2 1.5507497 1.852-01 2.443C+00 8. -2.1950401 -1.952C401 4.777E40R 0.
3 1.ISeE+OF  1.18Z-01 1.8CCE-02  @. ~1.201E4G0 -1.7C3E<(W 1.G1MIESD N,
4 1.280E+07 1.82¢-01  -1.995E-NZ 0. -3.101C-0 2.8..6-01 0.
S  1.0007407  2.536-81  -1.39%8-9¢ 0. -3.57E-01 3.1606-01 0.
6 2.476-81  =5.215C-0 0. -2.74GE-01 2.955E-8) 9.
7 5.80E-81  ~-1.795E-03 0. -2.4576-01 2.32.7-01 0.
& 2.50E-81  -9.G2CE-04 0. -2.077E-01 2.000E-R1 0.
9 2.53C-01  -5.937E-84 O. -3.629E-01 5.7T19E-01 0.
10 2.505-81  -3.097E-84 @. -3.5126-01 3.708E-01  O-
11 2.53E-01  -2.G45C-04 O. -3.743C-01 0.
12 4.976-01  -S.9UCE-B4 9. -4,63€-01 =-4,644C-01 e.
13 4.986-01  -1.S346-03 0. -7.04'E-D1 -7.110%-01 0.
14 S.812-81  -1.8S7E-83 8. -?.707E-01 -2.797E-01 0.
15 4.99E-1  -3.822E-44 O. -1.957E-01 -2.8¢1£-01 2.0716-1 .
16 ac 1.882480  -7.039%-04 . -2.0196-01 -3.62GE-01 3.136E-01 .
17 6.768+04 1.BGE+BB  -4.683E-84 ©. -3.49CE-B1  -3.5U2E-81 S.5Z1E-01 .
10 2.407F+84  1.995+60  -5.S326-05 O, -2.85 -2.8502-82 0.
19 202432 1.CoEWB  =7.2290-05  O. - -4,844E-02 0.
% 3.35°G+33  9.90--81  -1.637E-0S 0. z-02 -2.412F-C2 0.
21 1.2323403  1.00C+00  -2.G31E-04  U. -1..040-02  -1.530C-U2 0.
22 4.575Cet2  1.803+w0  -3.807E-US  O. -1. cus—uz -1.624C-02 0.
23 1.67Go+C2  1.03E400  -4.7126-95 0. -1.380C~412 0.
24  6.145+01 9.99c-81  -5.910E-05 0. -1.03CC-0z u.
IS 2.2¢0E+1 9.9°E-@1  -G.CIGE-US . u.
26 8.32CE+0E  1.GSE+C®  -7.0CSE-US O 0-
27 3.065246% 9. os=-m -6.675E-0S 8. . - 0.
28 1,130E+30 -5.720E-0S 0. -1.36CC-03 1.fzi-e3 0.
29 al1emi-g1 1.0 _oae -4,4340-05 B, -6.116C-04 6.{r85-04 ef, 0.
I8 1.S2GE-61 1.11E+88  -2.Y96E-U4 O. -1.036E-03 -1.246L-0C  1.3250-02  1.237C-83 e,

INTEGRAL 2.455E-81  @. -5.@92EH.0 -4.C4TE4C0  3.343C+E3  3.343E+00 0.

wxe NET PROFILES woxoex:

SRGUP UPPER-ECEV) DELTA-U SEN SENT
1 1.767E+G7  1.2SE-01 e. 0.

2 1.S79E+07  1.83E-B1  -1.3SGC+B1 -1.1:2F+81
3 1.2575+87  1.1CE-D1  =T.039C+00 -1.G21E+0U
4 1.202£:P7  1.82E-01  -1.594L-D1 ~-1.792E-D)
S 1.027Z+497 2.55E-81  -1,59CE-81 ~-1.7305-81
6 7.70024i3  2.45E-D)  -1.84%€-81 ~-1.102E-01
7 6.67C54P6  S.88:-D1  -7.0uSL-02 =7.244E-02
8 3.C365+@€  2.5@5-D1  =5.2ZCLE-G2 =S.476E-02
9  2.CESS:P6  2.503-B]  -4.73G0-02 -4.7ISE-02
18 2.2327456  2.552-01  -3.103C-02 ~-3.1346-02
11 1_732E406 2.S7E-B1  -1.C6AE-U2 -1.L31E-82
12 1. 3="+ss 4.976-81  -2.718C-02 -2.7702-02
13 G5 4.935-01  -1.253E-02 ~-1.407t-02
14 S.91E-81  -€.920C-03 =7.994.-03
15 4.97E-B1  =-4.34CE-G3 =-4.727E-A3
16 1.603+00  -2.35%E-03 -3.GGSE-02
17 3 1.6FE4LD  -5.29CC-B4 -9.97E-04
18 2.4292+@4 1.800+00  -5.DI(E-D4 -G.ZTDC-84
19 9.1205403  1.5CE400  -2.C99C-03 -3.G32E-04
20 3.25nC+03  ©.90E-31  -2.823E-U4  -3.2U7C-0d
21 1.2377483  1.6GE+00 5.205E-05 -2.093C-04
22 4.5402402  1.€05400  -B.470L-05 =1.220C-84
22 1.07C5102  1.LLE+BD  =7.€39L-U5 =-1.2:
24 6.1423401 9.S3E-01  -5.9426-85 -1,10%C-U4
25  2.26'.2+81 9.8%E-B1  -3.4270-05 -1.023E-U4
26 B,3ME+E8  1.0%E+0)  -0.850t-UG -7.L30C-0S
27 3.026i+00 9.56E-01 1.2UIL-05  -5.274C~05
28 1.13G2+08  1.GOE+LO 2.512E-U5 =-3.21SE-65
29  4.143C-81  1.80E+ud 2.595C-08 -1.039C-0%
32 1.526E-B1  1.11E+00 1.093C-04 -2.032E-0S
INTEGRAL -1.743E4£0 =1.SUE+D
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TABLE VIIIb:

PARTIAL AND NET SENSITIVITY PROFILES

FOR THE TWO-DIMENSIONAL ANALYSIS

Lo dat Sk S S 4 L el S g 2t s

GFDUP UPPENR-ECEV)

1.7198C, 8?7
2 1.S05E +07
3 1.3SDE+7
4 1.2005407
S  1.870E+87
6 7.7T9UE+D6
? 6.076C+86
8 3.600C+06
9  2.CGSE+06
18 2.232E+66
11 3
12
13
14
1S
16

17 6. 760‘*84
18 2.4CNC204
19 9.120e03
20  3.3LNE33
21  1.233C+03
22  4.S*MEH)2
23 1.670M232
24 6.14GE01
2S5 2.2CGE+Q)
26 8.320C400
27  3.8GutS+t)d
20 1.130E+08
29  4,149E-81
30 1.S20E-01

INTEGRAL

GROUP UPPER-ECEV)
1 1.700E+87

2 1.50E«07
3 1.35%E487
4  1.25MA407
S 1.007%+07
€ 7.708C406
?  6.870E4HC
8 3.6CNE+H6
9 2.BESEM6
18 2.232E+03
11 1.732C+06
12 1.3SZC466
13 8.22GC+0S
14 35.89ncS+05
1S 3.020C+05
16  1.0-NE2A3
17 6.76G0L2133
18 2.020C+04
19 9.12CE=03
20 3.3570L5403
21 1.205C+03
22 4,513C+432
23  1.CrDE+U2
24 €.120%401
25  2.207E+81
26  8.32(2+409
27 3 855E+09
20 120478
29 4.]!55-0]
29 1.S820E-01

INTEGRAL

DELTA-U
1.25E-8)
1.0LE-81
1.1€E-81
1.82E-81
2,S0E-81
2.45E-81
$.80c-01
2.56E-081
2.SCE-08)
2.56C-01
2.57C-01
4,97C-81
4.98C-bl
$.81E-81
4.92C-01
1.CEC+03
1.AZE+00
1.G5C+09
1.0UE+C3
9.93%-01
1.06E+03
1.8CGE+0]
1.008407
9,92€-01
9.90c-01
1.CLE+GD
.£GE-D1
1.056+00
1.CCE+J3
1.11E400

DELTA~U
1.2SE-01

1.85€-81
1.102-61
1.62i-A1

LSAHE-D1
2.47E-3)
$.0GC-01
2.56E-81
2.58C-081
2.59:-81
2.55E-01
4.97C-01
4.90E-81
$.01E-01
4.92E-01
1.00E408
1.80C+E8
1.0%:+08
1.6LE<09
9.90C-01
1.00E400
1.A6409
1.0.C4163
9.9UE-61
9.9:C-01
1.814:409
9.9CE-01
1.0%E408
1.05C+08
1. 11E403

t=xreiszeex FOIZ PENTUSEED 20NE K =
PARTIA. AD FT EH’]T]VITY PROF ILEL {'CR DELTA-U, MUIMKVLIZED TO RR = (R.PH]) =
FOR HEUTT:OM JNMTERNCTION CROSS SECTIONS: Qi-1> AND I-GRITR)

ot PURE LOS

1 =

S TERMS mxizrsonoy
SXS

2.19592E+9?

woeemi PURE GAIN TERMS sooxorexs

A% 1IU-F 1SS 0 T4 aN CAIN N-GAIN(SED>  NG-GAIN

8. 8. . . . . 0.
2.4GAE+D0 0. =2.215E481 -1.9CCE+8] 8.452£+080 4.033E#80 @,
1.797e-02 8. -1.791E438 -1.773E+00 ?7.S20E-0U1 1.5UCE+B O,
-1.977E-2 0. -2,90VE-1 -3.152E-81 1.3G5E-01  2.010€-81 O
-1.3C0E-D2 @. -3.299E-81 -3.537E-81 l 0o2C-81  3.129C-01 0.
-S,G5TE-03  @. -2.6G2E-8]1 =-2.71EC-61 1.G18E-B1  2.4702-81 @O.
-1.770E-03 ©. =2.4275-01 -2.445E-01 1.719e-01  2.303C-81 O,
-9.54CC-04 0. -2.864C-81 -2.4745-01 2.321:-6) 2.0S55E-81 O.
-S.80CE-U4 ©. -3.594E-81 -3.GGUE-01 3.111E-01 3.60:E-D01 0.
-3.U73E-04 0. =3.4U1C-81 -3.404C-81 3.15.C-81 3.GGE-D1 @,
-2.624E-04 0. =3.711E-81 -3.71<€-01 3.511C-81 3.SGCE-U1 0.
-S.92.E-U4 O. -4.SCBE-B1 -4.55:0E-01  4.301L-01 4.97°C-81  ©O.
-1.S09E-83 @, -6.¢C6C-81 -6.9VYCE-01 6.030L-01 ?7.563C- Bl e.
-1.032E-03 0. -7.604C-81 -7.61«E-01 7.522E-01 a.
-3.72YE-04 0. =1.94UC-01 ~-1.9S2E-01 1.9U3E-G) 0.
-6.051E-04 B. -2.9142-81 -2.926C-01 2.04rE-B1 0.
-4.2CUE-b4 @, -3.196C-01 -3.20CE-B1  3.191z-01 217C .
-$.299%E-65 0. -2.6050-02 -2.L02C-02 1.9.5E-62 5E o.
-7.097E-05 ©. -4.6442-62 -4.CY1C-02  4.65:C-02 4.60¢C-02 0.
-1.022E-05 ©O. -2.39%6C-02 -2.0Y2C-U2  2.3u0E-02 i e.
-2.003E-04 0. =1.4vCE-62 =1.502E-02  1.432E5-02 ZE 8.
-3.72CE-US O. -1.€45£-02 <1.643C-02 1.G37C-02 ). 6445 02 o.
-4.G20E-05 0. -1.25CE-02 =-1.362C-02  1.351L-02 1.3GiE-D2 O.
-S.L102-05 0. -1.812C-12 -1.81CE-U2 1.007E-02 1.01CE-v2 0.
-6.727E-0S 0. -6.927E-0L3 -6.994C-03 6.0U52-63 6.YC7c-03 e,
-7.022E-05 8. -4.3%0-63 -4.41CL-U5  4.341E-63 4.412E-03 @.
-6.646C-05 8. -2.49GE-U3 -2.962C-03 2.599C-03 2.%5CE-83 O,
-5.720£-85 0. =-1.204E-03 -1.331E-03 1.020E-03  1.35YE-03 0.
-4.LUE-0S 0. -6.11CE-84 -6.SCI1C-04 6.352C-04 6.SG_E-04 0.
-2.02ZE-04 O, -9.99%E-04 -1,20¢E-B3  1.1GUE-83 1.181E-03 0.
2.479E-91 0. -S5.841EH0 -4.793E+00 3.27SE+0D 3.275C+00 @,

o HET PROFILES wowee
SEN SENT

8. 8.
=1.3G9C+01 =-1.123E+0]
=1.029C+400 -1.821C+00
=1.SUYE-01 -1.7UvC-01
=1.89GE-B1 -1.734E-01
=1.04E-0) -1.101E-U}
=?.001C-¥2 -7.2U9E-B2
=5.435L-82 -S.L51E-B82
=-4.032C-42 -4.091E-82
-3.22GE-02 -3.257E-02
=2.U007E-02 -2.034E-b2
=-2.CCCE-02 -2.YXVE-02
=1.417E-02 -l.biE 02
-8.192E-03 -5.224E-03
-4.572C-03 -4.94C-03
=2.629C-03 -3.31¢€-03
=5.4SE-04  -9.719C-84
=5.673e-04 -G,21-'E-04
-2.618C-b4 -3.320C-04
-3.0-0C-04 =3.222E-0U4

S$.UCUC-US =2.025C-04
=?.725C-65 -1, 14,E-04
-?.UUuE Ua =1.1G3E-¢k4

=1.126C-04
=9.UTIE-US
=?.GrUE-HS
-5.3¢?E-US

2.4°0C-05 -1.90 ‘C 0%

1.69UL-04 -3.24uL-b35
=1.7GCE+08 -1.510E480
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IMAX & LMAX
2= 3 3 w8 = 5y
2=0 k=0 =0

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 Wk's calculated in SENSIT and SENSIT-2D are

2
different. However, the wz's defined by

"
\pgg = 3 q;zgg (123)
b=0

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. In this
analysis the effects of the uncertainties in the secondary energy dis-
tribution were included. Six separate SENSIT (or SENSIT-2D) runs were

required:

99




TABLE IX:

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

SENSIT=2D STNSIT
Sroup cht (anp. fluxes) chi {Flux momesnts) chi (ang., fluxes) chi {flux monents)
S ———
0.0 0.0 0.0
2 2.5058+8 2.5053+8 2.5L833+8 2.5003+8
3 2.L438%047 2.L362+7 2.0L19347
L 6.130u+6 6.1264+6 6,1829+6
€ 8.3365+6 8.3329+6 B.L1354+6
6 5.6869+6 5.685L+6 5.7L2L6
7 9.3953+% 9. 39UL+6 9477546
8 5.6883+6 5.68581+6 5.7312+6
9 7.15L436 7.15L43+6 7.2078+6
10 7334946 7.33u9+6 7.389+6
1 7.8619+6 7.8619+6 7.9321+6
12 2.1571+7 2.1571+7 2.1793+6
13 2.857147 2.9571+7 2.90724+6
s 2.5u2947 2,5L29+7 2.6026+6
15 6.3481+6 6.3481+6 6.5028+6
16 1.5783+7 1,5783+7 1.63uS+7
17 6.5269+6 6.5269+6 7.12384+6
18 1.7636+6 1,7536+6 1.8060+6
13 1.2L463+6 1.2u63+6 1.2862+6
20 7.6860¢5 7.6860+5 7.7L5245
21 3776445 3.776045 3.8Li0S
2? 3.7L15+5 3.7u15+5 3.9205+5
23 2.9673+5 2.9673+5 3.07:5+5
24 2.204145 2,20L1+5 2.2L0545
25 1,5057+5 1,5057+5 1.5857+5
26 9.L63L+k 9.u63L+k 9.5L05+L
27 5. L4090k 5.L091+L 5.4300+4
28 2.8L764L 2.8u76+L 2.8L99+L
29 1.332Lek 1.3325+4 1.3318+k
30 2039514 243549k 2.L8%10+4

100




- 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
Ccross 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 %
éB éB % éB éB v
R R R
X-sect zone X-sect
zone zone zone
Fe II 8.18 8.18 23.80 23.80
Fe I11 2.50 10.33
0 I11 0.78 2.61 - 10.52
H III - 1.96
Cu IV 4.02 4.02 11.72 11.72
All* 9.48 28.54

1
Overall uncertainty = (9.482 + 28.542)1 = 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 %
&R [&]* &R NE
element R zone R element R
zone zone zone
Fe II 8.17 8.17 23.88 23.88
Fe I1I 2.50 10.27
0 0.79 2.62 - 10.46
H I11 - 1.96
Cu IV 4.02 4.02 11.68 11.68
ALL* 9.47 28.57
. _ 2 2.% _ °
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:

104



REFLECTING BOVNTARY

SOURCE PERT. D*T. | ODFT, >
g ZONE Z0ME. 2086 | 2onE g
o
4 #T | v, E
BE -
g § gone tone 20ne 2one zone one zone gone sone gone E
f1 | #m B 3 I #v pov {#viz | #vir] ¢ ’x 2
0.0 1.0 2.0 3.0 k.o 5.0 6.0 7.0 8.0 9.0 10.0 em
REFLFCTING 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 em ~ (all groups)
Figure 11. Two-dimensional model for sample problem #2

105



TABLE XI:

CROSS SECTION TABLE USED IN SAMPLE PROBLEM #f2

(THE P

AND P

TABLES ARE IDENTICAL)

0’ 2 3
Group g=1 g=2 g=3
Seerion
ngit - -
38 0.02 0.05 0.1
>:§ 0.0 0.0 0.0
z% 0.1 0.2 0.3
358 0.05 0.1 0.2
zg'l*g 0.0 0.02 0.05
Z§-2+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 1074 80 593.688  593.208
ONEDANT S-123 1074 40 593.855  590.370
ONEDANT §-32 1074 40 591.814  590.883
ONEDANT S-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 812 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 S32 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 EQ12 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 XIIIb.
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TABLE IIla:

mowock PURE LOSS TERRMS mooxonor  sockkss PURE GRIN TERME sacksanses
GROUP UPPER-ECEV)> DELTR-U AXS NU-F 1SS SXS TXS N-GRIN N-GRINCSED)  NG-fRIN
1 1.8090E+01  6.93E-81 -4.632E-82 . -1.8S3E-81 -2.316E-81 1.S49E-01 1.1S5E-81  @.
2  S5.00BE+CO 1.61E480 -4.532E-83  @. -1.359E-82 -1.612E-82 1,186E-82 2.19€E-82 @.
3 1.680E+P®  6.93E-0) -1.142E-82 @. -2.284E-82 -3.426E-82 2.284E-82 3.6776-92 O.
INTEGRAL -4.732E-82 @. -1.661E-81 -2.13SE-0) 1.423E-01 1.423e-01 o.
sk NET PROFILES moomcx
GROUP UPPER-ECEV) DELTR-U SEN SENT
1 1.00BE+B1  6-93E-81 -3.039E-82 -7.671E-82
2 S$.880E+90 1.61E+A0D -1.731E-83 -6.263E-83
3 1.080E+80 6.93E-8) 3.2S2E-86 -1.142E-82
INTEGRAL -2.38SE-22 -7.11€E-82

TABLE XIIIb:

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

STANDARD CROSS-SECTION SENSITIVITY PROFILES
CALCULATED BY SENSIT-2D FOR THE EQ-12 CASE
(CONVERGENCE PRECISION 0.001, 4
PER-ZONE) FOR SAMPLE PROBLEM #2

TRIANGLES

wexoremor PURE GRIN TERMS #aoxk sass ¢

wooecs PURE LOSS TERMS swoooooex
GROUP UPPER-ECEV)> DELTR-U AXS NU-F1SS SXS =S N-GRIN
1 1-8808E+01  6.93e-01 -4.329e-82 @. -1.731E-8] -2.164E-B1 1.4S8E-0|
2 S.eecz+pe 1.61E+00 -4.366E-83 @. -1.318E-82 -].74€E-02 1,143E-82
3 1.800E+9@ 6.93E-81 -1-1803e-82 0. -2.206E-82 -3.310E-82 2.207E-82
INTEGRAL -4.468E-82 @. -1.564E-81 -2.B1)E-81 1.348e-01
woswx NET PROF ILES wosecx
GRNUP UPPER-ECEV) DELTR-U SEN SENT
1 1.880E+@1 6,93t-81 -2.731E-82 -7.B6BE-B2
2 S.80uF+ee 1.61E+00 -1.668E-83 -6.834E-83
3 1.8@6E+90 6.93E-81 8.849E-87 -1.183E-82
INTEGRAL -2.161E-82 -6-629E-82
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TABLE XIIIc:

GROUP UPPER-ECEV)
1 1.8082+8)

2 S.0B0E+00
3  1.080E+E0
INTEGRAL

GROUP UPPER-E(EV)
1  1.880E+DI
2 5.880E+20
3  1.080E+B0

INTEGRAL

DELTR-U

6.93E-81
1.61E+08
6.93e-01

DELTR-U

6.93E-81
1.61E+00
6.93E-081

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

wocxes P URE LOSE TERMS sworconox  sonckknek PURE GAIN TERMS mowkoessse
AXS NU-F 1SS §XS ™S N-GARIN N-GRIN(SED> NG-GAIN
-4,292E-82 O. -1.716E-81 -2.14SE-8]1  1.443E-B] 1.862E-0I .
-4.338e-83 . -1.2956-82 -1.732E-02 1.133E-82 2.109E-82 O.
-1.894E-82 @. -2,188E-82 -3.281E-82 2,187E-82 3.732E-82 @.
-4.429C-02 0. -1.SS8E-81 -1.993E-81 1.334E-81 1.334E-81 o.
wacrs NET PROF ILES weeoacx
SEN SENT
-2.734E-82 -7.8242-02
-1.€S3E-83 -S.909E-03
-1.484E-86 -1.894E-02
-2.162E-82 -6.S91E-82
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Note that the net sensitivity profiles SEN (= SXS + N-GAIN) for

6 8.040 x 1077, and 1.484 x 107°

group 3 are respectively 3.252 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 EQ12 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; S32 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
ZONL) FOR SAMPLE PROBLEM #2

0000 B U R & LODOS S T E ® 1 5§ 0000
G40 00000000 PURE GAIN TERNS 660060000
SEQUP UPPER-K (EV) DELTA-U AxS NU-FISS $x$ Tes
N=GAIN N=GAINISED) NE—GAIN
1 1.000x+01 6.93e-01 -4,2u4g-02 0. -1.713e-01 =C.l4cx
-01 1.351e-01 9.920-02 0

2 5. 00000 1.61x+00 ’ -4,357e-03 0. -1.307e-0c -1.743¢
-0z 1.1408-02 2.039-02 0.

3 1.000+00 6,93x-01 -1.1v1e-02 0. -&.20cE-0c =-3.303¢
-02 2.234-02 3.733x-02 0.
INTEGRAL -4,433x-02 0. -1,551-U1 -1.9%<s

-01 1.274-01 1.2742-01 0.

G000 NET AROFILES S0t

SROUP UPPEM-E (EV) DELTA-U SEN SENT

1 1.000x+01 6,.93x-01 =3.bcuE-02 -7.91cE-02
2 5. 000£+00 1.61x+00 -1.6716-03 =6,0266-03
3 1. 00000 6.938-01 J.25ce-0b4 -1,0659e-02
INTEGRAL -2.766-02 =7,195g-02

TABLE XIVb: STANDARD CROSS-SECTION SENSITIVITY PROFILES
CALCULATED BY SENSIT FOR THE S-32 CASE (CON-
VERGENCE PRECISION 0.0001, 8 INTERVALS PER
ZONE) FOR SAMPLE PROBLEM i#2
woxcers PURE LOSS TERMS moosomeoks  sorsoniokes PURE GAIN TERMS sonskexase
GROUP UPPER-ECEV) DELTAR-U AXS NU-F 1SS SXS XS N-GARIN N-GRUIH(SED)  NG-GR 1!
1 1.888c+401 6.93E-81 -4.21SE-82 @. -1.68GE-2]1 -2.187E-81 1.299E-81 9.S17E-82 @.
2 5-080c+0@ 1.6)E+08 -4.2776-03 @, -1,283E-82 -1.71)E-82 1.1286-82 1.991E-82 O.
3 1.080E+9® 6.93E-0) -1.UB1E-D2 6. -2.161E-02 :f;ff?f:?f _2:E?EE:EE 3.689E-02 B,
INTEGRAL -4.3S9E-82 8- -1.525E-01 -1.961E-81 1.236F-01 1.236E-81 O.
wwocx NET PROF ILES e«
GROUP UPPFR-ECEV) DELTR-U SEN SENT
1 1.800E+48] 6.93E-81 -3.871E-82 -8.885E-82
2 S5.820c+08 1.61E+R0 -1,SS1E-83 -S.829E+83

3 1.08UE+B@ 6.93E-01 $.989£-84 -1.82]E-82

INTEGRAL

-2.891E-82 -7.2SBE-82
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TABLE XIVc:

GROUP UFPER-ECEV)
1 1.880E+D]

2 5.0080E+00
3 1.0089c+00
INTEGRAL

GROUP UPPER-ECEV)
1 1.00BE+D1
2 S_0@JdE+88
3 1.800E+88

INTEGRAL

DELTA-U
6.93E-81
1.6 1E+80
6.93E-01

DELTR-U

6.93e-01
1.61E+00
6.93e-01

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

wocksk P URE LOSS TERRMS swoonmoors  sookaiaoce PURE GRIN TERMS sokmoxsenss
AXS NU-F 1SS SX5 TXS N-GRIN N-GRINC(SED)  NG-fAIY
-4.324E-82 0. -1.730E-81 -2.162E-81 1.457E-81 1.674E-P1 @
-4.362E-83 .- -1.309€e-82 -1.74SE-082 1.142E-82 2.123€-b2 8.
-1.162E-02 @. -2.203t-82 -3,305E-82 2.235E-82 3.7SSE-22 O.
-4.4638-02 0. -1.562E-81 -2.889E-81 1.346E-81 1.34GE-81 ©

wor NET PROF ILES wwokx
SEN SENT

-2,727E-82 -7.08S51E-82
-1-662c-83 -0.833e-83
?.918e-87 -1.102C-82
-2-15S8E-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 ¢ suggests that - even with an S32 quadrature set - the

one-dimensional calculation is not yet fullx 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 xg). 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

18 2 3

ot L L SR
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 ¥ 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 ¢ (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 ¥'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 %'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 IHDLB 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
A1-27 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 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
1076 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
an 8% uncertainty in the heating.45 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 SS316 zomes (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 uncertainties 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:

Cross Section

Material Zone

SED Uncertainties in %
ol

%] Mat

R Mat,region

PREDICTED UNCERTAINTIES (STANDARD DEVIATION) DUE TO
ESTIMATED SED AND CROSS-SECTION UNCERTAINTIES FOR
THE HEATING IN THE TF COIL (part 1)

XS Uncertainties in %

AR] AR

&N

Mat,region “Mat
Cr 58316 3.8 60.0
TFCOIL 0.2 34.5
SS304 0.1 4.5
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 S$S8316 14.8 18.9
TFCOIL 0.1 10.4
58304 0.0 2.2
SS8312 0.2 18.4 0.7 47.3
ISDLC 0.5 4.4
ISDLB 2.7 23.6
ISDLA 10.8 34.5
Ni S$S8316 1.5 18.6
TFCOIL 0.7 11.8
SS304 0.0 0.9
S8312 0.0 4.3 0.4 31.4
ISDLC 0.0 1.3
ISDLB 0.4 13.4
ISDLA 1.2 18.0

o

° Quadratic Sums
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TABLE XVII:

PREDICTED UNCERTAINTIES (STANDARD DEVIATION) DUE TO

ESTIMATED SED AND CROSS-SECTION UNCERTAINTIES FOR

Cross Section

SED Uncertainties in %

THE HEATING IN THE TF-COIL (part 2)

XS Uncertainties in %

* *
Material Zone AR P_R] [AR AR
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 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 [&] P]A [AR] Fﬁ] )
R . R R . R
Mat,region Mat Mat,region 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.45

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 X'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 10-6 MW (compared to 823 X 10-6 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:

® & ¢ TEST FPRINTOUT FOR THE CHI'S ¢ & o

oo = leoe
0. «13195€-05 .1?79357e-06 .67647e-07 .86778e-07 .79271e-07
«21326E-06 .19166e-06 .3217?5e-06 .40693e-06 .46797e-06 .1S5585g-05
.22361E-05 .14093e-05 .18633k-U6 .37?95e-06 .10788e-06 .17607g-07
.8¢888e-08 .68189e-08 .28276E-U8 .1788B€E-08 .12639e-08 .S4c45e-09
«45433E-09 .26407e-09 .12122e—Uy .48579e-10 .16319€e-10 .4729%0e-11
«24385E-10 .71906E-10 .12091e-UY .66S33e-10 .49747e-10 .26C69e-10
«13096E—10 .22923E-11 .14850e-12 .228953e-16 -.51897E-23 -.2B794E-48

900060 CHI'S GENEPRATED FARDM FLUX MOMENTS 06660
® & & TEST PRINTOUT FOR THE CHI'S ¢ ¢ o

00y = leee
0. «105556-05 .17003e-U6 .59837e-07 .81854e-07 .78798e-07
.21318E-06 .19164E-06 .32167-U6 .40E69e-06 .48798e-06 .15592e-0S
«223C6E-05 . 14096E-05 .18630e-U6 .37?797e-06 .10788e-06 .1760SE-07
.8€885E-08 .68187E-08 .28273e-0U8 .17886e-08 .12638e-08 .S4232e-09
«49424E-09 .26401e-09 .12118e-09 .48553e-10 .16304e-10 .47171e-11
«24438e-10 .71918e-10 .12068-0Y .66705e-10 .49849€e-10 .26296E-10
«1313%5e-10 .29048e-11 .18631E-12 .26240e-16 —.52915€e-23 -.45116£-48

8 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 ikeury 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 uncertginty 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 valuable. The

more complex the geometry, the more compulsory a 2-D analysis becomes.

133



The most serious source of discrepancies between a 1-D and a 2D
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

134




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. In 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 uncertainties, 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 FROGRAM SENSCEI \ISXN'1*‘(5555!N'3(NS°UYOY*F(6‘S(NS°UY.
g 1 TAPE10r TAPE ] » TAPED  TAPE4) TARPE? s TAPEE s TAPES)
c
; C THIS IS THE MAIN PART DF THE PROGRA® (SENSIT-Z2D)?* NOV. | VERSIDN
c

6 LEVEL 2rLC

?

8 common ac 22000)

9 COmMON 7®LOTY/ TITLE (B)

10 COMMON/ITE/ITESTY ITYR

11 COrMMON/COVART Z/IJCOVAR

12 COMMON/ XSEORN/ KXS9 THT s IMA

13 COMMON’ VRS ZLHAXR

14 cammoN ZLLCZ LC(40000)

15

16 INTEGER 61 6@

1?

18 CALL ECZE®O (LC)

19 C ¢¢¢ STARTY READING CONTADL MARANETERS
20 READ (59 1010) (TITLE(2I)r2=1, &)
21 1010 roORmAT (Bal 0D
ae HRITECEr 1020 (TITLE(3)r3=1s8)
23 1020 rommaT (In128aA10)
F-2) REAL (59 1030) ITYPIHAXNRD ) MNPE I HNEL I IPREPIIT I ITHAXY
25 1 IGHMINCOUPLILMAXY ITEST » JZMAX
26 1030 rommaT (1216
27 READ (5910300 IXSTAPEINPEAXS) IDESIKDZIKRZIKXE? IMT 9 I0Rs
28 1 DETCOVINSED Y IOUTPUT I NSURCRY
a9 READ (59 1030) ICHINOMI IDATI ISTOP Y IGED IAP3
30 MR ITEC(Er» 1040 3TYPIMASLADIMNPD I HINEL » TPRERI I T I THAXY
31 1 IGMINCOURLILMAX I ITEST s JZMAX
32 ¢
33 1040 rommAT(lm s03TYP ® YYPE DF SENS,~UNCERT,=ANAL.» U-XS9 | =DES IGN®)
34 ) 1 2-VECTNA=-XS9» 3-SED®r 16X =y 149/
35 > ® MAXNRD = HARINUM NUNDER OF NDRDS DN A FILE x 1000e,
36 c 35xr InEs 34/
37 > * nnrg E MAX, NUMDER FLUXES/BUADBANT S 48Xy I W&y 14/
38 [ 4 * MNEL & MAr, NUMBE® OF ETA LEVELS®9»S0xs Jmxy 349/
39 [ ] ® IrmEr = AREPARED FLUXTAPES SEBUIRED? 071 NO/YES €9 35Xy
40 [ 1my 349/
4] [ * Jv E NUMDER OF BANDS®960xs Inmy 349/
42 L ® JTmAax B MAXIMUN NUNMBES OF TRIANGLES IN &)
43 " CANY ONE BAND® ITX9 I1nZr 3149/
44 ~ * 36m & YOTYAL NUMDER DF ENERGY GEROUPSS 46Xy Immy 144/
45 -] ¢ NCOUPL & NURMBE® OF NEUTRON EROUPS IN CEL, CALC.» ZERO®y
46 - ® FOR NEUTRONS ONLY®) 13x9 InEs 349/
4? L] ® LmAx & MAX, P-L CRDEM OF CROSS SECTIONS®»43xs Im=r 34y /
48 ] ® ITEST = TEST PRINTOUY FLAGI O-NOME?Y 1=X$92-NONE®)
49 s @) I-VECTOR-XS®1ZDxs JmEy 14y /
S0 T ® JZrnAx & MAX & OF ZONES IN ANY ONE BAND®» 45xs 1axy 3149 /)
51 ¢
52 HAITE(6r1050) IXSTAPEINPEAXS I IDESIKDZIKRZINXES 3T IR
53 1 DETCOVINSED ) IOUTPUT I NSUNCDV
Se4

55 1050 rORMAT(IM s@IxTAPE = SPURCE OF INPUT CROSS-SECTIONS: O-Candsr®s

56 " S1-TAPE4IZ-TAPE ] (®r 1UXr InEr 314y /

Y4 » ® NEEMXS & NUNDE® OF SUCCESSIVE CASESY ALSO ND. OF INPUT®S
S8 c ® XS-SETS TD BE MEAD®s 1 1xs lm=y 14y /

59 > ® 1DES = ASSUMED | PEM CENTY DENSITY INCREASE In PERT,.®)
60 [3 ® 25. FDA DES.-SEN.? U/ 1=ND/YES®y Olxs Jm=y 34/

61 " ® xd2 & NUMDER OF DETECTDA ZONES®rSixs lm=y3dy/

62 . * xr2 & NUMBER OF RERTURDED ZONES®1S0xr Immy 34y

63 - ® xS = INPUT XS-FORMATE 0=3F ITYPED) 1=LASLIZ-DPNL®?
64 3 3Exr 1=y 34y 7

65 3 * INT = POSITION DF TOTAL CROSS SECTION IN XS-TADLES®s
€6 [ Iixrlmmy 34y /

6?7 L L3 T = POSITION DF ADSONPTION CROSS-SECTIDN IN XS=®)
68 - CTADLES®126xs J4my 34y /

69 ~ ® pETCOv = (/] = DO NDT/DO MEAD COVARIANCE MATRIX FDRO)
?0 -] ® n(G)®1Z8xy ]

71 ] ® NSED = 071 = DO NOT/DO MEAD INTEGRAL SEDRUNCERTAING)
e [ OTIES O927xy M=y 349/

73 L ¢ IOUTPUY & QUTAUT ARINT DETAILE 0-Sun OVER PERY, ZONES®)
74 s ® ONLYy 1= ALSO INDIV., PERT, Z5.9901xs im=y34y/

?s T ® NSURCOV = NO. OF RESP,~VARIANCES SUMMED FDR ITYPER, &)
76, V] ® ZERO FDR ITYPE(r 19350 1aXs I n=r149/)

??7 ¢

78 WR3ITE (69 1055) 3CHIMOMI IDPT, 1STOPY 1660 3003

?9 ¢

€0 1055 rFORMAT (1IN 99ICNINON & CHI“ Y GENERATED FPON FLUX WNONENTSS)
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81 ) ® NO/YES 0/76E] 912839 lm=y 34y~

8z * 1omY = O/ 1/8731PRINT NO/SN-SETS/REL'S/PSI S*EN-SETS®)
83 c Sixsisemy3dy/

[-2) D * 1sTOP = SYOF AFTER PSI'S AND CHI’'S ARE CALCULATED? @)
85 [3 0071 NO/YES®IZ2¥r 1My 3149/

86 " ® 16D = 071 M-2/x=Y GEOMETAY®y SSxy Joemy 149/ -
8?7 . ® 1ar3 = 071 USE EXISTING SE@, ANG, FLUX FILE? ND/YES®s
88 1] 29x In=s 349 /)

8% ¢

90 C SET RMOINTERS FOR SUBROUTINE EBND

91 ¢

92 LE=]

93 LDELUSLE®IGn*2

94 ¢

95 CALL EDNT (AC (LDELU) s AC (LE) » 361 NCOUPL)

96 ¢

97 ¢

96 C SEY ROINTERS FOR SUDROUTINE GEDM

99 ¢

100 LITZ = LDELU + 16m

101 LIIT = LITZ ¢ J7T

102 LNTRZ = | 337 ¢ J7Y

103 LNEZ & LNTPZ ¢ JTYOIZMAX

10a LNDZ & LNPZ ¢ KRZ

105 LIDZ = LNDZ ¢ KDZ

106 LNEIDZ = -LIDZ ¢ JTOIZMAX

10?7 LNDIDZ = LNEIDZ ¢ JTOIZMAX

108 LIPELE = LNDIDZ ¢ JTOIZNMAX

109 LIDELEZ = LIPELS + kP2

110 LPT = LIDELE * &DZ

111 LY = LAY ¢ JTOxAZ

112 LKTR & LDT ¢ JTOXDZ

113 LETD & LKTP ¢ JTOxAZ

114 LKEL®] &= LKTD + JTONDZ

115 LKELRD = LxEL®] ¢ JTONPZ

116 LMELD] = LKELRE ¢ JTONRZ

117 LWELDE = LWELD] + JTOxDZ

118 LCOVAR & | KELDC ¢ JTOwD2

119 LAST = LCOVAR ¢ 16mO16M

120

121 CALL SEOMCACILITZI 1AC(LIIT) s ACILNTPZ) s AC LLNPZ) s AC (LINDZ) AC \LIDZ/ »
122 1 AC(LNPIDZ) 1 ACILNDIDZ) v AC (L IPELE) YAC \LIDELE) s AC LR T) »
123 2 ACWDT) IACILETP) YACALKFTD I sAC (LKELP 1) s AC (LKELPS) »
12; 3 AC(LMELT 1) yACLKELDC) 1 ITIKPZIKIZY 3TSUN)
1285 ¢
12€ C CALCULATE AUXILARY VARIABLES
127 ¢
126 “PZA = xmZe]
129 LHAXE = LmAax ¢ |
130 lemr = 3gm ¢ 1
131 “ay = 0
132 p0 110 1%1rLmAxm
133 NHOE e ¢ 3

134 110 conTINnuE

135 ¢

13€ C SEYT POINTERS FOR SUBROUTINE SNCON AND SUBROUTINE TAPAS
137 ¢

136 ¢
139 HArNRIEMAXHADS] 000

140

14}

142 LKTAPELAST

143 LMY ® LuTAr ¢ 16meS ¢ |

144 LHME LNT ¢ 16m

145 LISN = Low ¢ 160

146 LNPD = LISN ¢ I16m

147 LNUP = Lkl ¢ 4

14§ LAST & LNUP + MNELSS

149
150 ice = |
151 ICH & ICE ¢ 40nNPROIGM

152 ILAST = JCH ¢ 4OnNPROIGn
153

1S4 CALL SNCONILCCICE) 1LCCICHM) 1 AC KLMNT) s AC (LINUP) s AC (Lvem)
155 1 AC (LM s 1NPDI MNEL IACLISN, 2 316M9 30PT)
156

157 CALL TAPAS (AC (LKTAR) s AC (L P11 s NI I TSUNY 2EMI MAXMADY
156 1 AC ILKTP) s AC (LKELP 1) s AC (LKELPE) s XR2Z9IT)

159 ¢

160 C SEY RDINTERS FDR SUBROUTINES ANGEN AND FLUXMDM
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161 ¢
162
163
164
165
166
167
168
169
170
171
172
173
174
1?75
176
17?7
178
1?79
180

213

2ee
223 ¢

Le = Lnee

LR = Lp ¢ mNPDOLHAXPOLMAXR
LPHNT & LR ¢ 4onmNPPOnn

LY & LPHNI ¢ wnPp

LAST = (T ¢ ZerLmax ¢ |

IFFLUX = ILAST

IFLUX & IFFLUX ¢ JTHAXCmNPR
IFUR & JELUX + JTHAXSmmeE
IFMON & JFUX ¢ NHOJTOITRANX
ILASTEIFMONSITOITHAX

IFCIrmEr.ER. 1) 60 YO 140
po 130 31=1+2

IF(1.6Q@.2) xap=]

0 120 or=1y16m

(114

CALL PNGENLAC(LP) s AC LRI ILC(ICHMI ILCCICET s AC (LPIMII 1 AC (LT
1 AC (LHM) ILMAL s HNPRINMI LHAXKP I G RADI AC (LISND)

CALL FLUXMOMCAC(LITITIILC CIFFLUX) SLCCIFLUN) sLC (IFUX) s AC (LNT) »
1 AC LM $AC LR s AC (LNTAP) 169 JTGHINPZINMIITY
e HRITIMASMADIHADIAC (LNTP) s AC (LHELP 1) 1 AC (LKELPE) »
3 AC (LKTD) s AC (LMELD 1) ACILKELDE/ sLC(IFMOM) s D2y IAETI)

120 conTInuE
130 conTimuE
140 conTINUE

SET SOINTERS FOR SNUDPMDUTINE DETSEN

LESUMR = Linke

LPHIV & LFSUMP ¢ 16n

LR = LPHIV ¢ JTHAX

L2ZON & LA ¢ K1ZOI6M
LSENR = L2ZON ¢ KDY
LESENR = LSENR ¢ 316n
LSIGHA = LSSENR ¢ I1GHOXDZ
LASY & LSIGMA + KDZ®I6n

CALL DEYSENCACILNELD]) ACLIELDC) s ACCLNTD) tRDZIITIACLIIT) »

1 13M IDUTPUTIDETCOL s RRIAC (LCOVR 1 s AC (LESUM 1 3 AC (LIKHIV) »
2 ACCLB) AC\LZON ' AT ALSENMPIIAC (LESSENR) s AC(LSIGMA)

3 AC(LDELU) ' AC (LE) » NCOUPL Y 36D

SET ROINTERS FODR CHI‘S AND PSI°S

LIPSI = Lke
LCHE = LIPS] ¢ IGHOKPZP
LCCHI = LCHI + wPZPOIGM
LAST] = LCCHI * 1én

IF(ICHMIMON.ER.]1) GO TO 14
SEY RDINTERS FOR SUDRDUTINE CHIS

rLux = |

IAFELUX EIFLUX ¢ HMNFBOITHAX

IAFLUN & JAFFLUX *HNPBOITRAX
ILAST & IAFLUX ¢ MNPROITRAX

CALCULATE THE Cm1’S
CALL CHIS(LCC(IFLUR) SLCCIMEELUX) SLC CIAFLUX) $ACCLNTAR) 9 AC (LCHID

ACILKELP 1) 1AC (LRELPC) 1ACALKTP) 9 AC LLIZIT) sAC (Lt y
ACLISN/ IAC ILNT) IKPZIITHIITHAXY 1609 IOUTPUTY ITSUMY 16ED)

[, U

SET POINTERS FDR SUBROUTINE POINT4AD

145 Liamn = LasST]
LILR = LJARR ¢ JTONP2
LPSI = LILP ¢ JTOPZ
LEPSIELPS] ¢ LHAXPOIGHONPIR
LASY = LPPS] ¢ Lrnaxmo1gn

SEY MOINTERS FDR SUBROUTINE #S1S
CALL POINTADC(IGHIAC(LIPSI) 2 ISUMILMAXP Y ILANT I XPZP)

IEFLUX & ISUM ¢ ]
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241
242
243
cae
245
246
247
248
249
250
251
2%e
253
254
ess
&56
es5?
258
259
260
261
262
263
264

e6¢
ee?
268
29

&7l

309
30

IFAFLUX & JFEFLUX ¢ ITSUNONN
ILAST = IFAFLUX ¢ ITSUM®NN

C CALCULATE THE ®S1°S AND STORE IN LCH

CALL PSISACILNTP) 1ACILIIT) s ACLLKELP]) 1 AC (LKELPE) »
ACWLIPSI)ILCCIFFLUN) sLC (IFAFLUXD »

1
e ACLPSI)IACILPPSI) aNFIITINPIIFPIPY IGHILNANPY
3

ACLKTAP) s ACLCHMI) 2 IDFTI IPREP )Y ICHINONY 36K0)

iFr(3sTOP.ER, 1) STOM

C CLEAR APPROPAIATE SCH AND LCH SPACE

155

152

C oo
C ooo

C ®eoo
C oo
150

C SEY

10€0

1070
1060

N o

1090
1€0
C oo

170

INELP 1= ISUN®]

NELPCE®ILAST

0 155 1ELPEINELP ] ImELRD
LC(3EL®) =0, 0

IMELP I=LAST]

IMELPRELASTY

DO 15T IMELAEINEL® ] IMELPE
AC(ImELP> =0, 0

CALL SUBROUTINES YO BEAD IN AND/DR CALCULATE VALUES OF CROSS
SECTIONS

~nxs = 0

DEPENDING DN THE YYPE OF CROSS SECTION ORF ERSDRFILE AVAILADLEY
THE CODE BDRANCHES WERE INTO TWD DIFFERENT EXECUTIDON MODES
IF(i1Tyr.Em.2) 60 TO 290

IF A SED UNCERTAINTY ANALYSIS 15 WANTED THEN I MUSY READ IN THE
ARRAYS GHMED AND FSED FOR ALL NEUTRDN GROUPS

CONTINUE

1F (NSED.E@.0) 60 To 170

1® (ncOUPL .CB.0) 16M1=16M

IF (NCOUPL.NE. 0) 3emiznCOUPL

POINTERS FDR GHED AND FSED

LGHED = LAST]

LFSED = LGMED + 16m]

LAST] & LFSED ¢ 16M]

mEAD (59 1060) (AC(LGMED=141)91%]y36m])

FOmeaT (1216

READ (59 1070) (AC(LFSED-1¢3)91%]1r36M])

FoRnAT(BE1E. D)

um3TE (69 1 0800

FORMAT (1 1OSED MEDIAN ENERGY GROUPS (GHED) AND INTEGRAL &)
GUNCERTAINTIES (FSED) INPUY FOR SED UNCERT, ANALTSIS®Y//
3x90G-IN®I Ix 1 SGNED®IEx s SFSED®y )

o 160 1=1s38m1

HRITECEr1090) 39+AC(LGHED-143) 1ACILESED=]42)

FORMAT (1m 92x93394x93396x9 1PELU. 3

CONTINUE

END DOF SED-UNCERTAINTY INPUT AND SRINT

CONTINUVE

C CALCULATE AUXILARY VARIADLES

C SEY

C SEY

1100
1

C SEY

ITL = I16m ¢ ImT

NHI & ITLOIGMOLMAXP

NHL = IEMOITL

NNK B IGHOIGHOLMAXP

POINTERS FDR DSLED AND DSL UWCw)

ILSLED = JsUm ¢ ]

IDSL = IDSLED * e

LCH-ROINTERS FOR CROSS SECTIONS

IXS = IDSL ¢ MMK

Ixg]l = 3Ixs$

IF(KXS.ER.2) IXS] B Ix$S ¢ NMI

ILAST = IXS]1 ¢ Nug

NxS] ® nxs ¢ ]

HWRITE(691100) wxslinranxs

FOPMAT (1 ¢ CASE NUMDER ¢93135+® DF NPEAXS 5091319 SUCCESSIVESS
® CASESS®)

CALL SUBS(LC(IXS) 136My ITLINNLILMNAXI IXSTAPEI TITLEILC (IXxS]1))

POINTERS FOR SECDND CROSS SECTIDN SEY

IXSDAR = Ix§

i1F(3TYP.NE. 1) 60 TO 180

ir(1pES.E®. 1) €0 YO 180

IXSDAR = IxS & MM

Ix$] = IxSPAR

IF(MXS.ER. &) IXS] & IxEBAR ¢ NI

ILASY = IxS]1 ¢ Nug
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321 HRITE(691110) wxs]

332 1110 FOPHAT (I 1@ UNPERTURIED REFERENCE CROSS SECTIONY XxSDAmy FDR o)
323 1 SCASE NUMNDER®) 13 )

324 CALL SUBS (LC(IXSDAR) 9 JGHIITLIMNNLILMAS I IXSTAPEI TITLEY

325 1 LCLIxS1))

326 160 conTINnuE

327 C SET SCH-POINTERS FO® DSTIAXSIFISXSI SXSISXENG

328 LYSTY = LAST]

329 LAXS = LLST ¢ 16M

330 LFEISXS = LAXS + 31GH

331 LSEXS = LFISXS ¢ 16M

332 LEXSENG © LSXS ¢ 16M

332 LAST = LSXSENG ¢ I16M

334 C CALL SUBROUTINE TD CALCULATE PERTURBATION DF CPOSS SECTIONS
335 CALL SUBSIACILDST) sLC(IDSL) ILC(IXSIILC(IXSDAR) y

336 1 IGHMIITLIAC(LAXS) tAC(LEXS) ILC (IDSLED) 1 ACILEXENG, »
337 e NCOUPLIAC(LFISXS) s IDES)

338 C ®¢¢ 1n OADER TO EDIT SED PROFILES AND COMPUTE SED UNCERTAINTIES
239 C €90 nE NEED ADDITIONAL ARPAYS AS FOLLONS

340 IF (NCOUPL.ED. 0/ 36M1= 360

341 IF (NCOUPL . E, 0) 36misNnCOURL
342 NNSED = 316m]e16m]

343 IPSED = IDSL * NEK

344 ILASY = IPSED ¢ NMNSED

345 LFE = LSXS ¢ 16M

346 LEED = LF + 160

347 LSEN & LFFD ¢ 16M

348 LSENT = LSEN ¢ 16m

349 LEFDNG = LSENT ¢ I16n

350 LPSGP = LEFDNG ¢ I16M

351 LFESG = LPSGP ¢ I6m]

3%e LSSED = LPSE ¢ IGM]

353 LEWOY = LSSED * 16ml

354 LSCOLD = LSNOT ¢ 16m]

35% LIRSED = LSCOLD + 16ml

356 LASY = LDRSED ¢ j6én]

357 ¢

3%6 C e¢e TD PAINT SENSITIVITY PROFILES RER ZONE WE IDENTIFY A ZONE-PARAMETE
359 C %0 ANI LOOP THAOUGH ALL DUTPUT ROUTINES
360 ¢

3€1

362 J1=]

3€3 190 w=U

364 o To 210

365 200 w=wey

366 J1=]

367 HRITE (6911200

368 1120 rOmmAT (In )

3€9 210 conTinuE

370 iruxs.nE. 0) 60 Yo 220

371 IF(CII.NE. L) . OP. (v, 67.0)) 60 YO 220

372 C ®%¢ FOm ¥S-SENSITIVITY CALCULATIONS PRINT A LISY OF DEFINITIONS
2?3 C rOR PARTIAL AND NET SENSITIVITY PROFILES AS ETITED 1IN SUBE

376 C ¢%¢ FOM DESIGN-SENSITIVITY CALCULATIONS PRINT ANOTHER LISY OF
377 C LEFINITIONS OF EDITS FROn SUME

376

379 IFCITYP.ED. V. O, ITYP, . E0.3) CALL TEXT

360 IFC(ITYR . EQR. 1) CALL TEXTA

381 220 CONTINUE

362 ¢

383 IrIl.nE. 1) 6D YO 230

36e IF (NCOUPL . ER. () IGM1=36m

385 IF (NCOURL . NE, 0) 16M]snCOUPL

366 230 conTINnuE

387 CALL ROINTE(AC(LINSI) 1xIIPRSIIkMZM) 36HIAC (LCHMI) 1 AC(LECHE))
386

369 CALL SUBE(ACLF) 1LC(IDSLI»LC(IPPSI)IACILDST) sAC(LCCHMI) s DEL DY
39%0 1 DELIFDIMAILHASP) IGHIAC (LASS) Y AC(LSEN) 1 AC(LEXS) »
391 2 AC(LE) $AC (LDELU) sLCLITSLED) s AC LLEFD) 1 AC LLEISXS) »
392 3 ACILSENT) 1 J]1 yNCOUPLY IEM ] 1 AC (LEFDNG) 19 IDES)

393

3Ive IF(3TYyr.NE.3) 60 TO 240

39T C %%e FDOR SED SENSITIVITY AND UNCERTAINTY ANALYSIS MNE EDIT FROm SUBDI1DY
3I9E C 400 DUT ONLY FOR THE SUN DUER ALL MERTURBDED ZDNESH

397 C *0¢ AND DNLY FDR NEUTRON SROUPS .

398

339 IF (Il . e, 1) ,.ONn. (K. 67.0)) 6D TO 240

400
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401
a0z
403
404
405
406
«0?
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

425
4cé
427
428
429
430
431
432
433

439
440
4y
442
443
444
445

459
4€0
4€]
462
463
464
4ES
4c6
4€?
4686
4€9
470
4?71
472
473
4’4
475
476
4?77
478
479
460

nnNnNN

nn

nnnnNnnN

n

[T

250

260

SEY

280
290
eoe
LTXS
eoe

LT X
(2 12

SEY

L X 2 J

LT

300

L4 22
L X 2 J

1
2

(2 12
L1 13
(X 23

CALL SUBII(LMAsP1I]1136M]113GrrmmINSEDILC (IPSED) 1AC(LPSEP)
ACILPSG) YAC'LSSED/ 1AC'LENOT) y AC(LSCOLI) yAC(LIMSED) »
LC(IDSLI)ILCLIPPSI) 1ACC(LIELU, 9 AC \LGHNED) s AC \LFSED) )

END SED ANALYSIS

1F (ncOUPL.E0. 00 60 To 250
1F(J1.nE.1) 6D TD 250

1GHln3Em

Jl=ncourLel

éo To 220

CONTINUE

1*F GGouTeuT.Ep. 0) GO TO 260
IF(n.E@.4P2) 60 TO 260

eo To 200

1r(Jcovan.g0.0) 60 YO 270
LENCOVEIGHOIEM

ROINTERS FOF COVARIANCE MATRIX
1cove = jLASTY

ILAST = ICOvm + LENCOV

LESUN = LASY

LASY = LESUM ¢ I6M

CALL SUBDTWLC(ICOVA) s ACILESEN) s ACKLESUM) » 36MILC (LDELV) )
N2 = NXS ¢ )
IF(NXS. LT . wPERXS) 60 TO 190

sSTOP
CONTINUE

TNIS SECTION PERFORMNE A COMFLETE SENSITIVITY AND UNCERTAINTT ANA-
LISIS OF TWE VECTD® CROSS SECTIONS

THE COIE TNEN REDUIRES A CDVARIANCE FILE TO BE GIVEN IN LAGL ERSFE]
FORHAT WHHICH CONTAINS RAIRS OF VECTOR CADSS SECTIONS mITH THEIR
PESPECTIVE CO.ARIANCE MATRIX,

NCOV & NPERXS
HPITE (691130 w~cov
FORMAT (I +/0A VECTOR CROSS-SECTION UNCERTAINTY ANALYSIS mMILL®Y
® BE®y
® PERFORRMED®)/SFOR A TOTAL OF NPERXS = €913
¢ mAlRS DOF VECTOR xS WITH COVARIANCES FROW TAPE]QD o)
IF (NCDUPL.ER.0) 3GM1=36m
IF (nCOUPL.NE L 0) TEmIENncOUPL
NNCOL & IGmleIEm]
POINTERS FOR VECTOR CROSS SECTION UNCERTAINTY ANALYSIS
LVUXS] = LAST
Luxse = Luxgs] ¢ 3ém)
Lel = Luxse ¢ 16ml
LPZ = Pl ¢ 36m]
LY® = Lp2 ¢ 36n]
LAST = LDR ¢ nCOV
ICOv = ILAST
ILAST = 31COV + NNCOV
START A LOOP HMERE DVEM ALL XS-PAIRS

CH3’‘’S IN APPROPRIATE SPACE IN SCW
CALL POINTEC(ACILIPSI) yPZPIIPPSIIKPIPY I1GHIAC (LCHMI) s AC LLECHT) )
NXS = NxS ¢ ]
CALL SUBSVI(AC(LUXS]) 1 AC(LVXSCE) 1LC(ICOV) 136119 IDIDEN] Y DENS)
THIS RMOUTINE BEADS RAIRS OF VECTDR X5 AND THEIR COLARIANCE SNATRIX
emon YAl 0
CALL SUBEBV (AC(LUXS 1) 1 AC(LUNSE) 2 LC(ICOV) AT (LCCNI) s AC (LDELU) ¢
ACCLP 1) 1ACILPS) YACLLIR) 1ACILE) 9 36T I8M] IKPZy
MR IDINTSI DEN] s DENC)
THIS ROUTINE COMPUTES AND EDITS SENSITIVITY PROFILES A1 AnD AZ
AND FOLDS THEM WHITH THE COVARIANCE HATAIX DR ®
FOR THIS PARTICULAR PAIR OF VECTOM XS AND THEI® CORELATED ERAORS
IF(NxS.LT.NCOV) 60 TO 300

CALL SUDTV (AC (LDR) » NCOV s NSUMCOV)
THIS MOUTINE COMPUTES THE TOTAL VARIANCE DUE TO THE SUM DF aLL
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4E] C %00 CRAOSS-SECTION ERMONS) AND RERFORME RARTIAL SUMS IF NSUMCOV.NE. O
482 ¢

483

484 £nD

485 ¢

486 ¢

487 ¢

486 ¢

489 C EDND READS IN NEUTRON AND GAMMA BAY STRUCTURE AND CALCULATES LETHARGY
4%0 ¢ HIDTHS PER &ROUS

491 ¢

492 ¢

493 SUBROUTINE EDND (DELUIES 36MINCOUPL)

4%4 ¢

455 C & & & INPUT COMMENTS © & o

496 ¢

497 ¢ £<J) = ENEWGY BOUNDARIES FOR NEUTRON AND-OR GARNNMA GROUPS
498 ¢

499 C ¢ ¢ ¢ QUTPUT COMMENTS ¢ ¢ o

S00 ¢ DELUCI) = LETHARGY NIDTHS

501 ¢

502 INTEGER ¢

503 TIMENSION DELUCI) 2 EC(D)

S04 C READT IN NEUTRON AND GAMMA GROUP BOUMIARIES AND EDIY
505 IF (NCDUFL . E@,0) 1GmP] = 31G6m ¢ |

S06 IF (NCOUPL . NE. 0) 16mP]l = ncOuPL®]

507 mEAD (5,430) (E(I)r31=]s36mr))

<08 HRITE (69420) 36rm)

509 HRITEC(6r410) (E(3) 93] 36mP])

<10 1F (nCourL 6. 0) 60 Yo 110

511 I1nP2 = 36m ¢ 2

512 NCP2 = nCcOurL ¢ 2

513 NGAmMP] = 31Gm - nCOUPL ¢ ]

Si14 mEAD (514200 (B39 3=NCPEr 36 C)

515 HRITE (61 440) Nearr )

516 HRITE (691450 (E (1) 9 IENCPTr JEMWPLC)

$1? 110 conTINnuE
T18 C CALCULATE LETHARGY INTERVALS FDR BOTH HEUTRON AND GAMMA GROUPS

519 IF (NCOUPL.ER. 0) NNEUTEIGM
S20 IF (NCOUPL.NE. 1) wnEUTENCOUPL
c21 0 120 e=1rmnEUT

Sa2 EOUOZ* K (6) /K (E*])

Se3 DELU(E) = ALDG (EPUDZ)

Sce 120 conTiIinuE

°es 1F (ncOUPL. k8. 0) 60 TO 150
Scé 20 130 e=36mPls316m

527 EDUDZEE (G6+]) /K (@+2)

Se8 TELU(G) =ALDG (EBUDZ)

Se9 130 conTImue

530 NRITE (604600

S31 o 140 e=1/s36m

<32 HRITE (69470) €rDELU ()

o923 140 conTinuE

S34 150 conTiNnuEg

53 410 rORMAT (1 210CIXs 1PE10,.3))

<36 420 FORMAT (1M 1349® NEUTAON ENERGY GROUP BOUNDARIES BEADY IN Eve)
°37 430 romHAT(6E12.5)

o3e 440 FORMAT (I 13499® GANMA ENERGY GROUP BOUNLARIES BEADS IN EV )
$39 450 rommAT (I 210CIxs1eE1 0,300

40 4¢.0 FORMAT (I 979 OCONPUTED LETHARGY WIDTHS PER SROUPY DELULEG,S)
Sa1 470 FORMAT (1 106 505139 39 ODELUCE) =0 1mE10,.3)

Sa42 ETURN

43 END

544 ¢

545 ¢

S4€ C KON MEADS AND EDITS THE GEDMETRY FOR PERTUNDED AND DETECTDR ZONKS
54?7 ¢

Sa4¢& SUBDRDUTINE GEOMC(ITZI IITINTPZINEZINDZI IDZINPILZINDIDZY IRELS Y
S49 1 IDELEIPTIDTINTPINTDINELA Iy WELACIKELD] s HELDCE Y
SS 2 JTIKPZIKDZY 3TSUM)

%1 ¢

SS52 INTEGER ATIDTIHELR] s HELRZ ) HELPS)ELR G

553 ¢

S5%4 DIMENSION ITZC1)933T (1) INTPZ(ITI 1) sl (1) oND2Z (1) 93D WITIL)
oS 1 NPIDZ(ITI 1) INDIDZC(ITI 1) 9 IPELE (1) 9IDELRCI)»PT(ITI )
556 2 DYCITI L) aTR(ITHI I s KTDCITI L) s kELPI(ITH L) ' RELPC(ITI )
4 3 KELD] (JITr 1) yKELDE(ITr 1)

56 ¢

ST € ® & & QUTPUY COMMENTS & ¢ o

560 ¢ NPIDZ(J9rx) = IDENTIFIES PEATURDED ZDNE & FOR BAND J
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5€1 NDIDZ (JrK) IDENTIFIES DETECTOR 20ME & FOR SAND 3

c -
862 ¢ IPELE (&) - PEMT, ZONE &k SHONS UP IN IPELZ () DANDS

563 ¢ 1TEL2 (w) - IETY., ZONE &k SHONS UF IN IDELZ (M) BANDS

S64 ¢ PT(ITINR) - PERT, ZONE ® SHONS UP IN THE DANDS PT(K91) o .« .
$65 ¢ DY (IIJrw) - DET. ZONE & SHMOMS UR IN TWE BAND DT (N1l) , . o
566 ¢ 2 LXE IY ) - 1S FEMT, ZONE & PRESENT 1IN B3AND J 7 01 nND-/YES
567 ¢ 32 JE€IY 3] = 15 DET. ZONE & PRESENY IN BDawD J 7 071 wo/vES
566 ¢ KELP] (Jr) = MERY, ZONE ¥ IN DAND J STARTS WHITH TRI, KELP]
569 ¢ KELP2C(IIK) = PERT, ZONE & IN BAND J ENDS WITH TRI. KELPC
$?0 ¢ KELDPI(IIK) = LET, ZONE & IN DAND J STARTS WHITH TAl. KELDI]

Tl ¢ HELDE(IIN) = DET, ZONE K IN DAND J ENDS HNITH TAI, XKELDE

572 ¢

ST3 C © ¢ & INPUT CONMENTS & & ©
S?4 ¢ 13T - & YRIANGLES IN DAND J
5?5 ¢ NTPZ(JI932) = & NUNMBER OF TRIANGLES IN ZONE 12 FOR BAND J

5?6 c IDZ(JI132) ~— ZONE IDENTIFICATION FOR THE 312°Te ZONE IN BAND J
5?7 ¢ 1Tz = & 2ZONES IN DAND J
$?8 ¢ ez - & PERATURDED ZDNES
5?9 ¢ D2 - & DETECTOR ZONKS
560 ¢ ~NerZ (ep2) - FERTURDEYD ZONE IDENTIFICATION FOR KPZ ' Thm RERY, ZONE
561 ¢ NDZ (KD2) = LETECTOR ZONE IDENTIFICATION FOR KIZI“TH DET. ZONK
S&2 ¢ ITESTY - DETAILED DUTPUT LESIMED 7 0/67.0 wD/YES
583 ¢ J7 - & BANDS
S84 ¢

4% € MEAD IN £ ZONES FOR EACH BAND 172y & TRIANGLES FDR EACH BAND 11T
$56 € MEAD In 5 TRIANGLES IN EACH ZONE NTRZ
87 C mEAD 1IN ZONE IDENTIFICATIONS 3IDZ
s5e8 1TsUM=0
589 po 110 a=1r a7
590 READ(S5r402) 3T2CI)9237(I)
591 ITSUNEITSUN®IIT ()
592 12=372C(3)
593 mEAL (50403) (NTPZ(I93)93%]932)
594 READ (5:403) (3DZ(Ir3)913%1932)

595 110 conTINnuE
S9¢ C PEAD PEATURBED ZONE IDENTIFICATION O NP2
97 € ®MEAD LETECTOM ZONE IDENTIFICATION & ND2Z

S9¢& EAD (51 403) (NP2 (320932 1xP2)
S99 READ (59403) (NDZ(32)912%19kD2)
600 C SEY IDENTIFIERS FDR PERTURDED AND DETECTDR XDnNES
601 0 120 w=]yxr2

602 ImELE () =0

603 po 120 I=1ra37

604 ®YP(Jrs) =0

605 120 conTinue

€06 o 1285 x=1lyxDZ

607 1DELE (x) =0

608 125 cowntinue

609 po 210 Ja=lra7

610 JI=EITZ ()

611 po 130 12=1r32

€12 NEIDZ (Iy 3200

€13 130 ~NDID2(Ir32)=0

6la po 160 12=1s33

615 o 150 x=lrur2z

616 NASNPZ (K)

€1? IF(IDZ(Ir32) . NE.NP) SO YO 130
616 IE TP () . NE. 0) 60 TO 14V
619 IEELEZ (W)= IPELE (K *]

620 PYC(IPELE (K) I XI®T

621 140 wP3ID2 (I 32) 8K

éz2 KTR (Jrx) =]

623 150 conTinve
624 160 conTimuve

625 P0 170 x=],yxd2

626 xTD(Jrx)>=0

627 170 conTinuve

628 po 200 12=1s39

€c9 po 190 x=]rxd2

630 NDENDZ (K)

631 IF(31D2(Ir32).NE.ND) 6O TO 1YU
632 IF(KTD(Jes) .ne.0) 60 YO 18U
633 IDELE (K)®IDELE (KD +]

€34 DY (IDELZ (w) s K) B

635 180 wpIDZ (39 32) mi

636 KTD(Jrx) =]

€37 190 cowvinue
636 200 conTimnue
€39 210 conTinue
640 c
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4] C SEY TRIANGLE IDENTIFICATION FOR PEATURDED AND DEYECTOR ZDNES

642 ¢

643 po 280 J*lsaY

644 Do C40 12=lrmp2

€45 IE TP (Ir32).88.0) 60 YO <40
646 ®ELP ] (Ir32)=]

47 ELP2(Ir32)%0

648 HELPE=ITZ ()

649 o 220 1=lrmELP2

650 HELPIENTPZ (I 3)

651 IF(NPIDZ(I1).60.12) 60 TO &30
652 HELP] (I IZ)EELP L (J9 32) LM ]

€53 EE0 CONTINUE

(32 220 wELPC(III2I=NELP I (Jr32)¢ELP]~]

€25 C mAAR AEMOVE NEXTY CARD In PROGRAN

656 WRITEGIS01) WELPL(JI9r312) ' KELPC(IIIZ) 9 T0 12
EST C MABRA END BENOVING

658 240 conTIinvE

659 po 270 312=1sxdD2

660 IF(KTD(Ir32).60.0) 60 YO £70
661 *ELD] (Jr32)=]

662 KELDS(JIr12)=0

663 HELPAE3TZ ()

664 po 250 1=1rmELP4

665 HELP 3ENTRZ (I 3

666 IF (NDIDZ (I 1) .E0.32Z) &0 TO bV
667 KELDI (I 312Z)=RELDI(IrI2)* HELPS

6€8 250 conTINnuE
€E9 60 WELDC(II3I2)SWELD] (J9r312) *ELP I~
670 C mARR AENOVE NEXT CAMD IN PROGRAN

671 WRITE (69 508) KELDI(Ir32) 1 -ELDC(INIZ) 99122
672 C END REMOVING

67 70 conTIimnuE

€74 260 conTImnuE

6?5 c -

67€ C EDITING

(a4 HRITE (69410

678 R ITE (604100

679 po 290 J=1sa37

680 12=372(3)

681 HRITE\G1409) I

(174 WP ITE (6 408)

6E3 WEITE (691 405) (ID2(Iv3)r2%1922)
64 HRITE (69 406)

66% HRITECEr404) (INTRZ(IJr3)92=]932)
686 HRITE (G2 406> (INPIDZ (I 3)92%]r22)
667 R ITE (61 407) (NDIDZ(I12)923=1922)
668 HEITE 60 410)

6¢9 290 conTIinuE

690 HRITE (64100

691 HRITE (69 411)

€92 po 310 x=lixp2

693 IPELEIPELL (K)

694 mEITE (61 412) X IPEL

695 HRITEC(E1413) (PT(Irx)rI=]9IREL)
€%€ 310 conTinue

€97 HR3ITE (60 410)

696 HRITE (61 413)

699 p0 320 w=lixd2

200 ILELEIDELL (KD

701 HRITE(Gr414) &y IDEL

202 NAZTEC(614]13) (DY (Jrx) 1 I=1y IDEL)
203 320 conTimuve

704 c

705 C mrme RENDUVE FOLLDNING CARDS IN ACTUAL PROGRAN
706 HRITE (604100

70?7 uE3TE 69 S500>

703 po 330 a=lrav

709 HRITE (69503) (KTP (I1) r = I mZ)

710 330 nmITE (69504) (MTD LTI k) s =] 9 xD2)

711 S00 FORMAT (e 140N® @ & TRIANGLE INFD FDR PERY ZONES & ¢ ©)
712 S01 FORRAT(Im 211X T JUNKOUT 12381 3M k59130140 335913
713 S02 FOPNAT (1 911x99m JUNKDUT 9231Us 3N KZ9 313040 JI%y13)
714 S03 FORMAT(IM 120X s3rwTrrExr 123060

215 S04 FOPMAT (1l 120xs s TDI X 123060

71€ C mAR® END PENOVING

217 401 FrommaT (360

718 402 rommat (236

719 403 rORMAT (1236)

720 404 FOPMAT (1M +Bx9 1IN TRIANGLES?Y 1D(2691X))
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Tel

TEE
Tee
Tes

72?
728
ve9
730
731
732
?33
734
?35
736
?3?
738
229
740
741
742
T43
744
745
746
74?7
748
749
?50
751
752
?S3
754

L AA
=21

756
?5?
%

759
760

782
783
764
785
786
78?7
768
789
?90
791
792
793
794
795
796
79?7
79¢€
799
8600

nnNNN

405 FORMAT (1M 9 10X99m ZONE ID.s» 1DC169 1We))

405 FORRAT (1 +8xr 1 1erEmT, ZONE?9 1DC169 1X))

Q407 FOPHAT (Je +9x s JONDET, ZONE?9 13C269 I1x))

408 FORrAT (1M 120x9 15 (7neeeesee) /)

409 FOPHAT (1M 1+ 1CHOee DAND £ =) 3br % &68)

410 FrOmRAT(IM 2297

411 FORPHAT (I 127H*®® PERTURDEYD ZONE IneD $06)

412 FORMAT (1M 91029 16PERTUNDETD ZONE ©93C9126m 1S ARESENT IN THE FOLLDW
1I3N51 3896 B3ANDS)

413 rpAnAT (1M 1 20x92014)

414 FORMAT (1n 11029 ISHDETECTDR ZONE €912926M 1S PRESENT IN THE FOLLOWI
1NGY 3296 BANDS)

415 FORRNAT (11 126Meee DETECTDR ZONE INFQ ©66)
RETURN
END

SUDROUTINE DETSEN CALCULAYTES DETECTOR MSESPONSES AND DETECTDN
SENSITIVITY ARMOFILES, IF DETCOVE] A LETECTOR UNCERTAINTY ANALYSIS
18 PERFOMMED

SUBROUTINE DETSEN(KRELDI IRELDEIKTDIKDZIITIIITY IG5 IOUTPUTIDETCOV?Y
1 BRICOVRIFSUNRIPHIVIRIZONISENRISSENNI SIGHAIDELUIEY
2 NCOUPL Y 316KD)

DIMENSION KELD1 (ITr 1Dy wELDC(ITI ) s TD(ITI 193371 IDELUCID 1EC(L)
1 PRIV s M eDZI 1) 1 SSENR(NTZI 1) 12ONLID1COVRLIGMI 1)
2 SENR (1) 1ESUME (1) 1 SIEMA NDZY 1) r&E(50)

COmMMON /PLOT/ TITLE (B

INTEGER € DETCOV

DATA CP3/6,2831853087
1 (36E0.E@. 1) cm3=1,0

MEAD AND EDIT DETECTOR RESPONSE FUNCTIDNS
o 180 »=lyxd2
PEAD(S51410) (SIGMAKIG) 16%]y I6M)
HRITE (69420)
po 110 ¢=1r36m

110 nm3ITEC61430) Gr1SI6mA (K1 6)

120 conTinue

INITIALIZE
po 130 =1/ 16m
130 senm:@)=0,0
po 150 x=1sxD2
2zon ) =0,
o 140 €%1)s316n
nixr16)=0,
SSEnm(xr6)=0,0
140 conTINnuE
150 conTiNnuE
an=0,

CALCULATE GNQOUPKHISE AND ZOMENISE SESPDNSES P (01 @)
REMIND 1
po 200 e=1/318m
po 190 a=1ra7
p0 1680 x=1ixd2
IF(vTD(Irx) 6@, 0) 6O TO 1BV
1ZErELDE (J9y) —HELDI(Irsd ¢l
aEap (1) (Pu3v (210931519 32)
p0 170 31=1s32
RKIE) BB I G *RMIV(I) OSIEMA (K1 §)
170 conTinue
160 conTInuE
190 conTinug
200 conTImnuE

CALCULATE TOTAL SCSPDNSE FUNCTIDN WR
Do 220 €%1r316m
sEnn () =0
p0 210 #=]1rxd2
AREARICPION (K1 6)
210 conTInuE
220 comTiNnug

CALCULATE SENSITIVITY AROFILES

um3TE (69 5250
o €40 €%1y 160
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601
eo2
603
604
805
806
607
808

809 ¢
810 ¢

811
812
613
814
615
816
817
e1g
B19
8z0
e21
822

823 ¢
824 ¢

825
626
827
828
829
830
831
832
833
834
&35 ¢
636 ¢
837
838
€39 ¢
640 ¢
641
-2 ¥4
643
[ Z2)
€45
6ae6
847
€48
849
eso
831
e
e53
e54
e55
856
65?7
1]
86%S9 ¢
860
861
&6z
8€3
[:1°2)
6€S
666
&66?
(1]
eey
70
671
e72
6?3
874
€75
676
£?2?
&?8
679
660 ¢

o 230 w=lsxp2
IFtLSIGrAr16) .68, 0.0 6o TO 23V
RNInIG)ERIKIE)OCH]
R ITE (69 530) KrGrmKIEG)
SSENR (NIG)ER(N1G)/ (BRODELUCE) )
SENRIG) & SENRLE) ¢ SSENMRIKIE)
230 conTINnuE
240 conTINUE

SEY UPPER-DOUNIARIES FOR GROUPS
1F (nCoUPL.ER, ) 68 To 270
o 250 6=lincOurL
£K (6) =K ()
250 conTINUE
~NCP lsncourL ¢ ]
DO 260 @=nCRly 36m
EE (G) =g (6+])
260 conTINnuE
o Yo 290
270 »o 280 e=1y318m
EE (@) =K (6)
280 conTiINuE

EDIT SENSITIVITY PROFILES SUMMEYD OVER ALL DET, ZDNES
290 umITE (69440) (TITLE(I) 221519 80)

HRITE (694500

HRITE(6+1460) Am

HRITE (69 470)

HRITE (62 490)

o 300 e=1s16m

uP3TE(69500) GIEE(E) 1 DELUCG) » SENR ()
300 conTinue

HRITE (695100

wR3TE(6»S20> 1,0

DO UNCERTAINTY ANALYSIS 3IF DESIMNED
1F (zETCOV.NE, 1) 60 TO 310
CALL SUDIYLCOVRISENIESUMRY I6M DELU)

EDIT SENSITIVITY AROFILES FDR INDIVIDUAL ZONES
310 1Fr CGzouTeuY.E®. 00 €0 YO 360
0 330 w=lywd2
po 320 6=1sr16m
ZONIK) & ZONIK) ¢ SSENR (K9 G) ODELV ()
320 conTinug
330 conTiNnuE
p0 250 w=lyxd2
HRITE(Gr440) C(TITLEC(I) 2 1=198)
HRITE (69 450)
HRITE (62 460) am
WEITE(6r460) &
HRITE (61 490)
0 340 e=lriem
HRITECE1500) GIEE () IDELUCG) 1 SSENM (K9 )
340 conTIiNnuE
HEITECEYSI0)
NEITE (69520) ZDWIK)
350 conTinve
FORKATS
410 rommAT (6E12.5)
420 FORMAT (M 1 79GENERGY DISTRIDUTION OF DETECTDR RESPDNSE FUNCTION
SSIGNA(NIG) Br GROUP FOR LETECTOM ZODNE & ©916)
430 romrAT (S 6 = 23139 3xs 1PELE.D)
440 rORMAT (1 s/ 9EA1097)
450 FORMAT (1M 124 (1He)1® SENSITIVITY PRDFILE FOR THE DETECTOR SESPONS
SE FUNCTION RL(6) ¢9125(1me))
460 FORRAT(lr 19SENR(G) IS PEM LETHARGY=HIDYH DELTA-U AND NOMMAL IZED
STO THE TOTAL RESPONSE SR = (AIPm3) = & 1pEl12.507)
470 FORHAT(lm 19FOR THE SUN DVER ALL DETECTOR ZONESS)
460 FORRAT (1 +19FOR DETECTOR ZONE KE=®9139/)
490 FORNAT (I 10 ERDUP UPPER-ECEV) DELTA-U®)Bxr SSENNS)
SU0O FORRAT (1N 213592x9 1PEL 0. 302X 1PEY. Cr4xr1pE10.3)
D10 FORMAT (1M » 38Ny @-—mmmmccan .
S0 FORPHAT (1o 1 IXIOINTEGRALS®IZIX IRET U, 39D
TCT FORMAT (4E ¢ © ¢ RESPDNSE D' GEOUP AND LETECTOP ZDNE © & ©)
T30 FORPHAT (In » ORI SPDNSE FOR DETECTDR ZONE? 330 10K AND 6ROUP) 139
1€xra12.%
360 mETURN
gE~D
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8gl ¢

BEC € SUBDEOUTINE TAPAS ASSIGNS LOGICAL UNITS TO THE ANGULAR FLUXES AND TrE
&S € FLUX MOMENTS

&Ea4 c

&85 SUDROUTINE TAPAS (RTAP s pt1s NMI I TEUMS 3659 MRXWEDINTP o

8&6 1 HRELP I KELRCIKRZ Y IT)

|ET

CEE C © ¢ © INPUT COMMENTS ¢ ¢ o

&6e9 ¢ A AR D & MALIMUM NUMDER DF WORDS ON A LOGICAL UNIY
€40 ¢ 16M = NUMBER OF GROUPS

8%1 ¢ 1TSUN = TOTAL NUHBER OF TAIANGLES

892 ¢ ~ & NUMBER DF HMOHENTS

893 ¢ LLYCH & 5 QUALEATURE DIRECTIONS- QUALRANT FOR GROUP 6
894

E95 C ® & & DUTPUT COMMENTS & ¢ o

696 ¢ ®TAr (59 36m) ®= LOGICAL UNITS FDR FLUXES

EQT C weESES

898 ¢ H“TAP(1196) & LOGICAL UNITS FOR ANGULAR FLUXES

699 ¢ HTAP(C16) = LOGICAL UNIT FOR ADIOINT ANGULAR FLUXES FOR ¢ROUP &
900 ¢ KTAP(316) = LOGICAL UNITS FOR ALJIOINT ANGULAR FLUSES-®ANION ACCESS
901 ¢ HTAP (4960 = LOGICAL UNIT FOR FLUs HMONENTS FOR GROUPS 6
902 ¢ KTAP (596) = LOGICAL UNIT FOR ATJIOINT FLUX MOMENTS

903

904 DIMENSION HTAP (59 1) smm (1) s TR (ITI 1D I wELPI(ITY 1) ywELPE(ITY 1)
905

906 INTEGE® 6166

907

908 vo 200 1=1+2

909 200 mEAT (514100 (MTA® (39629619 36M)

910 LASY & KTAP(Cr3I6M) <+

911 1sum=0

912 po 230 6= 1r16m

913 GG=I6m-¢*]

Sla ANGNORE I TSUNOHN (66

915 IF LANGHOR . GT, MASMAD) 60 TO 40

916 ISUNM B ISUNCANGHDN

917 I (ISUN. LY. nAXwRD) 60 TO 21U

918 ISUNCANGHOR

919 HTAP (31 66)%LAST*]

920 6o vTo 220

921 210 ¥TAP (3166)=LAST
9ce 220 LasTENTA® (31 66)
923 230 conTInuE

9ce o Yo 250

925 240 um3TE (62420)

926 sTO®

927 250 LASTExTAP (39 1) <+ |

928 o 290 1=1s2

929 IF(1.68.2) LASTY = wTAP (4r16m)¢]
930 Ip=3ey

931 I1SUNE0

93¢ rLOF=0

933 po 255 a=l,av

934 o 295 x=lixmz

935 IE (TP (Irw) 0. 00 6O TO &3O
936 IPLDFEIMLDFOKELRZ (Jrk) ~KELP] (JrK) ¢]
937 255 conTinue

938 HONNOR E 3P L DF Stem

939 IF (HOMNOR . 6T, mAXNAD) 60 TO 40
940 p0 c60 €6%1/r36m

941 6=G6e

942 IF(1.68.2) €=16n-66+]

943 ISUN B ISUM ¢ HOMND®

S4a4 IF (ISUM. LY, mAXxwAD) @D YO 60
945 1 SUNEHDMWON

946 H“TAP (IR @) RLASTS]

947 60 To 270

948 €60 wYAP (3P1G)ELASTY
949 270 LAST=wTA® (3P @)
9%0 260 conTinue
S1 290 conTinug
952 410 roRMaAT(1216)
53 420 rommAT(lr 1S50m ¢ ¢ ¢ ERADR XXX = VALUE OF MAXHARD YOO SHALL & ¢ o)
954 RE TURN
955 END

) 4
v
nnnNnnN

959
960 SUDROUTINE SNCONC(CEICHINTINUPINSR ) M0 NPR I FINEL ? ISNY 36M0
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f61 1 1oeY)

9¢€2
963 LEVEL Z9CEvCH™
964
965 DIMENSION CHGMNPRIGY 1) 1CE CHIPB @9 1) sNT C1) s UP CrvEL 2 1) s vEL (4) 0
966 136LS B 1SN @ ynPR (1) 1 ISNCL) s ()
967
968 DIMENSION UA(3) s UGE) s LECIW Y LVIUKIS) Y UI2(Z1)r VIARE) Y U636
9¢9
9?70 INTEGER &
9?71
gve DATA LR/ ,57735037/
T3 DATA U4/ . BSREI03y ,3500212r . 3DULZIR”
974 DATA UG-, 9IS0E46)r . 66126461 .6L13¢6469,25614299.2663443).2561429/
9?5 DATA LB/ L FE03IT0Er .E06STT 0 . BUGDD? 09 ., TT129T8y , 57735031 . 5512956
96 1.19T1380y,21339819,21339819.1971380 7
9?77? LATA UI0/s . 97302189 ,.6T210c4r .8/l UR4r . 69612869 ,72127739.6961286,
9T8 1.45675761 , 46977491 , 4697749, . 4060?61 ,1631408s, 172552734, 1755273
9?9 2.175%273+,.1631408
980 LATA U127 910344, ,9080522r . YUBUS22r . 78277069 . 60230727y, 7622706
981 1.60402529,6400755s .640079%9 ,60AUCD2 . 39117445 ., 4213%15,424978%
982 2.4213515+,3911744+,13706111,1497456+,1497456,, 1497456+, 1497456,
983 3.13T70611 -
984 DATA Ul4s ,SETS586Ty,931403%y,9514035,.B3629161.8521232+.8362916»
965 s T0109Z39 , 23242500, 73248509 . 701 U¥E31.5326134,, 5691623+ ,5?773503»
986 2.5€91E8239 . 5326134y . 3399236 . I7UUDD9y ., 37361069, 37361069 .37200559
987? 3.33992369.11962309.1301510+.13015109.1301510+,1301310+,1301510
988 4.1196230 -
989 DATA U6/ ,95E9102r, F464163r,94041631,87T27534, ,6L55877y 6727534y
990 1.7€57351 .79250899 . TI250899 . 76273919 .6327389+.6666774y ,6T52671
991 C.666E7749,63273691.4743525: .01Ur3199.521%2431,,5215431,,510?7319»
992 3.4742525y ,30167019, 364319, 332c9U6s . 33329069 , 33329069 , 3264315,
993 4.3016701+.10501599,.1132880+.115¢88U».1152660s.1152660y,11528800
9oe ©.1152680,,1050159 ~
995 TATA Sn-1.00=1.00-1,.001.07
996 ¢
99?7 ¢
998 READ (59 440> (ISNC(E) r16=])r 38M)
299 po 350 e=1r16m
1000 120 mEL=ISN(G) 72
1001 6o TO <13091500170019092109s230scS00270)9 mEL
1002 130 po 140 L=1r4
1003 Ne@ (L) =]
1004 cE(lrLr@)=sniLIOUR
1005 NT(6)=0,20
1006 140 conTINnVE
100? e To 290
1008 150 po 160 L=1r4
1009 ~nep (L) =3
1010 p0 160 w=1,3
1011 CECMILIG) ESN (L) SUb ()
1012 WY (G)=0. 06333333
1013 160 conTImuE
1014 so To 290
1015 170 »o 180 L=1r4
1016 ~NPD (L) =6
1017 o 160 m=1,6 .,
1018 CECMILIGI=SN (L) SU6 (M)
1019 WY ()=, V4166667
1020 160 conTinug
1021 o To 90
1022 190 po 200 L=1,4
1023 ~nep (L)=10
1024 o 200 m=1,10
102% CE(rILIG) SN (L) ®UB (M)
1026 HuT (8) =, 025
1027 200 conTinug
1026 e To 290
1029 210 o 220 L=1r4
1030 ~eR (L) =LD
1031 o 220 w=1915
1032 CEC(rILI G =N L) ®UL 0 (D)
1033 HT(G)=0. 01666667
1034 220 conTinuve
1035 eo To 290
1036 230 po 240 L=1r4
1037 ~ep (L) =2
1038 Do 240 m=1,21
1039 CECGUILIGIESNIL) OUI2 ()
1040 Y (6)=0, 01190476
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10a1
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1025
1076
107?
1078
1079
1080
10e1
1082
10€3
1064
1085
1086
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
1118
1119
1120

240
250

280
290

300
310

320

330

CONTINUE

o Yo 290

e 260 L=1r4

~Neo (L) =28

p0 260 m=1,28
CECILIGIEENILIOUL4 ()
WY (G =0, 006928571
CONT INVE

o To 290

po 280 L=lr4

~NPD (L) =36

Do £60 w=1y36
CE(rILIG/ ZSNILISUIG (M)
HuT(G)=0. 006944444
CONT INUE

e G ) =donem (1)

Do 310 L=1lrmEL

po 300 L=lr4

~NUP (L L) =L

CONT INVE
IELSCIL)=CILe(IL=1)) /2
CONT INUE

po 320 L=1r4
NEL (L) =MEL

CONTINUE

po 330 L=1rmEL
ILismEL=2L

po 330 ee=1s 3L
HMEIELS (IL) ¢mp

HIZIELS (IL140P) Spem
CHimIdrGI=-CE(M]r4r6)
CH(M; 318, 5~CE(nlrd&r @)
HMCEIELS (IL) ¢1L-mpe]
CH'nEr1r1@)=CE(nIr4r @)
CHMEIZIG)ECE (M]r 49 @)
CONTINUE

C EDIT SN-SETS BY GROUP IF I0PT EGUAL YO |1 Om 3
IFCIOPT. . NE. 1. AND.IDPT . E.3) 60 YO 350

nnnNnANAN

nnnNnnNnnNnONN

340
350

HRITE (69410 €9 ISN(E)

PO 340 L = 1y 4
“MITE (694200 L
P = nem (L)

PO 340 w = 1yr ere

HRITE (694300 rrICH(MILIGIICELMILIG) Y NT (S

CONT INUVE
CONT INUE

410 FORMAT(///71X127M® & © & & BUADRATURE GROUP 113110m ¢ & & o o ./

420
430
440

113%928mBUILT=IN CONSTANTSY

$-v3c )

FORMAT (£ 7 7% 1 FHDUADRANT 931/ /20X CoomUs 17X IHETAY 14X s Mk IGNT /)

FORMAT (Sx 3139 3820, 6
FORAT(1236)

RE TURN
E~D

SUDROUTINE PNGEN MAS BEEN COPIED AND HMODIFIED FROM THE TRIDENT-CTR
CODE.
THIS SUDPROUTINE GENESATES SPHEMICAL MARMDNICS POLYNONIALS AND
STORES THE®N IN THE PROPES ORIEMY CORMESPDNING NITH A DIRECY OR
ATIOINT FLUNX=HMORMENT CONSTRUCT ION.

® & & INPUT CORMENTS & ¢ o

SUBROUTINE RNGEN(PIRICHICE I PEMI s TIMMILIAX S MNED I MM LVAXP I G HADY TSN

LEVEL 29 CEvCH

DIMENSIDN CH (P49 1) 1CECHneP 14 1) 1P I (1) 9T (L) 0P (e @oLAXPr 1) 9

ILECTIBORY XSO EET RS P)
INTEGER &

DATA cm1-/3,14159267

CHIMNPRI4) I6H) BUADSATURE HU'S
CE (MNPR14)r I16M) BUADRATURE ETAS

oG € DUADRATUNE DIRAECTIDNS FDR GROUP 6
LrAx ORDE® OF SCATTERING

Lmax® = Lmax ¢ ]

e TOTAL HMUMBER DF MDMENTS
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1121 ¢ G GROUP INDEX

llag c ®AD IDENTIFIER ALIOINTY OF LIRECY FLUXES
112

1124 ¢ & & ¢ QUTPUT COMMENTS ¢ ¢ o

1135 ¢ RN 1 6D SENERICAL HMARHMONICS POLTNOHIALS MEAPRANGED IN
1126 ¢ THE DUALRANT SEQUENCE 3921491 Ir ma3=(
1127 ¢ AND IN THE SEQUENCE 19149293 3¢ wapce]
1126

1129 NELEISN(E) 72

1130 JE=2oLmAxe]

1131 ¢

1132 ¢ GENERATE FACTORIALS

1133 ¢

1134 T>=1,0

1135 o 100 J=2y 3¢

1136 THELI-1)eT I~

1137 100 conTinve

1138 mp=0

1139 20 210 Le=1r4

1140 "raEmm () /4

1141 ¢

1142 ¢ GENERATE Peudl

1143 ¢

1144 0 110 m=lomre

1145 puns (=0, 50cr3

114¢ IFCEVILEIE) . NE. 0. 0) eI (MICATANLSENT (], 0=CH(MILBIG) ®o2
1147 1=CEC(MILDIG) $02) /ADS (CE\FILBYE) )

1148 IECCECHILEIG) o LTe 0,00 MeeI (M) SR (MO *CP]

114% 110 conTinuE

1150 ¢

1151 ¢ ZERD ORDER ASSOCIATED LEGENLRE SOLYNDMIALS

1152 ¢

1153 Do 130 M=l mrp

115« CECH(MILEY E)

1155 m(rls10=1,0

1156 1Fr (Leas.g@.0> 60 To 130

1157 LXCTY-TR 0L 1

1156 1r (Lmax.x@.1> 60 To 130

1159 0o 120 wEdsLmax

1160 PAMIN®Lr 1)=Co(2,0=-1,0/ NP (MINI 1)=C1,0-1,0/ )00 Han=191)

1161 120 conTiInuE
1162 130 conTinue

1163 3¢ (Leax.E@.0.AND.*AD.k@.0) 60 Yo 180

1164 IF( LMAX . EB. U.AND, . =A.E8. 1) 60 TO 220

1165 ¢

1166 ¢ HMIGHER DADER ASSOCIATED LEGENDRE ROLYNONIALS
1167 ¢

1166 20 160 m=l)mem

1169 CECHirnILEIG)

1170 20 160 J=ZsLmAxe

1171 D0 160 wNElsLmaxm

11722 IF (N—3) 160+ 140,150

1173 140 RN J)E=(COI-3)OSPRT (], I-COO) ®p (MIN-193-1)
1174 150 31Fr (n.E@.LMAsP) 60O TO 160

11?5 PHINTI I I) S ((2ON=]1)OCOP (MINII) =~ (N®I=2) P (mIN=11T)) /7 (N=3¢1)
117€ 1€0 conTinuE

11?2 ¢

1178 ¢ MULTIALY BY COS(Prrl) TERM AND FACTDRIAL COEFFICIENT
1179 ¢

1180 20 170 J=2sLmaxe

11¢1 DO 170 wNEJsLmaxm

1182 BESERT (2, (T (N-J¢1) /T (N*I=1))

1183 o0 170 m=lrsmem

1164 CEPHI (M)

1185 anr=cos ((J-1)eC)

11686 ¢ IF(G.EP, 1) NRITE(10+420) Brm(msnt I)rne
1167 PIHINIIIEDOP (MINI I) OCOS ((I-1)®C)

11€8 170 conTinuE

1189 ¢

1190 ¢ AEDUCE NUMBER OF INDICIES AND SCARRANGE
1191 ¢

1192 1r(xaD.nE. 0> 6D TD 220

1193 180 3¢ (LB.ED. 1) mPEIenrp

1194 IF(LB.ER.2) mPmmep

1195 IFLP.ER.3) smm=(

1196 IF(LE.ER.4) P EConen

1197 w=]

1156 Do 200 welyiLmaxe

1199 po 200 a=lsw

1200 D0 190 m=]l)men

161



1201 ey P er) BE (MY N I)
1£02 190 conTimue

1203 wEne]

1204 200 conTiNnue

1205 e To 210

1206 220 17 We.k8.1) wne=0

1207 IF(LE.ER.2) HMPE2onrE
1c08 IFWLR.ER.3) mpEIonrn
1209 IFLE.ER-4) Mr=rrR
1210 w=]

1211 20 240 wNE]lrLmAXS

1212 D0 240 JI=1lsn

1213 ¢ AEVERSE COUNT ON EACH ETA LEVEL FOR ADJIOINT HOMENTS
1214 =]

1215 INDEX]=]

121¢ pDE3S 1I%1inEL

1217 INDEX1ZINDEX]43I-]

1218 o 230 wi=1y3g

1219 INDEXZEII-N]

120 INDESITINDEX]1®INDEXE
1221 ® U MPINDEXS) EP (MY NY I)
1222 HEne]

1223 230 conTINnuE

1224 23% conTInue

1225 x = x ¢ ]

1z26 240 conTImUE

1227 210 conTimuE

1228 o 00 31=1,10

1229 ¢ IFG.E@, 1)WMITEC10+420) (M (29 3)93%1912)
1230 S00 conTInuE

1231 420 roRmaT(6EL2.S)

123¢ RETURN

1233 END

1234 ¢

123% € SUSROUTINE FLUXHMOM GENESATES THE FLUX HDMENTS

1236 ¢

1237 ¢

1236 SUBROUTINE FLUNXMOM (IITIFFLUNIFLUS SFUXINISNNIRINTAR I Gr 36M)
1239 1 FEZINMCITINRIT I MASRDINADIN TP INELR ] I NELPE Y
1240 e KTDIWELD] Y RELTC Y FMONINDZ IAPS)

1241

1242 C ¢ ¢ ¢ INPUT COMMENTS & & o

1243 ¢ FELUX (3TSURSMM (6) 74) ANGULAR FLUXES IN LCH

1244 ¢ FLUX (JTSUMOMM (G- 4) ANGULAR FLUXES IN LCH

1245 ¢ H(TGM) GUALRATURE WMEISHTS

1246 ¢ 31317 WY CEYRIANSLES Z DAND

1247 ¢ “e (@) TOTAL 3 DUALRATURE DIMECTIONS

1c48 ¢ KTAP (36M) ILENTIFIES FILES FOR ANGULAR FLUXES
1249 ¢ [ GROUP INDEX

1250 ¢ 16m TOTAL & GROUPS

1231 ¢ N NUMBER OF HOMENTS

1252 ¢ Kas NUMBES OF BANDS

1253 ¢ ®AD ITENTIFIEM ADIDINT/DIMECTY FLUXES
1254 ¢ “mY RANIOM ACCESS FILE AIIMESS INDICATDR
1222 c (-1 SCALAR FLUXES IN DETECTDR REGIDN
12

1257 € & ¢ ¢ QUTPUT CONMENTS & ¢ o

1258 ¢ JIEFENDING URON THE PARAMETER KAD) TIMECT DR ALJIOINT
1259 ¢ FLUN HOMENTS ARE CALCULATED ANI WRITTEN .

1260 ¢ THE ZERMQD T HMOMENTS DF THE DIMECT FLUX ARE SORTED DUY AND
1261 ¢ HRITTEN ON TAPE]

1262 ¢

1263 ¢ FUX (INMIITIIITCIT)) FLUR MOMENTS

1264

1265 LEVEL 29 FELUXIFLUXIFUX FMON

1266

1267 DIMENSION EFLUX (1) s FLUX C1) s FUX (N ITo 1) ok TA® (S 1090 (1)
1268 DIMENSION re 1) 9@ CNM9 109 22T C1) 9 3HOLTHZI) v IRman (1 0)

1269 DIMENSION TR (ITr 1) s kELP L (ITr 1) snELPE(IT 1)

1270 DINENSION HTD(IT9 1) skELD] (IT9 1) yKELDZ(ITr 1) 9 FMOMITr 1)
1271

1272

1273 INTEGER GrUNI1IUNSIUNS

1274

12?75 € 1nITIALIZE

1276

1277 16 = xap ¢+ 1

1276 31F (xap.nE.0) 60 TO 130

1279 e & (G /e

1280 Un]l = wTAr (316060
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C IN3Y
130

140

150
160
170
180

190

C INITY

200
2u0s

C ®SEAD

n
(]
o

UNC & RTAP (164316

IF W TAP (1G16) NE.XTAP (3696-1) DR, 6.68.1) 60 Yo 100
o vo 110

CALL ASSIGN(UN1Y 09=3)

MEATLUN]) (THOLTHINR) sebE]yE3)
WRITEC791000) CI000LTH (o) o ®] 9 23D

FORMAT (23n4)

MEADWUNI) (IPmam (ee) sy 1 1)

HAITECTY 101 0) CIPmam i) a1y 1Y)

FoOmmAY (1236)

IF(NTAP (164316) NE.KTAP (164316-1).0m0.6.60.1) 60 TO 120
6o To 190

CALL ASSIGNLUNSY 09 =3)

CALL FAMSIZ (UNC I MAXNAD)

6o Yo 190

IALIZE FOR THE ADJIOINT CASE
G=16m-6*]

melEen () 72

UNISKTAP (1696)

UNC=NTAP (16431 6)

UNSENTAP (3160

IF(RTAPR (1696) NE.KTAP (1G16+]) ,0R.6.E8,16Mn) &D YO 140
6o To 150

CALL ASSIGN(UNTY 09=3)

MEAD (LUNT) (THOLTH (RiK) sk ®] 9 23)

READCUNT) (TPmam () =]y {1 LD

IF(RTAP (364316) NE.HTAP L 164516%]) ,DR.G.ER.I6Mm) 6O TO 160
6o Yo 170

CALL ASSIGNLUNTY 09 =3

CALL FAMSIZ (UNZI MAXMAD)

IF(RTAP (316) . HE.XKTAP (31 6¢+1) . 0m, ¢6.ER. 561 GO TO 180
o vo 190

CALL ASSISN(UNIY 09 =3)

CALL FAMSIZ (UNII MAXNAT)

wm3YE]

CONTINUE

IALIZE FLUX MOMENTS

po 205 a=lrav
ITI=1IT ()

o 205 31v=ls3va
D0 200 IN=]1omm
FUXC(INIIIIT)E(,
FHOM Iy 3T) =0
JITEZOIY

po 605 a=1r3a7
ANGULAR FLUXES

1couni=]

JI=3

IF(I.67.37) JI%2e37-J3¢]

TITIZILITCII) Cvamac 7 2

ITI®IIT (I

/2

20 210 mmIm]ymmx

IcoungEICcOunNl+ITI-1

MEAD (UN]) I

READ (UND)  (FELUX (ICOUN) » ICOUNEICOUN] » 2COUNS)
1counl=gcouncel

CONT INVE

IF (MAD.ER. 1D MRITE (79420) (FFLUX (ICOUND 9 ICOUNEICOUN] Y 3COUNS)
1F (vAD.NE.1.Om. 3A*3.60.1) 60 TO £30
um3TEC10+430) xm3T

CALL WDISKC(UNIIFFLUXY 3ITIIKRIT)

KR ITENMIT®IITY

1counl=]

DO €20 rmI=] ) pemx

1counE=3Ccoun]+31TI-1

READ (UN]) Ix

READ (UN])  (FLUX (ICOUN) » ICOUNE ICOUN] » 3COUNS)
1couni=icounce]

CONT INVE

IE (MAD.ER. 1) I TE (7942 0) (FLUX (ICOUND » ICOUNSICOUN] Y 3COULNS)
1F(vAD.NE. 1. OM. 1Ar3,.E8. 1) 60 TO 250
um3ITEC109430) xm3Y

CALL NDISH(UNIIFLUX? 3ITIIKREIT)
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1361
1362
13€3
1304
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
13?5
1376
1377
137

1379
1380
1381
1282
1363
1384
1385
1386
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
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440

KRITEXKRITSIETS

C CALCULATE FLUX MONENTS IN PERTUNDED ZONES

[

%50

260
270

280

290
300
310
31°

320

330

340

360
36°

3%0

¢ J.67.37) GO YO 320
DD 315 w=lixm2

IF TP LIIIN) LER, ) 6D YO 31O
ITI=rELR] (JIr )
ITEENELP2(II IR
UL LU T-2d

1count=0

1coun=3T]

Do £60 1mM=1semm]

po &70 3v=37viszT2

DO 260 In=1omm
FUXCINIITIZITY) & FUXC(INIIIIIT) ¢ WG/ OWM TN IM) SFELUNX (JCOUN/
1COUNEICOUN®]
CONTINUE
ICOUNTEICOUNT®ITS
1COUNEICOUNT+IT]
CONTINUE

1couNT=0

1coun=:T]

P U222 3

D0 310 3M=rmlsrmd

po 300 1v=31v1s272

DO 290 IN=19pem

FUX (INIITIIZTY) & FUXCINIIIIIT) ¢ WHCGI)OM(INY Ir) OFLUNX (ZCOUN)
ICOUNEICOUN®]
CONTINUVE
ICOUNTEICOUNT®ITY
ICOUNEICOUNT®IT]
CONTINUE

CONT INUE

o To 3%0

0 36D k=lixe2

IF (TR (JIrx) 6@, 00 60 TO 3IBL
ITieKE_®] (JIrK)
ITEEKELME (IT 9 )
1counT=0

1coun=3T]

M IEMHEe ]

HEAEIomne /2

20 350 IMTAmI)rmd

DD 340 3T=ivisTC

Do 330 INE=lona
FUNX(INIIIIZT) & FUXCINIIIIIT) ¢ WEGIOMINI IMIOSFFLUXLICOUN"
jcounsIcouNn ¢ 1
CONTINUE
ICOUNTEICOUNTHITY
ICOUNEICOUNT®IT]
CONTINUE

1counT=0

Icoun=3T]

b Emmde]

e SEnm (6)

20 IE0 Jemewmds oS

o0 370 3v=3vis3Y2

DO 360 In=1ssem
FUXCINIIINIT) & BUXCINIIIIIT) ¢ wWiGI)OMCINT I0) OFLUX LICOUN)
ICOUNEICOUN®]

CONT INUE
ICOUNTEICOUNT®ITS
ICOUNEICOUNT®IT]
CONTINUE

CONT INUE

1® (vap,. k. 0) 60 TO 605

C CALCULATE SCALAR FLUXES IN DETECTDR SEGIDN

[

¢ (J.67.37) 8o vo 560

p0 S50 ~=lixd2

1F(TD (k) .Em. 0) 60 TO D0
ITI=NELD] (IIr )
IT2=mELDE (I T )

PR V-2

1counT=0

1coun=sT]

o 520 1m=lsem]

po 510 3v=3TviezTd
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144}
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
14%6
1457
14%E&
1459
1460
1461
1462
1463
1464
1465
1466
1487
1458
1469
1470
1471

1472
1473
1474
1475
1476
1477
1478
1479
14840
1a4€1

l14gg
14853
1454
1485
1486
14€7
1426
1489
1490
1491

1452
1493
1454
149%
1496
1497
1456
1499
1500
1501

1502
1903
1504
1505
1506
1507
1508
1309
1510
1311

1%12
1213
1%14
1915
1516
13517
15186
1319
1520

sS40
S50

560

560

o990
€00
605

FRORMIIIIT) & FrON(IIIIT) ¢ WLG)OFFLUX (ICOUN)
ICOUN=ICOUNG]

CONTINUE

ICOUNTEICOUNT®ITY
ICOUNSICOUNT®IT]

CONT INUVE

1COUNT=Q

1counEsT]

CRY LT -Y4-2 B

DO D40 Tmzemm]lomemd

vo 530 31v=3viezTd
FRORM(IIIIT)EERMONCITIIIT) ¢ WG orLUX (ICOUN)
1COUNSICOUN®]

CONT INUE

ICOUNTEICOUNT®I TS
ICOUNEICOUNT®IT]

CONTINUE

CONT INVE

6o To 605

po 600 x=1ixD2
IF(nTD(II',) . k8. 0) 60 YO 60V
ITISKELD] (JTr8)
IT2=RELDE (IIT )

1counT=0

1coun=3T]

M IEege]

rrd=3emm2 2

DO S70 1mErm3oomed

po 565 31ve3viezve

FHOM(III ITIEFMON(ITr 3T) 44 (6) SFELUX (3COUND
ICOUNEICOUN®]

CONT INUE

ICOUNTEICOUNTITY
ICOUNEICOUNT®IT]

CONT INUE

1counT=0

Icounc=3T]

g Emude]

MO = (6D

20 S0 sHzewmdy oS

o 560 1v=3viszvd
FHORN(IIIITISEMOMIIILIT) < W(G) ®FLUX (ICOUN)
ICOUNEICOUNS]

CONT INUE

ICOUNTEICOUNT®ITS

ICOUNE ICOUNT®IT]

CONT INUE

CONT INVE

CONT INUE

HRITE FLUX HOMENTS AND SCALAR FLUXES

610
620

630
640

DO 620 I=1ra37

p0 610 x=lyxr2

IE (TP (Iin) k0. 0) 60 TO 610U
1Z1=wELP ] (Trm)

I2EERELPE (Ir i)

NEITECUNS) CCRUX CINIIITT) o INE om0 3TR3219322)
CONTINUE

CONT INUE

1 (vap. k.0 6o Yo 650

o 640 J=1,a7

PO 630 k=1yxDp2

IF (kTP (Jrs) .. 0) 60 TO 63U
1Z1=wELD] (Jre)

1ZE=NELDE (Jr )

HRITEC(]) (FrOmM(Ir32)932%32)1932c)
CONT INUE

CONT INUE

CLOSE TAPES I1F ECESSERY

6350

400

410

i1r(vay.ex. 0> 6o To 400

IF(rTAP (1696) . NE. KTAP (1616+]) .ON.G.ED. I6M) CALL CLOSE (UNID)
IF(MTAP (164316) NE.HTAP (164316¢]) .OR. 6. ER.36m) CALL CLOSE \UNC’
6o To 410

IFE(WTAP (21696) NE.HTAP (16+16-1) ,OR.6.EP.]1) CALL CLOSE (UNI1)
IF(FTAR (3G43) ., E. HTAP L164316-1) . ON. 6. EP.]) CALL CLOSE \UNC)
IFE(MTAP (316) - HE. XKTAP (316-1) 0N, 6.ER. 1) CALL CLOSE (UNS)

CONT INUE
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1521
152
1523
1524
1525
1526
157
1528
1529
1530
1531
1532
1233
1534
1535
1536
1537
1938
1539
1540
1541
1542
154
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
195
1556
1597
1558
1559
1560
1561
1562
1563
1564
19€5
15€6
15€7
15€86
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1S€0
1981
1582
1583
She
15es
1586
1557
15es
15¢9
1590
1591
1592
1593
1594
1595
1596
1597
1996
1999
1600

nnNnnN

nnnnNnnNnNnAanNnNANOHNANNNNN

420 rommaT (6E12.5)

430 FORRAT(IH 16HeRIT =936)
RETUMN
EnND

SUDRDUTINE Cm3IS CALCULATES THE CmM1“S

SUBRDUTINE CHIS (FLUXIAEELUXIAELUSINTAR )CHIINELP ] sWELPSINTPIIITY
HHI IENI I REZITTIITHAS Y 36 IOUTPUTIITSUMY I6ED)

® & O INPUT COMMENTS © & o
FLUS (3T rmP @) ANGULAR FLUSES ®EAD FRO® UN] (LCH)
AFFLUX (33TI) ATIDINT ANGULAR FLUSES?Y BEAD EROM UNE (LCW)
AFLUX (2TTy Pl BEARRANGED ADJIOINTY ANGULAR FLUXES (LCH)
wxTar (59 3600 DISK INDEX
“ELP ] (Ira) PERTY. ZONE X IN BAND J STARTS NITH TRI. wELP]
HEL®2 (I e) MERT, ZONE & IN BAND J ENDS NITH TRI.KELRZ

oYe (Jre) - 315 PERT, ZONE & PRESENT IN BAND J7 0/]1 ~D-/YES
137 - TOTAL ¢ TRIANSLES IN DAND J

e - TOTAL & HOMENTS FOR GROUP 6

I1SNCE) - ED.-DUALRATURE SET INIICATOR FDR GROUF 6

w(G) - E0.-DUAIRATURE WEIGHTS FOA GROUP 6

P,z - 3 EERTURDED ZDNES

16m - & GmourS

JT - 2 BANDS

JTHAX - HMAX, 3 TRIANGLES/BAND

ITSUN - TOTAL NUMBDER DF TRIANGLES

® & ¢ DUTPUT COMMENTS & ¢ o
CHI(IGrIKPZP) = CHMI'S

LEVEL 29FLUXI AFFLUX Y AFLUX
INTEGE® &rUn1IUN2

DIMENSION FLUXCITHAXS 1) s A ELUNX (1) saerLux (IJTmAxs 1D snTar (Se 1)
KELPI(ITI D) swELPE(ITI 1) s TP (ITI1) 9227 () sy
2 NCID P ISNCI) sCHICIGMI 1) 9 IOLTH (23D v IPman (1 0)

DATA CPr1/6,283185307/

1 (16E0.E8.1) cm3=1,0
R ITE 62420
o 190 €=1s16m

INITIALIZE

p0 100 11=6936m
I=IGNe6-112
HRITENRITSITSUMSIm (1)
100 IF(NTAP (3910 NE.XKTAP (31 141) .00, 1.E8.16M) KRITEITSUMSHM(I)¢]
NELE®ISN(E) 72
JITEZOIY
“rp=sm(G) 74
unisxTar (1 6)
UnZEeTAR (3r @)

OREN FILES IF NECESSARmY

IF(KTAP (116) . HE.TAP (116-1) ,OR. 6. E@.1) 6O TO 60
eo Yo 90
60 caLL ASSIGN(UN]Y 0r=3)
READ (UN]D CIMOLTH (MK suenm]l 123D
READ (UM])  (IPmom (ko) sl 10D
GO IF(MTAP (396) E . HTAP (316-1).DN.G.ER. 1) CALL ASSISNILNGI 09 -3)

BEAD ANEL AR FLUXES DNE DAND AND DNE BUADBANT AT A TIWE

o 160 I=1r337
J3%3
IF(I. 6T, IT) JI=ZeIT-I¢]
1rvaszv ()
1I1TIEITIONeR
po 170 1=1,2
KRITENRIT-23TT
20 95 1m=lrmem
READ (UN]) 3K
9% MEAD (UND) (FLUX (IT9 20D 9 3T=]93TI)
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1601
1602
1603
1604
1605
1606
160? ¢
1608 ¢
1609 ¢
1610
1611
1612
1€13
1614
1€15
1616
1617
16186 ¢
1619 ¢
1620
1621
1€22
1623
1624
1625
1626
162?
1626
1629
1630
1631
1632
1€33 ¢
1634
1635
1636
1637 ¢
1€36 ¢
1639
1640
1641
1642
1643
1644
1645
1646
1647
1646
1649
1€50
1631
1€%2
1€S3
1€54
1655
1€%56
1657
1€58
1659
1660
1661
1662 ¢
1€63 ¢
1664 ¢
1665
1666
1€67
1€¢86
16€9
1€70
1671
1672
1€73
1674
1€?5
1676
1€7?
1676 ¢
1679 ¢

nnnNn

nnnNn

nnnNnnN

96

CALL RIDISK (UNSIAFELUX I ITIIKRITY)

IF CUNITCUND) ) 969965 96
WRITEC10r440) KRITIUNIT (UND)
WEITE(Gr440) xm3Y

WRITEC(E1450) (ArFLUX (IR s 2m=],327T)
1coun=]

AEABSANGE ADJIDINT ANGULAR FLUXES

110
120
130

INDEX1=]

po 130 1a=1rmEL
INDEX]I=®INDEX]®3I~]

po 120 mi=ls3a

INDEXE = 31JI-m]

INDEX3 = INDEX] ¢ INDEX2

po 110 1v=lszTy

AFLUX (379 INDEX3) =ArELUX (1COUND
HRITE (91 460) 1COUNY INDEXII ITIAFLUX (2T INDEX3) »
laFELux (ZCOUN)

ICouNn = Jcoun ¢ 1

CONTINUE

CONT INUE

CONT INUE

CALCULATE THE CHI’S

INITIALIZE BND SKIR IF NECESSARY

0 160 w=lixmz

INDEX IERELP ] (IT960)
INDEXSENELRE (I 900
IFI.ER. 1. AND.1,.ER. 1) CHI(GII=U,
IF (TP (i) k0. 0) 60 TO 16U

CALCULATE CHI'S

140
150
160
170
180

o 150 3z=I1NDEX] INDEXS

20 140 jm=lrmpre
CHMIC(GIN)ECHI(GIN) ¢ELUNX (T2 IM)SAFLUN (229 3/ O (E)
HRITEC(ZI 4300 IZr3IMICHIGINI IFLUR(IZIIMN)

1AFLUX (229 3000 21 ()

CONT INUVE
CONT INUE
CONTINUE
CONT INUE
CONT INUE

CLOSE TAPES 1F NECESSARY

190

IF(NTAP (116) . NE.¥TAP (1164]1).0m. 6. EB. 161’ CALL CLOSE (UN1)
IF (KTAE (316) . NE . KTAP (3964]) .0R. 6. EB. 16M) CALL CLOSEK (UNS)
CONT INUE

CALCULATE THE CN1I‘'S FOR THE SUN OVER ALL SERTURDED 2IDNES

AN

200
210

MULTIPLY THE CHMI'S BY COP1 IN THE CASE DF R-2 GEONETAY

wKEZPENPZS]

p0 210 G6%1/r316m

cHi(Grwr2zr)=0,

0 200 x=lrxmz

cn3 (Grr)=CPIoCH] (GrK)
CHI(EINPZP)ECHMI (GINPIM) +CNE (GIK)
CONT INUE

CONT INUE

HRITE OUT THE CHI'S

220
410
420
430
440
450
4c0
470

po 220 K=lrsxrzm

HPITEC(61470) &

HRITE(6ed10) (CHI(BIK) 1G] I6M)
CONT INUE

FORMAT (1l 2 6K12.5)

FORMAT (1 9179401 © & ¢ TEST PRINTOUTY FDR TE CHI‘’S & ¢ o)
FORPRMAT (1 +21694612,.5)
FORMAT (1 s 6rem3T =9 38936
FORMAT(6EL1Z.5)

FORMAT (1 9033692612.%)
FORMAT LI + bnooox =, 313y Josoe)
RETURN

END .

1660 C SUBROUTINE POINTAD SETS THE APPROPRIATE POINTERS FDR THE FLUXY THE
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1681 ¢
1682 ¢
1€83
1664
1685
1666
1667
1688
1689
1690
1691
1692
1€93
1694
1695
1696
1697
1698
1699
1700
17014
1702
1703
1704
1705
1706
1?0?
1708
1709
1710
1711
1712
1713
1714
1715
1716
17217?
17216
1719
1720
1721
1722
1?23
1724
1725
172¢
1727
1726
1729
1?30
1731
1?32
1733
1734
173%
1736
1?3?
1736
1739
1740
174}
1742
1743
1744
1745
1746
1747 ¢
1746

1749

1?50

1?31

1?52

1?53

1754

1?55

1756

1?57 ¢
1758

1759

17€¢0 ¢

nnonNnnNNANNANN

nnnNnnNn

nnnNNnNNNANNNNNNNNNDN

ATIOINT FLUX AND THE ASI°S

SUDROUTINE ROINTAD (I16M IPSIIISUMILMAXP ) ILPNTINPZA)

INTEGE® &
DIMENSION IPSI(PZPy )

® & & INPUT COMHENTS © ¢ o

I J1 = NUHDER OF RERTURDED 2Z0MES

Jr -~ NURDER OF DANIDS

16M  NUNMDER OF G6AQUFS

ILANT & LCH POINTER® FROM WHICH THE RS1°S ARE YO START (1)
® ¢ O QUTPUT COMMENTS ¢ ¢ o

IPSI (K6 - LCH POINTERS FOR PSI’S

1SUN - FIRT AVAILABDLE SPACE IN LCH AFTER ASI STORAGE

120
130

SUD

L N 2

L 2

mg3(lrlds3LmNnT

o 110 w=2yxpzm

IPSI(MI 1) EILANT ¢ JGHOIGHOLMAXP® (K=]1)
CONT INUE

20 130 x=lyxmzm

Do 120 €%Zr16m

IPSI(K1GIEIMEI (KIG-]1) ¢ JGMOLmAXE
CONTINUE

CONT INUE

ISUM & ILANT ¢ IGHOIGHOLMANXPONPZA
RETURN

[ {1

ROUTINE SIS CALCULATES TiE RSI°S

SUDBOUTINE RSIS (TP IITINELP I sNELPCI IRSIIFFLUSIFAFLUXY
1 EESIIPPSIINFIITINPZIRPZIP Y IGHILMANRY
2 HTAPICHII IOPTY IPREP) ICHINOMNY 16E0)

e INRUT COMMENTS ¢ ¢ ¢

FELUX (D) - FLUX MOMENTS FDR A RARTICULAR GROUP (LCHN)

FArFLUX (3) ADIOINT FLUX MONENTS FOR A RARTICULA® GROUP (LCM)
13T & TRIANGLES IN BAND J

TP (Ire) 1S MEMY, ZONE &« RRESENT IN 3AND J7 071 w~D/YES

wEL®] (T80 PERY. ZONE & IN DAND J STARTS NITH TRI, wELP]

“ELPC (I &) PERT, ZONE & IN BAND J ENDS HITH TRIANGLE KELRE

P 3 ECTY 2 LCH ROINTER FOR THE RS1'S (PERT, ZOME #r&ROUP G)
“TAP (4 6) DISw ITLENTIFIERS FDR THE FLUX HOMENTS FDR GROUP &
xTar (5re) DISr IDENTIFIERS FOR THE ADJIOINT HONENTS FOR GROUP 6

ICHIMOm IF .GE. 1 CHI'S MILL BE CALCULATED FRO® FLUs HONENTS
IrmEn 071 CALCULATE PS] S/BEAL AREPARED RS1'S FROWN TAPES
1o,y IF .GE., & MRINT OUT RS1’S
® QUTRUT COMMENTS

L1 %4 - m$1°S IN LCH

CHI (@I = CH1’S IF ICHINO™M .&E. 1

LEVEL 2/LCIFFLUXIFAFLUX
common 7LLCs LC (40000
INTEGE® GrGEPIGPIUNTIY UNE

DIMENSION TR (IT1 1) 933 T (1) skELPL (IT9 1) s KELPEC(ITI 1)
1 EELUN (L) s FArLUs (1) 9 3PS (KP2ZPY 1)y
2 RS (IGHILMAXR ) 1) sPRSI (I6M 1) sxTAP (D9 1) 9Cm3(I6m9]1)

DATA Cr1/6.263185307/

ir (1¢x0.E®.1) cr1=1.0

I (IOPT,.GE.C) WmITE (61400
TIALIZE #S1°S

0 320 €%1)316m
ir(irmer,.ee. 0> 60 YO 251
0 140 GP=],36M

2o 130 L=lrLmaxe

10 120 x=lixmze
rs3(ePrLIxI=0,

120 conTINnuE
130 conTiNnue
140 conTinug
OPEN TAPE IF NECESSARY

UNIZxTAR (49 6)
IE(HTAP (496) HE < TAP (41 6-1) . 0N, 6. ER. 1) CALL ASSISN(UNII0r-3)

READ THE FLUX HDWENTS
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1761
1762
1763
1764
1765
1766
1767
1768
1769
1?70
1T?1
1?72
1773
1774
1275
1?76
1?77
1778
1?79
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
17297
1798
1799
1800
1801
1e02
1603
1604
1€0%
1606
1807
1808
160
1610
1811
1812
1€13
1614
1615
1816
1617
1€18
1819
1820
1821
1822
1ea3
1624
162%5
1ee6
1&27
1628
1e29
1630
1831
1€32
1633
1€34
1635
1€36
1637
1836
1639
1640

1coun] = |
po 150 J=1ls37
0 145 w=lrwp2
IFWTP (I  60.0) 60 TO 145
ICOUNCEICOUN] ¢ (RELPZ(IIn)~WELR] (Jrn) 1) Onm =
READ (UNT) (FELUX CICOUND » ICOUNEICOUN] » 2CDUNS)
NRITE (B2 420> (FELUX (3COUN) 9 ICOUNSICOUN] Y 3COUNR)
jcounisicoune ¢ 1
145 comnTimnue
150 conTInuE
»0 220 GeP=@s 16M
GPEIGH-GGP+E
OPEN FILE IF NECESSARY
ungeer Tar (Srep)
IFWTAP (SIGP) . NE. KTAP (5160 ¢1) ,ORF. GP.EB. 16M) CALL ASSIGN(UNSY 09 =3)
READ THNE ADJIOINT FLUX HMOMENTS
1coun] =
po 160 J=1,37
po 153 K=lixpr2
IF (TP (I . E@.0) 60 TO 15D
ICOUNE ® 3COUN] ¢ (KELPZ(I1w) ~KELPI(I1x)¢])Omm =
MEAD LUNE) (FAFLUX (ICOUN) » ICOUNE ICOUN] ICOUNS)
HRITE (Er420) (FAFLUX (ICOUN/ » 3COUNTICOUNT» ICOUNS)
3Coun] = jCouneg ¢
155 conTinue
160 comnTINnUE
CLOSE FILE IF NECESSARY
IF(NTAP (516P) NE. ¢ TAP (516, ~1) .OR. 6P . ER.E) CALL CLDSE (UN2)
CALCULATE TE PS1 S
InpEX]=]
p0 210 J=1,37
20 200 x=lixpr2
IF TP (I k. 0) 6o Yo 200
ITAENELP2(Jrn) ~wELR] (Jrx)*]
p0 190 1z=1r3TR
o 180 L=lrLmaxm
20 170 xe=lol
HRITEC(?71444) PRSI (GPILIK) I FFLUXLINDEX ) s FAFLUX (INDEXI) 1L+ 6Py
I1xo 329 3nDEX]
PEI(GPILINKIEPSI (GPILIK) SFEFLUX (INDEX 1) OFAFLUX (INDEX 1)
INDEX]®INDEX]®]
170 cownTinue
1680 conTInuE
190 conTinue
200 conTiInuE
210 conTINnuE
220 conTIimnuE
CALCULATE THE PS1’'S FOR THE SUN OVER ALL PEARTURBED ZONES
AND HULTIPLY BY ZOp3 1F A-2 GEOMETRY
o 250 L=]lrsLmaxm
DO 240 GP=Gr I16M
o 230 w=lrnpz
MEICEPILINIECPIOPS I (GPIL I K)
PSI(GPILINPIP)IEPST (GPILINAZPI SRST (GPIL I K)
230 cownTinue
240 conTINUE
250 conTiInuE
READ THE RSI'S FRON ARELIDUSLY PREPARED TAPED
251 1riemer.£0.0) 60 TO 254
DO 253 K=lixmzm
0 292 eP=Es ien
READ(39410) 1AlrIA2r3A3
REAL (3914200 (PSIEPILIKI ILE] ) LIWAXR)
252 cownrinue
$3 CcONTINUE
CALCULATE CHI’S FROM FLUX HDRENTS IF CNIROm E8 ]
254 31F (3CrImMDN.LT. 1) 60 TO 259
o 25% K=lixerze
255 cHiErx)=0,0
DO 256 LE=lrLmaxe
pD 256 K=lixr2e
2596 CHI(GIKIECHI(EINISPSI(ErLrn)®(coL~1)
HRITE MS3'S IF LESIMED
2%9 1F(IPREP . E@.1.AND. JDPT.LT.E) 60 YO 280
0 270 w=x]lrwpr2e
1o 260 ernGr 1em
IFCIPREP . EB. 0) WwRITE(394]10) Gr8,PIx
IF(IPmEr . E8.0) WwRITE(31420) (PSIEPILIKI ILEIILIAXP)
IF(IOPT.6K.2) HEITE (69410) @r6@r
IFCIOPT.GE-E) WumITEC(E1420) (PSIBPILIKI sLE] s LvANP)
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1841
1842
1643
16aqe
1645
1646
1647
1848
1649
1850
1€%1

1e52
16853
1854
1895
1656
1857
1858
1859
1860
1861

1862
1863
16¢c4
16€5
18666
1867
1666
16869
1870
18721

1872
1673
1874
1€75
1676
1677
1678
1879
1660
1e81

1882
1663
1664

185

1866

1687

1886
1689
1890
1891

18692
1893
1694

1895
1896
1897
1896
1699
1500
1901

1902
1903
1904

1905
1906
1907
1908
1909
1910
1911

1912
1913
1914
1915
1916
1917
1918
1919
1920

[

[

[

[

nnnNnnNn

nnnNnnNNNNNONNNN

260 conTINVE
270 conTINnuE
RUT PSI’S IN APPRDPRIATE RMLACE IN LC™
260 po 310 x=lrwpze
20 300 L=lsimaxe
Do 290 eF=1r16m
PRSI (GPILI=PESI(EPILY &)
290 conTiNnuE
300 conTinue
CALL ECHR(APSII INST (K16 » IGNOLMAXN)
310 conTINnuE
CLOSE FILE IF NECESSARY
irciemEr. €. ) 60 YO 320
IFE(NTAP (416) NE. = TAP (496¢]1) . OF. 6. ER,. I6M) CALL CLOSE (UND)
320 conTInLE
HNRITE CH1I‘S IF CALC, FROM MOMENTS AND LISY DESINGD
IF(ICNIMDM.LT. 1) 60 TO 340
NRITE (69 450)
HRITE(Gr440)
20 330 x=lrsxmzm
HRITE (69 460)
330 wmITE(61430) (CHI(BIKIIG=]r T6M
340 conTiNnuE
READ THE PSI'S IF PREPARED
e (ipmEr . eE.1) 60 TO 345
DO 344 K=lixmzm
READ (I1420) (CHI(EGINKI1G=]r T6M)
344 conTINnVE
HRITE OUT THE CH1‘S
20 350 x=lrxm2zm
34% 1r (zomer,.€.0) 60 TO 335
HRITE (314200 (CMI(E)16%]1r36M)
350 conTiNnuEe
355 contTinue
QU0 FORRAT (1IN 97940 © © & TES SRINTOUT FOR THE PSI‘S & & O
Q10 FORMART (1et 13146 %9 31395m 6P 9313980 o« =9 13)
42 C FrommAT (In 16812,.5)
430 FrommAT (In 26K12.5)
440 FORAT(lm 140m © & & TEST PRINTLUT FDR THE CHuI‘S © ¢ o)
444 FORRAT (1 13E12.596m 18P T20)
450 FrORRAT(1rn 17945 000009 CrHI'S GENERATED FROM FLUX MOMENTS $6000e)
460 FORMAT (1l 16nGOOK &) 313y Ineee)
RETURN
EnD

SUBDROUTINE ROINTE SETS THE LCH ROINTERS FDR THE RS1°S CORRESPDNDING
HITH PERTURDED 2ZDNE M9 AND PUTS THE APPROPARIATE CHMI‘S IN VECTOM CCHMI

SUBROUTINE ROINTE(IRSI s IPPSIrNPIP) 36MICHIICCHE)
® ¢ O INPUT COMMENTS ¢ & ¢

IMSI(Nr 1) = LCH ROINTER FOR THE RSI'S FOR PERTURDED 2OME
CHMI(GINR) = CwHI‘'S FOR GROUF 6 AND FERTURDED 2ZDNE

~® = FERTUPIED ZONE IDENTIFIER

“m2 = £ PERTURBED ZDNES

L1 = IDENTIFIER FOR SUM OVER ALL PERTUNDED 2DNES
16m - & emOUPS

® ¢ & OUTAUT COMMENTS & & ¢
1rrs = LCH ROINTER FDR TiE PS3I°S FOR PERTURADED 20ME &
ccmi (e = CH3 FACTOR FOR GADUP & AND PERTURDED ZOME &

DIMENSION IPSI (KPZPI 1) 9Cm3 (36Mr 1) 9cCCmE (1)
INTEGER 6

Irix.~nE.0) 80 Yo 120
IPPSI = IRSI(KPZIPI]) ¢
NRITE(2+410) PRSIk
20 110 e=1s316m
CCHI(E) = CHI(GIkmZP)
110 convimue
60 To 140
120 1pps: = 3ps3ixsl) ¢ 1
HRITE (294100 IPPSIeN
D0 130 e=1s38m
CCn3(e) = Cni (@I
130 conTinug
410 FORMAT (1M 1604 I1ARS19216)
140 meTuRn

170



1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
19%2
19353
1954
1955
1956
1957
1958
1959
1960
1961
1962
19€3
1964
19€5
19€6
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
15?77
1978
1979
1980
1981
1982
1963
1964
1985
1966
1967
1965
1989
1990
1991
1992
1993
1994
1995
19%6
1997
1998
1999
2000

nonnNnnN

END

SUBROUTINE SUBS (XNEINCEINCTLINHLY ILMAX I IXSTAPE» XTITLEY ¥*N1)

c MAROLLS ANISN xXSECTION PDUTINEY SIWMPLIFIED TO READ ANISIN CROSS SECTY

c T

C oo

woon

303

4

S

6

301
10

300

305
304
30
910
900
999
S00

Ccooe
ceooe

ce

S000
ceee

ce

ABLES *OR ONLY ] ISOTOPE DR MIX AT A TIMEY DUT ALL P-L CONPDNENTS

LEVEL 29 xngo xn]

DIMENSION XNE INCEINCTLY 1) o ¥l (b9 1)
INCE) 9k (O 2 (B 1M (1) snvmnE] (100 9 YITLERD)
PITITLECIL) s YITLENX (W)

EPUIVALENCE (I DLANKE 9 XBLANMK)

COMMOM’ ITEZITESTIITYP

COnMON, COVARTZ JCOvAR

COMMON/ XSEDPM/ KXE? THMTr TR

COMMON/DENS” NUMDEN

>
>

nEAL NUNDEN
INTEGER nLCOMS

DATA BUOOHL/ 4nGar, 71 IBLANK/ det
~NSED

~NE=6

Gar= 000N

nwe =0

~nel = 0

~NY1 = 32767

LLMAXY & JLMAxX <+ ]
IF(IxSTAPE. E@. 1 . AND, . KxS.60. 1) 68 TO 500
31 (kxs.6@.2) GO TO 40

AEAD LASL-FORMAT CROSS SECTIONS FMOm INPUT FILE (OF CARDS)
CONT INUE

READ NS512) (TITLEC(I) s 3=lscl)

rommat (2004)

REAT  (NS93) NURDENI ICDVAR

FORMAT (12X E12.6911x021)

umITE (69 303>

FOBMAT (i 16 MICRD CROSS-SECTIONS AND NUMNDER DENSITY SEAD IN LASL-
SEQRHAT HITH FOLL. TITLE CARD o)

MRITECGr4)  (TITLEC(I)93=1920)

EORRAT (1 2 204D

MRITE (695) NURDEN

FORMAT (1 1 NUMBER DENSITY Z091FY ., 69¢ 1 MAKES THE FOLLOMING SNAKRD-
oCADSS SECTIONS? IN 1/Cwes)

DD 900 LL=1rsLLmax

READ (NS92) (TITLEX(I)9o1=l920)

HRITECEr4)  (TITLEX (D) 3=locl)

READ NS 301D ((XNE(IIIILL) 9 I=1INCTL) 9 3%]INCE)

FOmHAT (6E12,5)

o 300 1=lsncCe

po 300 J=lsmnCTL

MNEC(IrIILL) & NUMDEMOXNE (TrIoLL)

CONT INUE

IF(3TEST,.E0. 1) 60 To 304

NPT TE (69 30

FORMAT (1ot 9 OXS PAINTED DNLY MEN ITESTE]l) ONITTED FDR THIS CASES)
6o Yo 910 .

WPITE (69302) ((xN2C(3rIILLI1I=]INCTL) v I=]9NCE)

FORMAY (Je 962X s 1pE12.5))

CONT INUE

CONT INUE

RETURN

CONT INUE

RENIND 4

READ HICHOSCOPIC CROSS SECTIONS FAOM LASL CARD IHAGE TAPE
PROGRAn DETERMINES NUMDER OF WSECORDS PER I1SOTOPE

MIE (NCEGONCTL) 76

IF Ml IS NOT A HMULTIPLE DF b9 THEN ADD 1 =ORE MECODAD
1P ((6PM]) . eE . (INCEOWNCTL)) mimm]e]

ALY ONE FOR® TITLE RECDAD

noEm]e]

MULTIPLY MITH NUMDER DF AL-COMPDNENTS RER ISOTDRE
HMEERMDOL LA

RAEAD NS 000) 1D NUMDEN?Y X SrnnE

FORMATY (3696x9E12.592x9a10)

PROGRAN DETEMINGES THE NUMIER DF SECDADS TO B3E SKIPPED
ISCIPE(ID-1) Om¢

IF READING FIRSEY MATERIAL DN TAPE Sx1P 2ZERD MECDADS
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2001 1¥(1D.E@. 1) 60 YO 5007

2002 po 510 31=1ls1scC2P

2003 10 mEAD (450010 (TITLEX (N sn=10o20)
2004 S00? comnTInue

2005 o S0& LL=lrLLmAX

2006 cee RMEAD TITLE OF HATERIAL DR P-L CONPONENTY DESIMED FROM TAPE
2007 PEAD (495001) CTITLEX(3)9321920)

2006 S001 romeaT(20m4)

2009 HRITE (NG»S002) (TITLEX (I 935192

2010 5002 rommaT (le » 1xr20a4)

2011 WRITE NG9 S5003) NURMDEN? xENANE

2012 %003 FOmmAT(IN s 1xs SNUNBER TENSITYS®) IPEIZ.Dr2xral 00
2013 cee MEAD CROSS SECTIONS OF MATEAIAL DESINED

2014 REAT SIS 004 C(XNZ (31 IILLI 1 IZ]INCTL) 9 351 9NCE)
2015 $004 rommaT6E12.5)

2016 cee I ITEST FLAG=0 DO NOYT ARINT HICPOX’'S

2017 IF (ZTESY,. €. 1) 60 YO 507
2018 L=LL-1
2019 HRITEC6»S005)L

2020 S00% rOmmAT (1M 1 IXIOTESY PRINOUT FDR MICROSCOPIC CADSS SECTIDNS FOR
2021 1=%0,313)

eo2e W ITE (69 509) ((XN2C(IIIILLI 1 IZLrnCTL) » IX19MNCE)
2023 S09 rommaT (In 16(2xr 1PE12.5))

£0c4 ceoe HAKE THE MACROSCOMIC CAOSS SECTIONS

2025 507 .20 05 1=1lsnce

2026 o 505 I=lincTL

2027 T05 xNECIrIrLL) SNUNDENSXN2 (9 I0LL)
2028 502 conTimnue

2029 Go To 499

2030 ¢

2031 C ¢%¢ READ LINITED-FIDD FORMAY XS

2032 ¢

2033 40 DO 9999 LNE=lsriLLmAx

2034 S0 1rnc) 1219121931

£035 121 mEAR (NSI11) NCCIPLCOMP s v ]

2036 11 rORRAT (2169 10n4)

2037 NCID = mLCOMe ¢+ ]

2038 NCi® NCID

2039 1F (NCC) 22022021

2040 21 1F(ncCc-2)24922024

2041 2e a=0

2042 NCOUNTENCESNCTL

2043 622 mEAD  (NSHE) (INCI) o (3290 (2 93%]96) s (WC3)922]y12)
2044 6 FORMAT(E(I29A195F. 00 rT1rb(dxricnd))
2045 o 635 1=1+6

2046 IE (kK (3)=3BLawen) 7200+810,200

2047 ¢ NO REPEATS

2048 Bl0 IF(WCCOI-1) . EB, XBLANK .AND. WH(C®1).ER.XxDLANIED TO E00
2049 Juge]

2050 xXN1 (TN V(D)
2051 o To 600
e0%e ¢ REREAT

2053 700 L=3n(3)

2054 Do 809 m=lsL
2055 Jegel

2056 809 »nl1c(IrLo=v (D)
2057 600 3¢ (J=-nCcOUNT) 635124924
2058 635 conTinue

2059 e YD 622

20€0 24 wnc=)

2061 31F (NCC=7) 31925931

2062 25 w~c1=32767

20€3 IF(NCI~NT1) 31926931

e064 26 mETURN

20€5 31 IF(NTI=NC])43941943

2066 43 nc=0

2067 TY]

2068 po 120 1=1snce

c069 o 120 a=lswncTL

=4 070 wEpe ]

20?71 120 ¥NZCTrIrLmIExn] (ko)

e072 1 (3rEsT.eE.1) eoTO S1

0?3 MRITE (NGIZ01) NCEINCTLINCCINCIDILNY Mg ]
e074 201 FORMAT( SNINDGEI393x91 INMT.LENGTHEIIISN s EMCONTRDL T 339 Ixs ] FrenC IDEAN
20?5 SISN-HAT,NO. =141 3x1 13 ~DADENEPL+121293xs | 0ad)
2076 51 wnisy

2077 [Nl

2078 TEST= FLDAT (NCE) 78,0 +.999

2079 LENAYSTEST

2080 DO 143 L=lsLmax
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2081
2082
2083
2084
2085
2086
2087
2088
2089y
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
e123
2124
2125
2126
2187
2128
2129
2130
2131

2132
2133
2134
2135
2136
2137
2138
2139
2140
214l

2142
2143
2144
2145
2146
2147
2148
2149
2150
2151

2152
21%3
2154
2155
21%6
2157
2158
2199
2160

31F (NN2-NC6) 23292389233
233 mn2r nee
232 1*r (1vEsY.~E.1) GODTO 49
MEITE (NG9 245) (Ge 9 T T=mn] 9 eme)
245 rOPHAT(7m-POS MTeE(Exr1Ad913))
0 24]1 1=linCTL
241 WMITE (NG1202) ZoLiNe (XNE (I3 oLN) 9 JxMN] s NE)
202 rommaT (2149 196613.5)
49 nNlc el
145 nNC=an]1e?
1F (ITEST.~NE. 1) eDTO 9999
WRITE (NG9 75D
7% romnAT (InD)
999% conTiNnuE
4] eo To 50

499 mETURN
END

nnNnNN

SUBDROUTINE SUDG(DSTIDSLIXSI XSDARI JGHMI ITLIANXSI SXSIDSLEDISXSNGY
* NCOUPLIFISXSY IDES)
C ©90¢ CALCULATES DST™r» DSL™ ANDI ARS - ARBAYS? AND DSLED-ARBAY
LEVEL &9 DSLIXSIXSDARIDSLFED
DIMENSION AXS (1) 9SS (1) I DSLED(IEMIIEMI 1)1 FISNS (1)
DIMENSION DSLIIGMIIEMI 1) IDST (L) s xS C(IEMIITLI 1) I XSDARC(IEMI ITLY 1)
DINENSION SXENG (1)
COMMON’ ITE/ITESTIITYR
COMMON/VRS/LL
COMMON’ DENS /7 NUMDEN
CONMON/ XSEOMM/ KXE9 THT TR
REAL NUMDEN
INTEGER &1 6P
D0 1 &P=1/r16m
P01 6=lri6m
D0 1 L=lsLL
PSLFL(GrSPrILI=0, 0
1 psL(er&PIL)=0,0
C ©90¢ CALCULATE DELTR SI$MAS DST AND DSL
D0 40 €=1916m
DET(E) = xS(GrImTy 1)
IF((ITYP . ER. 1) .AND, (IDES.ER. D))
* DPET(E) = xS(GIImTrI]) = XEBAR (G ImTr 1)
IF((ITYP.E@, 1) ., AND. (IDES.EB. 1))
. DsY(6) = 0,010x5(6r1mMTr 1)
AxX$(g) = xS(GrIrmr])
FISxS(GIEXS Gy Irae]sr )
D0 40 em=1r6
D0 40 L =1rLL
DSL(G*1-GPIGIL) & XS(GIGP*IMTIL)
IFC(ITYP.ER. 1) .AND, CIDES. BB, U))
- DSLC(GH]I=GPIGIL) = XS(GIGP*INTIL) — XSDAR(EIGP*IMTrL)
IFECCITYP . ER. 1) sAND. (IDES.ER. 1))
. LSL(GH1-6Pr@rL) = 0.01exS(GreP*InTIL)
40 CONTINUE
000 NDK THE LSL-ARMAT IS CONVENIENTLY CRDEMED FOR THE ADL-FORMULATION?
00 ISL(GPIGIL) CAN DIRECTLY BE INTESPRETED AS SCATTERING FRON &AQUP
®0e GP INTD GROUP 6! OMLERED SO THAT 6P STARTS WITH | AND INCREASES
000 TO GPEGr THE REST ARE ZEROS,

nnNnnNNnNN

@9 CALCULATE DSLFED FOR FD-FDRMULATIDN
D0 30 €=1y36m
20 30 er=griem
HEINTEEP-G¢]
0 30 L=lsLL
ISLED(GIGPIL) = XS (GPINKIL)
IF(CITYP . E@. 1) AL, (IDES.E®, 0))
- DELFED(EIGPIL) = XE(GPIKIL) — XSDAR(GPINIL)
IF((ITYP.E@. 1) . AND. (IDES.ED. 1))
. TSLED(Gr@®rL) = 0, 01OxS@PrnrL)
30 conTiNnuEg
C ©00 NDi THE DSL-ARMAY 1S CONVENIENTLY ORDERED FDR THE FD-FDRNULATIDN
c
C €00 CALCULATE TOTAL MSCROSCOPIC SCATTERING CROSS SECTIDN mER gmOue
i C1Tvyr.em. 1) 60 TO 203
D0 60 1=1)16M
sx$(3) = 0.0
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[

[

D0 S50 €%1916m
GP = JmTe6-1¢]
50 sx5(3) = gx$(31) ¢ xS (Gr&,Pr 1)
60 CONTINUE
1r wwcoueL . k8. 0) 6o To 202
06 CORMMECT DIAGONAL SUMS FOR NEUTRON-SXS BY SUDTRACTIDN DF SxSNG
D0 204 6=lri6m
204 sxs~ne6)=0.0
nGlsncourLe]
po 200 eé=lswncOurPL
p0 201 eP=ENGlrIGM
1=iuTeer-6*]
201 SxSNG(E)ESXSNG (G)*xS (EPr 191D
ExS (G)ESXS () ~SNENG (6)
200 conTIiNnuve
202 1Fr (37EST.E.1) 60O TO 26
mR3TE (6910500
1050 FORPMAT (1M 1OTEST ARINT-0UT FOR TOTAL HMACAOSCOPIC SCATTERING CROSS-
CSECTION PER GROUPY IN l/7CHe/)
p0 70 G=1s16m
HuRITE (691031) €rSxs(6)
1051 rOPHAT (1 196 50531316 SXS—HACRO = & Imgl2.50¢ (/CcHe)
70 conTImnuE
HuRITE (691052>
1052 roOR=AT (I 1OTEST ARINTOUT FOR TOTAL GANNA PRODUCTIDN XS PER NEUTRO
N GROUPS)
o 71 e=lincOurL
WRITE (69 1053) ¢rSxENG(E)
1053 FORMAT(I 196 B0, 1316 SXSNG-HACHO = ¢ 1PE12.5v¢ 1/cme)
71 CcONTINVE
203 1r(1TEST.NE. 1) 6O TO 26
400 TEST PRINTOUT OF DELTA SI16MAS
R ITE (697004

7004 FORRAT(IN 1 OTEST ARODLEN VALUES FDR DST(E)®/)

nnnNnNnnN

nn

NRITE (691042) (DST(E)916=1936M)
1042 romeaT(in 99 (xs1rE12.95))
iF(1en.67.9) 6o To 805
DO 41 L=lsLiL
weITE (691040 oL
1040 FORMAT (1M 1OTESY AAINTOUTY FOPM ISL(EIGPIL) FOR LE®y33//)
D0 41 €& =1y 16m
umITE(691016) @
1016 FORMAT (11 +» SsiEN 650913 )
4] WPITECGr 1042) (DSLLGIGPIL) 1 &P =] ) I6M)
805 conTinue
1® (ncourL .k, 0) €0 YO 26
po 600 L=lrLL
NRITECE6E01) L
601 FORMAT (1 1OTEST RRINTOUT FDR N-GARMA MATRIX DSLENG LEISPIL) FOM LE
ey 13 )
HRITE(69807)
E07 FORMAT (LM 1751 96-651015x1 06621 Sx106-GE30) 5x 9 06-6=40) Sx ) ¢6-6%59)
O x1 06 -GEC®I Sx106-6570 1 Dx106-GEYSI Dx 1 06-6=9¢ySxyeg-6=] 0 )
o 610 e=lincourL
B10 mmITE (691062) €9 (DSLFD(GIGPIL) 1SPENG] ) 16M)
10€2 rOmmAT (1M 1on=-GE®) 129 121X IPEY,. D)
800 comnTImuE
HRITE (698030
B02 FORMAT (1M 1 STESTY PRINTOUY FDR TOTAL N=GAMNMA MACROSCOPIC CROSS
SSECTION PER NEUTRON GROUPY IN 1/7CHe )
o 602 e=lsnCOUPL
B0Z wm3TE61E04) @rSxSNE ()
U4 FORMAT (10 1OEE0) 11 @ SXENG-HACKOE®) 1pE12.5r Ixr0]/Cme)
26 mETURN
END

SUBROUTINE TEXT
00 THIS MOUTINE MRINTS A LISY OF DEFINITIONS FOR XxS—PROFILES
EDITED In SUDS
HRITE (69 801D
801 FORMAT(In 111x9B7(0—0)y /)
e 3TE (6 602D
B0Z rFORRAT (1M 126XI1ODEFINITIONS DF SENSIY SENSITIVITT PROFILE NDWENCLA
1Tumg o )
wm3TE (69 B0S)
G0US romrAT (Il 2111x9B7 (0—0) /)
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2241
2ce2
243
2244
2245
2246
2ze?
2248
2249
2250
2251
22%2
2253
28%4
2255
2856
22%?
2258
2859
2260
2e61

azeée
2263
azése
2265
2266
2267
2268
2269
2270
2271

2272
2273
2274
2279
2276
eer?
2278
2279
2260
2281

2282
2263
2284
2285
2266
2287
2286
2289
2290
2291

2292
2293
2294
2295
2296
2297
2298
2299
2300
2301

2302
2303
2304
2305
2306
2307
2308
2309
2310
2311

2312
2313
2314
2315
2316
2317
2318
2319
2320

nnnNNnN

Hum3TE (69803)
803 FORPNAT(In » OaXS = SENSITIVITY PROFILE PER DELTA-U FDR®)
® THE ABSORPATION CPOSS-SECTION (TAnEN FROM POSITION®Y/
I1Sx1® IHA IN INPUT CRAOSS-SECTION TADLES) s PURE LOSS TERM ¢y //
® NU-F1ISS E SENSITIVITY PROFILE PER IELTA-U FOR THES®,
® cAnSS SECTION IN POSITION IMA+] IN INPUT XS—TABDLESY S/
1Sx9® WHICH IS USUALLY NU-TIMES THE FISSION CAOSS SECTIDN. &
® PURE LOSS TERM®y//
® sxs = PARTIAL SENSITIVITY PADFILE PER DELTA-U®,
® FDR THE SCATTERING CROSS-SECTION (CONPUTED FDR EACH®)/
I1Sx1® ENERGY GROUP AS A DIAGONAL SUM FROM INPUT XS-TADLES) » @)
® LOSS TERM DNLY®y// )
HPITE (69604
804 romRMAT (I 10TXS = SENSITIVITY RROFILE RER DELTA-U FDRe,
® THE TOTAL CROSS SECTION (AS GIVEN IN POSITION IMT IN®s/
1Sx9® INPUT CROSS-SECTION TADLES)» RURE LOSE TERN®y//
® N-GAIN & MARTIAL SENSITIVITY PROFILE PER LELTA-U®S)
® FORM THE NEUTADN SCATTERING CADSS-SECTION. GAIN TERM FORG) /
I1Sx9® SENSITIVITY GAINS DUE TD SCATTERING CUT OF ENERGY®s
¢ GROUP G INTD ALL LOWER NEUTRON®) /
1Sx+® ENERGY GROUPSY COMPUTED FPOM FOMASD DIFFERENCE®s
® FORARNULATION, ®9//
® G-GAIN £ PARTIAL SENSITIVITY RROFILE RMER® DELTA-U®)
® FOR THE GAMMA SCATTERING CAOSS-SECTIDN. GAIN TERM®) /
1Sx1® FOM SENSITIVITY GAINS DUE TO SCATTERING DUY OF GAmMAS)
® ENERGY GROUP 6 INTO ALL LONER GAMMA ENERGY GROUPS) ¢/
15>1® CONPUTED FRON FORWARD DIFFERENCE FORMULATION,®y//
® N-GAINC(SED) = RE-ONIERED PARTIM SENSITIVITY SROFILE®s

POVONOULE WN

¢ PER DELTA-U FOM SCATTERING CROSS-SECTIDN. GAIN TERN FDR®y /
15x9¢ SENSITIVITY GAINS DUE TO SCATTERING INTO GROUP & FROM®,
S ALL MIGHER NEUTRON ENERGY GBOUPS) 9/
1Sx9® COMPUTED FROM ADIOINT DIFFEMNCE FOPMULATION, ®y/
1%29® CORRESPONDS TO SINGLE-DIFFERENTIAL SED SENSITIVITY®)
® EMOFILEY PSED(G-DOUT) RER DELU-DUTY @9/
15x1® INTEGEATED OVER ALL INCIDENT ENERGY GPOUPS.®1// )
um3TE 698060
606 FORmAY (1 s ONG-GATN  RARTIAL SENSITIVITY PROFILE RER®
® DELTA-U FOR THE GAMMA RRODUCTION CROSS-SECTION®) /
1S5x1® AT NEUTRON ENERGTY GROUP 6. PURE GAIN TERM FDR®)
® SENSITIVITY GAINS DUE TO TRANSEER FROM NEUTRON®) /
1Sx+® GROUP 6 INTD ALL GAMNMA EROUPS . ®y//
SEN & NET SENSITIVITY RROFILE RER DELTA-U FORSy
THE SCATTERING CROSS-SECTION (SENESXSHNGAIN) &9/ 7/
SENT & NET SENSITIVITY $SROFILE RMER DELTA-U FDR®,
THE TOTAL CROSS-SECTION (SENTETXSHNGAINI &9/ 7/
SENR = SENSITIVITY PROFILE PER DELTA-U FDR THE®)
TETECTOR WESPONSE FUNCTION RLIE) ®9//
SEND & SENSITIVITY PRDFILE PER DELTA-U FOR THE®
SDURCE DISTRIBUTION FUNCTION B(E) ®9// )
R ITE (69 605
NP3 TE (69 805)
RETURN
END

NAYNWWIVODZINXTLNOARWN

WIODNOUAEN W
06060606000

SUDROUTINE TEXTA
00 THIS ROUTINE PRINTS A LIST OF DEFINITIONS FOR TEMNS EDITED IN
DESIGN SENSITIVITY MODE FROM SUBY
wum3TE (65101
101 romeAT (I1n])
HRITE (691000
100 roR~AT (1 »10x990CIned 9”7 )
HRITE (691100
110 FORMAT (1o 130x1ODEFINITIONS FDR SENSIT-1D DESIGN SENSITIVITY @)
1 SPRINTOUT @ )
HRITE 691000
NRITE (691200
120 rORMAT (1 s 1Xx91OFDA THEDRY AND DETAILED DERIVATIONS DF THESE o
SEXPRESSIONS REFER TO ¢ 79 TX»
®(1) S.A.H. GERSTL AND .M, STACEY JA.» NUCLEAR SCIENCE ¢
CAND ENGINEERING Dl JIY(IY23) & » 9 2x»
O(Z) S.A.H, GERSTLY ARGONNE NATIONAL LAD, TECHNICAL MNENOS)
SRANDUM WP CTR/TH-ZE (1Y74) D® ERA-TH-67 (1574) & )
HRITE (691300
130 FORMAT(IM 12X9ODUE TOD THE DUALISH DF FDANAAD AND ADJIOINT o,
SEORMULATIONS FDR RADIATION TRANSPDAT CALCULATIONS o)
2 CUHE MAVE ALMNAYS Oy /7 9 SXo

N A WA -

175




2321 3 STHND DIFFERENTY BUY EBUIVALENT? FORMULATIONS FOR ANY &)
2322 4 SAESPONSE CALCULATIONY AND BOTH ARE IMPLENENTED IN THIS o)
2323 S ecopEl ¢ )

232ae HRITE (69 1400
2325 140 roPMAT (In +» 3x)omm = (mIPMI) &y /

2326 1 12x10% FIRST-OADES INTEGRAL SLSPDNSE FROM FORARD &)

2327 e COCALCULATION ¢9 /

2328 3 12x90= FORNLARD INTEGRAL RESPDNSE FOR THE UNPEATUNBED @)

2329 4 SREFEMENCE CASE ¢y //14x)omn = (DIFISTAR) & /

2330 S 12x90% FIRST-OALEM INTEGRAL MRESPONSE FROM ADIOINT CALCULATIONS®y /
2331 6 12x19% ATLIDINT INTEGRAL AESPDNSE FOR THE UNEERTURSED ¢

2332 ? SMEFEMENCE CASE ¢y )

2333 “PITE 691500
2334 150 rOPMAT (Il 13XI1ODELI-AD & (FISTARIDELTA-SIGMA®) 1MOISPN]) &) /

2335 1 12nr0= SECOND-OMLER TERM (DELTA-3I) FROWN ADJIOINT-DIFFERENCE o)
2336 2 CEQANULATION &y //

2337 3 4x1ODELI-FD = (PHIIDELTA-SICHASTARS) nerorisTAn) &y /

2338 4 12x19= SECOND-OADER TERM (LELTA-1) FAQOH FORKARD DIFFERMENCE o)
2339 S SFORNULATION ¢y //

2340 6 d4xye12aD & SECOND-OADER INTEGHAL RALISPONSE FROM ADIOINT=®)
234} ? OLIFFERENCE FORMULATION &y /

2342 8 12x1%= APPROXIMATE INTEGHAL RESPONSE FDR PERTURBED CASE ¢ )
2343 HRITE (69160

2344 160 rOAmAT (1 +3x9032FD = SECOND-ORDER INTEGRAL MESPONSE FROM o)
23245 1 SEOANARD-LIFFERENCE FORMULATION ¢y /

2346 2 12x19= APPRDXIMATE INTEGRAL RESPONSE FOR PERTUNDED CASE ¢ /-
2347 3 4xsrexad = SENSITIVITY COEFFICIENT FROM ADIOINT-DIFFERENCE 9
2348 4 SEORHMULATION &y /7

2349 S 4xsexrp = SENSITIVITY CORFFICIENT FRAON FOPNARD “DIFFEMENCE ©9
2350 [ CEORHMULATION ¢y //

2351 7 3x10APPAOXIMATE CALCULATIONS OF THE INTEGRAL RESPDNSE FDR &)
2352 8 STHME PERTURBED CASE FOLLDW DIMECTLY FRON THE AD= AND FD=®)/
2353 9 3219FORNULATIONS (C.F. PEFERENCES)E & 7 )

2354 HRITE 691700

2355 170 FORMAT (1M +34x90 J2AD = @@ = DELI-AD & /

2356 1 35xse 32FD = AM - DELI-FD &y /

2357 & 3Svre xad = jZap/mem = | - (DELI-AT)7Rkm &y /
2358 3 35xse xFp ® 3CFD/mm ® | - (DELI-FDI/ /AR &3.)
2359 HRITE (691800

2360 180 FORMAT (1 »3Cxromm = mm o,y

2361 1 33x10DELU~AY = DELU-FD &y /

2362 e 33xre12mD = 1cFD ®y 7

2363 3 33xrexap = xFp &)

2364 wmiTE (691000

2365 ETURN

2366 END

2367 ¢

2366 c

£369 ¢

2370 ¢

2371 ¢

2372 SUBROUTINE SUBE I FIDSLIPSIIDSTICHIIDELIIDELIFDI MR LIVANP )

2373 1 IGHIAXSISENISISIEIDELUIDSLEDIFEDIFISXSY

2374 e SENTII] sNCOUPL Y 36M]1 1 FFDNG I k9 IDES)

2375 LEVEL 29 DSLIPSIIDSLFD

2376 DIMENSION A2S (1) 1SENCID 1sxS (1) IECI) s DELUCI) s DSLED (IGMI IEM9 1) 9 FED (]
2377 . Drr1sxS (1) 1SENT (L) 1 FEDNG (L) s THOL®I (S0) »&E (S0)

2378 DPIMENSION F (1) 9sDSL (381 36m11)9PSI(IGMILMASRY 1) 9CMI (1) sDST (L)
2379 COMMON, X SEQRM/HXE ) 3T Toem

2380 CONMON/ALOT/ TITLE (B

2381 COMMON/ITE/ITESTIITYP

2382 INTEGER 62 &P

2383 ®EAL IZADYIZFD

2364 DATA »1/3,141591/

238e% 410 rommaY (6£12.5)

2386 IF (. B, 0) . AND, (J1.ES, 1)) wWRITE (691014) (TITLEC(D)r =160
2387 1014 rommAT(In 6a10s )

2388 ¢

2389 C SEY UPPER-BOUMDARIES FDR SAOUFS

2390 1® (ncoOurL . &®. 0) 60 To 250

2391 o 255 e=lincOurL

2392 £K (G) =K (§)

2393 2%% conTinue

2394 NCPlsnCouPL ¢ ]

2395 o0 260 e=NCPly 36M

2396 £ (6) =K (6+])

€397 260 conTinue

2398 o vo 205

2399 250 po 265 e=x1r18m

2400 EEK (6) =g (§)
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2401 265 conTinug

2402 ¢

2403 C *00 CALCULATE SECOND ORLEM EFFECT OF INTEREST FRON AD-FORMULATION
2404 20% 3¢ <31.60,1) DELI=0.0

2405 20 S LElrLmaxe

2406 IF (KxS.E8.2) THOLMI(WLI=1,0

£40?7 IF (MXS.HE.E) THOL®MI (L) =rLOATY (COL-1)

2406 S CconTINnUE

2409 ¢

2410 C *9¢ USE A SINPLE SUMNMATION DVER L

2411 o 99 e=Jlrieml

2412 *rG>=0,0

2413 0 98 LElrLmaxm

2414 0 92 ar=aire

2415 Y6 F(G)E THOLMI(LIODSL(GP1GIL)®PSI(GrLIGP) * F(G)

2416 99 LELITIELI (DST (6)OCm] (6))~F (G)

ce41? 31EAD = Am - DELI

c418 XAD = 3ZAD/ AN

2419 ¢

2420 C *%¢ CALCULATE SECDND OADER EFFECY OF INTERESTY EMON ED-FORMULATION
2421 ¢

2422 1r(J1.20,.1) pELIFD = 0,0

2423 o 89 6=J1s36ml

2424 erepce) = 0,0

2425 p0 68 LElrsLmaxe

2426 ro 68 Gr=6rieml

c427? FEDG)SFED (G *THOLM] (L) ®DSLED(GIGPIL) SPSI (GPIL16)

2428 68 WRITE(291308) THOLMICL) 'DSLED(GIGPILI 1RSI (GPILIG) s FED(E)

2429 1302 rpommaT (5m v14£12.5)

2430 IELIFD © DELIFD ¢ DST(E)OCmI(S) - FED(E)

2431 €9 WPITE(2r1303) DST(E) 1CHICG)1FFD(G) s DELIFD

2432 1302 rommaT(ln 1 4212.5)

2433 ICFY = MR - DELIFD

2434 xED = ICFED/ MM

2435 3FrC1TYP.NE. 1) GO TO 100

2436 ¢

E437 C *%¢ SYART EDITING DESIEN SENSITIVITY INFORNATIDN

2438 IF(Il.NE. 1) 60 YO 1110

2439 IF(IDES.E@, 1) WRITE (691109

2440 1109 rOmmAT (I 1 06C1n®) 16 RESULTS ARE FDR ASSUNED | PER CENY FLAT XxS-IN
ea4el 1CREASEY OF | PER CENT DENSITY INCREASE IN RERT, ZONES 9 07C1me))
2442 1110 31Fr(x.6T.0) €0 YO 70

2443 1FIl.nE.1) 60 YO P

ca44 HRITE (6911000

2445 1100 rORmAT (1l 1ODESIGEN SENSITIVITY INFORMATION? INTEGRATED OVESR @)
2446 1 ® ALL ENERGIES o 7

caa? 2 ® FOR THE SUN OVER ALL PERTUNDED ZONES ¢ 7 )

c448 HRITE (691101) DELIY DELIFD

2449 1101 rORnAT (SxrCONTRIBDUTION FROM NEUTRON GROUPS DOmYl 9 15y,

2430 1 ODELI-ADI(N) = & IPEIC.D'DxsODELI-FD(N) = & 1PEIZ. 50/ )
2491 6o Yo ?3

zate 71 wmiTE (691102) DELIY DELIFD

2453 1102 rOpnAT (Ssr0TOTAL SECONL=ORDER TERMI EMOM NEUTRONGGANMA GROUPS: .
c4%54 1 ODELI-AD = ¢y 1PEIC.DrOxyODELI-FD = ¢,1,rE12.507 )
c45S WRITE (691103) wm

24%€ 1103 rOmAT(SX 10 INTEGRAL RESPONSE FOR UNPERTURDED MEFERENCE CASE? .
ca%? 1 opm LK IR UL ST TP

z4%8 HumITE (691104) 32ADr 12D

2459 1104 rORMAT(Ss1@INTERGRAL RESPDNSE FDR PERTUNBED CASE? ©s 1dxy

2460 1 ®312AD = &y 1PE1Z,.VrOxr032FD = ¢y 1rel2,50/ )
2461 HmRITE 691105 xaDs xFED

Z4€Z 1105 rORHAT(Sx1O®SENSITIVITTY COEFFICIENY FDR YOYAL PERTURBDATION? ®rdxy
2463 1 oxAD = &) IMEICZ.DOxrOxFD = &y 1rgl2.50777 )
eace o Yo ?3

E4€S ?0 3¢ (3l.nE.1) @O YO 72

2466 HRITE (691106)

2467 1106 rOAMAT (1M + OCONTRIBUTIDNS TD DELI-AD AND DELI-FD FROM PERTURDED @)
2466 1 SZONE K =03313 / >

24¢€9 umITE (691107) DEL3Is DELIFD

2470 1107 rORPMAT(Ox . ¢rmON NEUTRON GROUSS ONLYI  ®510x»

ca?1 1 ODELI-ADN) & S IPEIZ,DISRIODELI-FD(N) & & 1PELZ, B0/ )
2472 6o Yo 73

24?73 72 wmiTE (691106 DELIY DELIFD

2474 1108 FORRAT(Sy . or@mOn HEUTRON PLUS GAMMA SROUPSI o.dx)

2475 1 SDELI-AD = &) IPEI2.D1OX)ODELI-FD = &y 1rgl2.50v77 )
2476 73 conTiNnug

2477 C €90 END EDITING DESIGN SENSITIVITY INFDRNATION

2478 ¢

2479 o vo 900

2460 100 conTiInue
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2481
2482
2483
2484
2485
2486
2467
248
2489
2490
2491
2492
2493
2494
2495
€496
2497
2498
2499
2500
2501
2502
2503
2504
2505
250€
2507
2508
2509
2510
2511
2512
2513
2514
2915
2516
&517
2518
2519
2%20
2521
2522
2523
asese
2%a5
2526
2527
23528
2529
2530
2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
2v42
2543
2544
2545
2546
2v4?
2548
2549
2550
2551
asse
2553
2554
2955
2556
2557
2558
2559
2560

oo

nnnNnnNnNNN

TS0

941
1?51

S42

1060
1082
10&1
103
Cc oo
Cc eoe
Cc oo

c eeoe

8602

604
8000
c eee

1

21

FOR SENSITIVITY CALCULATIONS 1Y FOLLDWS

SEC(G) /PR 1S5S THE GAIN-TERM FROM SCATTERING MATRIX

=DST(G)OCHI(G) /MM IS THE LOSS-TERM FROM SIGHA-TOTAL

~AXS (GIOCHI(G) /MM 1S THE LOSS-TERM FADH SIGRA-ABSOMEYIDN
~SxSE(GIOCHICE) MM 1S TE LOSS-TERN FRON SIGHA-SCATTERING (OUT)
SXS.G) 1S FINALLY USED FOR THE SUM OF LOSS- AND GAIN-TERNS FRQOM SC
SENLG) 1S FINALLY USED FOR THE SUM OF LDSS- AND GAIN-TERNS

1* (nCOuPL.ER, 0) 60 TO 942

3¢ (31.n6.1) 6O YD 941

umITE 6917500

FOPHAT (1o 0 Ix9 34N . * L 224 »
044N NEUTRDON CRDSS SECTION SENSITIVITY PROFILES
*35m Madadadeaddd >

o To 942

CONTINUE

HRITE(691751)

EORMAT (Ll 9 /7777790 19251400000 0000000 00000600 0000064600y
®4Zm GAMmA CAOSS SECTION SENSITIVITY PROFILES »
®20m . .o >

CONT INUE

31F (e . K@, 0) . AND, (J1.E8.1)) wRITECGr»1080)

IF (K. ER, 0) e AND, (J1,. 04k, 1)) MmITE (b)1082)

IF (.67, 0) ., AnD, (J1.68,1)) WwRmITE(Hr»1081)
IF((N.6T.0) . AND, (J1.NE. 1)) NRITEC(Lr 1083) w

FORMAT (2N 140C1MO)9® SUMMED OVER ALL PERTURBED ZONES *140Cine) )
FORMAT (2r 134 (1IN 1® SUNNED OVER ALL PERTUNBED ZONES ¢ 34 (Ine) )
FORMAT (21 142C1ne)1® FOR RERTURDED ZONE & %0313 ixr44(1me) )
FDRRAT (2 137(1M®)1® FOM PERTUNBED ZOME * %6313 Ix137C(Ime) )
COMPUTE LOSS=TEMMSs GAIN-TEMHNS) AND NET SENSITIVITY MROFILES

FOR BOTHI PURE HEUTRON AND PURE GAmRA INTESACTIDN XS

(MNICH OF THE THO IS COMPUTED DEPENDS DN THE VALUES DF J]1 AND 16m]
sads = 0.
sr3g = 0
sTOT =
sscav= 0
seep = 0

0
0

SFEAD =
SSEN =

D0 € 6531 16m]

" (3> = F(G)/ (puodELU(E))

FFEL(E) = FEDIG)/ (AMODELULE))

AsS(G) & =(AsS(G)OCMI(E)) 7/ (mmeDELUL(S))

FISXS(G) & ~(FISNS(G)OCHI(G)) 7 (RReDELU(E))

Sx5(6) & —(S¥$(G)OCHMI(E)) /7 (mRODELUCS))

DPST(E) = =(DST(E)OCmI (E))/ (WmODELU(S))

SENCG) = Sx$(E) ¢ FED(E)

SENT(G) = DST(EG) + FED(E)

SADS = SADS ¢ AxS () ODELUCE)

SKEIS = SFIS ¢ FISXS(G)ODELUCS)

SSCATE SSCATS Sx5(6)SDELUCE)

STOT = $TOT ¢ DST(G)ODELU(S)

SFEFD = SEFD ¢ FED(E)ODELUCS)

SFEAL = SFAD + F(G)ODELUCE)

SSEN = SSEN ¢ SENCE)®DELU(S)

SSENTY & SSENT ¢ SENT (6) *DELUS)

CONT INUE

1F (ncourL.E0. 0> 60 TO BOOO

1FcIl.NE. 1) 6O TO 2001

COMPUTE GAmeA ARODUCTIODN RROFILE FEDNG (GAIN-TERN DNLT)
NG lE=nCOUPLe]

o 602 €=31r16m]

ronG (6)=0,0

D0 B0Z L=lsLmAxm

20 B0Z eP=nGlr I6m

FEDNG (6) SFEDNG (E) ¢TNOLM] (L) ODSLED (G16PIL) PSS I (GPILI S)
srrpne=0.0

o 604 ¢%31s106m])

FEDNG (G) SFFDNG (6) 7 (BRODELU (S))
SEFDNGESEEDNG*FE DivG (6) *DEL U (E)

CONTINUE

PRINT NEUTRDN SROFILES C(INCL. NTGAMINA)

1F(Il.ng.1> 60 TO 2001

HRITECEr11) mm

FORMAT (11 +¢ PARTIAL AND NET SENSITIVITY RROFILES RMEM DELTA-Us NOR
CHALIZED TO AR = (mr1Pml) = & 1PEI2,.Dy 7/
®® FOR NEUTRON INTERACTION CROSS SECTIDNSI (N=N) AND (N-GAMMAI S/ /)
HRITE (621

FORMATY (lrn 1 3Cxr46mneeeeee » U n & LoSss T E R g 900000000,
OTn1 T4NG0000000 PURE GAIN TERHS ¢006666600)
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2561 HRITE (6, 12D

&%62 12 FORRAT (1l 1® GROUP UPPER-E(EV) DELTA-USIExI1OAs50,7xsOonU-FISE®s
25¢3 OTr I OSSO I TN I OISO I I ON-GAIN®IG L) SN -"GAIN'SED) ®9 34 ) NG -GAINS )
2564 0 13 6=31r36m]

2%€S HMRITE(6r14) G EE (6)IDELUCGI I1AXS (G)IFISXS (G I1SXS(G)9IDET(G)

2566 L) EED(G) I F L G) IFFDNG \G)

=1Y4 14 roprAT (I 1359239 1PELD,392x9 IPEY. 292017 (2xr1pE10.3))

E56E& C *0¢ MELERSE NORFALIZATION FROM PRINTED PROFILES DACK TOD
2568 C eoe OMIGINALLY STORED xS-VECTDRS

2570 3F(Cm3 @) LY. ¢1.06-15)) 60 YO 13

2571 AxS (G & —ArE (G) *PRODELU(E) 7Cr1 (@)

a%7e FISNS(E) = ~FlSsS(GI*MPRODELU(6)/7CME (6D

&5?73 sx$€G) B —S>SiGIORMODELU (6 /CmE (S

2574 ST (6) & =157 (G)OPMODELU () 7CM] (6)

2575 C 400 END REVERSE NORMALIZATIDN

2576 13 conTinug

25?7 ~NRITE(69201)

2578 201 romMAY(lm 13 0x9 72 (X9 O—mmcmcc== )

25?9 HRITECE11D) SABSISFISISSCATISTOTISEED)I SFADI SEFDNG
2580 15 FORMAT (1M 1 IXIOINTECHAM 121X 7 (Zx2 1PE10,3)9/)
2581 Hum3ITE (6922)

&5e2 EC FORMAT (1r 1 32x 9 2Cneeee HET PROFILES ®009)

2583 HRITE (69 16)

2564 16 FrORHAT (1M 16 GROUP UPPER—EC(EV) DELTA-U ¢» 07x10SEn®r (TGarosENTS)
2585 0 17 G=Ilr3em]

2586 HRITEC(EY 16) GIEE(6)IDELULE) 1 SENC(E)» SENT (6)

2587 18 rOmnAT(Im 1359 2x0 1PE10, 392X IPEY,. 29 Exr 2 (2xr 1PE10,3))
2588 1?7 conTinug

2589 “RITE (69202)

2590 202 roReAT (1M 130x12 (2x ) O~ mccma=e))

2591 HRITE (69 19) SSENISSENT

2592 19 FORPHAT(2H 1 OINTECRAL S 2IxsZ(CXy 1pE10,3)7)

2593 6o To 900

594 2001 convTinue
2595 € %% PAINT SPECIFICATIONS FOR GAMMA RROFILES

2596 HWEITE(6r 20 mm

&59? 20 *ORSAT(IM 16 PARTIAL AND NETY SENSITIVITY PROFILES PEM DELTA-Ur NOR
2596 SHALIZED YD AR = (mePm1) = &y 1pE1C,. Do/

2599 e FOR GAMMA INTERACTION CROSS SECTIDNS? (GCANMMHA=GAMNNA,) ONLT ¢-/)
2600 HRITE (69 E3)

2601 23 FORRAT (1r 13289 T0MOE0000004pURE LOSS TERNES06S000060 SGAIN TERNS
2¢e02 Je0eoong T AROFILESGO®OS)

2€03 R 3ITE (69 312)

c€04e 312 FOPHAT (I 19 GROUP UPPER-E(EV) DELTA-USIBx1®AXESIOxrSSxE®s InrOTXS
2605 GOIENIGC-GAINGI 7x s OSEN® ) Ix) SSENTS)

2606 Do 313 6=Jls36m]

2607 HRITELGr 14) GIEECE)IDELUCEBI1ASIS (G 1SXS(G)IDST(G)1EFD LG

2606 . SENLG) + SENT (6D

2609 C ®0¢ REVERSE NOPHALIZATION FRO™ PRINTED PROFILES BACK TO
€10 C **® DRIGINALLT STORED 2S-VECTORS

2611 IF(ENI LG .LT. ¢1,06-15)) 60 TO 413
2612 A2S(G) ® ~A+$(G)OBReDELU(E) /CHI (E)
2€13 $25(G) = -Sa5(G)OMAMPDELU (6) /CHI (6)
2614 DST(E) = =DST(G)OMAODELU(E) /CnI(E)

Z€15 C ¢90 END REUERSE NORNAL IZATIODN
2616 313 conTiNnve

2617 HRITE (69203

2€18 203 FOPMAT (1M 9130x96 (2xy S~==—=mcc== ® )

€619 MR ITE(6115) SADSISSCATISTOTISEFDI SSENISSENT

2620 900 CONT INVE

e621 RETURN

2622 EnD

2623 ¢

26c4 ¢

2625 ¢

2626 c

2627 ¢

2ées SUBROUTINE SUBI] (LAXPII] s 3GH]» 1Gmr R NSED)

2629 1 PESEDIPSEDGP I PSEDCISSEDI SHOT I SCOLD I DRSEDY
2630 2 DSLIPSII LELUIGHEDY FSED )

2€31 ¢

e€e32 LEVEL 29 DSLIPSIImSED

2€33 DIMENSION RSED (16019 1) 1PSEDEP (1) 1PSEDE (1) 91 SSEDCI) 1800 T 1)y
634 1 SCOLT 1) s DRSED (1) 1DSL(I6MI I6m1 1) 1PSTI(IGrILmAXPY 1)y
2€35 2 DELUCI) 16HED (1) » FSED (1) » TOL™] (S0

2€36 COMMDN ZvRS/ LL

2637 COommMON 7PLOY/ TITLE (8)

2€38 COMMON /X SEDIM/ KXS? IMTI IMA

£639 INTECER 69 6P I GMED + GHEDAN)I SHEDP ]

2640 REAL WN
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2641 c
2642 C 06 ZEMD DUT THE NEN ARBAYS

2643 10 2 G6=1r16ml

2644 msEDer (6= 0.0

2645 msepete) = 0.0

2646 ssep<e) = 0.0

2647 smoY(s) = 0.0

e648 scoLpie) = 0,0

c649 pesEDc6) = 0.0

2650 1o 1 er=lyi6m]

2651 1 mgEpCerre) = 0,0

2652 2 conTINnuE

26353 ¢

CESE ¢ oee COMPUTE ALL ARBAYS TO BE EDITED

2655 p0 U L=leLL

2656 I1F (KxS.E@.2) TwOLM] (W=1,0

2€57 IF (KXS.NE.C) THOLMI (L)EFLDAT (ZOL=1)
2€58 S conTinve

2659 po 33 Gr=Jlsieml

2660 DD 32 € =J31s16m]

€661 o 31 L =lrLL

2662 31 PSED(GPIE) = RSED(EPIE) ¢ (THOLM] (L) ODSLIGPIGIL)G®PSI(GILIGP,))
2663 1 7 (AReDELU (E) *DELUV (GP))
2664 32 conTiInuE

2665 33 conTINnUE

2666 o va 50

2667 ¢ ENI OF COMPUTATION OF DASIC PSED (6P 6)

C66E C 90 INTEGRATE PSED OVER ALL INCIDENT GROUPS 6Py FOR ALL FINAL GRDUPS 6
2669 $0 »o S5 e=lsrieml

2670 po S1 er=lre
2€¢71 Sl PSELEP (E) = MSEDGP (G) ¢ PSED(GP1 6 ODELU (SP)
2672 $2 conTINUE

2673 C 906 INTEGRATE ASED OVER ALL FINAL GROUPS G» FOR ALL INCIDENT GROUPS 6P
2674 DD 62 er=lsieml

2675 DO 62 6 =GPy 16n]

2676 6] PSEDE(GP) = PSEDE(EP) + PSED(GPHIE)ODELU(S)
26?? €C CONTINUE

2678 C 906 INTEGRATE PSED ONLY OVER MOT FINAL GROUPS
e679 31* (nsSED.E®.0) 6o YO 93

2680 P00 72 eP=ls3ieml

2681 SHEDAN = GMED (GP)

268¢ 1r (GmEDAn.E®.0) 60 TO 72

2683 3¢ (GHEDAN.LT.S#) 6D TO 256

e684 D0 71 G=GPIGHEDAN

2685 71 sHOT(GP) = SHOT(GP) ¢ PSED (6P 6) *DELU(E)
2666 SHOT LGP) = SNOT (GP) ODELU(SP)

2687 72 conTinue

2688 C ¢0¢ INTEGRATE ASED DNLY DVER COLD FINAL GROUPS
2669 P00 B2 GP=ls3eml

2690 1F (GmED 6+ .xm.0) 60 TO 82

2691 1Fr (GmED (¢P).E8.16m]1) 60 YO EZ

2692 GHEDP] = GHED(GP) ¢ |

2693 o 61 6=GrEDP 1 iem]

2694 81 scoOLD(GP) = SCOLIT(GP) + PSED(EP16) *DELU (G)
2¢95 SCOLD(6P) = SCOLD (6P) ®DELU (6P)

c€96 €2 CONTINUE

697 C 60 COMPUTE INTEGAAL SED SENSITIVITY CORFFICIENTS AND RMESPDNSE UNCERT,
2€98 rssep = 0,0

2699 TseoY = 0,0

£700 TrscoLp*= 0.0

2701 Tomsed= 0.0

2702 o 91 er=], eml

2703 SSED (GP) = SHOT (6P) - SCOLD(GP)
2704 IMSED(EP) = FSED(GP) SSSED (6P)
2705 LASED (GP) = ADS (DASED(6P))
270€ C ¢oe CONPUTE TOTAL INTEGAALS

£707 TSSED = TSSED + SSED (6F)
2708 TIMSEDE TDRSED® DASED (&)
2709 TSHOT = TSHOT ¢ SHOT (6P)

2710 91 TSCOLD® TSCOLD*® SCOLD (6P)
2711 Y2 CONTINUE

2712 C ®0¢ COMPUTE TODTAL INTEGRALS OF SINGLY DIFFERENTIAL PROFILES
&713 $3 vTeser = 0.0

z?14 rese = 0.0

2715 DD 94 1=]ly316Mm]

2716 TPSEP = TPSEP ¢ MSEDSP, (1) ODELUD)
2717 TPSG = TRSE ¢ PSEDEC(I) @ DELUC(I)
2716 94 coOnTINUE

2719 ¢

2720 C 00 NDu WE START EDITINA
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2721 ¢

2722 ¢ PRINT RSED (641 6) EPSED (E=INIE~DUY) AND INTEGRAL SENS,PROFILES
2723 HRITE 602000 ww

£ree 200 rOAHAT (1 17930 (1 ®) 1 ODOUBLE-DIFFEMENTIAL SED SENSITIVITYS,

272% . o PRADKEILESS)

2726 1 36 CIm®) 1791 134 (1O 14FrDM THE SUN DVER ALL SPECIFIED ©
2727 e SPEATUADED ZONES®1 35 (Jme)y/

2728 3 IN 1SI0UBLE-DIFFEMENTIAL AROFILES PER DELTA-U-IN AND RER &)
2729 4 SDELTA=U=DUTY NORMALIZED TO ARE(RIPHIIE & 1K1, S/
2730 S 1n »OFOR NEUTRON GROUPS DNLY®9// )

2731 HRITE (622100

2?32 210 FORMAT (1Bx 127 C1Me) 1 SPSED (G-INIG-DUTY) MER (DELU-IN) (DELU-DUT) ®»
c¢?33 1 Saner 272 (1me)s/y

2734 4 17x00 6=In = 1 6-In ® ¢ ¢~In = 3 6-InN = 4 g-In =T o
2735 S ® G-In =6 G~IN=T7 G-InN =B e-In= 9 g-In =]l(le)
2736 HRITE (692200

2737 220 FORMAT (1M +96-0UT DELU~DUTS)

2738 12 =0

2739 2el 11 = 312 + 1

2740 12 = m3n0C32¢10s 36m1)

2741 po 230 =1y 16,1

2742 HRITE (69231) (GIDELUCE)» (PSED(GP 1616, =%31y12) )

2743 23] FoRmAT(IN 13393X9rB,. 69 110Xy IREY,2) )
2744 230 conTinue

2745 1Fr (12.58.16m1) 60 YO 232
2746 NRITE (69233
2747 233 romeaY (In v
T48 o To 221
2749 232 conNTINUE
2750 HRITE (69240
2751 240 rOPMAT (1 1 16X13(1n®) 10 SINGLE-DIFFERENTIAL PROFILES) ASED Oy
2752 1 3(1ne)1/116x19 PSED G-DUT) RSED (E-IN) @9/
2753 e Ixre6-31n OR 6-DUT SE® DELU-ODUT PER DELU=IN ¢1/)
2?54 Do 242 1=l 16m1
2755 HRITE (6924]1) 39PSEDGP (3D 9PSEDG (D)

P-t-13 241 FORMAT (1M 14x9 339 10xs 1mE1 U, 3r6as 1mE10,3)
evs? €42 CONTINUE

2758 HRITE (69243
e%s9 243 roRMAT (1K 9 16X O mmmmem e TYE V7Y TG
2760 HRITE (61244) TPSGRITRSG

27¢€l 244 FORMAT(IM »OTOTAL INTEGNAL ®)1pe10,396x01p610,3)
ETER2 C o0 EnD DF SED-PPROFILE ARINTS

2763 IF (NSED.~E.0) 60 TO 249

2764 m“RITE (692435

e765% 24% FORMAT (LM 177900 SED UNCERTAINTY ANALYSIS WAS PERFDRwED FDR )
&766 1 OLACK OF INPUT DATA®) /1@ NSED IS ZEMD ON INPUY FILE®»/1n])
2767 o Yo 999

276E C ¢9¢ EDIT SED UNCERTAINTY INFORRATION

27¢9 249 WwmITE (69246) (TITLEC(I)91=198)

e??0 246 FrommAT(In 1 EAl Dy /)

e??1 HRITE (69250)

a2v7e 250 FDRNAT (1M 144 (1 n®) 1@ SED UNCERTAINTY ANALYSIS 144 (1o s/ /)y

2?73 1 15xse HEDIAN SrI3INI®  INTEGRAL 1 3Ixr® MOT INTEGRAL @9 3x»
2774 2 OCOLD INTEGRALS®)3x1® NET INTEGRAL ©r13x16 RESPONSE UNCERY, o/
e?7?s 3 15xse e-puT ®1349® SED~UNCERT . ®9351® SENS. COEFF, ©9»3xy
e?776 4 o SENS. COEFF, ¢13419SED SENS.-COEFF,®16X9® DR R 9/

e??? S 15xre oF SED ®r3Ixr e F ®1?xr 0 S-nOT 9y 3xy
2?76 6 o s-coLD ®1Ix1® $ SHyYNI®DUE TD SED-UNCERT, o/

e?79 7?7 S5r10 GoINeeTx 1S 1 FRON INPUT) &y

2780 B 3rar0(rmOM INPUT) S 3Bx1 ¢ (SHOT — SCOLDI 1091 7m(E & $)9 )

2781 10 252 sr=ls1em]

evee NRITE (691251) GPIGHED(EP) 1FSED (GF) 1 SHOT(EP) » SCOLD (SP) »

2783 1 SSED(GP)» DRSED (6P

2784 251 FORMAT (1 sSx923909x9 339119787, 49Ixs1pxl0.396x91pE10,3s

2785 1 Exs1pE10.3+9x9 12610,

2786 292 conTINnuE

e787 HWRITE (69253)

e788 2%3 rOPmAT(lmn 147X —m—mmme=e ®ebXr I UCIm=)18x910C1 =) 99x910CIn=) )
2?89 NEITE (6912T4) TSWOTITSCOLDY TSSEDY TONSED

e?%0 %4 FORMAT (1M 1OTOTAL INTEGHAL @ 33xs 1PE10,3+6x91mE10,398x9 110,39
2791 1 9xs1Px10.3)

2792 rERCY = ]100. 0¢TDRSED

2793 HRITE (69255) eEmcY

2794 255 FORnAT(99x10% €3 r9.31¢ AER CENT®y /9 1m])

2795 o To 999

2796 2%6 wmiTE (69257)

e?9? 257 FOPNAT (I 1OND SED UNCERTAINTY ANALYSIS CAn BE PESEDR-ED®) /)

2798 1 ® BECAUSE THE INPUT ARBAT FOR GHED (6) CONTAINS AT LEAST®y /)y
2799 ® ONE HEDIAN SED EMERGY GROUP NUNDER SPECIFIED TO BE ©/9
2800 ® LESS THAN THE INCIDENT ENEMEY GRDUP, &/

wh

181



2801
eso0e
£€03
ee0e
2€0%
2806
ero?
P-4
e809
ee10
€811
e81e2
ee13
erle
ZRe15
eele
2817
2618
2819
ce20
a821
ebea
ee23
ce24e
£82%
2826
eee?
cees
e629
2830
2831
2&3e
2833
e634
2835
£836
ee3?
£838
2639
2540
2541
eeac
2843
2644
26a%
2646
2647
2646
2¢49
ege%0
2e51
2eSe
eesxa
eeve
2ess
eeve
ee5?
2058
2ETY
2660
26€1
2662
2663
P={-1-X )
26€S
2666
2667
2€66
26€9
2670
2€71
eeve
ee?3
2674
2675
2676
e877?
2678
2879
2660

999

nnnNnNnN

o0

nnNNNN

1000

1100
1

1200
1

1300

4 ® GHEDC(E) MUST ALNATS DE GREATER® DR EPUAL TO & Lo/
S ® CORRECT INPUT DATA! o )

CONTINUE

RETURN

END

SUBRDOUTINE SUBEV (VxS 1 1vxS2ICOVICHIITELUIPIIPCIDRIEY 36m 36M1 s
1 IPERIRRIIDINSSI DEN] » DENS)

®%e THIS AOUTINE COMPUTES AND EDITS SENSITIVITY PROFILES FDR vECTOR
®e® CRADSS-SECTIONS IN RAIRS OF
00 1T ALSD CONMPUTES AND PRINTS DELTA=RA OUES & FOR THIS XS=PAIR AND

I7S COUVARIANCE MATRIX,

LEVEL 2rvcOov
DIMENSION UXS1 (1) rvxs2(1)rcoviienls 1) rCmIC)IDELUCD sl (L) sp2cl)y
L XOPRY X P

COnMMON 73TEZ ITESTHITYP

COMMDN /PLOT/ TITLE(B)

INTEGER Gr6P

nrEAL R

HMRITE (691000 (TITLEC(I)r3=]9 &)

FOmmAT(1n 26a100 )

um3YE (6911000 1D

FORMAT (Ll 9777924 (1m®) 16 SENSITIVITY PROFILES FOM CADSS-SECTION o)
CPAIRS HITH ID = €135 IxscdD(Ine) )

HRITE <69 1200) mm

FORMAT (1 1OP 1 (E) AND PTG) ARE PER LETHA®GY NIDTHM LELTA-U AND ©)
ONORHALIZED TO THE PRESPONSE PR = (MyPM3) = & lplZ, )

HWRITE (6913000 DEN1Y DENZ

FORMAT (1 1¢FOR THE SUN OVER ALL PERTURBED ZONES? NHERE BDOTH CRO®)

1 €S5S SECTIONS WITH THIS II ARE PRESENT IN TeE HODEL ®. 9

€ OTHE WNUNDER DENSITIES FOR THIS *S—PAIR ARE NDEN] = &y

1400
c eee

c eee
1500
e
1600
1700

C oeeo
C ooo

C oeoo

1600

6

3 1PE1Z.50r & AND NIENE = Sy 1pElc.Dy 7 )
HuRITE (6914000

FORMAT (1o +® GROUP UPPER-K (EV) DELTA-USI7x18p 1 (G) 9 7xr0pZ (G)®
COMPUTE SENSITIVITY PROFILES AND INTEGRAL SENSITIVITIES

s#l = 0,0

sez = 0.0

20 1 G6=ly16m]

P1(e) = ~(vx$1(G/OCMI(E))/ (MRODELU(S))

RE(G) ® =(VxSZ(GI)OCHI(G) )/ (BRODELUE))

sel = Pl ¢ PL(GIODELUCE)

spZ & SPZ ¢ PT(G)ODELUV(E)

CONTINUE

RAINT PROFILES

o 2 é=lsi6m]

HRITE (691500) 69K (G) I DELULE) Pl (G 1P (E)

FORMAT (1m 9359 2x9 IPELD. 39 xr IPEY.292x92(2xs 1PE10.3) )
CONT INUVE

HRITE (691600)

FORmAT (1 130x912(2xy@mmmmmmmmm ® )

HRITE (691700) srlrse

FORMAT (10 s IXrOINTEGHALSIZIxrZ (Cxr 1mE10,3)9 )

PERFORN UNCERTAINTY ANALYSIS FOR THIS XS-PAIM ANT ITS COV
FIRSY REVERSE THE PER-DELTA-U NDRMALIZATION OF THE PROFILES
0 3 6~1ri6m]

rlig) = m]lE)ODELU (S)

mZ(e) = P2(G)ODELU (E)

CALCULATE TOUBLE SUN (USE ARMAY UXSZ(6) AS INTERMEDIATE SINGLE-SUM
veovese = 0,0

D0 4 ¢=lr16ml

vxsz(e) = 0,0

P00 S er=lyieml

vNSZ () & UvxSZ(6) + MR (eP)OCOV (6r&r)

DROVARSE = DROVRSE + UxXSZ2(6)ee](E)

ir (vmovese.ex.0.0) 6o Yo 6

HMITE (691600) DmOvase

FORMAT (1 16 THE TOUBLE SUM FDR DR/A-SPUARE BRESULTED IN A NEGA®)

1 STIVE NUMBER®) /1¢ DROVRSE = ¢y 1pEl2.5s/

1 ® ANALYSIS TERHMINATED FOR THIS ID-NURBER &)/

4 ® VARIANCE IS SET TD ZERO FDR LATER TOTAL VARIANCE CAL®
3 SCULATIDN o)

ominxs) = 0,0
6o Yo 99
DROUve = SEAT (DROVASE)
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asel
a2eee
2863
2864
2885
2886
2867
2888
2689
2890
2691
2692
2893
2894
2e95
2896
2897
2898
2899
&900
2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
291z
2913
2914
2915
2916
2517
2918
2919
2920
2921
2922
2923
2924
2925
&926
e927?
2928
2929
2930
2931
2932
£933
2934
2935
2936
2937
2936
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
&949
2950
2951
2952
29%3
2954
2955
29%6
2957
2958
2959
2960

erEncY = ; 00, Oepmouvn

C 9% EIIT UNCERTAINTY INFORMATIDN

HRITE (69 1900) LROVRSEIDROURIRESCT

1900 rORmAT (IN 120C1m®) 1® AN UNCERTAINTY ANALYSIS FORM TruiS CROSS—®)

C ooo

9%

nnnNnNnnNn

c oo

cpCce
cLCH
cpCce

1001
1002
1000

1003
10

11
c eoe

98
99

1004

10035

C oeoo

20

1007

1008

S

COSECTION PAIM® YIELDS THE FOLLONING ®1Z20 1me) s/
® FRAACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTAINTIES®)
® SPECIFIED IN THE COVAPIANCE MATRIX FOR THIS IDI6//9]10xs
¢ LARIANCE? (DELTA-® OUER M) -SRUARE = (DR RSB, = & 1rel10,3)
7910x9® RELATIVE STANDARD DEVIATIODN = Dpmm = & lmp}0. 3
/955x00 = Sy 1PE10.3+® PER CENT &9/ /r77)
SAVE VARIANCE FDR TriS 1D TO COMPUTE LATER TOTAL VARIANCE In SUDY
LR NRS) © DROVASE
RETURN
£MD

[ LR WAN T

SUBROUTINE SUBY (COVRISENIFESUMI 369 DELU)

READS COVARIANCE MATRIX AND PEMFOAMS DOUBLE-SUN TOD CALCULATE
ODELTA-R OVER A

LEVEL 2 cOvm

DIMENSIDN CTITL(B)» COVR(IGMI 1) sSENCII srSUNCL) yDELUCYD)

LEXT sSEnT

INTEGER 69 6P
mEAd (591001)> (CTITL(I)r3=1eE)

rosnaT (8a10)
WRITE (691002) (CTITL(I)9o3=mlols)
FORMAT (1l +16A107)
mEad (5910000 ((COVREIGPI 16PE])r I6M) 165 ] 9 160
FORmAT(6E12.5)
»0 10 eP=lsriem
HRITE (691003) (6Pr (COVMIGIGP) 16=]) 36M))
EORMAT (1 106,50, 139 20CIxrES, 3072
CONTINUE

p0 11 €%1r16m
SEN(E) = SEN(G) *DELUV (S)
CALCULATE DOUBLE SU™
veove = 0,0
D0 99 €=1s16m
rgsuni(es> = 0.0
0 96 er=]y 1em
FSURLE) = FSUMCE) ¢ SENIGP)OCOVR (Gr&P)
DROVR = DROVAR ¢ FSUM(G) *SENCE)
31 pmove.6&.0.0) 60 Yo 1
wm3TE (691004
FORHAT (1l 1ODR/ A-SEUARE RESULTS AS NEGATIVE NUNBER FAOm DOUBLE SU»
® ®rsrs)

6o To 9999
ROvR = SOAT (DROVR)
erEmCcY = 100.9pmOun
wRITE (691003) DpmovesmgmcT
FORMATC(lM 10THE CALCULATED FRACTIONAL UNCERMTAINTY DF THE MESPONSE

®m €0 DUE TO CROSS-SECTION UNCERTAINTIES GIVEN IN TrE ABOVE COLARY
SANCE HMATRIX IS¢/ 1Sxrepas/m 20y Sx1F8, 59 /Sxr0om EQUALSI X EE. Iy
0 PERCENTS®)

CALCULATE TOTALLY COMMELATED(¢1) AND TOTALLY UNCOBSELATED CASKS
compa = 0,0

uncom = 0.0

D0 20 €=1y16m

CORDA = COMDA ¢ SENC(E)SSPRT (COVR(E1E))

UNCDR & UNCDR ¢ SEN(G)OSEN(6) *COVR(E1E)

CONTINUE

coRpmcAdS (CONDR)

UNCOR = SOAT (UNnCDR)

HRITE (691007) compm

FORPAT (1o 1 SASSUMING FULL CORRELATIONC(®]) WE DBTAIN® »SasroDm. m-COm
o n = &yrB.5/)

HRITE (691008) uncom

FORMAT (IN s SRESUMING MO CORMELATION HE OBTAIN®/ 3 Sx) ODA A-UNCORR =
ey rE.57)

20 5 €=y 36m

SEN(S) = gEN(ES) /DELU (S

CONT INUE

9999 mETURN

[
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2961
29€2
29€3
2%ce
29€5
2966
2967
2968
2969
2970
2971
2972
2973
2974
297%
2976
2977
2978
2979
2980
2981
2982
2963
2964
2985
2986
2967
2968
2989
2990
2991

2992
2993
2954
2995
29%6
2997
2998
2999
3000
3001

3002
3003
3004
3005
3060€
3007
300€
3009
3010
3011

3012
3013
3014

315
3016
301?
3016
3019
3020
3021

3022
3023
30z4
3025
30e6
30e?
3026
3029
3030
3031

3032
3033
3034
3035
3036
3037
3038
3039
3040

nnnNnnN

nnNnNnNN

[

[

nnnNnnNnNNn

nnNnN

(2 12
L X 24
L2 12

1400

30
1300

40

1500

SUBROUTINE SUBDYV (DRSEY NCOVI NSUNCOV)

THIS MOUTINE COMPUTES DR-OVER-® FDR THE SUM OF ALL ¥S-UNCERTEINTIE
ASSURNING NO COPRELATIONS DETWHEEN THE INDIVIDUAL xS ERMORS SPECIFIE
IN ANY AND ALL OF TE NCOV COLARIANCE MATRICES,

LIMENSION DRSE (1)

INTEGER SUNSTRT) SUMEND

1 (NSumcCOv.ER. 0) 6D TO 20

HumIYE (69 1400)

FOPMAT(IN]I36C1n®) 16 PARTIAL SUNS OF BESPDNSE UNCERTAINTIES 9

1 36 Uime /)

nsUm = 0

NEUM B NSUM ¢ ]

mEAD (5913000 SUMSTATY SUMEND

FOmmaY (236>

unco=se = 0,0

20 40 JESUMSTRT) SUNEND

UNCORSE = UNCORSE ¢ DRSE(J)

uncon = SOAT (UNCDRSE)

mERCT = 100. Oeuncom

HRITE 6915000 SUMSTRTI SUNEND

FORMAT (1M ¢+ CASSUMING NDO COBBELATION AHONG THE STRING DF INPUT ¢
CCOLARIANCES?Y ®9/ /9 TNE RESPONSE UNCERTAINTIES DUE TO @)

1
2 SINPUT SERUENCE NUMDERS €9 1T9¢ THAOUGH ®913C29® MAVE DEEN )
3

1600

SSUNMED AND YIELD ®s/)
mRITE (691600) UNGCORSEIUNCDRIRERCT
FOReAT (1M s 1lxropanTIAL SUN OF VARIANCES = ¢y1pgl10,30/
121 *RELATIVE STANDARLI DEVIATIDN = ¢y1rg10,.3»

1
e e = 0y1rxl0.390 mER CENT & /)

(2 12

20

10

oo

1000

PEWN e

1100

IF (NSUM.NE.NSURCOV) &0 YO 3U
SUN OVER ALL VARIANCES
unconse = 0,0
po0 10 a=lincov
UNCDRSE = UNCORSE + DRSE(J)
uncon = SOAY (UNCDRSE)
aERCY = 100. 0eunconm
EDIT INFORMATION AT THE VERY END DF THE ENTIRE UNCERTAINTY ANALYT .
HRITE 691000) w~cov
FORRAT (1 120C1me) 1@ THIS CONPLETES THE INDIVIDUAL VECTDA &)
SCROSS-SECTION UNCERTAINTY ANALYSIS @ 120C1me)y/ry
® ASSUMING THAT ALL SPECIFIED xS~COVARIANCES ABE UNCORBELAS .
STEDY wmE OBDTAIN THE FOLLONING TDTAL SESPDNSE UNCERMTAINTY @9/
® LUE TO ALL XS—UNCERTAINTIES SPECIFIED IN ALL 9313y
¢ COVARIANCE HNATRICES & 7 )
HRITE 6911000 UNCORSEBIUNCORIPERCT
EFORMAT (e 2 10sr0T0TAL VARIANCEY (DELTA-R OVER R)-SBUARE = &)
1rE10.39/11x919TOTAL WELATIVE STANDARD DEVIATION = o,

1
e 1PrEl10.300 = @y 1RE](.3+® PEM CENT O//7 )

1200

HRITE (6912000
FORMAT (1l 13€EC1m®) 1@ END OF COMPUTATION = MO HORE COVARIANCE ©9

1 CLATA ¢y IE(I1m®) s/ JZUCIme) )

00

RETURN
EnD

SUBPOUTINE SUBSV (VXS] ivxS2rCOVI I6M]rIDy DENIY DEND)
READS PAIRS OF VECTOR X5 AND THEIR COVARIANCE MATRIX

LEVEL 2v coOv

DINENSION COV (361 1) ruxS]l (1) ruxsZC(1)rDLKECS (1)

COMMON ENDE - MATIME s MTINDTIIRA IRATI s ME 1 s E2s T ] s T2 9 MATZ » NOUT s ND2
COMMON TR /CONCS 09150 s CES(DUIDW 1 x51 (200D »

1 x$2¢200) 163D 200> s <1 () ryGP

COMMON/ITE/ ITESTI I TYP
REAL DEN]Y DENE

~NInES
NUUTES
~NDT=] O
~nD2=10
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3041 mEAD (N3N 10) 31Dy DEN]Y DENC

3042 10 rommAT(3696Xx92E12.5)

3043 CALL COvARD (31Dr DruxSlrvxsSZICOVr I8M])

3044 IFCITEST. NEL3) GO TO 40

3045 mRITE (NOUTH20) NEePImAaT]

3046 20 FORMAT (I 1  HULTIGROUP COVARIANCE DATA IN ©13»

3047 1 ® GROUPS FOR HAT] = 0314)

3048 HRITE (NOUT»50) wT)

3049 S50 FORMAT (1 1®  MICROSCOPIC CROSS SECTIDNS FOM ®HT] = o313
3050 WRITE (NOUTI30) (UxS1 (N snNE]ronGe)

3051 HRITE (NOUT160) w12

3052 60 FrORMAT(In 16 HICAOSCOPIC CPOSS SECTIONS FDR MT2 = o313)
3053 HRITE (NDUT?30) (UXSZ (N sNT]IneP)

3054 HEITE (MDUT»?70) MATIsnTlonmTE

3055 70 FORRNAT(1r 10 PELATIVE COVARIANCE MATRIX = HMAT] = €014

3056 1 ® MYIE 03300 WMT2 = 0313)

3057 WRITE (NOUTI30) ((COV(III) 1 I5]INGP) s 1519 NEP)

3058 HRITE (NOUTI80) MAT1ImTiinTE

3059 60 FORMAT (1 16 ADSOLUTE COVARIANCE MATAIXx FDA MICROSCOPICS)
3060 1 ® CPOSS SECTIONS OF HMAT] = €314,

3061 1 ® MYI= 03396 MT2 = €13)

3062 HRITE (NOUTH30) ((CE2(I1I3) 1 I%1rmer) s 1519 NEP)

3063 20 rommaT (1#10612.3)>

3064 40 conTINnuE

3065 € ®¢® TAANSFEFDAM MICARD XS INTO MACROSCOPIC XS

3066 20 90 ~n=1s36mi

3067 vxslin) = DEN] © uxsl (W)

3068 vxS2(N) ® DENZ ¢ Ux$2(N)

3069 90 conTIimnvE

3070 RETURN

3071 EnD

3072 ¢

30?3 ¢

3074 ¢

30?5 ¢

30?6 ¢

3077 SUBPOUTINE COVARD (MxXsNOMIXSAIXEDICE]Lr 36M])

3078 ¢ ROUTINE READ COVARIANCE DATA In ENDF-L INE FDRSAYT CUTAUT BY
30?9 ¢ NIOY AND TRANSEORNS 3T TO T=] FORMAT,

3060 ¢ HuAx = T-] JDENTIFIER

3081 ¢ NOW = ABS. COV, FLAG,.=0rYES =]9sNO.

3062 c

3083 LEVEL 2¢ CEI

3064 DINENSION XSA (1) s xSDC1)r1CE] (Z6mIr 1)

308% COMMONENDF - HATIME I MTINDT 1 IR s s AT ] 0008 1 reer 29T 1 9 Ty ATy MOUT I NDC
3066 COMMON, TR /7COM(S0r S0 1 CEZ(DUIS U o x$1 (2000

3087 1 x$& (2005 »&dD 2007 1A 10) s e

3086 c

3089 -y S X

3090 KL YL 13

3091 CALL SETID

3092 ¢

3093 ¢ SETID SETS UP INDEXES TO GEY DESIMED smx SET,

3094 ¢

3095 ¢ TABLE FOR DEFINITION DF ID-NOS IN TESMS OF SPECIFICATION DF
3096 ¢ CPOSS SECTION COVARIANCES., NOTE IN THIS VERSIONINATIEMATZ
3097 ¢

3096 c ID=NO  mATI HnAT2 wTd MTZ CROSS SECTION COVARIANCE
309% ¢ m——emme —e-- ————- =-—— —-—— ==

3100 ¢ 1 305 303 1 1 31U ToTaL wiTH 310 TovaL
3101 ¢ 305 305 1 e 310 ToYmaL wiTH 310 ELASTIC
3102 ¢ 3 305 305 1 10? BlU TOTAL H1ITH 310 (HeaLmMn)
3103 ¢ 4 305 305 e e 21U ELASTIC N3ITH 310 ELASTIC
3104 ¢ S 305 305 e 1uv? 21U ELASTIC WiITw 310 (NsALPMA)
3105 ¢ 6 305 305 10?7 107 310 (NI ALPMA) NITH D10 (NI ALPMA)
3106 ¢ ? 306 306 1 1 C TOTAL H1ITw C TOTAL

3107 ¢ -] 306 306 1 z C TOYAL NITH C ELASYIC

3108 ¢ 9 306 306 e e C ELASTIC NITH C ELASTIC
3109 ¢ 10 306 306 4 4 C INELASTIC WITm C INELASTIC
3110 ¢ 11 306 306 107 10? C (NIALPMA) WITH C (NI ALPMA)
3111l ¢ =4 3z4 324 1 1 CR TOTAL WITH CR TOTAL

3112 ¢ 13 324 324 1 4 CR TOTAL WITHM CP ELASTIC
3113 ¢ 14 324 324 2 e C® ELASTIC WITH CA ELASTIC
3114 ¢ 15 3ce 324 e 4 CA ELASTIC WITH CR INELASTIC
3115 ¢ 16 324 324 4 4 CA INELASTIC HITH CR INELASTIC
3116 ¢ 1?7 324 3ce 4 10c CR INELASTIC WITH CR CAPTURE
3117 ¢ 18 3ce 34 102 1ue CR CAPTURE HITH CR CAPTURE
3118 ¢ 19 326 326 1 1 FE TOTAL WITH FE TOTAL

3119 ¢ 20 326 326 1 e FE TOTAL NITw FE ELASTIC
3120 ¢ 21 326 3z6 1 102 FE TOTAL HITH FE CAPTURE
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3121 ¢ 22 326 326 2 e FE ELASTIC NITH FE ELASTIC
3122 ¢ 23 326 326 2 4 FE ELASTIC WITw FE INELASTIC
3123 ¢ 24 326 326 2 102 FE ELASYIC HITH FE CAPTURE
3124 ¢ 25 3cé 326 4 4 FE INELASTIC mITH FE INELASTIC
31285 ¢ 26 326 326 4 102 FE INELASTIC WITH FE CAPTURE
3126 ¢ 27 326 326 4 103 FE INELASTIC WITH FE (N P)
3127 ¢ 28 326 3e6 4 107 FE INELASTIC WITwH FE (NoALPMA)
3128 ¢ a9 3z6 3cé6 102 102 FE CAPTURE WITH FE CAPTURE
3129 ¢ 30 326 3c6 103 1U3 EFE (NIP) WITH FE (Nom)

3130 ¢ 31 326 326 107 10? FE (NIYALPMA) WITH FE (NIALPHA)
3131 ¢ 32 328 328 1 1 NI TOTAL WITHM NI TOTAL

3132 ¢ 33 328 328 2 e NI ELASTIC WITH NI ELASTIC
3133 ¢ 34 328 328 4 4 N3 INELASTIC MHITH NI INELASTIC
3134 ¢ 35 328 326 102 102 N3 CAPTURE WITH NI CAPTURE
3135 ¢ 36 326 328 103 103 NI (NIP) HITH NI (nem)

3136 ¢ 37 329 329 1 1 CU TOTAL WITW CU TOTAL

3137 ¢ 38 329 329 1 2 CU TOTAL HITH CU ELASTIC

3138 ¢ 39 329 329 2 e CU ELASTIC NITH CU ELASTIC
3139 ¢ 40 329 329 2 4 CU ELASTIC NITH CU INELASTIC
3140 ¢ 4] 329 329 4 4 CU INELASTIC WITH CU INELASTIC
3141 ¢ 42 329 329 4 1oe CU INELASTIC WITH CU CAPTURE
3142 ¢ 43 329 329 4 1us CU INELASTIC WITH CU (Nop)
3143 ¢ 44 329 329 4 10? CU INELASTIC WITH CU (NIALRNMA)
3144 ¢ 45 329 329 102 102 CU CAPTURE HWITN CU CAPTURE
3145 ¢ 46 329 329 103 103 CU (NIR) HWITH CU (NI m)

3146 ¢ 4? 329 329 107 10?7 CU (NIALPMA) WITH CU (NI ALMNA)
3147 ¢ 46 382 382 1 1 D TOTAL NITH AD TOTAL

3148 ¢ 49 382 382 1 4 P3 TOTAL WITH PD ELASTIC

3149 ¢ S50 382 382 1 102 3 TOTAL WITH PD CAPTURE

3150 ¢ 51 362 382 e 4 #D ELASTIC WITH PD ELASTIC
3151 ¢ 52 362 382 2 4 ®D ELASTIC WITwH PD INELASTIC
3152 ¢ 53 382 362 4 4 FD INELASTIC WHITH PD INELASTIC
3153 ¢ Se 382 382 4 10g ED INELASTIC WITW PB CAPTURE
3154 ¢ $S 362 38e 102 1ue P CAPTURE HITH PD CAPTURE
3155 ¢ 56 1301 1301 1 1 " TOTAL HITH ®n TOTAL

3156 ¢ 5? 1301 1301 1 e M TOTAL WITH M ELASTIC

3157 ¢ 56 1301 1301 e e M ELASTIC WITH m ELASTIC

3158 ¢

3159 ¢ nE1x3ypw 233

3160 ¢ MY IZEMT=ND FDR SIGMA-1INT2EMTY NO FDR SI6Mm-2,

3161 ¢

3162 HEA]

3163 nTa=45]

3164 REMIND ND2

3165 ¢ READ GROUP STRUCTURE

3166 10 MEAD (NDE120) (ACI) 1IZ]197) 1MATINF IMTI NSER

3167 20 rommaY (6Al0rAn6r 1453293391

3168 3¢ (mAaT,67.1301) wmaTEMAT=-100U

3169 IF¥ (MAT,.E@.mAT]1) 60 YO 30

3170 1 (MAT.LT.nAT]) 60 YO 10

3171 HAITE (NDUTI40) HATIINDTImAT

3172 sTor

3173 30 conTimnuE

3174 40 rommaT ( 1m0re SORM I IMEPUESTED MAT & €349¢ NDTY DN TAPE ©13¢
3175 1 ® LAST HAT READ MAS *14)

3176 PEAD (NDE9T0) ClICR2ILIILSILIILAINAT IO I HTINSER

31?27 S0 rORMMAT (ZE1]1.49431193493293393D)

3178 1® (mE,.E@.MFA) 60 YO 70

3179 HRITE (NOUTI60) NDTImeE oY

3180 60 FORMAT (1 1@ SOARYITAPE ¢339¢ SCREWED UP MFE®13y ¢ MTEe14)
3181 sTDP

3182 70 1F (nT.Em.MTA) 60 TO BO

3183 HRITE (MOUTI60) NDTrIewInTY

3184 sTOP

3185 80 cownTinue

3166 ~NGPEL ]

3187 ~NIDEL3

3188 READ (NDE990) (eBD(2)9I=19nDD)

3189 90 rommAaY (6E11.4)

3190 ¢ MEAD xXSEC FDR MT] AND MTZ

3191 100 mEAD (NDZ120) (ACI)13IZ197) 1mATINF INTINSER

3192 1F (mrF,LT.wr]l) 6o To 100

3193 31F (wr.em.0]1) 6o TO 110

3194 HRITE (NOUT960) WNDTINw s MY

3195 sToe

3196 110 conTimnue

3197 3IF (mY.LT.mT]1) 6o YO 100

319¢& 31¥ (mY.g@.mT]) 60 Yo 120

3199 MRITE (NOUTHI60) NDTrIew s mT

3200 svoe
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3201 120 conTiNnuE

3c02 READ (NDE190) (xS1 ()9 31=lrneEr)

3203 1 (url.nE.m72) 60 YO 130

3204 po 125 1=liner

3205 xs2(3)mxs] (1)

3e06 125 conTinue

3207 o vo 150

3208 130 meADd (ND2120) (AC(I) 13219 7) s MATIMNEINTIMSER
3209 3¢ (MY.LT.mT2) 60 TO 130

3210 1 (MY.E@.nT2) &0 TO 140

3211 WRITE (NOUTI60) NDTIME s Y

3212 140 conTINUE

3213 READ (NDE190) (xS2(3) 9 31=]1rnee)

3214 150 conTInuE

3215 Do 155 wEliner

3216 0 155 x=],ner

3217 comixrno =0,

3218 cEl (ko) =0,

3219 cE2 (xkyn) =0,

3220 155 conTinue

3221 ¢ READ COV. DATA,

3222 160 mEAD (NDT120) (A(3) 13197 I MATINEIMTINSER
3223 1F (ME.LT.HF2) 60 TO 160

3e2e 1F (mT.NE.WT1) GO TO 160

3225 1 (wrF.E@.m2) 60 YO 170

3226 HRITE (NOUTI60) NDTIMFINT

3227 sror

3228 170 conTiNnuE

3229 READ (NDT1350) CliC2ILIILILINLAIMATINFINTINSER
3230 IF (mY,LT,.MT1) 60 TO 160

3231 3¢ (mT.E@.%T1) 6o YO 180

3232 HRITE (NOUTI60) NDTINP s T

3233 sTor

3234 160 conTiInuE

3235 Tx=L2

3236 “GrL 4

3837 ¢ 13NOVED/7//FOLLONING THREE LINES INSERTED AS RER ERROR FOUMD B3Y MUZ
3238 ¢ SEE LETTE® DATED 13nOvED any mEFrEmEncCE Y-2-L-3645,
3239 20 250 w=lrnee

3240 o 250 w=lrner

3241 250 com(wino =0,

3242 o 190 w=lrner

3c43 READ (NDTIS0) clrcrLirLri3rL e

3c4ee Lerl= 2

3245 LGPCEL24.3-1

3246 ~NeNOEL 4

3ca? “L=L4

3248 AEAD (NDT190) (COM(KLILI ILELEP LI LEPC)
3c49 IF (NGND.GE.x6#) &0 TO 200

350 190 conTIinue
3251 &00 3¢ (MTx,LT.nT2) &0 YO 170

3252 1Fr (mTx.E®.mT2) 60O TO 210
3253 HRITE (NOUTIE0) NDTINFINTY
3254 sTor

3255 210 canTimnue

3256 0 230 w=]rner

3e5? HHENGP ]

3258 XEA () Exg ] ()

3259 *SD (KK =X ()

3260 DO 220 w=]lrnee

3261 NNENGP =N ]

3cé2 CE] (k9 0o, ECOM (o ND)

3263 220 conTInUE
3c6e €30 conTimue

326% IF (NOM.6T. 0) mETUNNS

3c66 DO 240 w=]rner

3267 0 240 ~NE=lrner

3268 CEC(NINIECEL (NMIN)OXSA (K) OXSB (N)
3269 240 conTINnUE

3270 RE TURN

3271 END

3272 ¢

3273 ¢

3274 ¢

3275 ¢

3¢€%6 ¢

32?7 SUDROUTINE SETID

3278 ¢

3279 ¢ SUBROUTINE SETS CORMMECT MATINF IMT GIVEN MRX
3280 ¢
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3281 COMMON/ ENDE/MAT I HE I MTINDTIJRX s MAT ] 9F L9 F 29 MT 1 s HTZ 9 AT » MOUT s NDE
3¢82 ¢

3283 LT XL 1

3264 mrls3 § wr2=33 § mAxnx=6
3285 31F (mex.67.6) 60 TO €0
3266 nAT1=305

3287 3¢ (mms.67.3)> 60 TO 10
3288 nTi=] § wr2=]

3289 IF (mAx . E@.2) mT2=2
3290 1 Ry . E08.3) nT2=107
3291 RE TURN

3292 10 conTinue

3&93 mri=2 § mY2=2

3294 1® (mmx,6E,.5) mY2=107
3295 IF (HAx,.EQ.6) WT1=107
3296 RETURN

3297 20 conTimnue

3298 1¢ (mmx,67.11) 60 To 40
3299 nAT1=306

3300 1F (mmx,67.08> 6o To 30
3301 mri=] § mr2=]

3302 1F (mAx,.E®.B8) nrY2=2
3303 RETURN

3304 30 conTINnUE

3305 nTis2 § mT2%2

3306 1*F (vAx.E8.10) wrli=4
3307 IF (mms ,E0.10) mT2=4
3308& 1F (mmr.EQ@,11) mT1=107
3309 1F (mex,.E®,.11) nT2=107
3310 ETURN

3211 40 CONTINUE

3312 I1F (mmx,67,18> 6o TD 70
3313 nATI=324

3314 1F (mms.GY,.13) 60 To S50
3215 nri=l § Kr2=]

3316 IF (MAX.E®. 13> nY2=2
3317 ETURN

3318 S0 coNTINUE

3319 1Fr (nex.67.15) 6o To 60
3320 nri=2 § mrZ=2

3321 IF (R B, 15) mrE=4
3322 RETURN

3323 60 conTINUE

3324 nrisd $ nrZ=4

3325 IF (mms.GE.17) mY2=102
3326 31F (mmx,E8.18) nri=102
3327 RETURAN

3328 70 conTINnuE

3329 i1* (mmx,67.31) 60 Yo 110
3330 HAT1®326

3331 31Fr (mmx,67.21) 60 YO B0
3332 nri=] § mre=]

3333 IF (P, E0,20) wT2=2
3334 IF (mex,EQ.21) nTZ=102
3335 RETURN

3336 60 conTInuE

3337 IFr (mumr.67.24) 60 YO 90
3338 nrieZ § mr2sg

3339 IF (mPs ER.E23) nT2=4
3340 IF (MAx.E.24) nT2=]102
3341 RETURN

3342 90 conTINUE

3343 IF (mmx.67.28) 6o To 100
3344 HTi=4 § wTZ=4

3345 IF (nma,ER.26) mYE=]102
3346 I (mms,E8.27) wnY2%103
3347 IF (Px, EB.28) wY2%107
3348 nETURN

32345 100 conTInuE

3350 nT1=102 § wmY2=102

3351 IF (mms . €9.30) mr1=103
3352 1r (mms,E£0.30) mY2=103
33%3 IF (mmxr,E8.3]1) nre=107
3354 I1F (mmx.E®,31) nT1=107
3355 AETURN

33%6 110 conTinue

3357 1Fr (nmx.67.36) so To 120
3358 nAT1=328

3359 nri=l § mr2=]

3360 IF (nAx ,E®,33) wmrls=2

188




3361
3362
3363
3364
3365
3366
3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
334
3385
3386
3387
33e8
3289
3390
3391
3392
3393
3394
3395
3396
3397
3398
3399
2400
3401
3402
3403
3404
3405
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417
3418
3419
3420
3421
3422
3423
3424

120

130

140

150

160

1?0

180

190

200

S10

IF (mAx,E®.33) w252

IF (mAx.E0.34) wT2=4

IF (mmx E@.34) wTi=4

IF (e E@.35) mri=102
IF (mme E@.30) mT2=102
I (mmr,.E@.36) mT2=103
IF (MAx . E08.36) wT1=103
AETUMN

CONTINUE

IF (mAx,6T.47) 6o YO 160
nAT12329

1Fr (mmax,67.38) o To 130
nTi=] $ mrT2e=]

IF (mAx,E8.38) mTe=2
RETURN

CONT INVE

1r (mmx.¢7.40) 6o To 140
nTi=2 § mrY2=2

IF (MAX . E9.40) wnT2=4
RETUMN

CONTINUE

1F (mmx.6T.44) 6o TO 150
HTiz=q4 § nTY2=4

IF (Mex,E0.42) nT2=102
I1F (muex . E0.43) mT2=]103
1F (mmx . E0.44) nT22]107
AETURN

CONT INUE

nuT1=]10Z $ mT2=102

IF (mmx ,E@.46) mTI=]103
IF (mms.E0.46) nT2=103
I1F (mm:.E0.47) nT1=107
IF (mAx ,E@.47) mTE=]107
RETURN

CONT I NUE

1F (mmx,.67.55) eo Yo 190
nAT1=382

1r (wmx.67.50) 60 Yo 170
nri=] § mrT2=]

IF (HRa ER.49) mY2R2

I1Fr (mmx,€0.50) mT2=]02
RETUSN

CONTINUE

IF (mmx.67.52) 60 To 1BV
nTieZ § nr2=2

IF (MRx,.E@.52) WYZ=4

RE TURN

CONT INUE

nriz=4 § nrY2=4

IF (mmx,.GE.54) mT2=102
IF (mx,E0.55) mTi=102
RETURN

CONTINUE

I1F (mms,67.58) 60 To 200
naT1=1301

nTi=]l $ mT2=]

IF (P . 6E.57) wTEs?

1F (mmx,.g@.58) mTi=2
RETURN

CONT INUE

IF (MR, @Y. rmxrx) WRITE (NOUTID] () temxs semxex
FORRAT (e 10 HRXE013,0 GREATER TrAN MRXHXEe33)
svoe

[ £
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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. In 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 ®1D SENSIT
2 =] SEEKTWD,2
3 C SENSIT
4 COMDN /SENST/ FNSEN(28), IHOLTH(23)
S C SENSIT
6 oD CD2.4
? C SENSIT
B 2LTOH. IPXS.LTC, IPCT LTCT,LTXS, 1PFSM, IPFSMR,LYFS, IPSEN, LTSEN
9 C SENSIT
18 =1 YTR1D8D.26
11 C SENSIT
12 DRTA FNSEN/BHSNSTB1,6HSHSTB2.6HSNSTB3, 6HSNS TB4, EHSNS TS, 6HSNSTBS,
13 1 BHSNSTB?7. 6HSHSTBB, 6HSNSTO9, 6HSNST 18, BHSNST11,6HSNST17. CHSNSTI3,
14 2 GHSNST14,6HSNST1S,6HSNST16,6HSNST17, 6HSNST18, 6HSNZ (14, 6HSNST20 ~
1S C SENSI1T
16 =] INPUT11.84
17 C SENSIT
18 EQUIVRLENCE (1R(164>,LSEN)
19 C SENSIT
20  =1- 1NPUT11.230
21 C SENSIT
22 JHOLTHC]) = 4HTRID
23 IHOLTH(2> = 4&H-SEN
24 IHOLTH(3) = 4HSIT
25 IHOLTHC(A) = QHLINK
26 INOLTH(S) = &M
27 C SENSIT
28 =] INPUT1].242
29 C SENSIT
30 1FCK.NE.1> GO TO 158
31 DO 1SS 1 = 1, 18
32 JHOLTHC 145> = 1DUSEC(1)
33 1SS CONTINUE
34 1S8 CONTINUE
35 C SENSIT
36 =D INPUT11.682
37 C SENSIT
38 LSEN = LFL + 3 = NM = I1TMRX
39 LTLM = LSEN ¢+ 3 » ITMRX
48 C SENSI1T
41 3D INPUT1i.017
4 C SENSIT
43 LTSEN = 3 % NTC & ITH
44 1IPSEN = 1PFSMA ¢ NGFS8 ® LTFS
45 LASTEC = IPSEN + LTSEH + 512
46 1FC1TH.ED.8> 1PSEN = 1PP)
47 C SENSIT
s %D INPUT11.912, INPUT11.913
49 C SENSIT
S8 520 FORMAT(7BH THIS CRSE WRS PROCESSED BY THE TRIDENT-CTR SENSIT P
Sl IROCESSOR OM «2X,R18)
§2 C SENSIT
S3 =D INPUT11.1824
S4 C SENSIT -
SS 758  FORMATC(//1X,37NTRIDENT-CTR SENSIT PROCESSOR. DATE - . R18/)
S6 C SENSIT
S7? ®] GEOCON. 14
§8 C SENSIT
39 EOQUIWALENMCE (JAC1), 1TH)
68 C SENSIT
61 =] GEOCON.S9
62 C SENSIT
63 1F C1TH.EQ.8) RETURN
64 DO 128 J = 1, JT
6S CALL LREED(RCLIP>,ACLIPG)>,PL,J,.1,3,1PP1,JT)
66 IHAX = 1T
67 D0 118 1 = ], IMRX
68 V1 ¢ P1C1,1) + P1<2,1) + P13, 1)
69 DO 118K = 31, 3
78 Pl(k,1> = P1<KK, 1> » V1
4! 118 CONTINUE
72 CALL LRITECACLIP),RCLIPGY,P1,J, 1,3, 1PSEN.JT)
73 120 CONTINUE
74 C SENSIT =29
7S =D GRIND20.52:GRIND28.73
?6 C SENSIT
7?2 =] OUTER.19
78 C SENSIT
79  oCALL INSTAL
e C
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aCALL SEEKTWO
C SENSIT
%1 OQUTER.23
C SENSIT
DIMENSION JPARMC18),ESENCS)
C SENSIT
%1 OUTER.3S
C SENSIT
EQUIVALENCE (1A(63) ,NTC), C1AC165) ,NSNST), (1AC166), JSEN)>
C SENSIT
%] OUTER.S1
C SENSIT
DRTA ESEN/BHTO0 MA,6HNY SEN,6HSIT DU,6HMP FIL,6HES
C SENSIT
=D DUTER.68,0UTER.?8
C SENSIT
1DOLD = 8
MJDS = NTC ® MNPO
NGSD = MRXDIP ~ MDS
JF{NGSD.LT.1> NGSD = §
NUDS = NGSD = MUDS < 33 < 5312
NSDK = (1GM - 1) 7 NGSD ¢
IFCNSDK.GT.20) CALL ERROR(1,ESEN,S)
NGLD = IGM - (NDSK-1> ® NGSD
NUDLD = HGLD = MUDS < 33 « S12

JPARM(1> = ITH
JPARM(2) = 1GM
JPARM(3) = JT

JPARM(4Q) = NTC
JPARM(S) = tNPO
JPARM(E) = NSDK

JPARM(?> = NGSD
JPARM(B) = MDS
C SENSIT
=1 OUTER.181
C SENSIT
1DSDK = (G = 1) / NGSD + )
1F C1DSDK.EQ.1DOLD> GO TO 130
1FC1DSDK.ED.1) GO TO 137
CALL FILLUC).FNSENCIDSDK-1> ,FNSENC1DSDK-1) . MUDS 1)
CALL SRITECNSNST, 1TEtP,0.8.08.4. JSEN)
CALL SEEKC(FNSENC1DSDK-1>, 1VERS,NSNST, 4>
137 CONTINUE

S
IFCIDSDK.EO_NSDK) HUDS! = NUDLD
1VERS = 1DSDK
JPARM(9) = NUDS]
JPARMC 18> = 1DSDK
CALL FILLUCI.FNSENCIDSDK),FNSENCIDSDK) ,MUDS1)
CALL FILLUC2.FNSENCIDSDK),FNSENCIDSDK) . 8)
CALL SEEKCFNSENC<1DSDK)>, IVERS,NSNST, 1>
JSEN = 8
CALL SRITECNSNST, IHOLTH.8.8,.23,1,JSEN)
CALL SRITECNSNST,JPARM,.8,18,8,1.JSEN)
1380 CONTINUE
C SENSIT
D QUTER.3083,0UTER.321
C SENSIT
D OUTER.324,0UTER.334
C SENSIT
D OUTER.337.0UTER.379
C SENSIT
5D INNER.?0
C SENSIT
*D INNER.B1
C SENSIT
=D INNER.94
C SENSIT
®D INNER.97, INNER. 115
C SENSIT
JFS = )
C SENSIT
D INNER.201, INNER.207
C SENSIT
*YANK NEURB,ABSORE
%] SUEEP.32
C BENSIT
EQUIVALENCE (1AC164).LSEN)
C SENSIT
»D SLEEP.99
C SENSIT
CALL WRSNSTC(AF(1,2>.AS.ALUSEN.IT)
C SENSIT

CALL WRSNSTC(AF(1.2),RS.ALSEN)IT)
C BENSIT
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169 D SLEEP.249,SLEEP.254
178 C SENSIT
171 =1 SUEEP.259

1;§ . SUBROUTINE LRSNSTCAF,CF,SEN, 1T)
1
174 € VOLUME AVERRGES ANGULAR FLUXES AND WRITES TO SEQUENTIAL
175 ¢ FILE
176 €
177 =CALL e1AA
176 ¢
179 «CALL CD2
188 C
;g: DIMENSION RF(3,1),5EN(3.1.LF(1)
2 ¢
;gz . EQUIVALENCE (1A(165),NSNST), (1AC166) ., JSEN)
4
185 PO 18 1 = 1, 1T
106 CFcl) = p.@
187 D0 18K =3, 3
180 CFC1> » CFCID> + AFCK, 1) ® SENCK, 1)
189 18 CONTINUE
199 ¢
:g; . CALL SRITECNSNST,.CF,1T,8.8.,2, JSEN)
193 RETURN
194 END

195 oC TRDCTR.SETBC!

Second UPDATE

1 o1 sEN]
2 e» mgader,.80

3 ¢3 mEaper,84

4 NLCw =

S 1 InnER,5S

6 C SENSIT

? EQUIVALENCE (IA 64 rLSEN)

8 c sEnsITYT

9 o1 1nnER, 131

10 ¢ sEns3Y

11 CALL LREEDIAILIP) 1 AILIPEI 1A(LSEN) 1391939 IPSENIIT)
12 c sEnsIT

13 op 1nnEm, 144

14 C SENS3ITY

15 o3 3mnER. 167

16 ¢ sEns1T N
1? CALL LREED \A(LIM) )ALIPE) 'A(LSEN, 1T 1139 IPSENIJIT)
16 € sEnsSIY

19 o3 1nmEm, 1BO

20 ¢ sEns3Y

21 *p snEEr.269

22 *C YPISEN.SETBCI

193
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