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ABSTRACT

This report provides the background theory, user input, and sample
problems required for the efficient application of the DEPTH~CHARGE
system ~— a code block for both static and time~dependent perturbation
theory and data sensitivity analyses. The DEPTH-CHARGE system is of
modular construction and has been implemented within the YVENTURE-BURNER
computational system at Oak Ridge National Laboratory. The DEPTH
module {coupled with VENTURE) solves for the three adjoint functions
of Depletion Perturbation Theory and calculates the desired time-
dependent derivatives of the response with respect to the nuclide
concentrations and nuclear data vtilized in the reference model. The
CHARGE code is a «collection of wutility routines for general data
manipulation and input preparation and considerably extends the
usefulness of the system through the automatic generation of adjoint
sources, estimated perturbed responses, and relative data semsitivity
coefficients, Combined, the DEPTE-CHARGE system provides, for the first
time, a complete generalized first-order perturbation/sensitivity theory
capability for both static and time-dependent analyses of realistic

multidimensional reactor models.
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COMPUTER CODE ABSTRACT

Program Identification: The DEPTH-CHARGE system is a set of
code modules (SUBMRG, CHARGE, and DEPTH) for generalized static and

time-dependent perturbation/sensitivity calculations.

Function: This code system (coupled with a neutronics module)
prepares the required adjoint sources, solves the adjoiqt equations
of Depletion Perturbation Theory, and calculates statiec and/or
time-dependent nuclide and data sensitivity coefficients for a wide

variety of final-time response functionals.

Method of Solution: The DEPTH module {(for pDepletion Perturbation
Theory) is the main calculational code in the system. It uses a
straightforward series expansion method for the matrix exponential
solution of the forward and adjoint nuclide density equations and a
numerical integration technique is utilized to evaluate the time
integrals appearing in the formulations for several of the adjoint
functions. In the system in use at Oak Ridge National Laboratory
(ORNL), the VENTURE module is utilized to solve the generalized

adjoint flux equation.

Related Material: This system assumes that a reference forward
calculation has been performed, with the storage of the appropriate
flux and nuclide density files for use in the adjoint computations.
The standard interface data files adopted in the DOE Reactor
Physics code coordination effort are used. Other modules using
consistent formulations and interface data file specifications will

couple directly with this set of modules.

xiidi



Restrictions: The DEPTH~-CHARGE system iz not 2 stand-z2lone code; it
must be implemented in 3 modular envircmment, Variable dimensioning
is used throughcut and a compromise between data transfer and core
storage was made for “reasonable® fuel burnup calculations. Very
large static calculations having many regions, nuclides; and energy

groups may reguire large amounts of core storage.

Computer: This code system has been run as part of the ORNL VENTURE

computational system on the IBM models 360 and 370 computers,

Running Time: Required time depends on the problem being solved.
Execution of the DEPTH module requires 2-3 times the CPU time as
a forward depletion calculation in the BURNER exposure module.
Hovever, for most realistic problems, the reguired CPU time 1is
totally dominated by the gensralized adjoint flux caleculation in
the neutronics module, which again is directly related to problem

size.

Programming Languages: Most of the programming is in FORTRAN 1IV;
however, a few special-purpose routines (e.g. memory allocation,
direct access transfer, etc.) are programmed in IBM assembler

language.

Operating System: The basic 0S-360 IBM operating system with a

FORTRAN IV, BH-level compiler verslon 21.8 has been used,

xiv
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Machine Requirements: Machine requirements for application of the

DEPTH-CHARGE system is usually dominated by the neutronics code

used for the generalized adjoint calculation (locally, the VENTURE

code).

Author: J. R. White
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Oak Ridge National Laboratory
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X. INTRODUCTION

This rsport provides the primary documeniatlon reguired for the

application of the DEPTH-OHARGE static and time-depesndent perturbation/

sensitivity systen. This systen 1ix the result of sextended
PN =y
investigatons1 7 of the applicability of time-dependent perturbation

P

616 .
theory methods to realistic Tuel depletion preblems. In particular,
the DEPTH-CHARGE syatem represzents the fformel implemscbation of an

y
extended version of bhe

puclide depletion psrturbation

=15 . . 3
by Williams. 13 It pontains nuciide

theory (DPT) originally prezsn
perturbation and oroess section data sensitivity formulations, with the
nore familiar statie generalized perturbation thesory JFormulation
contained as & special csse of Lhe wmors general time-dependent
methodology.

The preseni DEPTH-CEARCGE system is of moduler construction and
consists of three new code wmodules (SUBMKG, CHARGE, and DEPTH)
implenentsd as part of the VENTURE-BUREEY compubatlonal sysbten.
The SUBMRG code iz a2 zet of subrcoutines thabt can merge the large number
of interface dasta Fileas 20 (fluxss, nuelide densitiss, etc.) from a

forvard depletion caloulstion intc & more manageable set of "ataocked®

filea for use with the DEFTH and CHARGE wmodules. The CHARLE oods

fg

is a
collection of wutility routines for gensral input preparation and dats
manipulation and considerably extemds the usefulnsss of +Lthe systen

through the subtomatis generebtion of a ated perturbed

responses, and relative dats seunsitivity coefflicients. DEPTH (for
Dapletion Perbturbation Theory) is the last woedule of bhe zed and

represents most of the <calculational capability of the new syaten.



Coupled with the VENTURE code, it solves for the adjoint functions of
DPT and calculates the desired Uime~dependeant derivatives of the
reaponse with respect to the nuclide concentrations and nuclear data
utilized in the reference reactor model, The overall DEPTH~-CHARGE-
VENTURE system provides, for the first time, a complete generalized
first-order perturbation/sensitivity theory capability for both statice
and time-dependent analyses of realistic multidimensional reactor
models, Thus, it represents a2 unique capability and significantly
enhances ORNL's present sensitivity analysis capabilities.

The remainder of this report provides detailed documentation for
the DEPTH-CHARGE system. Sections IY and IYI describe, respectively,
the background theory and user input instructions reguired for the
efficient application of the overall DEPTH-CHARGE system. Section IV
contains several sample problems jillustrating some of the main features
and capabilities of the I1ndividual codes. These examples should
adequately demonstrate the use of the system and hopefully will
emphasize the relative ease of performing a time~dependent
perturbation/sensitivity analysis for a particular rsactor design once
a reference forward computation has been performed. The several
Appendices at the end of this report contain a wore detailed description
of multicyele time-dependent perturbation theory as implemented within
the present system. Thisz additional information is included din an
attempt to maks the present document a comprehensive guide for the
application of DPT methods. However, the serious user is urged to
consult the references (especially Refs. i~5) for further details and

applications of the methods discussed here.



Az a fipal introductory remark, it should be noted that the DEPTH-
CHARGE system was developed as a research tool for the evaluation of a
particular time-dependent perturbation theory method applicable to fuel
burnup analyses. As such, it originally was not intended to be widely
distributed as a production module of the VENTURE system, However, as
the capabilities of the system matured, the usefulness of the DEPTH-
CHARGE system for routine sensitivity studies became apparent, and
documentation and release of the code seemed prudent.

On the other hand, care was tazken throughout the programming phase
of this work to insure an end product that was flexible, =asy Lo use,
and reasopably compatible with the strict organizational requirements of
the VENTURE system. Thus, although some restrictions do exist relative
to the generality and structure of the VENTURE-BURNER system, it is felt
that the unigue capabilities of the present version far out-shadow its
ainor inconsistencies with the rest of the VENTURE system.

Extensive testing of the present system has also been performed to
guarantee with a high degree of reliability that the codes perform as
intended. HMuch of the documentation for this effort is contained in
Refs. 1-5. However, the user should be cautloned that at present, the
author is the only one who has used the system and, therefore, actual
application testing is quite limited. In this light, the present DEPTH-
CHARGE system should be c¢oined a Ypreliminary™ version, subject to
revision if coding errors are found or if additional flexibility is
deemed necessary for realistic application by the user community. Also
in this regard, the author would appreciate feedback from the user
community as to the accuracy, flexibility, and usefulness of the present

system.



IX. GENERAL BACKGROUND THEORY

The purpose of this seection is to outline the time-dependent
perturbation/sensitivity formulatiou ifmplemented into the DEPTH-CHAKGE
system and to supply the user enocugh theoretical background for its
efficient application to realistic problems. However, the reader is
cautioned that this section is intended only as 2 mninimum introduction
to multicycle depletion perturbation theory (DPT), and it 1is highly
recommended that the Appendices 2zt the end of this report and Refs. 1-5

te utilized for further details,

11,1 Forward and Adjoint Burnup Formulalions

We will begin the introduction of NPT methods with a brief review

of the forward burnup problem, In burnup analyses, one is interested in
the interaction between the nuclide density field and the neutron flux
field within the reactor over relatively long periods of time. The
nuclide field obeys the nuclide transmutation equation, while the flux
field is assumed to obey the diffusion theory approximation to the neu-
tron transport equation, In these basic equations, the flux field is
dependent on the nuclide field through the diffusion operator and the
nuclide field is a function of the neutron flux through its coupling in
the transmutation operator. 1In addition to this interaction, the flux
and nuclide fields are also coupled through the reactor power
constraint. In this study, the system of three coupled nonlinear
eguations for the nuclide field, flux field, and flux normalization are

referred to as the general forward nonlinear burnup equations.



Present methods for solving the nonlinear burnup equations
essentially decouple the flux and nuclide fields by assuming that the

neutron flux is separable in time and can be written as

$(F,E,t) = a(t)P(r,E) for t; < t < t» (2.1)

where o(t) is a time-dependent normalization and w(;;E) is the space and
energy-dependent neutron flux that satisfies the time-independent
diffusion equation. In this "quasi-statie" approximation, t;, and ¢t»
define the time interval over which w(;;E) is assumed constant. During
this interval the depletion equation becomes

dg(?,t) N N
5 = MG, 0N, ©) (2.2)
where ﬂﬁg,t) is the space~ and time-dependent nuclide density vector and
gjz;t) is the space- and time-dependent transmutation matrix (consisting
of microscopic reaction rates and decay constants).

It should be pointed out that the time dependence of the
transmutation matrix is due to the flux normalization and not the flux

shape. In practice the time-dependent flux normalization is also

approximated as a piecewise constant function of time; essentially

breaking the interval t; <t < t, into several subintervals. Within each
subinterval the transmutation matrix is constant in time, making the
solution of eq. (2.2) quite straightforward. At t» a new flux-

eigenvalue calculation is performed, and the depletion equation solved



once meore using the new w(;;E)Q Using this procedure;, ope can predict
the tiwme-~dependent isotopic changes that occur in a nuclear reactor.

A schematic representation of this quasi-gtatie burnup
approximation is given in Fig. 2.1. It should be noted that this
approximation introduces discontinuities into fhe burnup equations.
That is, the nuclide density is discontinuocus at cycle and time~step
boundaries, the fiux shape Dbeccomes discontinuous at  time-step
boundaries, and the flux or power normalization is characterized by
discrete step changes at substep interfaces, As will be shown later,
the quasi-static adjoint burnup equations also exhibit a2 similar
behavior at the time boundaries.

The detailed forward guasi-static depletion equations, employing
the notation described in Appendix A, are summarized in the first half
of Table 2.1. Under the quasi-static approximation, egs. (2.3) through
(2.8) completely define the state of the reactor at amy point in time.
The first of these equations describes the zone-averaged depletion
process for each ijk time interval within each reactor region. The sz
subscripts represent subzone s in zone z. The terms in the brackeis of
eq. (2.3) are just a more detailed representation of the transmubtation
watrix given in eq. (2.1), showing its dependence on both the shape and
magnitude of the flux, The initjal condition at the cycle boundary
represents the refueling process, while this condition at the time-step
interface is to account for control rod movement or any other

discontinuity in the nuclide field.
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DPERATION TIME BOUNDARY WHERE
OPERATION IS ALLOWED

CYCLE  TIME STEFR SUBSTEP

k i i
REFUELING/SHUFFLING/DISCHARGE X
CONTROL MOVEMENT/NUCLIDE SEARCHES X X
FLUX-EIGENVALUE CALC X X
CROSS SECTION ASSIGNMENT X X
POWER NORMALIZATION X X X

NOTATION
%' INDICATES THAT x IS CONSTANT OVER THE ijk INTERVAL

ym‘(t) INDICATES THAT v 15 A CONTINUOUS FUNCTION OF TIME WITHIN
THE ijk INTERVAL

z INDICATES THAT z 15 INDEPEMDENT QOF TIME

| TIME STEPi |
B l
1', oo 4 { coo llo.
-mw»4 Le—~SUBSTEPj
CYCLE k S
e
INCREASING
TIME

Figure 2.1. Schematic Representation of Quasi-Static
Burnup Approximation.



TABLE 2.1
FORWARD AN ADJOINT QUASI-STATIC BURNUP EQUATIONS

FORWARD ADJCINT
1. Nuclide Density- 1. Adjoint Nuclide Density:
_g‘ i3k _ ?Jk ik 1k T ik, L. SN B T T ik ik ik T F IR o
1% -5z (L = i. ész i% * g NSZ L (2.3) |4t ﬁ‘sz hiE T la éﬁz &g * gi ﬂsz Ve {(2.15)
- _
with initial condition (with final condition
\’jk & - -gk (l'\ . N* 5- ‘3 == GR { 3 Y
ili‘z(uik E‘;’lbfk) \5.4) [ £o O‘N ‘tf‘i \2-.6)
wrere ik and jump condition
f_N i *{jk k Ik+ £l
] i 4 7\3 = 1 \3 + + £ ’{?J'(‘ Lan
.’ ;i isz - ﬁsz ;EK;’ fftct + &? "‘fect /2 *7\
AT S RS D S | g o R
= 5 : “isn L n whare
f ; *5 4 $a s . , :
(2.5) sz’ = =g F
R — —ik - B { o
N M N 2T SN S DAt 7. N T DR gy
‘“} 1 ""-] ESZ el fec;" "'z jﬂ'f*yf_ \r) ;j‘;i‘;(- E 1:‘;:—.. -iﬁ {r};
: . i . - "2 & ;
7ik= 1, i wik o0,
& _i B » for § =1 (2.19;
1 =N LERIS 1
R | PNREG ;wkreffact =0 for ¥}
with S e
4 . . ant adioint refueling discontinuit:
; = shuffling/discharge cparator ) _ % T 1ng giscontinuity
5 LT i3k %1k
'ak Z ?JK = ? RN Z 33 (2 20\
B = makeup feed vector = =0 - e
NREG = total number of regicus in problem




TABLE 2.1 {continued)

FORWARD ADJOINT
2. Power Normalization: 2. Power Adjoint:
13k ; ;. O ijk
IREL ZZ e ik ik (2.6) lp*idk . ] 1‘{ _ag} .
=p =f Y7 Ysz ) i3k 3o '
52 P L {2.21)
i3k . a ka{t% tk Tk yidkyy dt]
o é;‘g; 52 | “sz 2 ¥y Nyt i
substep J -
3 Flux Shape: 3. Adjoint Flux Shape:
L= R = o0 (2.7) {L =) Tk ik 5, (2.22)
where E}g (7} s ;jk {r} where
*ik , OR *3& ) ‘0 on
.. = leakage, removal and inscatier operator 3y 8§?& + A \2.23
- 7
£ = fission source operator 13 i
=2 , gs i 13% 3}; k,}ﬂ
A= g?i__ = Jambda mode eigenvaiye ¥ 2; ¥y 2; 52 5 52 (t) X*z Koz (t) dt
aff . ° substep
= 1 . pridk 13K J gk g ik
%ﬂ v, 2; 'sz 0 sz Epoaf

W0



TABLE 2.7 fconninued)
ADJOINT

FORWARD
1tionships:

2]

4. Additiona) Rela

——
A%

#1ux Shape Normalization:

ik *{3K T~ iRy

o L 1 = { ! A J B — 5 —n ) ¥ .“

T .f_.g §,°gz 1 \2.8/ A Ji; {Ci o ‘&gj
9 SpacCE

3 4
! I -> ‘].h( -

3 . . } bl P 1 "11 ‘ol 1 h
JEXR {;: {r) ii E(r’; ds v

o
™3
.
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The reactor power constraint [eq. (2.6)] along with eq. (2.8) are
the defining equations for the normalization constant, aijk. Similarly,
the time~independent diffusion equation writtem in operator notation
[eq. (2.7)] defines the spectral and spatial flux distribution. When
taken together, the normalization and distribution functions describe
the total group flux vector,‘g(?), in the reactor system.

The sclution of the above equations 1s straightforward and several
computer codes have been written specifically for this purpose. The
specific calculational scheme utilized for this work is briefly outlined
in Section II.Z2.

With the forward burnup equations clearly defined, we now continue
with the adjoint depletion process and the conecept of time-dependent
perturbation theory. The goal of any perturbation theory, whether
static or time-dependent, is the prediction of a perturbed response
without direct recalculation of the forward problem. In most reactor
physies studies, a response of interest is generally a finai~time
functional of both the independent and dependent varlables describing

the reference reactor system, and can be written as,
R(tp) = ffm(?,m. B(F,E,0), alt), YCHE, D] §(c-t,) drdidt (2.9)

where N, B, o and ) are the nuclide demsity vector, data vector, flux

normalization, and neutron flux shape function, respectively.



1.

2.

12

From eg. (2.9) one sees that there are only four possible ways

in which R can be altered:

- * -
Variation in §(;,t) - direct N effect
OR(t,)
f >
£ D e Samas ] *
AR fay_(t) AN(t)dr

\* el
Variation in a(ti) direct or indirect P effect

3R(tf) BR(tf) BP(ti)
AR = W & AP(ti) +°/‘ *

BP(ti) BEﬂti) * AEKti)dr

where P = reactor power = f£{Q)

> -~ * -
Variation in w(r,E,ti) indirect T effect

A =f3Q(ti) * 8__11(1;1) * A_I‘_{(ti)drdn

-
where Q(r,E,ti) = peutron source strength = £()

—+
Variation in B(x,E,t)

BR(tf) N
AR =f'é'§a°;)— * A_@(ti)drdE

oR (k) 38 (t,) N
+/ 9B(t;) " oN(t_) * AN(t,)drdE

-~ - . - -~ * -
direct” or dindirect B effect

(2.10)

(2.11)

(2.12)

(2.13)

Finally, adding eqgs. (2.10)-(2.13) gives the total perturbed response,

B3 * * *
AR't:ot:al - Neffect + Peffect + I1effect + Beffect

(2.14)
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How, in the design and operaticn of a reactor, the independent
variables wmost commonly semploved to optimize system performancs are the
reactor power and npuclide demsity field., Thus, in perturbaltion studiss
it 1s necessary to relate variations in these independent variables to
the performance parameters of interest. Bguations  {(2.10)~{2.14)
indicate that the desired relationships can b obtained by simply taking
the partial time-dependent derivatives of the response definition with

J8) and by using the chaln rule

)

i

respect to the four wveriables in eg. (

to relate AR to the independent syatem perturbatiocos, AP and AN

3

L

It should be noted that the AP terwm in eg, {2,337 is szero for

tvpical deaign perturbatlon siudiss (data sepsitivity theory in which

AB iz mot zero is discussed in Seetlon Ii.31, the 08/3N term Is
usually assumed to be negligible {for Yast reactor studies at least).
Therefore, eq. (2.14) with the B# effect term set to zerc is the
generalized perturbation theory formulation utilized in this work for
both static and time-dependent (quasi-static) analysis. It simply
states that the estimated change in response R(tf) due to a design

perturbation at t = t. < t_. is the sum of the N¥, P¥, and I'* effects at

i f

that time, given, respectively, by egs. (2.10), (2.11) and (2.12).

Thus, all that is required are the OR/ON, OR/3P, and JR/JQ time~
dependent derivatives.

At this point, it is important to emphasize the simple relationship
of the above formulation to the more familiar concept of static

perturbation theory. To distinguish between static and time-dependent
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perturbation theory ian the present formulation, one need only spscify

the time at which the perturbation is wade. If t = ti = tf,

< tg, the 3R/BN,

static
perturbation theory results. If, however, § and ti
OR/3P, and OR/JQ derivatives in sgs. (2.10)~(2.12) become time-dependent
functions and thus relate the change 1n the final-time response to
perturbations made prior to tf.

This rather simplified expianation and rationalization of DPT will
hopefully serve as a bridge between the detailed theory and the
terminology necessary for an adequate understaunding of the application
of DPT methods. Comparison of egs. (2.10)-(2.12) with the corresponding
detalled eguations in Appendix A {see egs. A.15-4.19) shows that the
g‘(?}t), P*(ti) and Tﬁ(g}E,ti) adjoint functions are just the
QRIEN!;;t), BﬁlaP(ti), and BR/BQ(;;E,ti) time-dependent derivatives
needed in the perturbation expression of eq. (2.14)., Hot only dees
this simple compariacn defline the desired terminology, it also provides
a physical basis r[or the three adjoint functions of DFT.

Although the detailed structure of the three adjoint equations is
not reguired for application purposes, it is important to note that a
one=-to-one correspondence exists between the lorward and adjoint quasi-
static burnup equations, This correspondence is illustrated in the
second half of Table 2.1, which comntains, for reference purposes, the
detailed adjoint equations programmed within the DEPTH~CHARGE system.
Table 2.2 alsc attempts to display the same relationships in a more
concise form, and thus explain the purpose of each adjoint equation. As

apparent in these comparisons, each operation performed during the

forward depletion calculation has a corresponding adjoint expression.
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TABLE 2.2

ONE-TO~0NE CORRESPONDENCE BETWEEN FORWARD
AND ADJOINT DEPLETION OPERATICONS

FORWARD

ADJOINT

Initial coandition on nuclide
field

Forward depletion calculation
Power normalization

Flux-eigenvalue calculation

Normalization discontinuity
Flux shape discontinuity

Refueling/discontinuous
nuclide field

Final condition on nuclide
adjoint field

Adjoint depletion calculation
Power adjcint calculation

GCeneralized fixed-source
adjoint calculation

P* jump condition
I'* jump condition

Adjoint refueling discontimicy
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Some of the major code modules in this systsm and their
computational functions are listed in Table 2.3. These modules, along
with many others under development, communicate with each other through
the use of standardized interface data files.25'26 These data files,
established by the Committee on Computer Code Coordination (CCCC),
contain a variety of information ranging from cross-section data to
module instructions. Many of the more frequently used interface files
are described in Table 2.4,

Of main concern here is the computational path one would follow in
performing a typical burnup analysis with this modular system., If an
adjoint calculation is to follow, the reference depletion solution is
somewhat more complicated due to the amount of information that needs to
be saved for the adjeint calculation. Since the adjeint formulation
uses the unperturbed flux and nuclide fields from the reference case,
the interface files containing this data must be retained. 1In addition,
due to the method of solution of the fixed-source adjoint calculation,
one also needs to perform (and store data from) a regular adjoint and
perturbaticn calculation at each time step during the forward depletion
calculation. These additiconal tasks roughly double the cost of a
reference depletion calculation relative to one that is not to be
followed by an adjoint calculation. However, the data generated from
one reference calculation can be utilized in any number of adjoint
calculations for various responses of interest.

The basic calculational path for a reference depletion calculation
using the VENTURE modular system is shown in Fig. 2.2. It is simply the
quasi-static algorithm discussed previously. Additional operations

such as nuclide searches, control rod positioning, and more detailed
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TABLE 2.3

MAJOR MODULES OF THE VENTURE~BURNER AND DEPTH-CHARGE
COMPUTATIONAL SYSTEMS

MODULE FUNCTION

VENTURE Solves usual neutronic eigenvalue, adjoint, fixed
source, adjoint fixed-source, and criticality
search problems, treating up to three geometric
dimensions. Also does first-order perturbation
analysis.

BURNER Solves the nuclide chain equations to estimate
the nuclide concentrations at the end of an
exposure time and alsc after a shutdown period.

PERTURBAT Performs detailed first-order static perturbation
calculation.
RODMOD Used to position control rods during the calcu-

lation of a reactor history.

FUELMANG Performs fuel management operations in multicycle
problems.
DEPTH New module for the solution of the adjoint equations

of DEpletion Perturbation THeory.

CHARGE New module for general data manipulation and input
preparation for DEPTH. Also calculates data
sensitivity coefficients.

SUBMRG New module for interface file manipulation for use
in DEPTH and CHARGE.
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TABLE 2.4

COMMONLY USED INTERFACE DATA FILES

NAME CONTENT
CONTRL Module input instructionmns.
ISOTXS Nuclide ordered microscopic cross—-section data.
GRUPXS Group ordered microscopic cross-section data.
GEODST Geometry data.
NDXSRF Nuclide referencing data.
ZNATDN Nuclide concentrations.
RZFLUX Zone average fluxes.
RTFLUX Regular point fluxes.
ATFLUX Adjoint point fluxes. (regular and fixed-source)
EXPOSE Basic exposure data.
PERTUB Perturbation integrals.,
FIXSRC Source for either regular or adjoint fixed-source
calculation.
REFUEL Basic fuel management data.

NOTE: Several additional "interface files" have been defined for
use in the DEPTH-CHARGE system.
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PROBLEM SETUP

A,

B.

1.

2.

Cross-section preparation

User input

t——— LOOP OVER NUMBER OF CYCLES

— LOOP OVER NUMBER OF TIME STEPS PER CYCLE

VENTURE

A. Flux-eigenvalue calculation and power normalization
B. Regular adjoint calculation

C. Perturbation calculation (optional)

D. Write RTIFLUX, ATFLUX and PERTUB interface files

BURNER

LOOP OVER NUMBER OF SUBSTEPS PER TIME STEP

A. Depletion calculation (matrix exponential soln.)
B. Power normalization

C. Write end of time step ZNATDN file

VENTURE (optiomnal)

A. through D. above

FUELMANG

A. Perform fuel shuffling/discharge/refuel

B. Write new ZNATDN interface file

SUBMRG (interface file manipulation)

Figure 2.2 Computational Path for Reference Depletion Calculation.
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perturbation calculations than provided in the VENTURE module could be
performed at each time-step interface as desired. The end-of-cycle
eigenvalue calculation, listed as optional in Fig. 2.2, 1is usually
performed since this point is quite often the final time for the
subsequent adjoint calculation. Data generated at this time point may
possibly be needed for the final condition on N¥*, as specified by eq.
(2.16).

Based on the previously noted similarity of the forward and adjoint
equations, a time-~dependent sensitivity module was developed and
integrated within the VENTURE~BURNER modular code system. Called DEPTH
(for DEpletion Perturbation THeory), the new module soclves for the
nuclide adjoint vector and normalization or power adjoint (ﬂ?(?}t) and
P¥(t), respectively). It then calculates the generalized adjoint source
necessary for the flux adjoint calculation. Using this source, the
VENTURE module solves for the generalized adjoint shape function,
P'(;;E), and evaluates several integrals involving both the forward and
adjoint shape function. Calculational control is then returned to DEPTH
where the time-step jump conditions are applied wusing the previously
computed adjoint functions. This procedure is repeated for each
depletion time step, backwards through time, until the initial time (in
the forward sense) has been reached.

The above sequence of caleulations is outlined in Fig. 2.3.
Comparison of this solution algorithm for the adjoint equations with
that of Fig. 2.2 once again emphasizes the parallelism of the two burnup

formulisms. The type of calculations required in the adjoint mode
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PROBLEM SETUP

A. Use cross section and input from reference calc.

B. Interface files produced in reference calc.

C. Setup DEPTH input with CHARGE module.

———— LOOP OVER NUMBER OF CYCLES (Plus 1)

—— LOOP OVER NUMBER OF TIME STEPS PER CYCLE

1. DEPTH (skip to F on first call to DEPTH)}

*
Calc. I' effect using PERTUB interface file
*
Apply I' jump condition
2 *ik 1] . 7"
Write N _ = on NSTARR "interface file
Exit if t = ty
Apply adjoint refueling jump conditiom

Prepare necessary data for present time step from

interface files

—— LOOP OVER NUMBER OF SUBSTEPS PER TIME STEP

G. Adjoint depletion calc. (matrix exp. soln.)
— H. Calc. P* and apply jump condition
I. Calec. S* and write FIXSRC interface file
2. VENTURE
A. Read FIXSRC and other interface file data
B. Generalized fixed-source adjoint calc.
C. Perturbation calc.
D. Write perturbation integrals on PERTUB interface

file

Figure 2.3 Computational Path for Adjoint Depletion Calculation
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closely resemble those of the forward problem, except now fixed-source
adjoint calculations are performed instead of eigenvalue calculations.
In addition, the order in which the depletion and flux calculations are
completed is reversed relative to the forward case, A simplified flow
chart of the calculational paths within the modular system, emphasizing
the calling sequence and actual communication links between the DEPTH
and VENTURE modules, is provided in Fig. 2.4, The simplicity of this
diagram hopefully portrays to the potential user the relative ease of
running an adjoint depletion calculation once the reference forward
computation has been performed. ‘ This point is stiressed further in
Section IV with the use of illustrative examples,

Before leaving this subsection, it should be noted that DEPTH was
developed originally as an aid in the evaluation of a new time-~dependent
perturbation method applicable to burnup analysis. Al though
considerable care was taken during the programming phase of this work
to ensure a large degree of flexibility, several minor restrictions do
exist (relative to the generality of the VENTURE-BURNER system). Some

of the more apparent restrictions are:

1. If subzones are present in the problem specification, the zone
is treated as a composite of the included subzones, and its

assigned densities and volume fractions must be zero.

2. The adjoint depletion calculation is restricted to a matrix

exponential solution technique.

3. Static sensitivity calculations require that some minimal
burnup data be available, and a static adjoint calculation
proceeds exactly as an adjoint burnup problem with a very short

depletion time (0.001 days).
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4, Reactor-averaged fission spectrum data must be available on the

GRUPXS file and nuclide~-dependent chi data are ignored.
5. Energy-dependent fission product yield data are not allowed.
6. Only Po cross-section data can be handled.

In addition to these restrictions, there may be some problems with
extreme memory requirements when very large problems (large numbers of
regions, nuclides, and energy groups) are attempted. Although some of
the above limitations may seem severe, ample warning messages within the
codes will notify the user of any inconsistencies in the problem being
attempted and that allowed within the DEPTH-CHARGE system.

Further explanation as to the actual use of the system will be
deferred until Section IV, At that time, several important points

relative to the efficient use of the system will be noted.
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II.3. Time~Dependent ta Sensitivi neor

The broad areas of data sensitivity and uncertainty analysis have
received much attention over the last several years, with most of the
analyses performed to date being restricted to time~independent

problems.27"29

However, the present developments in DPT methods have
also created considerable interest in time~dependent data sensitivity
and uncertainty analyses. As indicated in eqs. (2.13) and (2.14),
time-dependent data sensitivity theory is just a straightforward
extension of the DPT methods already discussed.

As noted previously, the three adjoint functions of depletion
perturbation theory, §f(3,t), P®(¢), and I?(;}t), account respectively
for variations in a specified response due to changes in the nuclide
density field, flux normalization, and space- and energy-dependent
neutron source strength within the reactor model, If these time~
dependent importance functions are combined with a first-order estimate
of the change in the nuclide density field, flux normalization, and
pneutron source strength due to a variation in some data parameter, a
first=order expression for the change in the response with respect to
the data results. The time~-dependent derivative of the response with
respect to a data parameter B can be written as,

dR(t.) dR(t.)
dB(t; ) ~ dB(t;)

aR(tg) 3Q(t) R(t.) ap(t§
¥ aQ(t) aB(t) ap(t) 3B (1) (2.27)
dR(te) AN (t)
* N 3o/ T tad

5(t. -t )
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where Q, P, and N represent the neutron source strength, reactor power,
and nuclide field vector, respectively. The <: :>»1ndicates integration
over apace and energy where approprilate.

The first term on the right~hand side (RHS) of eq. (2.27) is Just
the static derivative of the final-time response with respect to the
data utilized at that time. This is typically the sum of the "direct"
and "indirect" effects of static sensitivity theory. The remaining
three terms on the RHS of eq. (2.27) represent the indirect effects of a
data variation during the burnup process on the response of interest.
Explicit representations of the time~dependent indirect flux,
normalization, and transmutation effects indicated in eq. (2.27) are:
Tix

@ =2 1@ - YD1 .28

1. Flux Effect = ~v/rd; r*
9B

2. Normalization Effect

T
ik ik -+ 3 i 1k
- Py fdraik[ ()E kq’

g
(2.29)
141 3 ik > >
3. Transmutation Effect = fdr[ dt N* (r t) ik[(_‘;‘_ (£)+D)N(r,t)]
3B - -
(2.30)

It is the combination of eqs. (2.28) - (2.30) that allows the
determination of data sensitivity coefficients in realistic reactor

depletion studies.
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Relative data sensitivity coefficients can also be obtained from
eq. (2.27) by simply multiplying by Bik/R and integrating over time.

This procedure gives

B R dR €, Zk Zi R dBlk (2.31)
(static effect) (burnup effect)

Thus, the percent change in response R due to a 1% variation in the data
utilized in a depletion calculation 1is just the sum of the statie
sensitivity coefficient at tf and the indirect burnup sensitivities
integrated over time.

The above time-dependent data sensitivity formulation has been
implemented as an additional capability of the DEPTH-CHARGE system.
Further details of the theory as well as information concerning the
programming of the equations are given in Appendix C.

Although this is a relatively unexplored area of research,
preliminary investigations3 indicate that the burnup effect in
eq. (2.31) can be a substantial portion of the overall sensitivity
coefficient for many data/response pairs, Thus, the additional
capability of the DEPTH~-CHARGE system to calculate time-dependent
sensitivity information appears to have =significantly enhanced the
present static sensitivity analysis capability at ORNL. In fact, static

analyses are just a subset of the more general time-dependent capability

now available within the DEPTH-CHARGE DPT systen.
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11Y., GENERAL INPUT DESCRIPTICN

The purpose of this secticn is to provide user input instructions
for the three nmnmodules comprising the DEPTH~CHARGE system --- SUBMRG,
CHARGE, and DEPTH. A brief description of gach code, their respective
interface file requirements, and their specific input descriptions
follow,

SUBMRG is probably the first code that will be needed since it is
usually required at the end of a reference forward caloculation. It is a
set of subroutines that can merge the large number of interface data
files from a forward calculation intc a more manageable set of Pstacked"
files for use with the DEPTH and CHARGE modules, Its three main
functions are to (1) stack files from a reference forward depletion
calculation, (2) select appropriate files from a stacked file and create
a new file, and (3) combine stacked files together to make a new
composite file.

There are no specific input/output (I0) unit assignments for SUBMRG
since these are input to the code. However, stacked files to date have
been restricted to unit numbers 55 through 69 so that they do not
interfere with the I0 file management tables specified within the
VENTURE system. Input instructions for the SUBMRG module are given in
Section III.1.

The next code in the set 1s the CHARGE module. CHARGE is a
collection of utility routines for general data manipulation and input
preparation. It greatly extends the usefulness of the overall DPT

system through the automatic generation of (1) adjoint sources
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(N® = 9R/ON and S* = JR/3Y), (2) estimated perturbed responses, and (3)
relative data sensitivity coefficients, Other wuseful capabilities
include the preparation of RTFLUX and ATFLUX files for plotting with

external codes30

and the flexibility to extend present capabilities with
ninimum effort.

Table 3.1 provides the specific I0 assignments required for both
the CHARGE and DEPTHE modules. These assigned unit numbers are in
addition to any "standard" interface files required in a given

calculation, In particular, the CHARGE code always requires that the

following standard interface files be present:

(1) CONTRL, NDXSRF, and GEODST (usually obtained from the 1local
DVENTR input processor),
(2) GRUPXS, and

(3) EXPOSE {used primarily to define the adjoint nuclide vector).

Additionally, a stacked ZNATDN file is always assumed to be present with
the remaining files 1listed in Table 3.1 required depending on the
calculational options chosen for a specific run. Detailed input
instructions for the CHARGE code are provided in Section III.Z2.

The major calculational module in the system is the DEPTH code (for
DEpletion Perturbation THeory). The DEPTH module (coupled with VENTURE)
solves for the three adjoint functions of DPT and calculates the desired
time~dependent derivatives of the final-time response with respect to
the nuclide concentrations and nuclear data utilized in the reference

model. Output from DEPTH are the NSTARR and DRDATA files, containing
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TABLE 3.1

I0 ASSIGNMENTS FOR THE DEPTH AND CHARGE MODULES

UNIT NUMBER FILE NAME FILE DESCRIPTION
55 DATATIN Control instructions for DEPTH
56 RZFLUX Stacked RZFLUX files
57 ZNATDN Stacked ZNATDN files
58 NSTARR Time-dependent nuclide derivatives
59 ZNDKDN Nuclide derivatives for static

keff response

61 RTFLUX Stacked RTFLUX files

62 ATFLUX Stacked regular ATFLUX files

63 PERTUB Stacked PERTUB files

65 DRDATA Time~dependent data derivatives

66 TDSENS Relative data sensitivity coefficients

67 TMPFLX Reformatted flux files for plotting
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the time~dependent derivatives with respect to the nuclide vector and
data vector, respectively. These files are then used in the CHARGE code
to calculate perturbed responses and/or data sensitivity coefficients
(see Appendix E for file specifications).

Specific I0 assignments for DEPTH are similiar to that required for
CHARGE and are listed in Table 3.1. In particular, the DATAIN and
stacked ZNATDN and RZFLUX files are always required. The stacked
RTFLUX, ATFLUX, and PERTUB files may be utilized on option. Also, as
noted above, the NSTARR and DRDATA files are output from DEPTH and job
control instructions should be provided for these units,

Staffdard interface files also required in DEPTH include:

(1) CONTRL, NDXSRF, and GEODST (usually obtained from the local
DVENTR special input processor),
(2) GRUPXS,

(3) EXPOSE and the EXPINS record on CONTRL,

In contrast to the CHARGE module, DEPTH utilizes data from the latter
two files to define the adjoint nuclide vector as well as the overall
adjoint depletion process. Therefore, specification of the EXPOSE and
EXPINS files is important and should be similar to those used in the
forward burnup calculation., Examples 1illustrating the use of these
interface files will be given in Section IV.

The initial control instructions for the DEPTH module are contained
in the DATAIN file, which 1s generated initially with the CHARGE module,
However, DEPTH does require some minimal input each time it is called.

A description of this required data is given in Section III.3.
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The above brief description of the modules of the DPT system,
coupled with the theoretical background given in Section II, should
provide enough information for a general understanding of the DEPTH-
CHARGE system. The remainder of this section contains specific input
instructions for each module and the next section supplies detailed
sample input and output descriptions as well as illustrations of the use
of the overall system. These sample problems will illustrate several of
the main characteristics of Depletion Perturbation Theory and will
demonstrate the efficient use of the DEPTH-CHARGE system for both static

and time-dependent perturbation/sensitivity studies.

I17,1. Input for SUBMRG

Header Card: SUBMRG in columns 1-6

Data Card 1: (2I3) format

IFILE - number of different interface files to be manipulated
NOPT -~ + combine NOPT stacked files together to make a new file
0 stack files from a reference VENTURE run (default)
-1 select files from a stacked file and create a new file
Data Card 2 through IFILE + 1 (A8,241I3) format

HNAM1 - name of interface file to be manipulated

Note: Presently accepted files are: ZNATDN, RZFLUX, RTFLUX,
ATFLUX, PERTUB, and ZNDKDN.
IP{1) - unit number of stacked file to be created

IP(2-24) - meaning depends on value of NOPT
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If NOPT is positive, IP{2-24) contain NOPT pairs of
numbers. The first is the unit number of a stacked file
to be combined and the second is the number of files on
this stacked file (stack the stacked files in reverse time

order).

If NOPT is zero, IP(2-24) contain the version numbers of
the files to be stacked (stack files in reverse time

order).

If NOPT is -1, IP{2-24) first contain the unit number of
the present stacked file, then the number of files on this
stacked file, and finally the order numbers of the files

to be selected and put on IP(1).

END in columns 1-3

SURMRG was written to combine a large number of interface
files into a more manageable set for use in the DEPTH-
CHARGE systenm. DEPTH does the adjoint depletion
calculation in reverse time order (relative to a forward
burnup problem) and assumes that the necessary stacked
files are in the correct order. Therefore, when NOPT is
greater than or equal to zero, be sure to arrange the files

properly.
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I1I.2. Input for CHARGE

The CHARGE module uses the free~form FIDO input system.31
Header Card: CHARGE in columns 1«6
INPUT SECTION 1 Computational Options (always required)
1$$ Array (10 entries)

KEY(1) - KEY(10) - used as switches to select which operations are

to be performed
KEY(1) - 0 no effect
1 prepare flux file for plotting (1-D space-energy)

2 prepare flux file for plotting (2-D space-space)

Note: Use of this option requires input file RTFLUX or ATFLUX
(KEY{3) # 0) and output file TMPFLX. Also, for KEY(1) = 2,

if KEY(3) = -N see Input Section 5 for further input.

KEY(2) ~ 0 no effect
1 calculate mesh intervals and point volumes
-1 also punch (free-form FIDO) first and/or second
dimension boundaries
KEY(3) - 0 no effect
N read stacked RTFLUX file (file N)

-N read stacked ATFLUX file (file N)

Note: Use of this option requires input file RTFLUX or ATFLUX and
the stacked files are assumed to be arranged in reverse time

order.
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KEY(5)

NOTE:

KEY(6)
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- 0 no effect
1 calculate ﬂ?(tf) = 3K/3N
-1 punch ﬂﬁ(tf) in free-form FIDO

-2 create NSTARR interface file

Use of this option requires input file ZNDKDN and possibly
output file NSTARR, ZNDKDN can be created during the
reference VENTURE calculation with a special modification to
the PERTUBAT module., Also see input Section 6 for further

input.

- 0 no effect
1 calculate perturbed responses using the ZNATDN file

-1 calculate perturbed responses using the REFUEL file

Use of this option required input file NSTARR and possibly
REFUEL (if KEY(5) = -1). See Input Sections 2 or 3 for

further input for KEY(5) = 1 or -1, respectively.

- 0 no effect
1 calculate adjoint sources OR/ON, 9R/9Y, and dR/30
and direct data sensitivity coefficients
-1 also punch 3R/0N and OR/3Y in free-form FIDO

-2 create FIXSRC interface file with 9R/3Y
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Note:
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Use of this option requires input file RZFLUX . If
KEY(6) = -2, the output FIXSRC file is added to the IO file
management table structure as done 1n other modules of the

VENTURE system. Also see Input Section U4 for further input.

- 0 no effect
-+ a2 >
1 calculate power variance = .}r[P(r) - P dr
2 also calculate adjoint sources required as input to

DEPTH (not implemented)

Use of this option requires input file RTFLUX (KEY(3) = N)
and also that option KEY(2) # 0. See Input Section 7 for

further input.

KEY(8) - N file number of interest in stacked ZNATDN file

(default N = 1)

KEY(9) - 0 no effect

NOPT calculate relative data sensitivity coefficients where

NOPT - 1 calculate fission, capture, nu, transport, total

scatter and chi sensitivity coefficients

2 also calculate (n,2), (n,p), (n,2n), (n,D), and (n,T)
sensitivities if these reactions are present in the
GRUPXS file

3 also calculate energy/fission, decay constant and
fission yield sensitivity coefficients

4 also calculate group~to-group scattering sensitivity

coefficients



38

Note: 1Use of this option requires input file DRDATA and cutput

file TDSENS. Also see Input Section 8 for further input.

KEY(10) - 0 no effect
1 setup imitial input instructions for the DEPTH module
[N?(tf) and/or §ﬁ(tf) input from cards]
-1 same as 1 with N® and S* calculated in present step

[see KEY(}) and/or KEY(6)]

Note: Use of this option requires output file DATAIN. Also see

Input Section 9 for further input.
T End data block

INPUT SECTION 2 Calculate Perturbed Responses Using ZNATDN File

(required if KEY(5) = 1)
2$$ Array (10 entries)

ITY - 0 DEL contains percent change from reference densities
(% AN)
1 DEL contains actual change in densities (AN
-1 DEL contains perturbed densities and AN will be
calculated from AN = N? - NR
NSET - number of sets of perturbations
NZZT - maximum number of regions to be perturbed
NRESP - response number of interest (note that N* may be

dimensioned by NR = number of responses)
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NEDIT - 0 minimum edit
1 also edit perturbed responses by nuclide (summed
over regions) and by region (summed over nuclides)

2 also edit perturbed responses by nuclide and region
Fill remainder of array with zeros.,
6%% pArray (2 entries)

RREF - reference response {for that portion of the reactor
treated in the computational model)
XNORM -~ normalization factor that multiplies N*¥

(usually 1.9)

Note: XNORM can be utilized to alleviate prchblems in
normalization. For example, when treating the Keff

response, it is sometimes necessary to let

XNORM = ALPHA % BIGDAD * Ke

£
-> >
where ALPHA = J/&(r,E)drdE
1 > > -> -
BIGDAD = ¢/ " dr de' ¥(E'")*(r,E*) [ dE vZf(r,E)¢>(r,E)
eff

T End data block
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4$$

5!!’
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Array (NSET entries)

NTP(NSET) ~ time step at which perturbation occurs (reverse time
order relative to stacked ZNATDN file as in adjoint

depletion calculation)

Note: If NTP is less than zero, the ABS{NTP) will be used for
the ZNATDN file number but the first NSTARR record will

be used.

End data block

Array (NZZT entries)

NRP(NZZT) - regions to be perturbed

Array (NISOE ®# NZZT entries)

DEL(NISOE,NZZT) - defines perturbation to be made depending on

value of ITY

End data block

Note: Repeat #4$$ and 5** arrays NSET times.

INPUT SECTION 3 Calculate Perturbed Responses Using REFUEL File

T$3$

(required if KEY(5) = -1)

Array (5 entries)
NSET ~ number of sets of perturbations
NRESP -~ response number of interest

NEDIT -~ O minimum edit
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1 also edit variation in density field due to fuel

management perturbation

2 also edit perturbed responses by nuclide (summed

over regions) and by region (summed over nuclide)
3 also edit perturbed responses by nuclide and region
Fill remainder of array with zeros.
Array (2 entries)

RREF -~ reference response (for that portion of the reactor
treated in problem)
XNORM - normalization factor that multiplies _ﬂf

(see note under 6%#% array)
End data block
Array (2% NSET entries)

NTP(NSET,2) where
NTP(I,1) - file number in stacked ZNATDN file containing the
zone concentrations prior to the present fuel

management operation (Iﬁti&)

Note: actK = pikgik= . sy
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change in change in refeprence change in
initial shuffling/ densities makeup feed
condition = discharge at t{k + vector at
for time operator at tik

ik ik

NTP(J,2) - time step number in NSTARR file corresponding to

NTP(I,1), usually NTPF(J,2) = NTP(X,1) + 1 (J~¢t, )

ik
Note: ARTX z<§*T1k Agik
change in transpose change in
response of adjoint density
due to per- = nuclide ® | field at
turbation densities tik
at tik at tik
10$$ Array (8 ¥ NSET entries)

NSPEC (2,4,NSET) - specifies fuel management specification
in effect, where

NSPEC (1,K,J) - reference fuel management specification
K (up to 4) used in the unperturbed cal-
culation at time step of interest

NSPEC (2,K,d) - fuel management specification K to be used
in perturbed calculation at time step of

interest

T End data block
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INPUT SECTION 4 Calculate Adjoint Sources and Direct Data
Sensitivity Coefficients for Responses of the

form R = R1/R2 (required if KEY(6) # 0)

11$$ Array (10 entries)

MM - 0 microscopic reaction rate (ratio) response

1 macroscopic reaction rate (ratio) response

NTFILE stacked file number of interest in stacked RZIFLUX
file
NACTY{ = R1 reaction type

NACTZ2 - R2 reaction type

Note: If NACT1 = 0 and NACT2 # O then R=1.0/R2.

Choices for NACT1 and NACT2 are:
0 -~ not present
1 - absorption
2 - fission
3 - capture
4 - n,a

n,p

[~ B Y}
]

- n,2n

n,T

O [« -
I

- Power
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NSET — 0 no effect
N sum direct data sensitivity coefficients over N
cross section sets (NSET < NSN = number of cross
section sets)
NKP - 0 no effect
1 save direct sensitivity coefficients on scratch
for later use [see option KEY(9)]
-1 punch direct sensitivity coefficients in free-form
FIDO

Fill remainder of array with zeros.

T End data block

12%% Array (NISOE ®* NXS entries)

H1(I,NXS) -~ 1.0 include nuclide I

0.0 exclude nuclide I

Note: R1 and R2 are of the form

R = / a N (T) Hoo () H. w(3) dr
s v N(r) B0 () H, ¥(r) dr

NZ
and
NXS = 1 if NACT1 or NACT2 # 0
NXS = 2 if NACT1 and NACT2 # 0
13%#% Array (NGROUP ® NXS entries)

H2(J,NXS) -~ 1.0 include group J

0.0 exclude group J
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14$$ Array (NREG * NXS entries)

NRZ(NZ,NXS) - 1 include region NZ
0 exclude region NZ

15$$ Array (NSET entries)

ISET(NSET) -~ cross section set numbers to be included in

summation over cross section sets
T End data block
16$$ Array (3 entries) omit if KEY(6) # =2

NBO1 -~ number of first dimension fine mesh intervals
NBO2 - number of second dimension fine mesh intervals

NBO3 - number of third dimension fine mesh intervals
T End data block

INPUT SECTION 5 Adjoint Flux Averaging Over Energy

(required if KEY(1) = 2 and KEY(3) = -N)
18%% Array (NGROUP entries)

GMULT(NGROUP) - group multipliers for averaging the 2-D

adjoint flux over energy

2 :¢*AE GMULT
Note: g 8 24
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vhere GHULTg = 1.0 include group g

0.0 exclude group g
T End data block

INPUT SECTION 6 Calculate N'(tf) = AK/AN from ZNDKDN File

(required if KEY(4) # 0)
19$$ Array (1 entry)

NTPZ - file number in stacked ZNDKDN file containing the

(AK/AN)tf values at time of interest
T End data block

INPUT SECTION 7 Calculate Power Variance

(required if KEY(7) # 0)
21$$ Array (5 entries)

NEDIT - 0 minimum edit

Fill remainder of array with zeros,

22%$ Array (NZONE entries)
NRP (I) -~ 0 exclude zone I from power variance calculation

1 include zcone I in power variance calculation
T End data block

INPUT SECTION 8 Calculate Relative Data Sensitivity Coefficients
Using DRDATA File

(required if KEY(9) # 0)
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26$$ Array (10 entries)

NSET - 0 no effect
N sum sensitivity coefficients over N cross section

sets (NSET < NSN = number of cross section sets)

Note: If NSET > 0 only integrated sensitivity coefficients

will be saved on interface file TDSENS.

NINT -~ 0 no effect
N sum sensitivity coefficients over N time steps

(NINT < NTOT = total number of time steps)

Note: If NINT > 0 only integrated sensitivity coefficients

will be saved on interface file TDSENS.

NEDIT - 0 no group-dependent edit
1 edit capture, fission, nu, transport, total
scatter, and chi sensitivity coefficients
2 also edit optional cross section data
sensitivities
3 also edit burnup data sensitivities
4 also edit group~to-group scatter sensitivity
coefficients
NSUM - 0 no effect
1 sum principle sensitivities over energy and edit
NCORR - 0 apply transport cross section correction to
partial sensitivities

1 do not apply correction
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NDIR -~ 0 no effect
-1 read direct sensitivity coefficients from scratch
file [see KEY(6)] and add to indirect sensitivity
coefficients calculated in this step
N same as -1 but N sets of direct sensitivity

coefficients from cards

Note: Direct effects are added to first time step indirect

effects.

Fill remainder of arrays with zeros,

Array (2 entries)

RREF - reference response (for that portion of the reactor
being modeled)
XNORM -~ normalization factor that multiplies all sensitivity

coefficients (see note under 6%¥* array)

End data block

Array (NSET entries)

ISET(NSET) - cross section set numbers to be included in

summation over cross section sets

Array (NINT entries)

INT(NINT) -~ time step numbers to be included in summation

over time steps (reverse time order)

End data block
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20$% Array (1 entry) include if NDIR > 0

NTYPE - cross section type included in dirsct eflfects, where
1 -+ capture, 2 » fission, 3 -+ n,

L; > mﬁpf 5 g Yl,32l‘.lf ﬁ -3 nyny and 7 e n,T

T End data block

31%% Array (HISOF ® NGROUP # NYSET entries) include if

NDIR > 0

DIRS(NISOE,NGROUP,NXSET) - direct effect relative sensitivity

coefficients

T End data block

Note: Repeat 303% and 31%¥ zprays NDIR times.,

2

INPUT SECTION ¢ Create Initial DATAIN Input File for DEPTH Module

(required if KEY{10) # 0)

35%% Array (10 entries)

NZED region number for special edit (usually used when

IKEY(5) £ 1)

NTOT - total number of time steps (number of flux calculations)

NSSUB ~ nunbar of sub-substeps (used to control the mumbser of
integration steps in the P¥ and S%® caloulations)

NNUC = number of nuclides in adjoint density vector (same as
NISOE in the EXPOSE file)

NR - number of responses (must be 1 if T'# calculatios is to

be done)
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NREG ~ augber of regions in problem

Note: If there ars subzonss then NREG=NSZ; if not, NREG=NZCHE.
In problems with subzones, it is assumed that zero
nuclide densities have been assigned to the zones and

that the zone densities can be caleculated using

\

ey " v

i
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Zz - zone

NBO1 number of first dimension fine mesh intervals

NBE(gZ2 - number of second dimension fine mesh intervals

NBO3 number of third dimension fine mesh intervals

NEBOY - number of energy groups

36%$ Array (10 entries)
IKEY(1) - 0 (counter that keeps track of present time
step number)
IKEY(2) - 0 no effect
1 do S¥* calculation
JKEY{(3) ~ 0 no effect
1 do I'%* calculation
IKEY(4) -~ 0 no effect

+N input BR/B‘PIt (see option KEY{10) or 38%¥ arpay)
B

-N also input 9R/90 (not implemented)



where N - 1 no effact
2 multiply 23R/3Y and 2R/90 by o within DEFTH

divide JE/0Y and 2R/ 00 by o within DEPTH

(O3]

IKEY(5) =~ N various levels of edit, where
H =0 K% x volume ab time step level
- 1 ALPH& (¢) at time step level
P¥ at time step and substep levels

S% by group and zone at time step level
”féﬁ(?;ﬁ)wzﬁ;g>&;aﬁ at time step level

- 2 N*¥ effect by region
p¥* offect by region
r#* effect (leakage, removal, inscatter,
fission and total effects) by region
- 3 dnitial forward densities at time~step level
end of time-step densities
- B 1-D reaction rates by nuclide and region
decay constants by nuclide
energy/fission by nueclide
diffusion coefficients by group and region
- 5 scattering cross section matrix by nuclide

group~-to-group scatiering sensitivity data

Note: The above guantities are printed only if calculated as
specified by other options. Also, it should be cautioned
that N > 1 can preduce a sizeable amount of output if

NREG is very large.
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IKEY(6) - ©
+1

2

IKEY(7) - ©
i

IKEY{8) - 0
1

IKEY(9) -~ 0
1

2

IKEY(10) =

no effect

stacked ¢, ¢#®, and PERTUB files for %
calculation are present (+1 write over existing
file, -1 write new file)

stacked ¢ and ¢* files for I'* calculation are
present (+2 write over existing file, -2 write
new file)

no effect

set P%* Lo zero within DEPTH

account for additional terwm in evaluation of
time~integrals resulting from eguilibrium
nuclides {see Appendix D)

do not account for additional terw

no effect

compute bLime~dependent data derivatives and
store on DRDATA file {(no edit)

same as 1 with principle derivative edits

not used

End data block

Array (NNUC * NREG entries) omit if KEY(10) # 1

XNSTAR(NNUC,NREG) -~ final-time adjoint nuclide density

by nuclide and region

End data block
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Note: Repeat 37%* array NR times

38%#% Array (NGROUP®*NZONE entries) omit if KEY(10) # 1

or IKEY(Y4) =0

DRDS(NGROUP,NZONE) - final-time OR/0Y by group and zone

T End data block

Final Card: END in columns 1-3

III1.3 _Input for DEPTH

Header Card: DEPTH in columns 1-5
Data Card 1: (24I3) format
IFUEL(1) thru IFUEL(4) - fuel management specification number
as specified in REFUEL file

IFUEL(5) thru IFUEL(24) - not used

Notes: (1) IFUEL(1) - 0 indicates that no adjoint refueling
is to be done this time step.

(2) IFUEL(1) - (4) allows up to four fuel management

specifications each time step.

(3) The adjoint calculation is done in reverse time
order. Therefore, if specifications 1N were
used for an N cycle reference calculation, then
specifications N—+1 would be used in the adjoint

calculation.



Data Card 2:

IDATE

NZED

NSSUB

TKEY(2)

IKEY(3)

IKEY(5)

IKEY(T)

TKEY(8)

Final Card:

s

El

§
H

§

!

i

(813) forma

0

ERND

34

o

no effect
updatz following option zwitches for present tims
3tep

glon number for spscial edit

I'® calculation
various edit levels (s=ze 36%3% array in

no effect

set P% Lo zere

3

ection I11.2)

account for additiopal integral term resulting

from equilibrium nuclides

no effect

in columns 1~3
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IV, JILLUSTRATIVE EXAMPLES

The purpose of thls section is to provide the potential user some
experience in seiting up and performing DPT caleulations with the DEPTH-
CHARGE~-VENTURE system. The seguence of e¢aleulastions outlined im the
following sample problems arse representative of theose reguired in a
typical DPT analysis. The reference f{orward caleulation which is
required prior to any DPT analysis is first described. Illusirative
adjoint computations with asscecizted auvxiliary oaleulations are  then
examined for thres different responses of interssi., Alse contained in
Sections IV.2 - IV.5 are listings of the inpult and selectad ocutput f{iles
for the reference and adjoint sample cases discussed below. Refersnce

to these sections may be useful during the discussion of the various

calculations,
rob peserd on
Reference Calculation: During the develcopment of the DEPTH module,

several sample problems illustrating the use, ascouracy, and bensfits of
DPT methods were formulated. However, a one~dimensional spherical fast
reactor model was the real workhorse of the overall study. It was [irst
utilized as a check on the equations cocded into DEPTH and later used to
investigate several aspects of the new method. Thus, since many of the
DPT results published to date have been associated with this specific

model, it will als¢ be utilized here for the DPT demonstration problems.
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This simplified 1-D calecvlational wodel consists of a three~region
cere surrounded by two radial blanket regions. The initial nuelide

233U/238.

concentrations are representative of a U denatured LMHFBR core

with =2 TH02 radizl blanket. A single set of core- and blanket-averaged
cross sections in nine energy groups are uiilized throughout the burnup
cycle, Specific information relative to the transwutation processes
modeled in the burnup calculations can be extracted, il desired, from
the dnput listing in Seection IV.2. Howsver, of real interest here is
the general method of performing DPT studies and not the analysis of &
real reactor system. In this light, the reader is cautioned that the
LMFER model described here 1is not very realistie, and that the
sensitivity data generated in the following examples should not be
utilized cutside the framework of the intended sample problems.

The first step in performing a static or time~dependent
perturbation/sensitivity analysis 1is the calculation of the reference
reactor. For our purposes, the reference calculation will consist of a
single depletion cycle, a refueling, and the calculation of the
beginning-of-cycle-two (B0OC2) reference state, This particular
computation allows the illustration of several aspects of DPT, including
the multicycle capability of the method,. The actual sequence of
calculations performed can be observed from inspection of the input
listing given in Section IV.2. As apparent, the calculation proceeds as
would any VENTURE-~-BURNER depletion calculation. Hewever, in this case,
a forward and regular-adjoint flux calculation is reguired since both
the ¢ and ¢* flux files are wutiligzed in the calculation of the

generalized adjoint flux during subsequent DPT adjoint computations.
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However, since all future DPT analyses use data from this one reference
calculation, the initial cost increase in this step does not appear to
he cverly restrictive,

Since the present. reference calculation represents a
straightforvard application of the VENTURE-BURNER computaticonsl system,
nce further detalls will be presenited here and wno output from thess
moidules will be listed. The last step in the reference calculation i=
the manipulation of the many data files required for future DPT studies.
The SUBMRG module, in 1its capaclity to stack interface data filss, is
utilized for this purpose. The use of this module is straightforward
and its input and printed output are contained in the next subsectlion,
The storage of the necessary data files for future use completes the

forward reference calculation.

e oble : One consideration of relative ilmportance when
analyzing fast reactors operating on the denatured fuel cycle iz the

232U present in the fusl cvele and the consequences of 1is

inventory of
highly radiocactive decay chain, S8ince this nuclide is created during
the burnup of thorium-bearing Tusl, time-dependent wmethods are required

if sensitivity studies are t¢ be performed. Therefore, as a {irst

I

3
application of DPT, 1let us «consider the =simple case of the 7Y

inventory in the reactor after a single burnup time sitep as our responss
of interest.

This particular sample problem is treated in some detall in Ref. 1,
where explanations as to the meaning and use of the adjoint functions

are given. For our purposes, however, an outline of the steps reguirad
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listing given in Seetion 1V.3. 11 should be noted that the

DVEKTR dnoput are no longer
vervirgd sipee this irfervation will be supplied through the use of the
DEE7E module.  With this exeeption, ths orly variation in the input from
he reference cass sheuld be the speecifiecatioca telling VENTURE to solve
the  geperalizsd adjoint probles rabther than the forwsrd problem. Also,
sines DEPTH uses the exposurs date from the EXPFINS and EXPOSE files,

Lhese  dnterface file specificatlions werally should be the same as in

the farwerd problaxz.  The final  input preperation step involves the
zetup for the CHARGE and DEPTE modules, and as illustrated in the input

tisting =nd in  the iaput descriptions Tfor the individual modules,

preperation of this dataz is rather stralghtforvard,

Onee the irput has bean prapared; the caleulational flow proceeds

1

zz follows:

4. DEPTH:
1. wusing the input scurce (N¥(L)) = AR/ANlt ), solve the
I

1

nuclide zdjoint ~2nd power adjoeint squations



TABLE 4.1

SEQUENCE OF COMPUTATIONS PERFORMED IN

DPT SAMPLE PROBLEM #1

Order # Module # Module Name Function

1 99 SUBMRG select BOCLl files from stacked
files

2 2 DVENTR jnput for VENTURE module

3 2 DUTLIN ivput for EXPINS file for
exposurs coutrol

4 1 INPUT PROCESSOR create EXPOSE file with basic
exposure specifications

5 39 CHARGE create initial input for DEPTH

6 89 DEPTH compute N¥*, P%*, and 8% adjoint
functions and write NSTARR
file

7 7 VENTURE compute generalized adjoint
flox and perturbation integrals

8 99 DEPTH calculate I'* effect and update

NSTARR file

6S
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2. sum the N%® effect and P¥ effect at the initial time, t = ﬁ;,

and write NSTARR file
3. compute the generalized adjoint source and write FIXSRC
file
b, from stacked file, write appropriate ZNATDN, RTFLUX, and
ATFLUX files
B. VENTURE:
1. using FIXSRC file, compute generalized adjoint flux
2. calculate appropriate T'#) integrals and write PERTUB file
C. DEPTH:
1. using PERTUB file, compute T'#* effect
2. update NSTARR file
N’effect‘t = [(N effect + P effect) + F'effect]|t+
i i

3. exit

Note that this calculation has only one depletion step, but extension to
multiple time steps is simple and just involves alternating between
DEPTH and VENTURE calculations., From the viewpoint of VENTURE, the sole
purpose of the DEPTH module is to supply the FIXSRC file (stacked files
are just "unstacked" by DEPTH). From the viewpoint of DEPTH, the
primary role of VENTURE is the production of the PERTUB file. It is
important that the user understands this simple relationship since it
allows considerable flexibility within the system (as we will see in the

next sample problem).
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At this point in the calculation, we bave an ¥STARR rlile that
contains the ﬁ“(ti) importance functions ithat relate changes in Lhe
beglnning-of~gycle (BOC) nuclide density field te the rsaponse of

interest -~ the 232

U dnventory after one depletion step., Thus ws could
easily estimate what design variatlons would be needed to alter tLhe
response in some preseribed manner. If, on the other bhand, ihiz was
only a secondary response that had lititle weight in the overasll design,
we ocould 23ill sstimate the change in the zgzﬁ inventory dve bo design
alterations from reference {due to other consideralions). Actual use of
the KSTARR file will be deferred 1o the third sample problsm,

Thus, we have complieted the first sswple problem with relabtively
littie affort, £ ocomplets listing of bhe inpul and selected printed
output from this problem are contained Iin &
of the 1Iinput shows that the majority of the required data is taken
directly from the reference case. Thus, as stated earlier, once the
forward calculation has been performed with the VENTURE-BURNER systenm,
the adjoint calculation within the DEPTH~CHARGE-VENTURE system becomes
trivial, Lastly, it should be noted that the edit from the adjoinﬁ case

should be self-explanatory, especially when one eompares the printed

output with the appropriate equations described in Section II.

Sample Problem #2: The next problem to be examined will be the
generation of data sensitivity coefficients for a BOC! kerf response,
This response is of special interest for several reasons. First of all,
the criticality of the system 1is one of the most important parameters in
reactor physics studies, and it is important to know the sensitivity of

this parameter to the data utilized. Alsc since we have chosen a BOC1
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response, we are really addressing a static sensitivity problem, thus
illustrating the methodology of performing static sensitivity analyses

with the DEPTH-CHARGE system. Lastly, the static response  1s

keff
special in that no generalized adjoint flux calculation is required
since the sensitivilty ccefficients are expressed in terms of be
¢ integrals rather than I'®¢ integrals.

The data and sequence of calculations reguirved for this case are
generally siwmilar to Sample Problem #1, with some slightly different
interpretations. Referving to the input listing in Section 1IV.%, we
first note that the SUBMRG module has sslected thz BOCT PERTUB file as
well as the files retrieved for case 1.  This file contains the ¢2¢
integrals calculated in the forward oproblem and thus has all the
informaticon needed for the problem a2t hand. However, in order to use
the capabllities of the CHARGE module, this data must be in the format
of the DRDATA file,

We therefore proceed as if a static sensitivity calculation were to
be performed, and, as noted in Section II, this is the sames as a single
depletion step problem with a very small time interval., Thus the EXPINS
file for this case has been modified to indicate 2 0.001 day time step,
Aisa, since the DEPTE module i1s to perform an adjoint depletion
calculation, an EXPOSE file must be supplied. This file could have been
the same as for case 1; however, for users interested in only static
sensitivity studies, a Ydummy® EXPCSE file can be easily prepared (see
input listing). The main purpose of a dummy EXPOSE file is the

definitiocn of the adjoint nuclide density vector (nuclide names).



oputput guantities Howevar,

the DATAIN fils) are now sabt ith

calculation. it

case 1. Instead of cslling the VENTUE

DEFPTH code, On its first ¢all, DEPTH uwnstacked the sppropriste PERTUE

file for future uass, znd tharefors, the

PERTUB file presently available had

Pt

adjoint flux calculation., Thus, an NST4ER file
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In the final step of this sample problem, CHARGE processes

DRDATA file, calculates relalivs 2f flolenis,

creates a TD3EHS file for fubure use. This step 13 sorsslly  perforessd
irn a job separate from the a srion since it 13 an

auxiliary calculation only »

in this case, the value of ALPHA caleulsted iu DEFTH is required Lo
specify XNORM (see note after 6%% Array In Section 111.27.

Finally, it should be emphasized that static

practice are much easier than indicated above, since mosi

of the calculations are transparent to the user. A1l the

remember for a static calculation is to supply a dummy Z¥

small depletion step; the rest of the calculation procesds as nompal



Sample FProblem #3: Thia final tzst case comninss several of the

foatures disouszed previously into a full stztic and time~dependent
perhburbation/senaitivity study. The rasponse of interest bere is  the
“static®™ breeding ratio (B.R.) at the B0OC2. Although this is a "static”
response, the opsrating history of the reactor prior to this point
infiuences the calculation of the BOC?2 B.R. Thus, a time~dependent
analysis is in order Lo assess the lmpact of the burnup process on the
reaponse of interest.

The seguence of raquired calculations is similar to that for the
previous cases. We first retrieve the necessary data files using the
SUPHRG module, being careful to pick only the files reqguired in this
¢sleulation, For example, the EOUT flux Tiles saved from the forward
calculation are not actually used during the calculation of the forward
problam. They only allecwed one to investigate the state of the reactor
at shutdewn, Thus, aince this datie was not utilized din the {orward
czse,; It should not be included in the adjoint depletion problem =ifhesr,

The next step in the calculation is the specification of the
nacessary input {iles. This i=s done in the same wanner discussed
previously, except foirr the DATAIN input file for DEPIH. This is created
wlth the CHARGE module, and in this case, must contain both the 3R/5H
and 3R/ 3Y sources since the BOC2 RB.R. response depends direztly on both
the uuclide and f(lux fislds at BOC2. These sources are calculated on
option [see KEY(6)] in the CHARGE module and rsquive relatively little
zffort on the part of the user. ¥ith the specification of the initial
DATATIN file, the adjoint depletion calculation proceeds as normal,

zlternating batween DEPTH and VENTURE ealeulations.
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Of special interest are the first two calls to the DEPTH module,
Since we are initially treating a "statice® response, the first call to
DEPTH only sets the appropriate internmal flags s06 that the oalculation
may continue, VENTURE is then accessed to compute the "atatic®
generalized adjoint Tlux and appropriate perturbation integrals (recall
that for the keff response, this step was bypassed). DEPTH then
computes the indirect I'#® effect as usual, However, at this point in its
second call, DEPTH has been instructed to perform an adjoint fuel
management calculation, since it was at this point in the forward
calculation that the refueling for cycle 2 was initiated. Although this
process is somewhat difficult to explain (see Refs, 1-2), all the user
is required to supply is the fuel wmanagement specification rnumber that
was utilized in the forward problem. Thus again we see that, once the
forward problem has been solved, the adjoint calculational setup bscomes
trivial.

The final step in this third sample problsem is a set of auxiliary
calculations performed using the CHARGE mndule. Using the NSTARR file,
we first assess the impact of nuclide perturbations at the BOC!T on the
B.R. response at the BOL2. In the present case, we uniformly perturbed
the BOC1 density field by 1¢%. Although this dis not a realistic
perturbation, it does allew one to investigate Lthe relative iwmportance
of the varicus nuclides and space regions to the response of interest.
The printed output 1is the estimated AR caused by the specified
perturbation. Thus for a 1% perturbation, we see that this iz one
method of obtaining nuclide sensitivity coefficients by zone (or summed

over all space).
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The second computation performed by the CHARGE medule 1is the
caleulation of relative data sensitivity coefficients. In this case, we
first calculate the direct effect and then add this component to the
indirect burnup effects summed over tims. The final result is a TDSENS
file containing sensitivity data that relates a change in a specified
data parameter throughout the burnup process to the response of
interest.

This completes the discussion of the sample problems. The next
four subsections provide input and selected output listings from the
reference case and threse examples just discussed. Hopefully, this data,
coupled with the brief theoretical descriptions provided earlier, will be
suifTicient for the efficient uszse of the DEPTH-CHARGE  Depletion
Perturbztion Theory System within the framework of the VENTURE~BURNER
modular system. Extension of the modules described here for use with
other modular systems should be stralghtforward if one assumes
compatibility with the CCCC interface file structure. If this

requirement is not met, considerable reprogramming may be required.

IV,2. Input/Cutout for Referepnce Calculation

This section contains a partial input and output listing for the
reference sample problem. To conserve space, most of the cross-~section
card input has been omitted. Alsc as mentioned previously, since this
calculation represents a straightforward application of the VENTURE-
BURNER modulsr system; the output is limited to that from the SUBMRG
module. These partial input/cutput listings are contained in Tables 4.2

and 4.3, respectively.
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TABLE 4.2

INPUT FOR REFERENCE CALCULATION

//JRWPROBO JOB (00000), 'X-10 6025 JR WHITE'

//®CLASS CPU91=1008,10=8.0,REGION=0500K

//EXEC SPDASCR

//SYSIN DD #
T.JRWOO006 ,GRUPYS. DPT. SAMPLE
T.JRWCO0000 .ZNATDN, ALL
T.JRWO0000 . RZFLUX. ALL
T.JRWO0000 . RTFLUK.ALL
T.JRRO0000.ATFLUX. ALL
T.JRW00C00 . PERTUB. ALL

// EXEC BOLDVENT,

// NB1=1,NB2=1,B1=4088,B2=7200,N1=10,N2=60,N3=20,N4=10,85=30,N6=10,

// B7=10,N8=10,N9=10,N10=10,H11=10,

// N12=10,N13=10,N14=10,N15=10,NX=20,NS=30,N16=10,

/7 GOSIZE=500K

//GO.STEPLIB DD UNIT=3330~1,Y0L=SER=NE3330,DISP=SHR,

// DSN=E.JRWO0000.LLMOD1.D081178

// 0D UNIT=3330,VOL=SER=NE3330,DISP=SHR,DSN=E.LMP0O0000C.SCALE ,PGMS

// DD UNIT=3330-1,VOL=SER=ZX1111,DISP=SHR,

7/ DSN=X.TBF{14650.BOLD . VENTUR.PROD

// DD UNIT=3330,VOLL=SER=ZX%111,DISP=SHR,DSN=X.TBF14650.FUELMANG

//GO.FT12F0G1 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSK=T.JRW00000,GRUPXS.DPT.SAMPLE,

// SPACE=(3520,(10,5),RLSE},

// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT55F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT56F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0O000.RZFLUX.ALL,

// SPACE=(3520,(19,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FTSTF001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWOOCOO0.ZNATDN.ALL,

// SPACE=(3520,(10,5),RLSE),

// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT61F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0000.RTFLUX.ALL,

// SPACE=(3520,(10,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT62F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0000.ATFLUX,ALL,

// SPACE={3520,(10,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT63F001 DD UNIT=SPDA,DISP={NEW,CATLG),

// DSN=T,JRW00000,PERTUB.ALL,

// SPACE=(3520,(10,5),RLSE),

// DCB=( RECFM=VBST,LRECL=X,BUFNO=1, BLKSIZE=3520)

//GO.FTTOF001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),

// DCB=( RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
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TABLE 4.2 (contd.)

//GO.FTI71F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCR={RECFM=VYBST, LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FiT2F001 DD UNIT=SYSDA,SPACE{3520,(10,5)),

// DCR={RECFM=VRST, RECL=X,BUFNC=1,BLKSIZE=3520)
//GO.FTT3F001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB={RECFM=YBS3T,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FTTUF001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB=(RECFM=VBST,LRECL=¥,BUFKC=1,BLKSIZE=3520)
//GO.FTT5F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCB={RECFM=VYBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FTT6FO01 DD UNIT=3YSDA,SPACE=(3520,(10,5)),
// DCB=(RECFM=VRST, LRECL=X,BUFNO=1, BLKSIZE=3520)
//GO.FT77F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCB=(RECFM=VBST,LRECL=¥,BUFNC=1,BLKSIZE=3520)
//GO.FTT8F001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB=(RECFM:VBST,LRECL=¥,BUFNQ=1,BLKSIZE=3520)
//GO.FTT9¥001 DD UNIT=SYSDA,SPACE={352¢,(10,5)),
// DCP=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT80FO01 DD UNIT=SYSDA,SPACE={3529,(10,5%)),
// DCB={RECFM=VEST,LRECL=¥,BUFNQ=1,BLKSIZE=3520)
//GO.FT81F001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB=( RECFMsVEST,LRECL=X, BUFNO=1, BLKSIZE=3520)
//GO.FT82F001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB={RECFM=VBST, LRECL=X,BUFNO=1, BLKSIZE=3520)
//GO.FT83F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCB=z{ RECFM=VBST, LRECL=X,BUFNO=1, BLKSIZE=3520)
//GO.FT84F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT85F001 DD UNIT=SYSDA,SPACE={3520,(10,5)),
// DCB=(RECFM=VBST, LRECL=X,BUFNC=1,BLK3IZE=3520)
//GO.SYSIN DD #

=CONROL
REFERENCE CALCULATIOX FOR DPT SAMPLE PROBLEMS
060000 0 1

1 2 6 2 2 1 2 1 19 7 13 7 13 7 13 7 2 19 7 99
END

INPUT PROCESSOR

OV ISOTXS $CITATI ON XS $
1D 9 52 0 8 0 1 3R
2D /
# ANISN TO CITATION MODULE ~ 9 GROUP URANIUM RUN ®
# TH228CTH232CPA231CPA233CU~232CU-233CU-234CU~235C*

8[j~236CU--238CNP237CNP239CPU238CPU239CPU240CPU241CPU2H2CAM2U1CE
EAM2U3CCM2UUCSS  CNA CO-16 CCHAN CCTLRDCFP CTH228RTH232R*®
#pa231RPA233RU~-232RU-233RU-234RU-235RU~236RU~238RNP237RNP239R*
#pU238RPU239RPU24ORPU2U1RPU2E2RAM2 41 RAM2U3RCHMPUMRSS  RNA  R*
#0--16 RCHAN RCTLRDRFP R#

COMPLETE CROSS SECTION EDIT IS OMITTED HERE

1.10800E 06 4.97870E 05 4.08680E O4 3.35460FE 03 2.61260E 03 1.01300E 03
1.00000E-01 1.00003E-04
0 3 6 9 12 15 18 21 24 27
30 33 36 39 42 us 48 51 54 57
60 63 66 69 72 75 78 81 84 87
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TABLE 4.2 (contd.)

Y 93 g6 99 102 1065 108 111 14 17
120 123 126 129 132 135 38 141 144 147
150 153
®FP RL CITNXSFF RL #
1.17000E G2 C.0 5R
i 0 TR 1 2R 0 2R 1 2R 2
b 2 5R 1 9R
5D 8.T9669E 00 1.20290F 01 1.4118CE 071 1.43G50E 01 1.692008 01
1.97550E 01 2.46910E 01 6.17299E 0% 9.00900E 00 0.0 9R

1.23710E~02 5.13249E-02 ¢,055G0KE~02 2.72920E~01 8.92650E~-01 1.86400E 00
4,31740E 00 2.33710E 01 6.58500E 00
7D 4.89%80E 00 9.667S59E 00 2.330C40F 00 1.31090E 01 1.%25%0E 00
1.11700E 00 1.4D470E 01 9.46230E~01 B.48880E-01 5.13370E~01 1.60030E 01
5.60339E-02 1.60700E 01 2.37110E~02 2.03250E 01 1.82100E 00 3.83580E 01
iy, T2140E~-C2 2 .42400E 00 3.98400E~0k
STOP
END
DCR3PR

END
DVENTR
001
1000 .0+06 1.0 1.0
1.0-05 5.0~05
0 1
1 0 001 00 0 2 0 00 2 2 2 6 2
3 1 2
16 26,2133 16 26.2133 16 26.2133 10 22.2350 10 22.2350

1 2 3 4 5

-
LRV
N -
N =

013

26

26
TH228CTH232CPA231CPA233CU~232CU~233CU~234CU~235CU-236CU~-23 8CNP23TCNP239C
PU238CPU239CPU2L40CPU241CPU2U2CAM241CAM2H3CCM2H4CSS CNA CO-16 CCHAN C
CTLRDCFP C

26
TH228RTH232RPA231RPA233RU~232RU~233RU~234RU~235RU~236 RU~23 8RNP23T RNP239R
PU238RPU239RPU240RPU241RPU242RAM2 41 RAM2 43 RCMZH Y RSS RNA  RO~-16 RCHAN R
CTLRDRFP R

020 1 0.0
1 3



TABLE 4.2 (
TH232C 2.766%0~-030-233C 8.23240-0
PU230C 1.54670-04PU240C 8.62240-0
NA C 8.59360-030-16 C 1.69590~0
5 5
TH232R 1.44750~C2U-233Rk 1.64220-0
SS R 1.16530-02CTLRDR 6.4%2050-2
0
EXD
DUTLIN
EXPINS 0 1 0O 4o
91.3125
0 1 0 1
BLANK
END
INPUT PROCESSOR
0V EXPOSE

1D / FILE REFERENCE INFORMATION
0245010201200 00 280 B8R
2D / TITLE AMD NUCLIDE NAMES

o DEPLETION MCDULE WITH 20 HM
¥TH228 ®* ®TH232 # ®#pp231 ® #pA233
®U 236 ® ®(j 238 ® #NP237 ® ®NP239
®pU242 ® BAMPNT X EAMONT F BCMDUL
3D / REFERENCE DATA

0.0 /
123456738
21/
123456738
4D 7/ DECAY DATA
1.156-08 1.580-18 6.312~13 2.971~07
9.150-16 4.870-18 9.980-15 3.414-0%
5.780-14 4,.800~11 2.750-12 1.220~09
5D / FISSION PRODUCT YIELD DATA
1.0 20R

9 10 11 12 13 14 15

9 10 11 12 13 14 1%

6D / CHAIN DATA FOR MATRIX EXPONEN
242 235 352 455 461
782 892 9112 10115 101
1152 1516 2 16 17 2 16 18 1
21212 22222 23232 242
STOP

END

DUTLIN

REFINS 020 020 1

1.0
-1
END

INPUT PROCESSOR

70

contd.)
4U-235C 5.25980-06U-238C U4.19700~03
6PU2UIC  3,26950-07PU242C 1.11050-08
288 € 1.47570-02
A R 7.00910-030-i6 R 2.33580-02
"
1 0 0 1 1 0
FP & 3 CTHER NUCLIDES &
¥ 232 ® 3y 233 ® Y 234 % Y 235 @
Ep238 ® Epy230 ¥ FpU2N0 B ORPURYY ¥
#FP RL * 8j4 ® 23S COR® ®) 16 *
16 17 18 19 20 /
16 17 18 19 20 /
2.968-10 1.360-13 8.860-14 2.080-17
2.580-10 9.000-13 3.3%0-12 1.560~09

TIAL

Y72 511 562 655 672
22 11132 12141 13 142

17 192 19 20 2
b 2
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TABLE 4.2 (contd.)

0V REFUEL

1IDOOZECO0O 000211 101252 0 5R

2D

BTH228 ® ®TH232 # ®pADp31 ® #pA233 * £ 232 ¥ & 233 R Ey 234 & By 235 *
Ry 236 & #B[ 238 ® #Npz37 ¥ BNFZ3Q ® RPU236 % FPU23Q ¥ RPU240 % BPURYq ¥
EPU242 B BAMPLUY ® BaMpLR B RCMOUL & RFP RL ¥ #END % #33 COR® %0 16 ¢
0.0 24R 0.0 24R 0.0 Z4R 0.0 24R

D

26 8 10 14 15 16 17 22 23 24

26 8 10 14 15 16 17 22 23 2%

2.7669-3 §.232u4-8 6.2594-6 4.1970-3 1.54567~4 B.6224-6

3.2695-7 1.1106-8 8.5936-3 1.4757-2 1.595%9-2

2.4902-3 8.2324~4 6.2504~6 L. 4T3H~3 1.5467-4 8.6224-6

3.2695-T 1.1106~8 B8.5936-3 1.4757-2 1.6959-2

5D

1234567891011 1213 14 15 16 17 18 19 20 21 22 23 2%
6D 0.0 O
7D 1 10 0 17TR /REF FUEL MANG EOCY

8D10010 3
7D 1 1 0 O 17R /EXCHANGE 10% TH232 WITH U238 IN FEED (PERT #1)
8b20010 3

STOP

END
DUTLIN

REFINS 0 20 0 20 1

1.0

END
SUBMRG

5 0
RZFLUX 56
ZINATDN 57
RTFLUX 61
ATFLUX 62
PERTUB 63
END
//

[ RC RV, RV R
I o g b os
W W W W w
PN
PPN



TABLE 4.3

SELECTED OUTPUT FOR REFERENCE CALCULATION

{12/22/80) IS BEING ACCESS3n v

®¥% KODILE *SUBRRG® VYEASION 3

5 #OPT = &

IPLIE =

0
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DLl Sttt el

E=dad sdad ala
fadanlaclulad
W
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raplraw >
[=Saradidtals ]
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F7 pod bl pod et et
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[Sl=faTetad
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72

[&]

€05 @0 g o e g
DA NO

Redead <1 a3 <1

[oleTetwlal
I Ert F g G

£ 3 et 1 Sd 3
MDD

RIPLEX

(=

<

CONMIEITIN
AOADBWDARD

S EENEIE
o Lo i Yackad
T

f=Jach i Y oe]

OOOO0D
B &

Ll - ittt
i)

(st slalatyl
T by bt b
T T I
RIS

AETPLOL 738S
ATPLUX YEHS

ATPLUZ

6 o 0 o

o

Q

b=
S
o

€3 IO
LD

fe T2 ok 31 31 1)

F A &R
RATADAGI Y
St bod o et Bl

0 R 0 D R

0 NNV

o954 59 g
o3 5251 B350
b 350 27 3o Don 35
o

PERTOS

IS PIYISHED #%2

*¥% NODULE *SUBNRGH
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V'] tput fo roble

This section contains a complete input listing and partial output
listing for Sample Problem #1, The output 1listing is fairly
representative of the typical printed output from the various codes and
therefore provides a detailed account of the actual calculatiornal
sequence, It is suggested that this sample problem's cutput be utilized
as the basis for a general understanding of the information provided
from a simple DPT calculation. The reader should also refer to Ref. 1
where this sample problem iIs treated 1in much more detail, The
input/output listings for Sample Problem #1 are contained in Tables &.1%

and 4.5, respectively.
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TABLE 4.4

INPUT FOR SAMPLE PROBLEM #1

//JRHPROBT JOB (00000), 'X-10 6025 JR WHITE®
//%CLASS CPUQ1=1008,10=8.0,RECION=0500K
// EXEC SPDASCR
//3YSIN DD #
T. JRYOO000 . RZFLUX . ETS1 . PROBY
T . JREGO000 . ZNATDH . ETS1 . PROBS
T.JRY00000 .ETFLUX.ETS1.PRORY
T.JRWCCO00 . ATFLUX. ETS1.PROB1
T.JRY00000,NSTARR,ETS1.U232, PROBY
// EXEC BOLDVENT,
// NB1=1,NB2=1,B1=3520,82=7200,N1=10,82=60,N3=20,N4=10,N5=30,N6=10,
// N7=10,N8=10,N9=10,N10=10,N11=10,
/7 ¥32=10,N13=10,N14=10,N15=10,N¥=20,KS=30,N16=10,
// GOSIZE=500K
//G0,STEPLIB DD UNIT=3330-1,VOL=SER=NE3330,DISP=SHR,
// D3K=E.JRH0O0000,LMCD1.D0O81178
// DD UNIT=3330,VOL=SER-KE3330,DISP=SHER,DSN=E.LMP0O0C00.SCALE.PGMS
// DD UNIT=3330-1,VOL=SER=ZX1111,DISP=SHR,
// DSN=¥.TBF 14650 . BOLD. VENTURE . PROD
// DD UNIT=3330,VOL=SER=ZX1111,DISP=SHR,DSN=X.TBF14650.FUELMANG
//GO.FT11F001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.JRW1993Y4 . GRUPXS.DPT.SAMPLE,
// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT55F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),
// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT56F001 DD UNIT=SPDA,DISP=(NEW,CATLG),
// DSN=T.JRWO0000.RZFLUX.ETS1.PROB1,
// SPACE=(3520,(10,5),RLSE},
// DCB={RECFM=VBST, LRECL=X,BUFN0=1,BLKSIZE=3520)
//GO.FT57F001 DD UNIT=SPDA,DISP=(NEW, CATLG),
// DSN=T,JRW00000.ZNATDN.ETS1.PROB1,
// SPACE=(3520,(10,5),RLSE),
// DCB={RECFM=VBST, LRECL=X,BUFKO=1,BLKSIZE=3520)
//GO.FT58F001 DD UNIT=SPDA,DISP=(NEW, CATLG),
// DSN=T.JRWO0000.NSTARR.ETS1.U232.PROB1,
// SPACE=(3%20,(10,5),RLSE),
// DCB=(RECFM=V¥BST,LRECL=X, BUFNO=1,BLKSIZE=3520)
//CGO.FT61F001 DD UNIT=SPDA,DISP=(NEW,CATLG),
// DSY=T,JRWO0000.RTFLUX.ETS1.PROBE1,
// SPACE=(3520,(10,5),RLSE),
// DCB=(RECFM=VBST, LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT62F001 DD UNIT=3SPDA,DISP=(NEW,CATLG),
// DSN=T.JRWO0000.ATFLUX.ETS1.PROB1,
// SPACE=(3520,(10,5),RLSE),
// DCB=(RECFM=VBST, LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT85F001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.JRWOQ000.RZFLUX.ALL
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TABLE 4.4 (contd.)

//G0.FT86F001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.JRWO0000.ZNATDN.ALL

//GO.FT8TF001 DD UNIT=SPDA,DISP=5HR,

// DSN=T.JRWO000O .RTFLUX.ALL

//GO.,FT88F00Y DD UNIT=SPDA,DISP=SHR,

// DSK=T.JRWOQ000.ATFLUX.ALL

//GO.SYSIN DD ¥

=CONTROLA

DPT SAMPLE PROB #1 SINGLE TIME STEP ADJ CALC FOR U232 INVENTORY
060000 ' 1 i
99 2 2 19999 7 99

GRUPXS

END

SUBMRG

§ -1

RIFLUX 56 85 5 SIZNATDN 57 86 5 5

RTFLUX 6187 5 5

ATFLUX 62 88 5 5

END

DVENTR

001

1000.0+06 1.0 1.0
1.0-04 5.0-0

-1 3 2 1 30
1t 00 01 00 02000 2 2 2 6 2

3 1 2
16 26.2133 16 26.2133 16 26.2133 10 22.2350 10 22.2350

1 2 3 45

-t
ww
N =
N =

013

26

26
TH228CTH232CPA231CPA233CU~232CU~233CU~234CU-~235CU-236CU~238CNP237CNP239C
PU238CPU239CPU2UOCPURY1CPURL2CAMRH1CAM2Y3CCM2HUCSS CNA  CO-16 CCHAN C
CTLRDCFP C

26
TH228RTH232RPA23 1 RPA233RU-232RU~233RU-23 4 RU-235RU~236 RU-238RNP237 RNP239R
PU238RPU239RPU2LORPU2H1RPU2Y2RAM2 1 RAM2E3IRCM24YRSS RNA  RO-16 RCHAN R
CTLERDRFF R
020 -1 1 0.0
END
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TABLE 4.4 (contd.)

DUTLIN
EXPINS 0 1 040

91.3125

o 1 0 1

1 1 0

BLANK
END
INPUT PROCESSOR
0V EXPOSE

1D / FILE REFERENCE INFORMATION
02501020 120000 28 0 8K
2D / TITLE AND KUCLIDE NAMES
& DEPLETICH MOGDULE ¥WITH 20 HM 1
¥TH228 % ®TH232 # *pa231 * ¥pa233 ®
%y 236 ® ®y 230 ® BNF23T7 ® R{p230 #
SpU2dZ * BAM2ET B BAMPU3 R RCM2UN B
3D / REFERENCE DATA

0.0 /
123456789 10 11 12 13 14 15
21 7/
123456789 10 11 1213 14 15
4D / DECAY DATA
1.156-08 1.580-18 6.312-13 2.971-07
9.150~16 %.870-18 9.980~15 3.414-06
5.780-14 4.800-11 2.750-12 1.220-09
5D / FISSION PRODUCT YIELD DATA
1.0 20K
6D / CHAIN DATA FOR MATRIX EXPONEN
782 &892 9112 10115 10 1
1152 1516 2 16 17 2 16 18 1
2121 2 22222 23232 24
STOP
END
CHARGE
186 0000
3544 01 8 2
3644 01 10
37%% 4RO.0 O
END
DEPTH

0

0
END
DEPTH

0

0
END
//

co0o01 T
5681109
20000 T

3
.38525 19RC.0 4Q2h T

0
L1

FP & 3 OTHER NUCLIDES

"y 232 ® 2y 233
#pU238 * #Py239
®FP RL % ®NA

16 17 18 19 20 /

16 17 18 19 20 /

2.968-10 1.360-1
2.540-10 9.000-1

TIAL

22 11132 12
17 19 2 19 20 2

2L 2

% By 234 ®
® Epy2uo ®
® ®35 COR®

3 8.860~-14
3 3.340-12

#1J 235
¥pyz2y1 #
®0 16 *

30080"17
1.560~09

%1 1315 2



TABLE 4.5

SELECTED OUTPUT FROM SAMPLE PROBLEM #1

*%¢ NODULE *SUBHRG* VERSIOW 1 (12/22/80) IS BEING ACCESSED #ex

IFLIE = 8 ¥OPT = =1
RZPLUX Ip{ = 5685 5 % Q0 0 4 0 0 0 B G 9 0 0 0 0 0 ¢ 0
ORDER XN WHYCH REFLUY FILES WERE STACKED O URIP 56
KEFP = -0116129 9.0 DAYS EXPQSGBE
ZNATDHE IPQI% = 5785 5 % 9 0 0 4 0 O 0 0 8 0 6 & 0 & & O
ORDER IR WAICH ZWATDN PILES YERE STACKED O ORIT & 57
CICLE ¢ 0.9 GRYS BXPOSDRE
BRTFLUX Ip¢Ey = 6187 5 35 & @& 0 ¢ 6 0 0 ¢ @ ¢ 6 0 0 O O ©
ORDER T¥ WHICH RTPLUY PYLES WERE STACKEDR OF UHIT 8§ 6%
EPF = 1.0¥36129 BEROUR = 2 #pig = %
ATFLUX I?{Ig = 6288 S5 5 0 8 0 6 0 0 0 8 6 0 O O 6 0 0 O
ORDER I¥ WHICH ATPLUY PILES YERE STACREL OF Qﬁi% £ 52
KEFF = 1.3116%28 ¥GROBP = 9 Igd =
2% PODGLE SSUBHRGS IS PINISHED %=
e¥x HOBULE SCRARGES VERSYION 3 {12,22/806) IS BEIBG ACCESSED 9on
18 ARRAY 14 EWTRIES ®#Ap
or
358 aREAY 10 EBATRIZS ®BaD
368 ABRAY 10 ENTRIES READ
o

37+ ARRAY 120 BNTRIES READ

INTEBPACE PILE *DATAIN® HAS WRIPTRY OF UNIT & 55

#%¢ RODULE #CHARGE® IS PINISHED %%s

$¥& BODULE *DEPTH = VERSION 1 (12/22/80) IS BREING ACCESSED ®%e¢

LL
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1 s%e

&% INITIAL ADJOLNT DENSITY VECTORS BY REGION FOR TINE STEP ¢
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1 SUBSTEP #
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VENTURE - IBUTROHICS HODULE -VERS 3~ JANUARY 1,19681 ~~= QUALITY ASSURARCE LEVEL 1

owwon

RUN TITLE ~ OPT SANPLE PROB #1 SINGLE TINE STEP ADJ CALC POR U232 INVENTORY

STORAGE REQUIRED POR CROSS SRCTION CHECK 948 WORDS

TITLE OF THE LATEST VERSION CHOSS SECTION PILE
ANISE TO CITATION MNODULE -~ GROUP URANIUE RUN

CROSS SECTION CHECK COMPLETED NORMALLY
REFERENCE REAL TIRE FROM ZNATDN INTERPACE PILE = 0.0 DAYS

;ggggxon BY FINIT!*DIFFBREICB DIPFUSIOR THEORY
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RRERRO G

MBER OF
NUMBER OF
SUNBER OF
KUHEER or GIONS

NOMBER OF BLACK ABSORBER ZONES

BOUNDARY INRDICATORS- LBFT 1 RIGHT 2

{COLOH!S’
RO¥S
PLANES)

HEMORY REQUIREXENTS FOR DATA STORAGE

TOTAL i B c D
HININUYN NAXINUN
STORAGE AVAILABLE 60000
NACRO CALCULATION 1900
EQUATION CONSTANTS CALCULATION
CORE CONTAINED OR SPACE STORED 1134 11%4
PLANE STORED 1370 1% 1]
RO¥_STORED %8 %8
MOLTI~ LBV!L PLANE S5TORED 1270 1270
INRITIAL PFLUX
CORE CONTAINED OR SPACE STORED 1806 1806
ITRRATIVE ggagB §ODES 1806 1808
CORE COI!AIKBD 91367 6000 2529 632 206
SPACE STORED 3436 750 2329 157 0
1 PLAMES STORRD 713 1037 g59 157 0
1 PLANE STOHED ;13 }8 7 9 157 g
1 ROWS STORED 08 22 529 157 0
1 ROW STOREﬂ 886 0 %5%9 127 0
1 MOLTI-LEYEL PLANES STORED gS 408 529 157 891
PEBTURBITIOI CALCULATION 483

DATA HILL BE STORED POR ALL GBOUPS, ALL SPACE

HEBORY LOCATIONS RESERVED FOR DATA STORAGE--- GOOOg
BAK MENORY LOCATIONS BBSUIRED FOR THIS PROB‘“ 936
BENORY LOCAYTIONS NOT 50613

SPECIAL SCRATCH DATASET REQUIREAENTS

€8



MAXIBUM PHYSICAL RECORD IS 7200 WORDS

CONTAINER ARRAYS, CONTROL 36 DATA 50587

EFAULTS TO CORE - NO.RECS, REC.LNTH, TOT.LHTH, STAKT LOC, CORE LEFT.
EFAULTS TO CORE ~ NG.RECS, REC.LNTH, TOT.LNTH, STAR? LOC, CORE LEPT.
EFAULTS TO CORE - NO.RECS, REC.LNTH, TOT.LNTH, START LOC. CORE LEFT.
EFAULTS TO CORE - N¥O,.RECS, REC,LHTH, TOT.LNTH, START LOC, CORE LEFT.
CESS FILE 23 REQUIRES 9 RECORDS 381" 90RDS 1% LEwGTH
T
¥

ARAMETERS POLLOW PDBR  B1 = 3520 AND 82 = 2176
2 =" "8 Wk= 1 §5= 12 H6= 14 H7= 1 N8z 3
2 T {NOTE THAT IF THE FLUXES ARE TG BE RXPANDED PROM £Y
QUIRED DISK STOBAGE SPACE FPCR PLUX{UNITS 24,27 28& Is ¥
FOR CONS ANTS{UHI& 4y Ts=- 28
i

i
7
8
0

-l i alnis ]
- gmmmmm

2
2
2
n
T
R

H9= 1 ¥10= 1
STING RTPFLUX, ¥iG=
0 BYITES.

4

12 BYTES.
64 BYTES.
0
0

W AT Oy
il
]

I
1
I
I
I
I
D
2
1
E

FCR COHSTANTS (UNIT 23) I1S~--
REQUIRED TOTAL DISK STORAGE SPACE IS—wwewmmwo—meo—icon 545

POR THE ASSIGNED DATA STORAGE, THE REQUIRED REGION SIZE IS APP
HAXINMUM STORAGE USED FPOR MACRCSCOPIC CROSS SECTION CALCULATION 1899 WORDS
THE MAXINUN AND NINIMUM DIPPUSIGN COEFFYCIENTS &SRE 4.0037828 00 6.7169%B-02
PINE MESH DESCRIPTIOR - POINT IS LOCATED AT THE CENTROID OF THE YOLUME ELEMENT

§ BYTES.

- JEY - Y

DISTANCE TO POINT — DIMENSION 1 (LEFT TO RIGHTL
1 8.2567 2 11.9082 4. 1187 15.7944 5 17.1746 6 i8.3
8 21.2302 10 22,0321 11 22.7795 12 23.480% 13 2801427 14 28,7
17 28.0001% 18 31.01%144 19 33.5349 20 35,7245 21 31.6744 22 19.4
29 43.9674 26 45,2852 27 46.5325 28 47.73153 29 48.8322 30 49.9
33 53.8928 34 56.0600 35 58.2426 36 60.2728 37 62.1742 38 53.39
41 £8.8173 42 70.2911 43 731.7054 44 73.0661% 45 74.3771% 46  75.%
49 80.0695 S0 B32.7848 51 85.3327 52 87.7370 53 90.0162 54 92,1
57 98.1477 58 99.9823 59 102.2314 80 104.8413 61 107.3274 52 109.7
65 116.2763 66 118.3100 67 120.2760 58 122.1798

MAXIWUR STORAGE USED POR CALCULATING IVWITIAL PARAMETYERS ¥AS 574

INITIAL PLUX IS CONSTANT

INTEGRAL (REGULAR SQURCE) TIBES (ADJOINT SOURCE) FOR CORRECTION IS 2.6872484D-1%3
TOTAL CORE REQUIRED POR DATA STORAGE IS 9363 WORDS

PIXED SOURCE - TOTAL, MAXIMUM, XININUM ARE -3.45587D 08 1.97692E 07 -1.79151E 08
HEGATIVE FIXED SOURCE TERNM({S) REQUIRE ALLOWING ¥EGATIVE FLUX

ABS FIXED SOURCE VOLUME INTBEGRAL 4.%21718 01

THE INITIAL FLUX IS BEQUAL TO THE FIXED SOURCE
ELAPSED CPU ARD CLOCK MINUTES ARE 0.023 0.427
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PIXED SOURCE ADJOINT PROBLEM FOLLOWS

*%x3&%THIS IS THE HIGHER ORDER HARMONIC PROBLEA — NOT THE FUNDANMENTAL®®x%x%
**+CAUTION - THE SPRCIFIED FLUL CHANGE GREATER THAN 0.0001 HAY NOT EPFECT ADEQUATE CONVERGEWCE FOR RESULTS TO BE RELIABLE.
1 INNERS MIN 1 INNERS MAX - NO CHEBYCHEV BETA

PROCEDURE=0,1,2 3,4-NORKAL CHEBYSHEV,SENEX, DEMEX, SEXEXP. ICVR=0,-¥BS,HO INHERS COHVR. OCYR=0, 1-YES, ¥0 OUTERS CONVR.

ITER Proc 'IEVR™ ‘ocyR FLOX CHANGE NO-BAR OTHER-RU SEN-IND ACCELERATION PARANETERS K-0SED B.F,-CALC, p,P,.~US
1 0 4] 0 -3.50693D 03 0.0 0.0 1.00000 0.0 0.0 1.011612% 1.00000D 00 1.00000D
2 Q 0 Q 5.20405D 00 -2.62053 0.0 1.00000 1.00000 0.0 1.0116129 1.03052D 00 1.00000D
3 0 0 Q 2.08063D-01 0.138371 0.0 1.00000 0.16783 0.9 1.0116129 1.01128D 00 1.00000D
4 Q Q Q 7.089570D-02 0.3978¢ 0.0 1.00000 8.2369% 0.04282 1.011512% 1.00515p 00 1.00000D

PORCED EXTRAPOLATION LAMDA 0.57275

2.70736D 01 4.72692p 01 7.42856D 01 0.0 5.72754D0-01 3.6u4852D-0% 5.734360-01 9.97172D-01  2.8276G60-03
5 i 0 0 4.56570D-02 0.57275 0.0 1.00000 0.48820 0.0 1.0136129  1.002560 00 1.00900D
6 1 1 V] 1.309220-02 0.0 9.0 1.90000 0.4G130 Q9.0 1.9116129 1.00323D 00 1.00000D
7 1 0 Q -1.64359D-03 0.0 0.0 ~3.00000 0.52491 0.08757 1.0116129 9.99724p-01  1.000300D
B8 1 0 4] 7.10756D-04 0.43356 0.43356 1.00000 0. 465487 0.04579 1.0116129  9.%99300-0% 1.00000D
9 L 0 0 -6.76391D-05 0.37472 0.07000 1.00000 0. 46289 0. 04395 1.0116129 1.00000D0 00 4.00000D

ESTINATED ABSOLUTE POINT FLOX RBLATIVE ERROR 9.06749D-05

NULTIPLICATION RELIABILITY ESTIMATORS

BY THE SUNM OF THE SQUARES OF THE RESIDUES———- ——— - - 1.0115912

YPPER AND LOWER BOUNDS ESTIMATES BY MAX REL FLUXY CHANGE-=——====~————- 1.0116813 1-0115445

YPPER AND LOWER BOUNDS ESTIMATES OVER ALL SIGNIFICANT POINTS--————- 1.0117692 1.0113233

HOMBER OF INNER ITERATIONS, OUTER ITERATION ERROR EXGERVALUEB, AND OVERRELAXATION COEFFICIENTS 1 5.7275%4p-01
1.00000 1.00000 1.00008  1.G0000 1.00000 1.00000 1.060800 1.60000 1,00000

CPU AND CLOCK MINUTES REQUIRED FOR THIS EIGENYALUE PROBLEX ARE 0.013 0.220

ADJCINT PLUX EMERGY_ SPECTRUM BY GROOP, 1 TO HAX, (SUMHED OVER SPiCEE
8.98452D0 01 ~4.38301D 00 ~3.54651D D0 ~3.3911hp 00 -2.90763D 00 -2.87765p 00 -2.89335p 00 -5.54581D 00 ~1.49416D 01

ADJOINT FLUX SPACE PUNCTION BY ZONE (SUNMED OVER ENBRGY)
1.19915D 02 1.11615D 02 9.59796D 01 6.03331D 01  1.28185D 01

ZONE AVERAGE ADJOINT PFLUXES BY GROUP

GRQUP ]
.30732D 02 2.19175D 02 1.82487D 02 8.22580D 01 3.45053p 04
GROUP 2
-1.36328D 01 -1.24079D D1 -8.80586D 00 -3.70692D 00 -1.61091p 00
GRCUP 3
-1.20784D 01 -1.11101D 01 -7.76780D 00 -2.76148D 00 -1.01138D 00
GROUP 4
-1.13973D 01 -1.07563D 01 ~7.71455D 00 -2.39375D 00 -9.921060-01
GRQOUP

~9.15797D 00 -9.26900D0 00 -7.20976D 00 -1.4742%D 00 -9.86330D-01

GRQUP 6
~8.31038D 00 -8.89056D 00 -7.78921D 00 -6.88940p-01 -1.26378D 00

GROQUP 7
-8.34678D 00 -8.93130D0 00 -7.80807D 00 -6.99516D-01 -1.27730D 00
GROUP 8

-1.71997D D1 -1.69168D0 01 -1.41545D 01 2.03657D-01 -3.77759D 00

8



GRQUP 9
-3.06944D 01 -2.92779D 01 -2.52579D 01 -1.03976D 01 -1.11680D 01
ggggT ADJOINT FLUX INRTERFPACE FILE ATgLU! (VgﬁSIO! %% HAS BEENK WRITTEW ON UNIT NUMBER 19

FILE CLOSING DATA - UNIT, ARRAY 5518
DOPC PILE CLOSING DATA - UNIT, ARRAYS 27 21 5518
DOPC PILE CLOSING DATA -~ UNIT, ARRAYS 28 16 5518
PILE 27 DEFAULTS TO CORE - NO.RBCS, REC.LNTH, TOT.LNTH, START LOC, CORE LEFT. 9 136 1224 1 49363
FILE 28 DEPAULTS TO CORE - NO.BECS, REC.LWTH, TOT.LNTH, START LOC, CORE LEFT. S 136 1224 1225 48139
SPECIAL SCRATCH DATASET REQUIREBBNSS
MAXINUX PHYSICAL RECOBRD IS 7200 WORDS

o8k nsha222THE ADJOINT PROBLEM IS FIXED SOURCE.

*38-CAJTION-*%% THE PLUXES BEING PROCESSED ARE SPECIAL, SO EDITED RESUDLTS HAYE & DIFPERENT INTERPRETION
THEN THE DOCUMENTING EDITS IADICATING REACTIVITY InPoRTANCE
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Iv.h4. INPUT/QUTPUT FOR PROBLEM #2

This section contains a complete input listing and partial output
listing for Sample Problem #2. The key points to note in this example
are the general method of performing static sensitivity calculations and
the specific treatment of the static kefr response. The input/output

listings for Sample Problem #2 are contained in Tables 4.6 and 4.7,

respectively.
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TABLE 4.6

INPUT FOR SAMPLE PROBLEM #2

//JRYPROB2 JOB (00000),'X-10 6025 JR WHITE®
//%CLASS CPU91=1C0S,10=3.0,REGION=0500K

// EXEC SPDASCR

//SYSIN DD #

- T.JRWOL000 . RZFLUX. BCC| . PROB2
T.JRWO0000.ZNATDN. BOC1 . PROB2
T.JRY00000.RTFLUX.BOCT.PROB2
T.JRY00000 . ATFLUX. BOCT . PROB2
T.JR¥G0000, PERTUB, BOCT , PROB2
T.JRWO0000 . NSTARR, BCC1KEFF ., PROB2
T.JRYOC000 . DRDATA. BOC1KEFF . PROB2
T.JRWOD000. TDSENS. BOC1KEFF . PROB2

// EXEC BOLDVENT,

// NB1=1,NB2=1,B1=3520,B2=7200,81=10,N2=60,N3=20,N4=10,N5=30,N6=10,
// N7=10,N8=10,N9=10,N10=10,811=10,

// N12=10,N13=10,N12=10,815=10,NX=20,NS=30,N16=10,
// GOSIZE=500K

//GO,STEPLIB DD UNIT=3330~-1,VOL=SER=NE3330,DISP=SHR,
// DSNzE,JRWOC000.LMOD1.D0&1178

// DD UNIT=3330,VOL=SER=KE3330,DISP=SHR,DSN=E.LMP0O0000.3CALE. PGMS
// DD UNIT=3330~1,VOL=SER=ZX1111,DISP=SHR,

// DSN=X.TBF 14650 . BOLD, VENTURE . PROD

// DD UNIT=3330,VOL=3SER=ZX1111,DISP=3HR,DSN=X;TBF14650,FUELMANG
//GO.FT11F001 DD UNIT=SPDA,DISP=3HR,

// DSN=T.JR¥19934 ,GRUPXS.DPT.SAMFLE,

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT55F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),

// DCB={RECFM=VBST,LRECL=X, BUFNO=1,BLKSIZE=3520)
//GO.FT56F001 DD UNIT=SPDA,DISP={NE4,CATLG),

// DSN=T.JRW00000.RZFLUX.BOC1.PROB2,

// SPACE={(3520,(10,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X, BUFNO=17,BLKSIZE=3520)
//GO.FT5TF001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0000.ZNATDN,.BOC1.PROB2,

// SPACE=(3%20,(10,5},RLSE),

// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT58F001 DD UNIT=SPDA,DISP={NEW,CATLG),

// DSN=T.JRWODOCO.NSTARR.BOC1KEFF.PROBZ,

// SPACE={3520,(10,5),RLSE),

// DCRB={RECFM=VEST,LRECL=X,BUFNC=1,BLKSIZE=3520)
//GO.FT61F001 DD UNIT=SPDA,DISP={NEW,CATLG),

// DSN=T.JRWOOQOO.RTFLUX.BCCT.PROB2,

// SPACE=(3520,(10,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X, BUFHO=1,BLKSIZE=3520)
//GO.FT62F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0000.ATFLUX.BOCi.PROB2,

// SPACE=(3520,(10,5),RLSE),
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TABLE 4.6 (contd.)

// DCB={ RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT63F001 DD UNIT=SPDA,DISP=(NEW,CATLG),
// DSN=T.JRW0O0000.PERTUB.BOC1.PROB2,

// SPACE=(3520,(10,5),RLSE},
// DCB=z={ RECFM=VBST,LRECL=¥, BUFNO=1 ,BLKSIZE=3520)
//GO.FT65F001 DD UNIT=SPDA,DISP={NEW,CATLG),
// DSN=T,JRW000CO0 .DRDATA.BOC1KEFF.PROB2,
// SPACE=({3520,(10,5),RLSE),
// DCB=(RECFM=VBST,LRECL=X,BUFNO=1,BLESIZE=3520)
//GO.FT66F001 DD UNIT=SPDA,DISP={NEW,CATLG),
// DSN=T.JRW00000 .TDSENS.BOCIKEFF.PROBZ,

// SPACE=(3520,(10,5),RLSE),
// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT85FC01 DD UNIT=SPDA,DISP=SHR,
/7 DSN=T.JRWOD000.RZFLUX.ALL

//GO.FTB6FOCT DD UNIT=SEDA,DISP=8HR,// D3¥=7,JEW00000.ZHATDN, ALL
//GO.FT8TF001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.,JRW00G000.RTFLUX. ALL

//GO.FT88F001 DD UNIT=SPDA,DISP=3HR,
// DSN=T.JRWO0000.,ATFLUX.ALL
//GO.FT8YF001 DD DNIT=SPDA,DISP=SHR,
// DSN=T,JRWO0000.PERTUB, ALL

//GO.SYSIN DD #

=CONTROL |

DPT SAMFLE PROB #2 BOC STATIC SENSITIVITY CALC.  KEFF HESPONSE
060000 i 1

99 2 2 199 99 93 93

GRUPXS
END

SUBMRG

5 =1

RZFLUX 56 8%
ZNATDN 57 86
RTFLUX 61 &7
ATFLUX 62 88
PERTUB 63 89
END
DVENTR
001

Ul WU v
(V1IN E RN |

1000 .0+06 1.0
1.0-04

-1 3

2
1 00 01 0 0 0 2 0 00 2 2 2 6

003

3 1 2
004

16 26.2133 16 26.2133 16 26.2133 10 22.2350 10 22.2350
005

1 2 3 4 5

1.0
5 -0-'0]4
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TABLE 4.6 (contd.)

-
I
N =
N —

013
26
26

TH228CTH232CPA231CPA233CU-232CU~233CU~234CU-235CU~236 CU-238CNP237CNP239C

PU238CPU239CPU240CPU2E 1CPU242CAM2E1CAM2Y3CCM2UUCSS  CNA  CO-16 CCHAN C

CTLRDCFP C
26

TH228RTH232RPA231 RPA233RU~-232RU~233RU-234RU~235RU~-236 RU-238RNF237RNP239R

PU238RPU239RPU24ORPUZS1RPU242RAMZ 41 RAMSY3RCM2UURSS RNA  RO-16 RCHAN R

CTLEDRFF R

020 -1 1 0.0

ERD

DUTLIR

EXPINS 0 1 0 4

0.001
0 1 0 1 1 0

o0

BLANK
END
INPUT PROCESSOR
OV EXPOSE
1D / FILE REFERENCE INFORMATION
024010 00000 0108
2D / TITLE AND NUCLIDE NAMES
®# SAMPLE DUMMY EXPOSE FOR STATIC CALC *
#TH228 # ®TH232 ® #ps231 ® #ppAD33 & 8y 232 & By 233 & #y 234 & ¥y 235 @
®#U 236 ® %y 238 ® BNP237 ¥ #NP23Q % ¥py238 *® #pU239 ® EpU2LD ¥ ¥pU2hyt @
®PU242 ® EAMDNY ® BAMDUI ¥ ECM2UY & EFP RL ® #NA ® #35 COR® #0 16 *
3D / REFERENCE DATA
0.0
6D / CHAIN DATA FOR MATRIX EXPCNENTIAL
112
STOP
END
CHARGE
1600000 00001 T
3564 010241 568119
366 01101 10010 T
37#% FO.0 T
END
DEPTH
0
0
END
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TABLE 4.6 (contd.)

DEPTH
0
0
END
CHARGE
1400000 00140 T
2688 00310 0 FO
27%% 1,011613 3.9037E+09 T
END
/7



RIPLUX

Z8ATDH

RTPLOX

ATPFLOX

PERTUB

*5% NODOLE =*SUBERG®* YERSION 1

IPLIB = 5 ¥0P? = -1

IP(IL = 55685 S 5 ¢
ORDER IH WHICH RZPLUX FILES WER
KEFP = 1.0116129 0.
IP(I% = 8786 S 5 O
ORDER IN ¥HICH ZHWATDR PILES ¢IR
CYCLE & % 0

S 5
FPILES WER
NGROUP

5 5 0
FILBS ®ER
NGRO

#%s5 NODULE sSUBMRBG* IS PINISH

‘TABLE 4.7

SELECTED OUTPUT FROM SAMPLE PROBLEM #2

{12/22/80} IS BEING ACCESSED #ss

9 0 4 o0 ¢ 0 ¢
E STACKED ON UEBIT # 56
0 DAYS EXPOSURE

9 ¢ 0 0 0 0 0 0 0 0 0 O 0 O O
E STACKED O UHIT % 57
DAYS BYPOSURE
2 0 0 06 0 0 0 9 06 ¢ O 0 6 0 O
E STACKED 0¥ URIT 2 61
9 ¥pIY = i}
¢ 9 0 0 6 0 0 0 O 0 0 0 & 0 O
B STACKBD o] | U!I? 62
ap 9 NDIjg = 1
2 9 0 90 © 0 0 0 6 0 0 O 0 ¢ O
E_STACKED OF UNIT 53
FF = 1.0115129 NGROUP = 9

BD ##%%
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#%% MODULE *CHARGE* VERSION 1 (12/22/80) IS BEING ACCESSED %*%
1$ ARRAY 10 ENTRIES READ

or
3585 ARRAY 10 ENTRIES READ
365 ARRAY 10 ENTRIES READ
0T

37# ARRAY 120 ENTRIES READ

INTERFACE PILE *DATAIN®* WAS WRITTEN ON UNIT ¢ 55

*%% MODULE *®CHARGE* IS FINISHED *%%

#*% MODULE *DEPTH * VERSION 1 (12/22/80} 1S BEING ACCESSED #%%

L6



wss INITIAL ADJOXINT DENSITY*VOL YECTORS BY REGIOW FOR TINE STEP & 1 #33
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1.4195E 22 =%%

iIs

]

®%% ALPHA FOR TIBESTEP &

LE 2

0.9

1 PO8 RESPOKSE & 1 IS

#%% N*N SUNMED OVER REGIORS AT END OF TINE STEP #

3

1 SUBSTEP &

PSTAR BY RESPONSE FOR TINE STEP #

0.0



t*+ ADJOINT SOURCE VECTORS BY ZONE FOR TINE STEP # 1 sss

8.0 8.0 8.0 0.0 8.8
0.8 0.8 0.0 .8 0.0
0.0 0.0 0.9 0.0 0.0
0.9 0.0 -0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.9 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

IBTEGRAL OF {S®(R,B) * GPLX(R,E)}) POR RESPONSE & 1 IS 0.0

®%* NODULE ¢DEPTH * IS PINISHED ®&%

*** MODULE *DEPTH * VERSION 1 (12/22/80) IS BEING ACCESSED ®&%
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*%% MODULE *DEPTH * IS

*&% HODULE *CHARGE* VERSION 1 {12/22/80) IS BEING ACCESSED &#%

10 ENTRIES READ

15 ARRAY

oT
263 ARBAY

10 ENTRIBES READ

2 ENTRIES READ

27% ARRAY
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{BEFORE TRANSPORT CORR.}

1

ENERGY AND XSEC SET INTEGRATED CAPTURE SENS. CORFF. FPOR TINE STEP &
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] #se

*%% TINE~-DEPEMDENT (REVERSE TINE ORDER) DATA SENSITIVITY CORPPS YOR PINE STEP &
NI

CAPTURE ~- CAP
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ENERGY/PISSION {BY NUCLIDE)

. e e o e e A

Q

0. TH232 0.0 PA231 0.0
0.0 g %g; 0. i} % ) 0.
0.0 xp Q0. PU238 0.
0.0 PO242 0. AN241 0.
6.0 A 0.0 S5 COR 0.

*** INTERFACR FILE TDSENS IS BEING WRITTEN ON ORIT # 66 s»=

#%* NODULE *CHARGE® IS FINISHED O%a

AN
ST ldin)
FOBN

Qreaa

GoT
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IV.5,.. Jnput/Output for Problem #3

This section contains a complete input listing and partial output
listing for the last sample problem. This case represenis the most
general DPT caleculation of the three discussed in this report. Also,
since this case represents a full multicycle depletion caleulation {four
time steps), the actual edit from the code was considerably more than
could be reprcduced here, For this reason, data from time steps 3 and 4
have been completely cmitted. Partial edit from the CHARGE module and
thae first few calls to DEPTH have been included to illustrate the
calculation of adjoint sources and the adjoint refueling process,
respectively. Also included is output from the auxiliary calculations
performed in the last step of the calculation. The input/output
listings for Sample Problem #3 are contained in Tables 4.8 and 4.9,

respectively.
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TABLE 4.8

INPUT FOR SAMPLE PROBLEM #3

//JRWPROB3 JOB (00000), *'X-10 6025 JR WHITE!

//®CLASS CPU91=100S,I0=8.0,REGION=0500K

// EXEC SPDASCR

//SYSIN DD #
T.JRW00000 . RZFLUX. BOC2 . PROB3
T.JRWC0000 . ZNATDN. BOC2. PROB3
T.JRWO0000 . RTFLUX. BOC2 . PROB3
T.JRW0Q000 . ATFLUX.BOC2 . PROB3
T.JRWQ0000 . NSTARR . BOC2BR. PROB2
T.JRWO0000 .DRDATA . BOC2BR. PROB3
T.JRWOO000 . TDSENS . BOC2BR. PROB3

// EXEC BOLDVENT,

// WB1=1,NB2=1,B1=3520,B2=7200,N1=10,82=60,N3=20,K4=10,N5=30,N6=10,

// N7=10,N8=10,N9=10,K10=10,§11=10,

// N12=10,N13=10,N14=10,%15=10,NX=20,NS=30,N16=10,

// GOSIZE=500K

//GO.STEPLIB DD UNIT=3330~1,VOL=SER=NE3330,DISP=SHR,

// DSN=E.JRWO000C.LMOD1.D081178

// DD UNIT=3330,VOL=3ER=NE3330,DISP=SHR,DSN=E.LMP0000O .SCALE.PGMS

// DD UNIT=3330-1,VOL=SER=ZX1111,DISP=SHR,

7/ DSN=X.TBF14650 . BOLD. VENTURE. PROD

// DD UNIT=3330,VOL=SER=ZX1111,DISP=SHR,DSN=X.TBF14650 .FUELMANG

//GO.FT11F001 DD UNIT=SPDA,DISP=SHR,

// DSN=T.JRW19934.GRUPXS.DPT.SAMPLE,

// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO,FI55F001 DD UNIT=SYSDA,SPACE=(3520,(10,5)),

/7 DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FTS56F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0Q00 .RZFLUX.BOC2.PROB3,

// SPACE=(3520,(10,5),RLSE),

// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FTSTF001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T.JRWO0000.ZNATDN.BOC2.PROB3,

// SPACE=(3520,(10,5),RLSE)},

// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT58F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

// DSN=T,JRWO000O .NSTARR.BOC2BR. PROB3,

// SPACE=(3520,(10,5),RLSE),

// DCB=( RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)

//GO.FT61F001 DD UNIT=SPDA,DISP=(NEW,CATLG),

/7 DSN=T,JRW00000.RTFLUX.BCC2.PROB3,

// SPACE=(3520,(10,5),RLSE),

// DCB=(RECFM=VBST,LRECL=X, BUFNO=1,BLKSIZE=3520)
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TABLE 4.8 (coantd.)

//GO.FT62F001 DD UNIT=SPDA,DISP=(NEW,CATLG),
// D3N=T.JRW00000.ATFLUX.BOC2.FPROB3,
// SPACE=(3%520,(10,5),RLSE},
// DCB={RECFM=VBST,LRECL=X,BUFNO=1,BLKSIZE=3520)
//GO.FT65F001 DD UNIT=SPDA,DISP=(NEW,CATLG),
// DSH=T.JRWO00CQ .DRDATA.BOC2BR. PRCB3,
// SPACE=(3520,{10,5),RLSE},
// DCB=(RECFM=VESY,LRECL=X,BUFKO=1,BLKSIZE=3520)
//GO.FT66F0G1 DD UNIT=SPDA,DISP=(NEW,CATLG),
// DSN='T.JR¥00000.TDSENS.BOC2BR. PROBS,
// SPACE=(3520,(10,5),RLSE),
// DCB={RECFM=VBST,LRECL=X,PUFNC=1,BLKSIZE=3520)
//G0O.FT85F001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.JRWO000C .RZFLUX.ALL
//GO.FT86F001 DD UNIT=SPDA,DISP=SHR,
// DSN=T.JRWO0000.ZNATDN,.ALL
//GO.FT8TF001 DD UNIT=SPDA,DISP=SHR,
// DSN=T,JRWCC000.RTFLUX.ALL
//GO.FT88FC01 DD UNIT=SFDA,DISP=SHR,
// DS¥=T.JRW00000.ATFLUX.ALL
=CONTROL1
DPT SAMPLE PROE #3 BOC2 'STATIC' B.K. RESPONSE  FULL MULTICYCLE ADJ C
060000 1 1
99 2 2 1 19999 7 299 799 7 99 7 99 99
GRUPXS
END
SUBMRG
y -1
RZFLUX 56 85
ZNATDE 57 86
RTFLUX 1 87
ATFLUX 62 88
END
DVENTR
001

Uit Uil
— s
L)W Lo W
=i =2
U U WUt

1000.0+06 1.0 1.0
1.0-04 5.0-04

-1 3 2
1 0 06 01 0 0 O 2 0 0 0 2 2 2 6 2
003
3 1 2
ook
16 26.2133 16 26.2133 16 26.2133 10 22.2350 10 22.2350
005
1.2 3 4 5
012
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TABLE 4.8 (contd.)

13 11

4y 5 2 2
0
013
28
26

THEE8CTH23QCPA231CPAEB3CU&ZBECU-233CUw23%CHwQ35CUwEBéCUwESSGNPEB?CNPZBQC
PU238CPU239CPU24OCPU24 {CPU242CAMR BT CAMRUICCMRULCSS  CNA CO-156 CCHAN C
CILRDCFF C
26
THEQSRTH2323PA231RPA233RUwQSZRUnZBERﬂwZSHRE«EBBRHw236Rﬂm2383ﬁ923?RNP239R
PU238RPU239RPU240ORPU2S 1 RPUSYZRAMS L1 RAMSU3RCMZE LRSS BNA  EO-16 RCHAN R
CTLRCLRFE R
D20 -1 1 0.0
END
DUTLIN
EXPIRS 0 1 0 4o
0.001
0 1 0o 1 1 0
1 1 0

QO

BLANK
END
INPUT PROCESSCR
0V EXPOSE
1D / FILE REFERENCE INFORMATION
0 2801020120000 280 8R
2D / TITLE AND NUCLIDE NAMES
& DEPLETION MODULE WITH 20 HM 1 FP & 3 OTHER NUCLIDES €
¥TH228 # BTHR32 # ¥pao3{ % $pAD3IY & #( D32 & Fy 233 & %y 234 # 8y 235 #
®U 236 ¥ ®y 238 * ENP237 ¥ SNP239 ® EPURIS ¥ EPUSIC 8 SPUSyD P ¥pU241 #
¥PU2L2 ® ¥AMDYY ® ®AMDUY ® SCMDLL ¥ SFP RL £ wpp ¥ E33 COR® %0 16 #
3D / REFERENCE DATA
0.0/
123485678910 111213 14 15 16 17 18 19 20 /
21 /
1234567891011 1213 14 15 16 17 18 19 20 /
4D / DECAY DATA
1.156-08 1.580~18 £.312-13 2.971-07 2.968-10 1.360~13 §.860~14 3.080-17
9.150-16 %.870-18 9.980-15 3.414=06 2.540~10 9.000-13 3.340-12 1.560-09
5.780-1% 4.800~11 2.750-12 1.220-09
5D / FISSION PRODUCT YIELD DATA
1.0 20R
6D / CHAIN DATA FOR MATRIX EXPONENTIAL
242 235 352 455 B61 472 511 562 6 55 672
782 892 9112 10115 10122 1113 2 12 14 1 i3 14 2
152 1516 2 16 172 16 181 17 192 1¢ 20 2
2121 2 22222 23232 24242
STOP
END
INPUT PROCESSOR
OV REFUEL
1D0O0O2400 0002 11 101242 0 SR
2D
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TABLE 4.8 (contd.)
#TH228 ® BTH232 ¥ Bpg231 % ¥PA233 & B 232 & 8y 233 ® %y 234 ¥ 2( 235 %
%Yy 236 # ®y 238 * ENP237 ¥ ENP23Q B €pU238 ¥ OEPU239 ¥ EpU240 ® BPUDUY B
®PU2L2 ® ®AMpNY @ ®WAMDLT % ®CM2UL ¥ EFP RL ¥ @44 ' 855 COR® 20 16 =

0.0 248 0.0 24R 0.0 24R 0.0 24R

4D
26810
26810
2.7669-3
2.4902-3
3.2695-7

14 15 16 17 22 23 24
14 15 16 17 22 23 24
8.2324-4 6.2594~6
1.1106-8 8.5936~3
8.232%-4% 6.2594~6
1.11C6-8 8.5936-3

4.1970-3
1.4757=-2
4.4736-3
1.4757=2

1.5467~4
1.6959-2
1.5467-4
1.6959=2

8.6224-6

5D
12345678910 11 12 13
§D 0.0 O
7D 1 1 G 0 17R /REF FUEL MANG EOCY
8010010 3
70 110 0 17R /EXCHANGE 10% TH232 WITH U238 IN FEED
8020010 3
STOP
END
CHARGE
1$$ 00000
11$%$ 11 3 1
12%% 0,0 1.0 2R
3R0.0 1.
13%% F1.,0
1448 3
15%% 1
35%% 0
36$$ 0
END
DEPTH
0
0
END
DUTLIN
EXPINS 0 1
91.3125
0 1 0 1 1 0
1 1 0

i% 15 16 17 18 19 20 21 22 23 24

(PERT £#1)

1010~-% T
T

2
50
11

0 U0

QO

BLANK
END
DEPTH
1
END
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TABLE 4.8 (contd.)

DEPTH
0
0
END
DEPTH
0
0
END
DEPTH
0
0
END
CHARGE
1$$ 00001 10140 T
2$$ 01 51 2 FoO
6*% 1.,32313 1.0 T
36 4 T
4$$ 311 5
5% F1.0 T
11$$6 11312 1
12%% 0.0 1.0 2R0.0
3R0.0 1.0 0.0
13%% F1.0
14%$ F1
1568 1 2 T
2684 24010 ~-1FO
27%*% 1.32313 1.0 T
28%% 1 2
204 1 23 4 T
END
//

0

o0 1.0 9RO0.0
0

b aad PL]
OOy
.
oo



TABLE 4.9

SELECTED OUTPUT FROM SAMPLE PROBLEM #3

#ss NODULE *SUBHRG* VERSION 1 (12/22/80) IS BEING ACCESSED #*%*

IPFLIZ = 4 ¥OPT = -1

RZIPLUX IP(IL = 5685 S5 1 3 4 5 0
ORDER _IN WHICH gzg OX PFILES W%R! S;gCK!

KEFF = 0.9517500 273.93 DA

KEFP = 0.9456577 182.6250 DA

KEF? = 0.9714870 31,3125 DA

KEFF = 1.0116129 0.0 DA

ZNATDH IP(IL = 5786 5 1 3 &4 5 0
OBDER IN WHICH ZFATDYN PIL¥S WERE STACKE

CYCLE & 2 273.9373 DAYS B

CYCLE 8 1 182.2250 DAYIS E

CYCLE & 1 91. 3125 DAYS B

CYCLE # 1 0.0 DAYS E

RTPLOXY (IL = 6187 5 1 3 4 5 0
OBDER YN WHICH RTPLUX PILBS WERE STACKE

KEFP = 0.95;7%00 GROUP = 9

KEEPFP = 0.9456577 ¥GROUP = 9

KEPF = 0.9714870 NGROUP = 9

KEPP = 1.0116129 NGROUP = 9

ATPLUX (Ih = 62 B8 1 3 4 5 0
ORDEBR IN RHICH ATPLUX PILES WERE STACKE

Ery = 0.9517500 NGROUP = 9

KEPP = 0.9856577 HGROUP = 9

KEFF = 0.9714879 NGROUP = 9

KEFP = 1.0116129 NGROUP = 9

%% MODULRE *SUBHRG*

is

FINISHED sex

0 0 0 0 0 0
D ON UNIT & 56
YS EXPOSURE
YS EXPOSURE
¥S EXPOSURE
YS EXPOSOURE
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el
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#¢¢ MODULE *CHARCE® VERSION 1 (12/22/80) IS BEING ACCESSED ##e

15 ARRAY

or

10 ENTBRIES BEAD

10 ENTRIES ERAD

11$ ARRAY

or
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RO O DO

1. 50854 22 »e=x

48 EB¥TRIES READ

*%% ALPHR =

12% AREBAY
T3¢ ARRAY
138 ARRAY

5%

18 EWTRIES READ

10 ENTRIES READ

2 ENTRIES READ

BRRAY

or



*3s CALCULRTED RESPONSE DURING ¥2(TPIBAL} CALC. #3%

3.3265828 19

% {2)

24N 4.80958%8 19

§-32313 0C

B = B{1)/R{2}

FEX

- E*{TPIEAL}

28t DELTA R/GELTA N PUR EACH RXPOSURE MUCLIDE HY REGIOX
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LE 1 4
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N 2N -- XN2N(NISOE,NISET)

TH228 §.0 {

TH232 0.0

pA331 0.0

PA233 ~1.2000E-05

U232 0.0

7 233 -4.41882-04

g 233 0.0

0 235 -2.9788%-06

0 236 0.0

U 238 0.0

§p237 0.9

NP239 0.0

PO2383 0.0

PD239 -8, 4947E-05

PU240 0.0

PO341 ~1.02948-06

PD242 0.0

anaay 9.0

24243 0.9

CH245 0.0

FP RL 0.0

wA 820

SS COR 0.0

0 16 0.6

358 AREAY 10 ENTRIES READ
368 ARBAY 16 ENTRIES READ

INTERFACE PILE *DATAIN® WAS WRITTEH OF UXIT ¢ 55

*%% HODULE SCHARGE® IS PINISHED %%

®%% MODULE *DEPTH * YERSION 9 {(12/22/80) IS BEING ACCESSED #*#x
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1

1 SUBSTEP &
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»%% ADJOINT SOURCE VECTORS BY ZONE FOE TINE STRBP 4 1 9%
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INTEGRAL OF (S*(R,B) * GPLI(R,B)) FOR RESPOESE %
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es% NODULE SDEPTH * IS FINISHED #¢»



YENTURE - RROUTROWICS BODULE -¥ERS 3~ JANDARY 1,198) --- GUALITY ASS5URANCE LEVEBL 1

W e > v 20 o

RON TITLE - DPT SAMPLE PROB #3 S0C2 *STATIC' B.H. RESPONSE PULL BMULTICYCLE ADJ C

STOBAGE REQUIRED FOR CROSS SECTION CHECK 948 WORDS

TITLE OF THE LATEST VERSION CPROSS SECTION PIL
ANISN T0 CITATION AODULE -~ § G!OUP URANIUX RUS

CROSS SECTION CHECK CGBPLETED HWORBALLY
REPERENCE REAL TIME PROH ZNATDN INTEHFPACE FILE = 2.73837E 02 DAYS

SOLUTION 8Y PIKITE—DI?PBRRNCB DIFPUSION THEORY
PIXEDR SOURCE ADJOINT PROBLEN
IUBE!T§83 g%suzgs ARE RBSUBSTBD

F ENERGY GROUP

OF UPSCATTER GROUPS éﬂ %

gp DOUNSCAITER GROOUP {H X}
BTERY IX DIBENS 1

HTBRVALS iN DIHENSIOK 2

gTERYlLS IN DINENSION 3

EG

N
CAAN BRSO

LUNKS)
fiske
PLARES)

mwwwnwg::-

Q
]
X0 S0 Y e e vk

SIONS
NUXBER BLACK ABSORBER Z0EES
BOUNDA!Y INDICATORS~- LEPT 1 BRIGHY 2

BENORY REQUIREEENTS POR DATA S¥ORRGE

TOTAL & 8 < b
HIH%BUG HAXIHNON
STORAGE AVAILABLE 6 080
BACRO CALCULATION 1300
BQUATION COEBSTANTS CALCULATION
CORFE CONTAINED GR SPACE STORED 1134 11;“
PLANE STORED 1270 1270
RO¥ STORED 9%8 9%8
BULTI~LEVEL PLANE STORED 1270 1270
IRITIAL PLOX
CORE CONTAINED OR SEACE STORED 1806 1386
TBBE ACDES 1806 1806
ITERATIVE PROCESS
COEE CO!TII!E& 3387 60400 2529 532 298¢
-SPACE STORED g§36 ?5% 2329 157 Q
1} PLARES STORED 713 182 %9 157 9
1 PLANE STOR 3712 39%7 9 157 2
1 RO¥WS S!ORBD 3708 622 29 157 ]
1 RO¥ sTO 2686 4] 2329 !g? Q
1 MULTI- BV!L PLANES STORED 3985 %08 252% 157 831
PERTURBATION CALCULA?IO 2583

DATA WILL BE STORED FOR ALL GROUPS, ALL SPACE

HENORY LOCATIONS RESERVED POR DATA STORAGE-—-— 60000
HAX BENORY LOCATIONS RRSUIBED POR THIS PROB-- 3367
MENMORY LOCATIONS NOT O0SED——-- 50633

6TT



PIXED SOURCE ADJOINT PROBLEA !OLLOHS

$3844THIS IS THE HIGHER ORDER HARNONIC PROBLEN - NOT THE PUHDANEBUTAL#S®®»
$**CAUTION - THE SPECIPIED ?LUX CHANCH GREATER TMAN 0.0007 #AY WOT £PPECT ADEQUATE COYREGENCE POR RESULTS TO BE RELIALE.
1 §S, MW 1 INWERS K3Z o HEBYCHRY BETA
psocznunz 25 8- gORTAL, CRERYSHET ,SEAEA, DENEY, SERETP,  ICYR=0,9-18S, M0 INKERS CONVR.  OCYR=0, 1-YES, ¥O OUTERS COWYE.
ITER PEOC Iévﬁ OCYR yiq; CHANGE' ~ MU=BAR OTHER-AG SBH-IRD &cc% ZRATION PARARBIZES x-fsed " 'D. 7. -CALC. D.?.-US
1 0 9 1178870 03 4.0 0.0 1.89008 9.8 2.9 0.95%7596 1.0350409 00 3.00000D
z 90 i 9 80258890 07 B3.38431 0.9 1200809 140000 Goa $.9537806 3.58020D GO 1.00000D
3 9 1 9  8.39733p 00 Al3003% G0 1269000 -323029¢ oo 019317566 1.36466D 00 1.99000D
& 0 1 0 -1.12550D 9% 5236730 0.6 1200089 1100853 Brfees: 603213280 11039380 80 11990353
PORCED EXTRAPOLATION LANDA 0057389
6.703320 03 1.16806D 04 1.83742D 08 0.0 5.73887p-03 3.69822D-07 5.76363D-01 9.98056D-01_  1,94447D-03
5777 1 ¢ 8.08458D-01  0.57389 0.0 1.00000 9.49108 0.0 026517506 1.032610 00  1.00000D
5 1 1 0 BI17082D-01 9.9 020 1206000 040281 0.6 0:9517505 10331490 00 32000000
7 1 9 0 12099220-01 939 9.0 1280900 052587  0.088310  0.2517536 ©195055p-0% 1.900000D
g 1 2 9 -9.13838p-G2  Do87708 0287704 1200000 DoBh708 0208608 010517506 ©.99289D-37 1000000
9 3 g 0 -3.78789D-03  0.3599% 0.04869 3100000 Go38493  0.08422  0.953750s5 3.00016D 00 1.00000D
10 1 9 0 2.36E27D-03 0025913 0189757 1000000 046832  0.0s63% 019517506 9.299930-01 1.0000GD
111 0 6  2065343D-0% 0298983 0-10830 1200000 0-u643% 908878 019537506 3.999840-04 1000600D
ESTINATED ABSOLUTE POINT PLUX RELATIVE ERROR 3.57363p-08
NULTIPLICATION BELIABILITY ESTINATORS ]
8Y THE OF THE SQUARES OF THE RBSIDUBS==——===——=———=—o— e 0.9517513
OPPER AND LOWER SOU§DS ZSriNATES BY AL BEL FLUZ CHANGE-m—mo--oo--- 019830031  0.9514981
UPPER AND LOWEE BOUNDS ESTIBATES OVER ALL SISNIYICANT POINTS-—mm—=- 0.9597881 019597071
NUNBER OF T§WER ITERATIONS. OJTER ITZRATION ERNOR BIGHIVALUS, AnD OYEMSELAIATION COZPPICIZATS 1 5.73887D-01
-30000 ~3.00000 1.00060 1.00000 1.00000 1.00000 1.00003 1.060600 1.00800
CPY AND CLOCK MINUTES REQUIRED POR THIS EIGENVALUZ PROBLEXR 2RE 0.015  0.38%
ADJOINT PLUY ENERGY SPECTXUB FY GROU2. 1 TO_BAY, (SUNNED OYX SPAC
2705535 02 T.49657D 03 1.57832D 82 19702240 89 5o085810 05 °2.01842D 02 1.99450D 02 I.58248D 00 -8.12660D 01
ADJOINT PLUX SPACE FUNCTIOU BY ZOME (SUNMED QVPR ENERGY) .
-3.70511D 03 ~2.44018D 03 -1.26700D 02 2.27212D 03 1.6877%D 03

ZONE AYERAGE ADJOIWT PLUXES BY GROUP

G8EOUR
=3. !91520 02 -1.61202D0 02 9.5938830 071 2.80679D 02 1.906758D 02
GRQUP 2
~2.78431D 02 -3.42019D 02 8.79863D 01 2.47429D 62 1.56895D 02
Gﬂgﬂg 3
-2.56868D 02 -1.3%4820 02 7.87801D 01 2.57735D 02 1.78154D 52
GROUP
-2.597379 02 -1.42813D 02 7.38394D 01 2.76308D 02 1.97384D 02
GRQUP 5
-4.31788D 02 -1.31172D 62 7.73%00D 0% 3.12653D 02 2.46902D 02
GROUP
~2.86278D 02 -1.86145D 02 2.72484p 01 3.07509Dp 02 2.72893D 02
Gi )4
89“12D 02 -1.98898D 02 2.57953D 01 3.05676D 02 2.70742D 02

DO
OOSOT

[=lelelelatele]
[ole lelalelele]

0ct



GRQUP
-6, 21%63D 02 -4,83543D 02 -2.11556D 02 1.08388D 02 1.10868D> 02

G BRQUP
-1 161990 03 -8.703%D 02 ~3.75252D 02 1.15781D 02 5.34659D 01

PCINY IDJOIII PLUX INTERPACE FILE ATFLUX (YERSION %g HAS BB! WRITTEN OF UNIT NUMBER 20

DOPC PILE CLOSING DATAR - UNIT, ARRAYS 28

DOPC PILE CLOSING DlTl - UNRIT, ARRAYS 27

DOPC PILE CLOSING DATA - UNIT, ARRAYS 28 518

PILE 27 DEPAULTS TO CORE - NO.RECS, REC.LNTH, TOT.LWTH, STARY LOC, CORE LEPT. 9 136 1228 1 49363

FILE 28 DEFAULTS TO CORE - NO.RECS, REC.LNTH, TOT.LNTH, START LOC, CORE LEPFT. 9 136 1224 1225 48139
SPECIAL SCRATCH DAYASET REQUIRENENTS
BAXINDN PHYSICAL RECORD IS T200 WORDS

625020064 THE ADJOINT PROBLER IS FIXED SOURCE.

*3%~-CAUTION-**% THE PLUXES BEIMG PROCESSED ARE SPECIAL SO BDITRD RESULTS HAYE A DIPFERENT INTERPRETION
tHEN THE DOCUNENTING EDITS INDICATING REACTIVITY IHPORTAN

‘!!ER Y_PER URIT gxe GHTED REGULAR PLU THES ADJOIN UX _BY GROUP Sy = + 16948807
7.83072E-10 1. ﬂ848—0 1.005212-07 %.%1%6%3-0 -6.050508-07 3.773868-09 3.856008—07 1.72145E-08 -1.34822E-11

PIXED SOURCE ADJOINT PLUXES HAVE ALREADY BERN COBRECTED PFOR REGULAR ADJOINT CONTAMIMATION

REGULAR, PIXED SOURCE ADJOINT PLUX INTEGRALS - NOT NORERILYZIED (NULYIPLIED) BY BID DADDY = -1.268388D-16
PERTORBATION INTERFACE PILE PERTUB HAS BREN ¥RITTEN OF NRBRWN OUNIT NUMBER 30

DOPC USE OF CONTAINER ARRAYS, CONTROL 21, HAX DATA 5517

TOTAL CPU RINUTES USED 0.053 TOTAL CLOCK MINUTES USED 1.019 TOTAL I/0 USED 0

#ss NODULE *DEPTH * VERSION 1 (12/22780) IS BEING ACCESSED #®s
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APPENDIX A
Derivation of the Adjoint Eguations
The purpose of this Appendix iIs to derive the eguations programmed
into the DEPTH wmodule. Arn  approach similar to that uwtilized by

13 #ill be ftaken. The main difference, other than slight

Williams
variations in nctation and the use of discrete variables where possible,
is the treatment of nuclide discontinuities at the time-step and cycle
boundaries, This edditionzl feature in the present work allows for
nuclide searches and multicvele refusling operaticns during the forward
depletion calculation. Such operations are necessary ror realistic
multicycle depletion anzlyses,

The notation for the complete set of forward guasi-static depletion

equations utilized in this study is given as follows:

1. HNuclide Densityv Eguatiocn:
d 2 o o
N R CS R Lo eS U VIS e C ) (a.1)

where H?Jk(;,t) = Space~dependent nuclide density vector (NNUC isotopes)

at time t within substep J, time step i, and oycle k.

I8

D = Matrix (NNUC¥NNUC) of nuclide decay constants.
¥ = ot R v (1.2)

. ijk,>
with I (r) Space~-dependent transmutation matrix (NNUC#NNUC)
for ijk interval, Diagonal terms represent loss
mechanisms and off-diagonal terms represent pro-

duction routes,
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aiJk = Flux normalization constant, held fixed during ijk
interval.
ik, > N
¥ (r) = Space-~dependent flux shape group vector (IGM) held
constant during ik interwval.
ik > .
X () = Space~dependent burnup operator, Consists of a

matrix (NNUCENNUC) of microscopic cross-section

vectors (IGM) held constant during the ik interval,

2. Initial Condition of N(r,t):

ol 1 s
N(r,t) | - clk(r) (A.3)
Pl t. ~
ik
where ﬁK;,tik) = Initial nueclide density vector (NNUC) for the ik
time interval.
- . . - ‘k -
R - @ @ s (A.4)

4

=5D

with ﬂ}k'(f) Final nuclide density field vector (NNUC) for time

step prior to the ik time interval,

g;;(}) = Shuffling/discharge operator for ik time interval,
Mlk(;) = Space-dependent nuclide vector (NNUC) specifying

feed composition for the ik time interval.

3. Power Normalization Equation: (DPefining equation for ule)
13k ijk Mgy p otk@ oR@ dF (A.5)
P =a a @ B g (DR '

space

where Pl‘]k = Specified reactor power for ijk time interval.
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Diagonal matrix {NNUC*¥NNUC) of nuclide-dependent

,gm

energy per fission conversion factors.

g;k(;) = Space-dependent microscopic fission cross-section
matrix (NNUC*IGM) held constant during ik interval.
4, hape : (Time-independent diffusion equation)
ik aKpmy .
(L=XF) " g (r) =20 (A.6)

where L = Leakage, removal and inscatter operator.

E

Fission source operator,

1
eff

K

5. Flux Shape Normalization:

T -
f (WP 1) dF = (A.7)
all
space
where the inner product of_gik(;) and 1 represent an integration over
the discrete energy variable.
Now using eqns. (A.1)-(A.7) as constraints on the desired response

as described in Ref, 13 one can define the following K-functiocnal,

K{il,as9,2,8,P,C) .= R(N,a,y) (A.8)

-ox | o F TR -0 uh]™
T Jan L —AF

space
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. . .. . . 1. .
- * > -+
sy etk [P‘Jk——a”kj ar IR E ol () K]
K T3 all =0

space

T

D IDIDY J d7 f ar v RGE Y [N -
K 1 J ‘all Jsubstep

spave B

(R e ) a K )

T.. . Lo
-5 jd;? fdt R RGOk E ] sttt )
K T odann Ut Tk

11 imestep
spagce i
- 4 i
-5 5 A "U dr(g]k(r)-l)m]] ,
K 1 all
! space
Big > 244 : &
where E}lk(;), P le,_ﬁ k(;,t), and A ik ars Lagrange multipliers. The

desired adjoint depletion egquations defining these Lagrange multipliers

are derived by forcing the functional derivative of the K-functional

with pespezt to }%k(;), k, N?]k

{(r,t), and M o vanish. Taking one
term at a time; one has,

1. Setting 3K/3¥ 5(2) to zero:

Tor wir o ki
(L -0 KR = 5T (A.9)
i xik
with 5 TMF) = — e = (A %)
oy (r)
T.. N
5 J * 13k(¢,t) ““?Ez;;" I}Jk(r) N1Jk(r t)
subste W (r) V7

’ J g - (A.10)

N P -
B 23 P*]Jk a]Jk E.1Jk(r) Ep gfk(r)
5 =
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2. Setting aKiaaiJk to Zero:

1Jk

wlls] )

.. b s
a‘J" j j et n KED ORE KRR Wk(mt)]
substep =

space

P
p ijk _

3. Taking Variation with Respect to ﬂ%ak(b,t):

Before taking the variatlion with respect to ﬂ?jk(;st), one needs to
rewrite the fourth term on the right-hand side of egn. (A.8).

Integration in the forward time direction ylelds,

A" term of (A.8) = — 2, EJ J ! [: (¥,t) n(r, t) 1Jk+ :
all

space
T(r, (A.12)
1Jk
t ' T
. . .. ik
+ J H NTUk(r £) { Uk (D E D N uk(r,t)ﬂ
t13kiﬁ!

Now substituting (2.12) into (A.8) and taking the variation with respect

to ﬂ,jk(r t) gives,
> " - - _3_8_'* 3 >
Jd? [dt aN(F,t) EN{F,t) = 0 = jdr {dt BN(F.t) aN(r.t)

ik+
> fa? [r”(?) 3_}) (L~ 2E) W7D an(r):‘l
i

L33 > k+
—nw oy [ar etk SR e G T s
kK i 0]

¢ [WT(# o) (igk+1)" (A.13)



+
gl [ e,
ko139 tik+1

(113K + ,g)Ty*”"mt)] TRATRD

*T' ik, *T‘ -+ ik, 1 k—,
-2 T e @t R el ) - W R el s )
k 1

Equating similar integrands, noting that

sn' () = SR = P (F) 8T (A.14)

and defining (restricted to final time responses)

3R “ x> (A.]S)
M) N (r,ty)

-t

one obtains the following adjoint equations,

N o o
dgfﬁ*nk("':’t) e (THRE) + ) IR Y =0 (A.16)

and

N £kt o 53k 53k,
ﬂ*uk(r‘) =N 1k (r) +I ’ (r)gffect tE ! (F)effect (A-17)
where
T. .
*ijk oz . ik D _ ik 4
L ) e ffect r(r) AR {(L—aF) ¢ "(r)) for
*iik (A.18)
ijk, > - .
T (r)effect 0 for j #1
*ijk,= - _ p¥ijk _ijk ik, ik A.19
P (Mopgecy = —P 7 o B (M) (N (A.19)
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and

W) = R R (A.20)

where P (r) is the adjoint operator to P (f)

Yy, Setting BK[BkiK to Zero:

T, .
I Ef 1k($) E.W?k(F) d = 0 (A.21)
all -

From egn. (A.9) cne has

T. .
Jd? p K@) sTRE) =0 (A.22)
all

space

\yik

Using this result and egn. {A.9) multiglied by (r) and integrated

over all space along with eqn. (A.10) gives the following definition for

A*ik
]
*ik vk ( W 1k (A.23)
A = Jdr (r) — lk * . E: Y : ’
all (r)
space

Equations (A4,9)}-(A4.10) and (A.15)-(A.23), define a consistent set of
space-continuous burnup sequations adjoint to the forward guasi-static
depletion formulation described in egms. (A.1)-{A.7). The meaning and
use of these adjoint eguations are described in the main text of this

report.
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The above derivation was performed with the dependent variables as
continucus functions of space. In realistic depletion problsms,; zone-
or subzone-averaged quantities are alwmost alvays used. The zone-
averaged flux is caloulatsd and used in the transmutation matrix to
produce zone/subzone-dveraged nuclide density fields. In problems with

subzonez it is assumed that the following rclationships are true.,

=1l 3 A.24
‘az(t) Vz };E’sz(t) Vsz (A.24)
whera
vV, * 2; V2 (A.25)
and
_ 1 - >
0T [vz W(F) df =y (.26)
where ﬂz(t) = zone-averaged nuclide vector (NKUC)
(t)
¥sz =z subzone~averaged nuclide vector (NNUC)
zz = gsz = zone-averaged [lux vector (IGM)
Vz =z volume of zome 2
Vsz = voluie of subzones s in zone 2z,

Using these definitions, = atralghtforward averaging of the space~
continuous adjoint depletion eguations can be performed with the

following results.

Nuclide adjoint equation:

d  *isi . .
gt 8,000+ (3 e )T iRy < o (A.27)
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where

Tijk - aiJk Xlk ik

(A.28)
=52z =52 QZ
and final condition
* 3R 1 3R >
(TN R LS [ I { R g (A.29)
sz f aﬁsz(tﬂtf Vaz sz aN(r,t) te
and jump condition
*ijk _ Grijk+ *ijk+ s Xijk+
N, N o+ 000 effect + P o7 effect (A.30)
with
- T.
*jjk+ - 1 A | PR ] ik ik, .
I,7 effect = — o~ Jd ) —=¢ {(g — AF) P () }for;}:]
z v aN
-5z
A.31
F*ijk+ ff = i ( :
r., e ect =0 for j # L
(See Appendix B for details of egn. (A.31).)
*§ jk+ . p¥ijk ijk ik ik A.32)
Esz effect = — P a gp Tee s ﬂz ( )
and adjoint refueling discontinuity condition
.. T.. ;5
*jjk— _ , ijk ,*1Ik (4.33)
z "By L
with
T *
Ny A
*jjk _ ﬁ* = Vector (NREG) of regionm~averaged adjoint
z TSz, nuclide vectors (NNUC).
* x
| Byreg)
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Shuffling/discharge matrix (NREG®NREG) consisting of the

e

identity matrix (NNUC#NNUC) in various locations so as to

represent the desired nuclide discontinuity.

Note when j # 1

1 1
ijk _ . . . "
Psd , with 1 _
I l (XTI 22
= | (HREG*NREG) (NNUC*NNUC)
2. e-Averaged (2] mal tio join uation:
T
.. aRyijk . 1Jk f *4jk 1Jk
pridk = iljk (ax3) Zj 2 Vsy At N, (t):f,zfp—z (t)]:
P substep j
3. Space-Averaged Generalized Adjoint Shape Equation: (A.34)
Ti *1k k
(L — AF) (r) = (A.35)
where
* 3 s
—1]k a?k — (A 1k*l)
ag{
ijk . .
Q ijk 1Jk
v § L Vs fdt NR(E) X Ny (e) (A.36)
substep j

. . . . T.. .
— 1 *ijk ijk , ijk ik
%: v, 2; Ysz P @ Bsz Ep Ifsz
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4, Space-Averaged Auxiliary Eguations:

_/;,, (@ TF E @™ o = o (A.37)
space
T % ik
T (] ) =0 (A.38)
«ijk /‘ v ik, 3R oR, 13K
AR L & R S - Y S ~ (A.39)
a]] 3}2']k(r) j BOL'

space
Equations (A.27)-(A.39) represent the depletion perturbation formulation
programmed into the DEPTH module. Although the detailed notation has
been somewhat cumbersome, these adjoint burnup equations 1look quite
similar to the FORTRAN equations in DEPTH and thus allow a fairly easy

understanding of the coding within the new module.
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APPENDIX B
Evaluation of the I'®* Effect Integral

The purpose of this Appendix is to evaluate the nuclide adjoint
Jjump condition term involving the generalized adjoint shape function,
AE*(;). In addition, it will be shown that the resultant volume inte-
grals are equivalent to the perturbation integrals calculated within the
VENTURE modular system and stored in the PERTUB interface file.

The first goal is to evaluate the following integral expression,

I, - J"z dr [g.*T(“r*) agsz UL = AF) y(?)}] (B.1)

where the term in the { } is just the time~independent multigroup
diffusion eguation written using operator notation. The form of the

diffusion equation solved by VENTURE is,

— 2 2
Org ¥ Vg " g r gt 2;‘ Zs,rogn * D g Bgd ¥r g

(B.2)

- 1
2;[Zs,r,n+-g ¥ Keff Xr,g (vz)f,r,n] wr,n

where r refers to the space variable, g and n refer to the energy
variable and D, Za’ ZIS, (\)Zf) and X are the diffusion coefficient,
macroscopic absorption, scattering, and neutron production cross
sectionsg, and distribution function for fission neutrons, respectively.
Rewriting eqn. (B.2) in matrix form and assuming that the cross

sections are consatant within subzone s in zone z, one has
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=D, V() + [z, + 50 + 0871, u(F)

(8.3)

I 1 >
[z + 77— xvicl . w(r) =0
=5 Keff ::fSZ“dL

0 1
where L, and I are the outscatter and inscatter terms, respectively.

Now taking the derivative of (B.3) with respect to ﬂsz’ one has

(neglecting the DB® term),

1 -+
g,. V2 + 05 — 0c ~ 7 Z(_yg_] p(r) = 0 (B.4)
[:.,tr R S Keff ==f sz
where
- .
2
D°Gey 0
S B .
Zer an 2 .
= = 0 30%g, .
L 16M Jy oM 16M
-
r-g;'al * ;9‘5!1 *n 0
0 n#l
o 7 i Ta * L) :
0 %IGM*%:E’S,IGMW
n#IGM
L F1G Jrgmercm
- - 16GM~T]
o g-; 1 g; 1 ™ . L) g-‘s
122
e 0
= _d_.. I =" ) *
s "kl 7. .
PSS 1. B 0
|3 rgme1oM




'—zo;fl y_g__fz . - . T
d _
W * g e 7| e W -
Ve, MO, MOF1GM
L -1 GM*1GM
and
o 0 -
Xl
XZ
X
| 0 IGM_| 1 me1cM

with the microscopic cross-section vectors (NNUC) within the matrices
now representing the nuclide dependence of the cross sections.

Now substituting eqn. (B.4) into (B.1), one obtains the following

relations,
L,=0L,+1 +1 +1], (8.5)
with
- -+ *T -+ 2 >
11 = v, dr T "(r) gir vz y(r) (B.6)
_ > *T >
L= [, 0T g u® (8.7)
5> kT & -
I =- JV dr T es) a. v(r) (B.8)
2 =
R vl G ST (8.9)
T eff v, =

Equations (B.6)-(B.9) can also be written using summation notation as

follows,
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= 2 * > 2 -+ >
-I—ISZ - Eg: (3Dg gtrg)sz fvz rg(r) v ‘pg(r) dr , (B.]O)
* >,
!-QSZ - § (gﬂg ¥ % gSg-rn)SZ Jvz rg(r) 1pg(r) dr , (B.]])
nig
* > >,
Lsz =™ %; Z; (gsn-*g)sz Jvz rg(r) g, (r) dr (B.12)
n#g
[ S ™ (vo, ) j 3 x r*(F)w(F)d? (B.13)
sz K g T TgsZ Y, (n n Tnl") ¥g ' -

Using this last set of equations, & numerical result can be obtained for
Isz and the Igz effect jump condition. The volume integrals in the
above equations are stored in the PERTUB interface file as the following

quantities,
(2D RECORD)

T29 ™ K 2 ViV o T X Ty (B.14)

(3D RECORD)

S = *
z,n,g ig; Vi Ti,9 Yi,n (B.15)
(4D RECORD)
W = X F* 72 B
2,0 & Vilig ' VYig (B.16)

Finally, using (B.10)-(B.16), the expression in eqn. (B.1) can be

written as,
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I = 2
L, )g'_j (30g L " (8.17)

+ +
%: (039 zn: gégv-»n)sz 3

ni'g

Z,9.9

- }; (!—qu)sz Tz,g

It is eqn. (B.17) that is evaluated within the DEPTH module.
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APPENDIX C

Details of Time~Dependent Data Sensitivity Theory

The purpose of this Appendix dis to precisely define the terms
appearing in the definition of the time-dependent derivative of the
reponse of interest with respect to a data parameter 3, and to provide
the exact equations programmed within the DEPTH-CHARGE system. These
equations will define the data saved in the DRDATA and TDSENS interface
files whose specifications are given in Appendix E,

Using the notation in Appendix A, the time-dependent derivative of
a specified response with respect to the cross-section or burnup data
parameter B is,
dR(te)  dR(ty)
de(t; ) dg'*

—fd? o ;B—%E (EPGETG (¢.1)

ik ik > 2 Tik,> k>, ik,>
el [t e T g (e ()
t.
i+ _—
+de/ at W (F,0) =2 LR + DA
t; o8

where SR(tf)/BB(tik) is defined as the rate of change of some final-time
response with respect to the data utilized during time step i and cycle

k in the reference burnup calculation.
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Although eqn. (C.1) is rather lengthy, it is easily interpretable,
The first term on the right-hand side (RHS) is just the static
derivative of the final-time response functional with respect to the
data utilized at that time. This is typically the guantity obtained
from static sensitivity analyses and is the sum of both the "direct"™ and
"indirect® effects. The remaining three terms on the RHS of egn. (C.1),
therefore, represent the effect of a data variation during the buraup
process on the response of interest., The first of these accounts for
perturbations to the spectral and spatial shape of the neutron flux
resulting from a variation in the data parameter. The second term
reflects the importance due to the flux normalization changes (assuming
constant power) brought about by a data variation. Lastly, the term
containing the time-dependent muclide adjoint density vector, ﬂ?(?,t),
accounts for variations in the time-dependent nuclide field due to
nuclide transmutation and decay processes. It 1is the combination of
these latter three terms that allows the determination of data
sensitivity ccefficients in realistic reactor depletion studies,

Before discussing the last three terms in eqn. (C.1) in detail, it
is important to note that relative sensitivity coefficients can be
obtained from egn. (C.1) by simply multiplying by Bik/R and integrating

over time. This procedure gives,

ik
_ B dR g~ _dR (c.2)
" R dp +ZZ R ggiK
te ki
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Thus, the percent change in response R due to a 1% variation in the data
utilized in a depletion calculation is Jjust the sum of the static
sensitivity coefficient at tf and the "indirect" burnup sensitivities
integrated over time,

The above formulation has been implemented within the DEPTH~CHARGE
Depletion Perturbation Thecory System. The DEPTH module calculates the
time-dependent derivatives in eqn. (C.1) and the CHARGE code combines
the various derivatives into time-dependent (or time-integrated)
relative data sensitivity coefficients. The derivatives from DEPTH are
output on the DRDATA interface file and the sensitivity coefficients
from CHARGE are saved in the TDSENS file. This additional capability of
the DEPTH-CHARGE system has significantly enhanced presently available
static data sensitivity analysis capability. In fact, static analyses
are now Jjust a subset of the more general time-dependent capability
available with the DEPTH-CHARGE system.

To understand more fully the meaning and usefulness of the time-
dependent data sensitivity formulation, we will discuss each of the
three burnup effects separately. These effects, from egn. (C.1), will
be denoted as T2, T3, and T, indicating the respective derivative terms
in eqn. (C.1).
1st Burnup Effect: "I'# effect"®

%@ - - 2 [ itT® @ - wyd (c.3)

lek =
where the term in { } 1s just the time-independent diffusion equation
written in operator notation. The form of the diffusion equation solved
by VENTURE is (assuming that the cross sections are constant within

subzone s in zone z),
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D VR + [ +12° +DB%] Y@
=gz - =3 =5 = sz — r

e X VB ¥(D) = 0

<0 I
where_gs and ;S are the outscatter and inscatter terms, respectively,

and the DB2 contribution is assumed pegligible. The microscopic data

parameters of interest in this equation are <9q, Vs X

o o =g +o,+0 +0 +0 40 -0
=%;%>=a = =f =n,0 “wn,p =u,D =-n,T =0,2n,

and

g, =>D - (g )7

=t T
where the matrix notation indicates dependence on energy and nuclide.
The fission spectrum presently is assumed to be nuclide-independent,

hence a matrix dependence on energy only.

1. If Blk is one of the terms comprising gé, the only nonzero term in

T2 (except for the ygf term) is,

v
T2Rg g,n a Z L,z 77,9,9 VY,
SZEN
where TZAR g,n = derivative of the removal term's contribution to R
159
ik
with respect to absorpticn~like processes, O,
ik L,8,n
GXQ = microscopic removal cross section x for nuclide L,
1k group g, and cross section set n at time step i and
cycle k,
- : . Q/.
Ng,sz density of nuclide in subzone s and zone z at tik’
vsz = yvolume of subzone s in zone z,
v = volume of zone z,
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and

& 3
52,097 ¢ Z Vi Ti,g YiLg. (c.5)
i€z

The last integrals, S , are the flux-adjoint flux integrals stored

ZyE,8
in the 3D record of the PERTUB interface file. The derivative given by

. (c. g =0 ,0.,0 g
eqn. (C.4) is appropriate for B equal to e =ﬁ’=%"=m,a’gm,p’ %,

g =
S, 1 and the negative of eqn. (C.4) is valid for B g,

or
s2n’

2. If Bik is Of, another term in eqn. (C.3) i1s also nonzero. The

derivative arising from the term containing géf is,

¥
ik =1 E N T 32 (C.6)
TZFl,g,n « o Nl,sz V2,9,n 2,9 v,

where TzFEk

it

derivative of the fisaion source term's contribution

-3
ik
to R with respect to the fission cross section, Of ’
2,8,n
and
= o -+
T2,0 " 2 Y Yie 2o Xg I (.7
szen g 29
The Tz g integrals are stored in the 2D record of the PERTUB interface file.
]
3. If Bik is v, then
ik 1 E N . T V_LZ (c.8)
‘l‘.’Zi\lUQ”g,n "3 S 2,52 fz,g,n z,9 VZ
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where T2NU, g.n = derivative of the fission socurce term's contribution
1O

ik
to R with respect to‘vi,g,n.

y. 1f 8% is ¥, then
szik-“*,l__ E Yéi 2 N ) , of S ,
g ak v 1SZ°8,97,52 Ty g0 g7 259 59
(C.9)
where szzk = derivative of the fission source term's contribution to R
with respect to the reactor fission spectirum,
and
= . T* .
52,9, ~ @ Z Vi Tig g (C.10)

i€z

The Sz g',g are the off-diagonal integrals stored in the 3D records of
H

the PERTUB file.

ik |
5. If 37 is Oy o then
3.0 2 VSZ (C.11)
ko3 E, DS N, W T :
Tzog,g,n o ; 9,5z %,z 2,9 Vg
SZEn
where TZDEké n = derivative of the leakage term's contribution to R
L X~3
with respect to the transport cross section, th
’Qvg’n,
D = diffusion coefficient = (3NT o, )
g,32 — ~tr

g sz
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and
M, g=a ) Vil vy, (C.12)
2,4 1 159 1,9
i€z
The Wz g integrals are stored in the 4D record of the PERTUB file.
4

6. If Blk is an element of the scatter matrix

v

ik SRS _s sz
Tzsz,g,g',n a Nz,sz (Sz,g,g z,g,g‘) v, (c.13)
szen
where TZSéfé g',n = derivative of the outscatter and inscatter con-
H 1
ik
tributions to R with respect to o
£,8>8",n

and

*
Sz,g,g' =q 2{: Virig' Wi,g .
1€2
These six time-dependent derivative terms, T2A, T2F, T2NU, T2X, T2D, and
T23, describe the rate of change of the final-time response with respect
to a variation in the respective data parameter due to the spectral and
spatial redistribution of the flux (neutron source strength) caused by
t

the variation at ti These terms only represent the first of the

k< bge

burnup effects noted in eqn. (C.1) and will be termed the "[# effect",

These derivative terms are stored under the names given above in the

DRDATA interface file,
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2nd Burnup Effect: "PE effect”

i > — =3 - > -> ik
ERCR 3 R RCHCTERONGN (c.14)

where the term in the { } is just an expression for the reactor power at
tik‘ The data parameters of interest in eqn. (C.14) are the

energy/ fission conversion factor, gp, and the microscoplic fission cross

section,
1. If Bik is g Gos then
- ijk ijk 1k i
T3F£ o Z (P*at) Z NS, v Vs (C.15)

SzEn

i
where TBng

g,n = derivative of the normalization term's contribution to
Sy

R with respect to Gf
ng’n

2. If 84k is an elemwent of the diagonal matrix gp, then
ijk ijk E: ¢ )  (C.16)
- p E N v (o
Z( g %,52 52 fo.9.52 2
J Sz g

where T3E;k = derivative of the normalization term's contribution to R
with respect to the mnuelide-dependent energy/fission
factor, €

These twe derivative terms, T3F and T3E, represent the importance
of flux normalization changes (assuming constant power) brought about by
the respective data variations. The sum over the j superscript in eqns.

(C.15) and (C.16) indicate that the power normalization constraint is



159

applied at the beginning of each substep j within time step 1. These
derivatives represent the contribution of the second burnup effect in
eqn. (C.1) and will be termed the "P¥ effect". These time~dependent

terms are also stored in the DRDATA file.

rd_Burnu ffect: T"N® effect™

Tk @ - 2 Z/dr fdt [N*(r 8 (@ + o IRE can)
substep j

where the term in { } is an expression for the rate of change of the
nuclide density field at time t, with the matrices I and D describing

the nuclide transmutation and decay processes, respectively.

1. If B is an absorption~like cross section along the diagonal of the

transmutation matrix, then

< §ik i 1jk (c.18)
mﬁo"fg == g ab Y g Vszfdt (N N,) o

3 szn substep j

k
where TMAD; g,n = derivative of the transmutation term's contribution
X2 ]
to R with respect to an absorption-like cross section,

Ox , along the diagonal of the burnup matrix (2=m),
2,m,g

and Gx = microscopic production (or destruction) cross secticn for
L,m,g
reaction X of nuclide % by nuclide m for group g.

(note: m?parent, %*daughter, x7process)

2. If Bik is an absorption-like cross section in the off-diagonal

elements, then



ik . ik ; ijk
T4AOD Y gn © E a E ¥, 9 Vsz ﬁt (N*, Nm)sz (C.19)
J

szen substep jJ
and
IPDSma = m
IDDS = 2
ma
IPRDSma = X
ik

where TllAODma g,n = derivative of the nuclide transmutation term's

107

contribution to R with respect to absorption-like
cross sections in the off-diagonal elements of the
burnup matrix, with the three vectors, IPDS, IDDS,
IPRDS, describing the parent, daughter, and process
occurring in each nonzero element of the matrix,
The derivatives given in egns, (C.18) and (C.19) are appropriate
for B equal to 0, =0

and © In addition, if

O,y O o o .
¢’ f* "n,p’ n,0' n,T n,2n

the process 1is fission with yield to some fission product, then THAOD

must be multiplied by the yield fraction Ym 9
5

3. If Bik is an energy~independent fission product yield, then

ik i,k *n ik
Tayl* = E ol E v § oc ¥ fdt (NN )
m,% 32 ‘m,g,sz substep2 M5z

z,
i sz g g 3

(C.20)
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ik
where Tqu’Q =

derivative of the nuclide transmutation term's

contribution to R with respect to the fission product

yield (Ym Q } of fissioning rnuclide m producing
, L

fission product %.

y, If Bik is a decay constant along the diagonal of D, then
ik _ 2 :§ : . ik
T4LDQ = VSZ .)(Qt (N ) Nl)sz (c.21)
J sz substep j
where TMLD;k = derivative of the nuclide decay term's contributicn to R

with respect to the decay constant of nuclide %.

5. 1If 8'¥ is an off-diagonal decay constant, then
ik _ ik 2
TaLoplk = E E Vszfdt (e, 1)K (c.22)
J sz

k

a derivative of the nuclide decay term's contribution to

where ThLODi
R with respect to the decay constant (Km) of nuclide nmn
decaying to nueclide 2, with the vectors IPDSma and
IDDSma describing the parent-daughter relationships for

each nonzero element of D.

These five derivatives, TUAD, THAOD, T4Y, TiILD, and THLOD, account
for the effect of variations in the time~dependent nuclide field due to
data variations affecting the nuclide transputation and  decay
processes. These represent the contribution of the third burnup effect
in eqn, (C.1) and will be called the "N#* offect™. Az before, the Ti

derivatives are saved in the DRDATA file.
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At this peint, it should be noted that a static data sensitivity
calculation in DEPTH proceeds exactly as would &n adjoint depletion
calculation. However, a static case is one that has only one depletion
time step with the time interval typically on the order of 0.001 days.
This methodology allows the same coding in DEPTH to be used for both
static and time-dependent problems. In static problems, the T3 and T
data derivatives are typically zero and the T2 derivatives are the
familiar ¥indirect" effects of static generalized sensitivity theory.

The next step in the calculation of data sensitivity coefficients
is to combine the various T"indirect™ static and time-dependent
derivatives from the DRDATA file into relative data sensitivity
coefficients (time-dependent or time-integrated). The CHARGE module
performs this task as well as the calculation and addition of the
"direct® static sensitivity coefficients for a large variety of response
functionals, Finally, the total relative data sensitivity coefficients
are edited and output on the TDSENS file.

The equations programmed into CHARGE and the data appearing in the

TDSENS file are as follows:

1. Capture Sensitivity

ag
N C :
caplk o -—%‘-M [(T2A + T4AD + T4AOD 7k (c.23)

2,g,n )E,g,n m=2 ,g,n
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Fission Sensitivity

o
. f .
ik _ __%,9,n ik
Flsl,g,n = R [(T2A + T2F + T3F + TQAD)Z,g,n + T4A00m=l,g,n]
(C.24)
Nu Sensitivity
ik _ Ve,q,n ik
XNUl,g,n R [TEI\ILQR”Q,n (c.25)
Transport Sensitivity
ik gtrz q,n ik
TRz,g,n = R [TZDJi,g n (c.26)
Total Scatter Sensitivity
c.27
SCAT] ,g n E -—-»—gii-— [TZS] 2,9,9'n ( )
Chi Sensitivity
cm‘k —ﬁ‘l [TZCHI];k (c.28)
N, @ Sensitivity
xm‘k izﬂ.ﬂ + ik (C.29)
2,9,n [(T2A + T4pD), gt T4AODm=2’g,n]
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8. N, P Sensitivity

o
: n,p ik
: ik T 9/, 8¢ L C'30)
XNstg,n R [(TzA + T4AD)2’9’n T4AODm=z,g,n] (

9. N,2N Sensitivity

[s]
. 2n .
ik _ ‘n, 2,9,n ik
XNZNZ,g,n = 5 [(-T2pn + T4AD)2,g,n + T4AODm=£,g,n]
(€.31)
10. N,D Sensitivity
Oh.d
xNp 1K = o 29> 1720 + T4AD) + T4AOD ]"k (C.32)
2,g,n R - 2,g,n m=£,g,n :

11.

N,T Sensitivity

g

ik n’tl n -
XNT, = m_~7f—ﬁli— [(T2A + T4AD)

ik -
2,9,n 2.q,n "t TAAOD _, ] (C.33)

»G,n

12. Energy/Fission Sensitivity
Epik = S&. [T,E]ik (c.34)
'3 R v=de
13. Decay Constant Sensitivity
eI ST ik
v TR g *TALOD 1] (C.35)
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14, Fission Product Yield Sensitivity

. Y .
ix _ 'm,2 ik (C.36)
YLDm’g = 5 [T4Y]m,2

15. 2=D Scattering Sensitivity

g

ik _ Si,g0q',n ik
SCATZ, " -—-—E%L_ [ngjg’g,g,;n (c.37)

where SCAT2 is looped over g' energy groups.

The above 15 data sensitivity coefficients are stored in the
TDSENS file exactly as indicated above, If time-dependent sensitivities
are to be saved, the above files are repeated NLOOP = NTOT (number of
time steps) times. If the sensitivities are summed over time, NLOOP = 1
and the data contains the time-integrated wvalues. In addition, 1if
"direct®™ static sensitivities are incorporated into the file, they are
added to the static "indirect® coefficients and just summed as usual if
a time-integration is performed.

One final explanation is necessary to fully define the data
sensitivity coefficients calculated in CHARGE and stored in the TDSENS
interface file. It has been implicitly assumed up to now that the
derivatives of the 1leakage term in eqn. (C.3) with respect to the
partial cross sections making up the transport cross section were zero,

However, since
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g =0 + o (] -7 ) .
trog.n 22,90 S2,g,n g (C.38)

Wwe 3e2 that the derivatives with respect to Oé and the components of Oa
are typically nonzero, Therefore, the following default ®transport
corrections™ are made unless instructed otherwise,

1. "Transport Correction®” for absorption-like reactions:

o'x Gx OX Botr
g dR _ g 3R _, "9 R g (C.39)
R dox R Box R aotr aox
g qd 9 g
but from eqn. (C.38), actr /aox = 1 (except for actr /30n,2n = =1);
g g g g
therefore.
tr ¢
X ir
£,9,n xl,g,n tr l,g,n 2,9,n
where Sx and S;r are the sensitivity coefficients for nuelide
2,80 L,8,0

%, reaction x, and cross section set n before and after the transport

correction, respectively, and Stp is the transport cross-section
L,g,n
sensitivity (TR 2,8 n) mentioned previously.
1557
2. "Transport Correction® for scattering reactions:
o Ll 30
s tr s
Str =S +-—-—gzg~«' R g g 41
S s, R 50, 39, 30 (c.41)
99 g>g ir 3 S '

g g g+g
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but
30
ir
RN FE S -0 (C.42)
ags 1 Ug 3, (Otrg ag)
59 g
and
Bos
g =1 {C.43)
Sos ,
a9
therefore,
tr Gt - g (o)
S = g +[ r a'i [ S ] S (
3 . T C.44
L,g>g',n Sl:Q*Q'J‘ Tty 2,30 ng tansg trﬁ,g,ﬂ )

Egquations (C.30) and (C.u4) define the so-called "iransport
corrections™ and thus complete the detailed description ¢of the time~

dependent data sensitivity capability of the DEPTH~CHARGE system.
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APPENDIX D

Treatment of Equilibrium Nuclides
The purpose of this Appendix is to present the methodology utilized
for t{reating large terms within the transmutation matrix for the matrix
exponential solution technique. The procedure used here is similar to
that wutilized in the BURNER19 code, with some slight extensions. The
extensions are applied in the adjoint problem only when very large
values of N?itf) are encountered for isotope i having a large loss term

in the transmutation matrix.

Consider a system of linear first-order equations given by

d -
3r N(B) = A N (D) (0.1)

The solution to egn. (D.1) is

N(t +At) =B N(t) (0.2)
with
B = exp [ALL]
1 2
—“—;-i—éAt%-“{‘-(éAt) + ... (D.3)

Thus, for a given At (calculated by DEPTH), the matrix exponential, B,
can be easily calculated with convergence limits set by user input.
Once B has been determined, successive wmairix mltiplications are
performed using eqn. (D.2) to obtain the nuclide density vector at
various time points.

As discussed in Ref, 19, if an entry in the éﬁt matrix exceeds some
value, the results of eqn. (D.3) will not have adequate significance due

to subtraction of numbers of nearly the same magnitude. The simplest
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way to alleviate the problem is to reduce the value of At, thereby
reducing the elements of AAt. This procedure is done automatically

135Xe whose coefficients

within DEPTH. However, for nuclides such as
are very large, this procedure becomes quite expensive in most cases and
completely impractical when coupled with an extremely large initial
concentration (or importance) for this nuclide. This latter situation

is encountered 1in the adjoint case where values as large as 105 - 106

1354,.

have been observed for the initial importance, N*(tf), for

In simple situations it is reasonable to assume that a nuclide
having a large value along the diagonal of 4, an, will take on the end-
of-exposure steady-state solution very rapidly. In this case for all

nuclides m having coupling (m*n) and all nuclides £ having coupling

(n>2), we simply replace the coupling (n*L) with coefficients
a =g Dt (D.4)

and set the concentration of equilibrium nuclide n to its equilibrium

dN
value (determined by setting Tﬁ?' = 0), This simple procedure is

utilized for the calculation of both N(t) and N#*(t) when equilibrium
nuclides are present.

However, as mentioned above, in the adjoint case the initial value
at tf of the importance function can be very large. In order to

conserve this importance over some depletion step [EFT(t)ﬂ(t) =

constant], one must account for the production of daughters during the
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approach to equilibrium. The procedure utilized in DEPTH to accoumt for
production during the approach to equilibrium will be illustrated with
the following simple example.

Consider a three-nuclide decay chain where nuclide A is produced
from B and nuclide C is produced from A. This scheme can be described

in egquation form &as

4 A 211 %12
E-E B = 0 “822 (D.5)
c
ay; 0 ~a33

New assume that a11 is large, causing nuclide A to go into egquilibrium
very rapidly. The equilibrium value of A is found by setting dA/dt = 0,

giving
a
A (r) = 22B(t) (D.6)
e all

If we also assume that the initial value of A& is large (say AI > SAe),

we have for t = 0

7|8

A+ a,.B=x -3 A (.7)

Therefore, during the zpproach to equilibrium (actually a value of 2Ae

is used in DEPTH), we have

A(e) ~ A, o 211t ®.8)

I



in

with the time required to reach 2Ae given by

T. me - =2 1p —& (0.9)

From eqn. (D.8), we can obtain the average value of A(t) during its

approach to equilibrium,

T A -a,,T
1172
Aa e == —'fl.— 2e A(t)dt = :——I—i—-—— [1 - e 1 e] (DalO)
v 2e | 11 *2e
Thus, the integral of A(t) over T, is
Aint: = Aave T2e (b.11)

Finally, to account for the production to some daughter nuclide during
the approach to equilibrium, we simply integrate the production rate

over T2e’ giving for the present example,

Production of C from A during

approach to equilibrium = 3 A T {D.12)

31 ave 2e
Thus the initial value of nuclide C can be adjusted to reflect this

production, giving

C!=¢C_+a

1 I 31 Aave T2e (D.13)
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If we now also set the initial value of A to A'I = Ae’ we will have
conserved (approximately) the total importamce in the system.

With the time-dependence of the daughter nuclide adjoint densities
properly taken into account, we still need to account for the
contribution of the equilibrium nuclide during its approach to

equilibrium in the P® and S® integrals of Depletion Perturbation Theory

(DPT). 1In these expressions, we have terms of the form

o

I, = jN’;(t) 9 g N, (t) dt (D.14)

However, over the small time interval 0 < t < TZe’

Ni(t) ¢ Constant = Ni(tf)‘ (D.15) (D.15)

Equation (D.13) now becomes

TZe
Ii == oxiNi(tf) f N*(t) dt (D.16)

(o}

where the integral is calculated using expressions analogous to eqmns.
(D.9) and (D.10). Thus, the correction term Ii needs to be added to the
P% and S% integrals (see Appendix A) and to the time-integrals in the
data sensitivity formulation (see Appendix C) for all equilibrium
nuclides i,

The above treatment of equilibrium nuclides is implemented as
default within the DEPTH module, and this is the suggested mode of
operation. However, control of the formulation can be accomplished with
the IX(40) parameter in thee EXPINS file and the IKEY(8) parameter in

DEPTH.
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Lastly, it should be noted that aithough the above methodology is
not very rigorous, extremely geood results have been obtained in a few
sample problems that included the eguilibrium nuclide 135}@. In fact,
in the problems examined;, the direct approach of subdividing the
depletion step into many sub-intervals did not give converged results
for the P* and 2% integrals even for At = 0.5 days. Thus, the
approximate method pressented here appears to be the only acceptable
method. However, the user should also be cautioned that only a few
problems requiring this formulation have been treated to date; and

therefore, one should exercise care in svaluating DPT analyses requiring

the equilibrium asaumpiion.
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APPENDIX E

NSTARR, DRDATA, and TDSEKS Interface File Specifications
The purpose of this Appendix is to provide specifications for thiee
new interface files created by the DEPTH-~CHARGE system. Although other
files are produced (most notably the DATAIN file), only the major cutput
files will be described here, since these are probably the only files of

real interest to the user., The files described in Tebles E.1 - E.3 are;

j. KSTARR - contains time-dependent partial derivatives of some
specified response with respect to the nuclide density

field within the reactor model

2. DRDATA - contains time-dependent partial derivativea of some
specified response with respect to cross sections and

burnup data

3. TDSEES - contains time-dependent (or time-integrated) relative
sensitivity coefficients of some specified response to

cross sections and burnup data

The NSTARR and DRDATA files are created in DEPTH and wused in CHARGE,
while TDSENS is produced in CHARGE from the DRDATA file.
In addition to the above data, it should be noted that a wutility

module32

exists (not part of the present system) that converts the
TDSENS formatted sensitivity data into a SENPRO33 file for use 1in the
FORSS3u Sensitivity and Uncertainty Analysis System. Thus the DEPTH-
CHARGE system described here can be directly coupled to the FORSS
system, greatly enhancing ORNL's overall sensitivity and uncertainty

analysis capabilities.
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TABLE E.1

NSTARR INTERFACE FILE SPECIFICATIONS

(4222222212222 2222222 2122822222 122231 2233323231132 1 22233122111 2]
c -

CF NSTARR (7/28/80) -
C -
CN INTERFACE FILE CONTAINING PARTIAL DERIVATIVES OF SOME SPECIFIED -~
CN RESPONSE WITH RESPECT TO THE NUCLIDE DENSITY FIELD WITHIN THE -
CN REACTOR MODEL. THE DERIVATIVES ARE CALCULATED VERSUS REVERSE -

CN TIME IN THE 'DEPTH' DEPLETION PERTURBATION THEORY MODULE. -

c
CEEREE R R RSN RN R RN R RN E R SRR R R R RN AR ER SR EE R BN AR R R NG E R R R R RSB RO EN

C ——

cs FILE STRUCTURE -
cs -
(oh] RECORD TYPE -
cs -
cS FILE IDENTIFICATION -
cs FILE REFERENCE INFORMATION -
CS sEssExswess® | 00P OVER NTOT! TIME STEPS -
Cs & -
CcS # NUCLIDE DERIVATIVES ~- N¥(T) -
CS * aon
cs BERREEEEEEE -

C ..... -
CR FILE IDENTIFICATIO -

CL HNAME ' -
CW 1#MULT -
D HNAME FILE NAME {A6) 'NSTARR® -

CN MULT 1 FOR LONG WORD, 2 FOR SHORT WORD MACHINES -

CR 1D FILE REFERENCE INFORMATION -
CL NTOT1,NISOE,NREG, NR,NFARMS -
Ccw 5 -

ch NTOT1 TOTAL NUMBER OF TIME STEPS PLUS 1 -
Ccb NISOE NUMBER OF NUCLIDES -



176

TABLE E.1 (contd.)

cD NREG NUMBER OF REGIONS IN PROBLEM -
cD IF NSZ.EQ.0 NREG = NZONE -
cD IF NSZ.GT.0 NREG = NSZ -
cD NR NUMBER OF RESPONSES (SEE INPUT TO DEPTH MODULE) -
CD NPARMS NOT USED -
C -
o

c- Rad S S - - -

CR 2D NUCLIDE DERIVATIVES ~- N¥(T) -
C -
CW NISOE®NREG®NR -
C -
cD XNSTAR(I,J,K) DERIVATIVE OF RESPONSE K WITH RESPECT TO -
()] NUCLIDE I IN REGION J -
C

o P
Cllilillii!li&!l&&l!i!l!*!l!!!!lil!*.*!!!l&!llll!!&!l*il!il!l!l!i!!i!!ill
C -
CEOF NSTARR -
C -

CRREE N R R AR R R R ARG RN RN R RN F R R R NN RN SRR RN RN N E TR RN RN R R RN A
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TABLE E.2

DRDATA INTERFACE FILE SPECIFICATIONS

CEEREREEEEEREREIER AR LR BB R RN TE ISR N RN ER N R R RU RN E R LB R R RSB RN RN ER RN RN

C -
CF DRDATA (7/14/80) -
C -
CN INTERFACE FILE CONTAINING PARTIAL DERIVATIVES OF SOME SPECIFIED ~
CN RESPONSE WITH RESPECT TO CROSS SECTIONS AND BURNUP DATA. -
CN THE DERIVATIVES ARE CALCULATED VERSUS REVERSE TIME IN THE -
CN 'DEPTH' DEPLETION PERTURBATION THEORY MODULE. -
C -
CRERSEER AR EU R RE R R R R E RN AR RN RN R RPN B U R B R RN E R SRR RN B RN R R R R AR
(£ e o e e 200 10 a4 e e R W B 4 A i e B e A e A A0 3 e ———
c3 FILE STRUCTURE -
csS -
Cs RECORD TYPE -
CS W eeremcmeceecmsee e e ——— -
CcS FILE IDENTIFICATION -
C3 FILE REF INFO -
Ccs NUCLIDE NAMES -
cs CROSS SECTION REF INFO -
cS REFERENCE DATA -
cs TRANSMUTATION INFO -

CS ¥RERRE¥%® 100P OVER NTOT TIME STEPS
Cs ® TERM #3 DERIVATIVES
cs ® TERM #4 DERIVATIVES

Ccs % TERM #2 DERIVATIVES
CS EEERERES

CS NOTE: ABOVE RECORDS ARE ALWAYS PHYSICALLY PRESENT. HOWEVER UPON
cs READING, IF THE RECORD LENGTH IS ZERO, INCREMENT THE RECORD

cS NUMBER BUT DO NOT ACTUALLY READ THAT RECORD.

Commm e ———— — —— - —

CR FILE IDENTIFICATION
CL HNAME
CW 1¥MULT

CD HNAME FILE NAME (A6) 'DRDATA?

CN MULT 1 FOR LONG WORD, 2 FOR SHORT WORD MACHINES

c - - — ——

S I R0 G G 5225 U e P s I 40 G > I B
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TABLE E.2 (contd.)

T ey o o £ 0 0 .

CR 1D FILE REF INFO -
C -
CL NTOT, NISOE, HGROUP, NSN, NAOD, TAOD, NDCYR, NLOD, NFSLR, NFPR -
C -
CW 10 -
C -
Ch NTCT TOTAL NUMBER OF TIME STEPS IN PROBLEM -
Ch NISOE NUMBER OF NUCLIDES -
Cb NGROUP NUMBER OF ENERGY GROUPS -
CD NSN NUMBER OF NUCLIDE SETS -
cD NAOD MAXIMUM NUMBER OF OFF DIAGONAL TERMS IN BURNUP MATRIX -
CD 180D KUMBER OF OFF DIAGONAL TERMS FOR PRESENT PROBLEM -
(4] NDCYR NUMBER OF NUCLIDES THAT DECAY -
cD NLOD NUMBER OF OFF DIAGONAL DECAY TERMS -
CD KFSLR NUMBER OF FISSILE NUCLIDES THAT YIELD FISSION PRODUCTS-
CD NFPR NUMBER OF FISSION PRODUCTS HAVING YIELD -
c -
C - R - [— [

C ——— — S p— —-———
CR 2D NUCLIDE HAMES -
C -
CL HNUC(NISOE) -
C -
CW NISOE®MULT -
C -~
CD HNUC(I) NAME OF NUCLIDE ORDERED I IN LIST -
C o
(5 oo e 0 e 2 o 0 2 s 0 12 2 R S 90 05 33 1 e 1 R B e o 7 O -

c — - o
CR 3D CROSS SECTION REFERENCE INFO -
C -
CL IXREF({NISOE,NSN) -
C -
CwW NISOE#NSN -
C -
CD IXREF POSITION IN GRUPXS OF EACH NUCLIDE BY NUCLIDE SET -
C -
C - e 1 s e 2 2 P B . i £ e 2
(e e e et e 0 e . —— ——

CR 4D REFERENCE DATA -
C -
CL IFSLR{NFSLR),IFPR(NFPR), IDCYR{NDCYR) -
c -
CW NFSLR+NFPR+NDCYR -
C -
CD IFSLR ORDER NUMBER OF NUCLIDES WHICH FISSION -
cD IFPR ORDER NUMBER OF FISSION PRODUCTS -
CD IDCYR ORDER NUMBER OF NUCLIDES WHICH DECAY -
c -
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TABLE E.2 {contd.)

C - e

CR 5D TRANSMUTATION INFORMATION -
C -
CL IPDS{NAOD) , IDDS{NAOD) , IPRDS{ NAOD) -
C -
CW 3IENAOD -
C -
CD IPDS PARENT NUCLIDE -
Ch IDDS DAUGHTER NUCLIDE -
()] IPRDS TRANSMUTATION PROCESS (SEE EXPOSE FILE SPECS) -
C -
C

C 0o -
CR 6D TERM #3 DERIVATIVES -
c -
CL T3F{NISOE,KGROUP,NSN}, T3E(NISOE) -
C -
CW NISOE#NGROUP¥NSN+NISOE -
c -
Ch T3IF FISSION -
cD T3E ENERGY/FISSION -
[ -
C .

¢

CR 7D TERM #% DERIVATIVES -
c -
CL TYAD(NISOE, NGROUP,NSN), THAOD{NAOD, NGROUP, NSN) -
c -
W (NISOE+NAOD) #NGROUP®NSN -
s -
cD TYAD DIAGONAL TERMS OF BURNUP MATRIX -
cD TYACD OFF DIAGONAL TERMS OF BURNUP MATRIX -
C -
C- —

C

CR 8D TERM #4 DERIVATIVES -
C -
CL T4HLD{NDCYR) , T LOD(NLOD) -
c -
CW NDCYER+NLOD -
C -
()] T4LD DECAY CONSTANTS ALONG DIAGONAL -
cD T4LOD DECAY CONSTANTS OFF DIAGOKNAL -
c -
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TABLE E.2 (contd.)

. o o o e e 2 2 S e e 9 e —

CR 9D TERM #4 DERIVATIVES -
C oo
CL THY(NFSLR, NFPR) -
C -
CW NFSLR*NFPR -
C -
ch T4Y FISSICN PRODUCT YIELD DATA -
C o
(om0 o e 5 22 e s e e 2 2 s e € s o S 2 o € 2 A e v i S B S D K
(0 e o e e > £ € B e 2 At o 1 T S A 5 P . 5P 3 o e 2 % 5 3 9 5 2
CR 10D TERM #2 DERIVATIVES (ARS-LIKE) -
C o
CL T2A(NISOE, NGROUP,NSN) -
C -
CW NISOE#NGROUPENSN -
C -
CD T2A ABSORPTION - LIKE DATA -
C i
(e o com cxm oms o s o o k20 8m 20 120 0 €2 8 e 2300 K e 7 v - o m s o B 0% e -
e e o e e 0 o St 9 £ 5 2 e 5 5 £ 52 e e O 5 5 e 2 2 —

CR 11D TERM #2 DERIVATIVES (FIS) -
C -
CL T2F{NISOE, NGRCUP, NSN) -
C -
CW NISOE*NGROUP#HSN -
C -
CD T2F FISSION -
C -
C .............. N o e e e e e o R e o 9 S o P G 2 T U N T P X7 CE P 2 ) 18 €2 ) L s R S € o R O e
(o com o e 5 s o £ 550 e 2 2 € . e o £+ ¢ 0 - i R e o

CR 12D TERM #2 DERIVATIVES (NU) -
C -
CL T2NU{ NISCE,NGROUP,NSN) -
C o
cW NISOE*#NGROUP#NSN -
C -
CD T2NU NU -
C -
C ........................................ [ s e s s s e s S . D S A o
e o o i e e e o B e v e 3 B . o . . e S e o 5 e 2
CR 13D TERM #2 DERIVATIVES (TRANSPORT) -
c -
CL T2D(NISOE,NGROUP,NSN) -
C -
CW NISOE*NGROUP¥*NSN -
o -
CD T2D TRANSPORT -
C -
m o e e e e e e e - - e e e e e e e e




Co e

181

TABLE E.2 (contd.)

- ot - e S G S ST AT S T G o By i P S W R O O o s o e S

14D TERM #2 DERIVATIVES (CHI)
T2CHI({ NGROUP)
NGROUP

T2CHI CHI FISSION SPECTRUM

15D TERM #2 DERIVATIVES (SCATTER)
T2S(NISOE,NGROUP,NSN) NGROUF RECORDS INDEX JJ
NISOE¥NGROUP¥NSN  (EACH RECORD)

T2s(1,J,K) SCATTER FROM GROUP J TO GROUP JJ

- - - aa

(3242 22222 332222 1222322222 222312 2232223332212 2422232223222 23222323

c

CEQF

c

DRDATA

CEEERER R R R R R R AR AR SRR AR AR R R L SRR R E AN LR R RN RN R R B RS LR R E RN AL RN R R R R AR
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TABLE E.3

TDSENS INTERFACE FILE SPECIFICATICONS

CRERERERR G ERREEER R REERAR RN TR RARERRERR R RV REDDERRERIRRERETRRLERRERRED LS

C
CF TDSENS (7/714/80)

C

CN INTERFACE FILE CONTAINING RELATIVE SENSITIVITY COEFFICIENTS
CN OF SOME SPECIFIED RESPONSE TO CROSS SECTIONS AND BURNUP DATA.
C

C

CN NOTE: A TDSENS - TO - SENPRO TRANSLATOR IS AVAILABLE.

C
Cll%il!i§!§§§ﬁ§ﬁlﬁ*ﬁii!ﬁiﬁ&ﬁﬁﬁ&&%%i&tiﬁ&%@?ﬁ*ﬁﬁ%ﬁ@&ﬁ&ﬁﬁﬁiiﬁiﬁ%ﬁ%*&&ﬁl&i!l
C s e e e 2o £ -

cS FILE STRUCTURE

CS

CS RECORD TYPE

CS  memcmcmmce—ccee————————

CS FILE IDENTIFICATION

cS FILE REFERENCE INFORMATICN

cS NUCLIDE NAMES

cS CROSS SECTION REFERENCE INFORMATION

CS REFERENCE DATA

cs ENERGY BOUNDARIES

CS REEREEREER | O0P OVER NLOOP TIME STEPS

CS # PRIN XSEC SENS COEFF

CS * OPTIONAL XSEC SENS COEFF (IF PRESENT)

Cs # BURNUP DATA SENS COEFF {IF PRESENT)

cs ® 2-D SCATTER SENS COEFF (IF PRESENT)

CS MREEBERERS

C - o o e e e e £ s o em
C S - .

C- S —— P - ——— o

CR FILE IDENTIFICATION

C

CL HNAME

C

cwW 1#%MULT

C

Ch HNAME FILE NAME (A6) 'TDSENS!

C

CN MULT 1 FOR LONG WORD, 2 FOR SHORT WORD MACHINES

c

c




183

TABLE E.3 (contd.)

c

CR 1D FILE REFERENCE INFORMATION

c

CL NLOOP, NXSET,NOPT, NISOE, NSN,NFSLR,NFPR, NDCYR, NGROUP,
CL IALF,INP,IN2N,IND,INT, IBLK

C

CW 15

C

CD NLOOP NUMBER OF TIME LOOPS

CD NXSET NUMBER OF LOOPS OVER NUCLIDE SETS
Ch NOPT OPTION SPECIFING WHICH SENS ARE PRESENT
cD 1 PRIN X3EC SEN3

ch 2 ALSO OPTIONAL XSEC SENZ

CD 3 ALSO BURNUF DATA SENS

Ch 4 ALSO 2-D SCATTER SENS

CD NISCE NUMBER OF NUCLIDES

Ch NSN TOTAL NUMBER OF NUCLIDE SETS

cD NFSLR NUMBRR OF FISSILE NUCLIDES THAT YIELD FISS PRODUCTS
cD NFPR NUMBER OF FISSION PRODUCTS HAVING YIELD
cD NDCYR NUMDER OF NUCLIDES THAT DECAY

cD NGROUP NUMBER OF ENERGY GROUPS

cD IALF N, ALPHA CROSS SECTION FLAG

cD 0 NOT PRESENT

ch 1 PRESENT

ch INP N,P FLAG

cD IN2N N,2N FLAG

€D IND N,D FLAG

cD INT N,T FLAG

cD IBLK NOT USED

C

Come

Ce=

CR 2D NUCLIDE NAMES

C

CL HNUC(NISOE)

c

CW NISOE®MULT

C

)] HNUC(I) NAME OF NUCLIDE ORDERED I IN LIST
C

C

3D CROSS SECTION REFERENCE INFORMSTION

IXREF{NISOE, NSN)

NISOE®NSN

IXREF

POSITION IN GRUPXS OF EACH NUCLIDE BY NUCLIDE SET
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TABLE E.3 (contd.)

(e 2 o e 5 1 £ 55 B e 5 05 5 2 1 5o 5 7 25 €5 s e 3 £ 7 T e e e 1 €m0 1 o e
CR 4D REFERENCE DATA -
C -
CL IFSLR(NFSLR) , IFPR{NFPR) , IDCYR( NDCYR) -
c -
cwW NFSLR+NFPR+NDCYR -
C -
() IFSLR ORDER NUMBER OF NUCLIDES THAT FISSION -
) IFPR ORDEK NUMDER OF FISSION PRODUCTS -
CD IDCYR ORDER NUMBER OF NUCLIDES WHICH DECAY -
C -
CN NOTE: THIS RECORD IS ALWAYS PRESENT. HOWEVER UPON READING, IF THE -
CN RECORD LENGTH IS ZERO, INCREMENT THE RECORD NUMBER BUT DO NOT-
CN ACTUALLY READ THE RECORD. -
c -
(G s e 5 5 - 4 5 5 5 7 5 7 5 7 27 5 % 5. e 7 5 £ B
(o e o e 7 i 5 o e e e 7 7 et - e e 0 2 5 0 5 . 2 e
CR 50 ENERGY BOUNDARIES -
C -
CL EBOUND(NG1) -
C -
CW NG1 = NGROUP+1 -
C -
CD EBOUND  ENERGY GROUP BOUNDARIES -
C an
o e e o o e o . 5 2 e . £ s 70 o 5 S 2 0 0 B e
(C em e o e 2 5 2 5 s 53 8 5 A 2 2 5 8 2 7 5 o 2 8 55 5 o 0
CR 6D CAPTURE -
C -
CL CAP(NISOE,NGROUP,NXSET) -
C -
CH LENG = NISOE*NGROUP#NXSET -
c -
CL CAP SENS COEFF TO CAPTURE -
c -
(o s s o e e 0 5 5 i . o B B 5 7 7 e A £ 3 e e 7 i e o
1 s o o i ot s s 6 2 0 v e e - s e e G T s g 0 53 P A R T 7 S o o 0 B0 O G o e 7 R G . s> T S O
CR 70 FISSION -
C -
CL FIS(NISOE,NGROUP,NXSET) -
C ~
Ccw LENG -
C -
CD FIS SENS COEFF TO FISSION -
C -
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TABLE E.3 (contd.)

8D NU -
XNU(NISOE,NGROUP,NXSET) -
LENG -

XNU SENS COEFF TO NU -

9D TRANSPORT -
TR(NISOE,NGROUP,NXSET) -
LENG -

TR SENS COEFF TO TRANSPORT XSEC -

10D TOTAL SCATTER -
SCAT1{NISOE,NGROUP,NXET) -
LENG -

SCAT1 SENS COEFF TO TOTAL SCATTER -

11D CHI -
CHI(NGROUP) -
NGROUP -

CHI SENS COEFF TO FISSION SPECTRUM o

Com
CR

CL

Cw

Cch

12D N,ALPHA PRESENT IF NOPT.GE.2 AND IALF.NE.O -
XNA(NISOE.NGROUP,NXSET) -
LENG -

XNA SENS COEFF TO N,ALPHA XSEC -
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TABLE E.3 (contd.)

13D N,¥  PRESENT IF NOPT.GE.2 AND INP.NE.O
XNP(NISOE,KGROUP,NXSET)
LENG

XNP SEN COEFF TO N,P XSEC

> 0 o o - o -

14D N,2N  PRESENT IF NOFT.GE.Z2 AND IN2K .NE.O
XN2N{NISOE, HGROUP, NXSET)
LENG

XN2N SENS COEFF TO N,2N XSEC

[ -
CR

CL

¥

Cch

Coorronmrmmm

[

15D K,D  PRESENT IF NOPT.GE.2 AND IND.NE.O
XND{NISOE,NGROUP,NXSET)
LENG

XND SENS COEFF TO N,D XSEC

CR

CH

CH

16D N,T PRESENT IF NOPT.GE.2 AND INT.NE.O
XNT(NISOE,NGROUP,NXSET)
LENG

XNT SENS CCEFF TO N,T XSEC

17D BURNUP DATA  PRESENT IF NOPT.GE.3

EF(NISOE),DCY(NDCYR),YLD(NFSLR,NFPR)
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TABLE E.3 (comtd.)

CwW NISOE+NDCYR+NFSLRENFPR -

cp EF SENS COEFF TO ENERGY/FISSION -
CD DCY SENS COEFF TO DECAY DATA -
cp YLD SENS COEFF TO FISIION PRODUCT YIELD DATA -

CR 18D 2-D SCATTERING  PRESENT IF NOPT.GE.%4

Lo ]
]

CL SCAT2{ NISOE,NGROUP,NXSET) NGROUP RECORDS INDEX JJ

3
]

CW LENG EACH RECORD

<3
| I I B |

D SCATZ2 2~D SCATTERING SENS COEFF INTO GROUP JJ

C -

CHEEERRERRESZRERAENERNAESERRERRRARERERERERINCEEEEEAGEERRSRRARERZHECURERER
. CEQF TDSENS -

C -
Cl‘ll!l!!iill!!!!!!ll.!ll!llI!!Qllll!l!lll!!lllllil!il!ll&!lll!..ﬁ!llllill






1‘).
11.

12.
13.
14.
15-19.
20.
1.
22.
23.

48.
49‘

50-141.
142279,

189

CHNL/CSD~78
Bistribution Category UC-79d

TNTERNAL DISTRIBUTICH

L. 8. abbott 24, R. W, Roussin
J. Barhen 25. D. L. Selby
D. E. Bartine 2. €. 0. Blater
T. J. Burns 27. J. 8. Tang
D. G. Cacuci 28. D. R. Voody
i, P, Carterf/A. A. Brooks/ 29, C. R. Weisbin
CSD X-18 Library 30-34. J. R. White
G. W. Cunningham 35. G. E. Whitesides
H. L. Dodds 3. M. L. Williams
G. F. Flanagan 37~41. B. A. Worley
F. C. Maienschein 42, Central Research Library
E. M. Oblow 43, Y¥-12 Document Reference
C. V. Parks Saction
J.~P. Renier 44—~45, Laboratery Records Dept.
W. A. Rhoades 46. Lsboratory Records — RC

47, ORNL Patent 0ffice

EXTERNAL DISTRIBUTICH

Chief, Division of Enginecering, Mathematics and Geosciences,
Department of Energy, Washimgton, D. ©. 20345.

0ffice of Assistant Manager for Epergy Resesrch and Development,
Depariment of Evergy, 080, Cak Ridge, Tennesses 37830.

Given AY - Reactor Computer Codes distributiosn.

Given distribution as shown in TID-4500 under UC~79d4 ~ Breeder
Reactor Techrology {(Base).

#U.S. GOVERNMENT PRINTING OFFICE: 1981-740-062/217



