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YENUS

A Two-Dimensional LMFBR Disassembly
Computer Program

. Name of Code: VENUS.!
. Computer and Programming Language:

Written in
FORTRAN 1V for the IBM 360/75 using the standard
0S/360 system and FORTRAN H compiler.

. Nature of Physical Problem Solved: VENUS computes

the power, energy release, and space~time (r-z geom-
etry) history of the temperature, pressure, density,
and material motion of a liquid metal fast breeder
reactor (LMFBR) during a disassembly excursion.
Reactivity feedback due to Doppler broadening and
motion of the reactor material is accounted for.

. Method of Solution: The power and energy release are

calculated using the point kinetics formulation of
Kaganove with up to six delayed neutron groups.? The
reactivity is a combination of an input driving function
and feedback effects due to Doppler broadening and
material motion. An adiabatic model is used to calcu-~
late the temperature increase throughout the reactor,
based on an initial temperature distribution and power
profile provided as input. These temperatures are, in
turn, converted to fuel pressures via an energy depen-
dent or energy-density dependent equation-of-state
(EOS). In nonfueled regions, pressures are calculated
by a simple compression model. The code is struc-
tured such that the user can readily add a new EOS if
the EOS in the program is not applicable or suitable
to the user’s requirement. The material motion that
results from the pressure buildup is calculated by a
direct finite difference solution of a set of two-dimen-
sional (7-z) hydrodynamics equations. This is done in
Lagrangian coordinates using a modified version of
Kolsky’s® method. The reactivity change associated
with this motion is calculated by first-order perturba-
tion theory. The displacements are also used to adjust
the fuel densities as required for the density dependent
equation-of-state. An automatic time-step-size selec-
tion scheme is provided to control the numerical
accuracy of the calculations.*

. Restrictions on the Complexity of the Problem: The

code is written so that the dimensions of the storage
arrays can be readily changed to accommodate a broad
range of problem sizes. In the base version, the total
number of mesh points is restricted such that

(N, + 3N, + 3) <700
N, and N, are the total number of mesh intervals in
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. Typical Machine Time:

. Related and Auxiliary Programs:

the  and z directions. The total number of spatial
regions used in the mockup is restricted to 20. The
program requires about 375K bytes (4 bytes = short
word, 8 bytes = long word) of storage with these re-
strictions. If the available storage is more than 375K,
the above restrictions can be relaxed accordingly.

The machine time is highly
dependent on the nature of the excursion. Typical
problems require from 3 to 15 min of IBM 360/75 CPU
time, with some cases taking up to 30 min.

Unusual Features of the Code: VENUS has the follow-
ing two distinct advantages over Bethe-Tait type
analyses®™%:

a. Because conservation of mass and momentum
are explicitly taken into account in the VENUS pro-
gram, the assumption that the pressure can be calcu-
lated by ignoring any change in density during an
excursion used in Bethe-Tait type analyses is no
longer needed. Since the density is computed ex-
plicitly as a function of time, an energy-density-de-
pendent equation-of-state can be employed readily.

b. The use of Lagrangian coordinates in the VENUS
program provides detailed information on the motion
of the reactor material during an excursion. This
information is essential to the basic understanding of
the mechanism of an accident and to the assessment of
possible damage to the surrounding structures.

Two auxiliary
graphical output programs are available. One is de-
signed for use with the IBM 2280,° and the other is
for the S-C 4060.'°

Status: In use.

Machine Requirements: The base version requires
about 400K bytes of storage to execute on an IBM 360.
One reason for the rather large storage requirements
is that most of the data are stored in double precision.
If the code was converted for use on a computer with
a more accurate single-precision word size than the
IBM 360, it should be possible to use single-precision
storage., This would result in decreasing the word
storage requirements by about 40%. One peripheral
storage device is needed if the graphical output option
is used.

Material Available: The code, documentation, and a
sample problem are available from the Argonne Code
Center at Argonne National Laboratory. The code and
sample problem require about 3500 cards. For addi-
tional information, contact either William T. Sha,
Argonne National Laboratory, Argomne, Illinois 60439,
or J. F. Jackson, Argonne National Laboratory, Idaho
Falls, Idaho 83401.

Acknowledgment: This work was performed under the
auspices of the U.S. Atomic Energy Commission.

References:

'W.T.SHA and T.H. HUGHES, ‘“VENUS—A Two-
dimensional Coupled Neutronics-Hydrodynamics Com-
puter Program for Fast Reactor Power Excursions,’”
ANL-7701, Argonne National Laboratory (1970).

2y. J. KAGANOVE, ¢Numerical Solution of the
One-Group Space-Independent Reactor Kinetics Equa-
tion for Neutron Density Given the Excess Reactivity,”’
ANL-6132, Argonne National Laboratory (1960).



COMPUTER CODE ABSTRACTS 245

H. G. KOLSKY, ‘“A Method for the Numerical
Solution of Transient Hydrodynamics Shock Problems
in Two Space Dimensions,”” LA-1867, Los Alamos
Scientific Laboratory (1955).

‘J. F. JACKSON, R. B. NICHOLSON, and W. T,
SHA, ‘Numerical Stability Problems in the VENUS
Disassembly Code,”” Proc. ANS Topical Meeting on
New’ Developments in Reactor Mathematics and Appli-
cations, Idaho Falls, Idaho, March 29-31, 1971, Avail-
able from the Division of Technical Information
Extension, U.S. Atomic Energy Commission, Oak
Ridge, Tennessee (1971).

*H. A. BETHE and J. H. TAIT, ‘“An Estimate of the
Order of Magnitude of the Explosion when the Core of
a Fast Reactor Collapses,’” RHM-(56)/113, Atomic
Energy Research Establishment (1956).

®N. HIRAKAWA, ‘“MARS: Two-Dimensional Ex-
cursion Code,”” APDA-198, Atomic Power Development
Associates (1962).

"R. B. NICHOLSON, ‘‘Methods for Determining the
Energy Release in Hypothetical Reactor Meltdown

Accidents,”” APDA-150, Atomic Power Development
Associates (1962).

®E. P. HICKS and D. C. MENZIES, ‘“Theoretical
Studies on the Fast Reactor Maximum Accident,”
Pyoc. Conf. Safety, Fuels, and Core Design in Large
Fast Power Reactors, October 11-14, 1965, ANL-7120,
p. 654-670, Argonne National Laboratory (1965).

®Graphic Programming Services for IBM-2280 and
2282 Film Units, File No. 5360-30, Form C27-6927-1
(February 1967).

%G. D. BROWN, C.H. BUSH, and R. A. BERMAN,
“The Integrated Graphics System for the S-C 4060: I.
User’s Manual,”’ The Rand Corporation, RM-5660-PR
(1968).

W. T. Sha

Argonne National Laboratory
Argonne, Illinois 60439

Received September 20, 1971
Revised October 27, 1971





