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BEAGL-01 (Brookhaven's and EPRI's Adaptation of the TWIGL code (1)) is a
computer program for calculating the conditions in a Tight water reactor (LWR)
core at steady state and during transients. It solves the finite-differehce
neutron kinetics>equations on an r,z (radial, axial) mesh, the thermal-hydrau-
1ic equations for the coolant in multiple parallel, i.e., one-dimensional,
channels and the one-dimensional radial fuel rod heat conduction equations for
pellet, gap and clad. The analyst provides time dependent boundary cond:tions
and/or specifications for control rod movement in order to perturb the system
from an initial steady state. The boundary conditions are the inlet flow rate
and temperature and a single system pressure. The analyst also supplizs a
normalized inlet flow distribution across the core which does not vary with
time. Control rod movement includes the center rod by itself, all banks of
control rods, or some combination of these. BEAGL-01 has just been made
available outside of BNL (2, 3) where it had been in use for many years. The
objective of thfs summary is to give its capabilities and limitations.
Capabilities

The modeling within the code makes it suitable for analyzing many tran-
sients of safety significance, as well as transients expected during opera-
tion. In particular, it is useful for: 1) the rod drop accident (RDA) in a
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events in a BWR; and 4) generic studies on the effect of therma]-hydraulic
feedback and control rod movement. These applications are further discussed
below.

In the two reactivity insertion accidents, the RDA and REA, the power in
the core is non-separable in the axial and radial directions and hence (r,z)
geometry (as in BEAGL-01) or (x,¥,2) geometry is necessary. BEAGL-01 has a
two-phase coolant model and a cross section formulation which allows for feed-
back as a function of thermal-hydraulic variables; both of which are necessary
for a proper calculation of these accidents. Although the modelling in the
code is suitable for both reactivity insertion accidents, extensive experience
exists (with the predecessor of BEAGL-01, BNL-TWIGL) only for the rod drop ac-
cident (4).

In most PWR transients initiated by perturbations in the thermal-hydrau-
lics, the changes in the core power distribution are relatively slow and
spatially dependent neutron kinetics is not necessary. Although exceptions to
this rule can be found, it is the application of BEAGL-01 to thermal-hydraulic
transients in BWRs that is more important. In a BWR the strong coupling be-
tween steam voids and power necessitates the use of a code 1ike BEAGL-01,
i.e., a code with spatial neutron kinetics coupled to thermal-hydraulics.

This is particularly true for overpressurization events such as those
initiated by a turbine trip, load rejection or closure of the main steam
jsolation valves. In these events reactor trip is usually not effective until
after the core has experienced a pdwer surge. A detailed core model is also
important for anticipated transients where there is no (or partial) insertion

of control rods (an "ATWS" event).
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In transients initiated by a thermal-hydraulic perturbation it is usually
changes in the axial power shape that are significant since frequently the
radial shape does not change much. In such a case a one-dimensional neutron
kinetics solution (which can be obtained with BEAGL-01) may be adequate.
Documented experiernce with BEAGL-01 includes the application to turbine trip
events,(5) including transients without turbine bypass capacity (6) and with-
out scram.(7)

The fourth application referred to above is the use of the code for gen-
eric studies on the effect of thermal-hydraulic feedback and control rod
movement. Two documented examples of this are a study of steam void feedback
(8) and scram reactivity, (9) both for a BWR. These studies showed the effect
of space-time coupling and hence the importance of applying a code 1ike BEAGL-
01 to determine the effect of void feedback and scram.

Limitations

As with all computer models there are certain limitations that the analyst
should be aware of when using BEAGL-01. In general these limitations are not
SO severe that they seriously constrain the user for the applications discus-
sed above.

Basic limitations of the neutron kinetics model are the result of using
(r,z) geometry and the diffusion approximation. The use of (r,z) geometry
requires regions of the core to be homogenized so that they can be represented
as annuli. This homogenization in general is no more limiting than that
required to represent a fuel assembly as a single composition. However, it
does preclude consideration of an individual control blade or cluster except

at the center of the core.
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A basic limitation of the diffusion approximation is that it is not valid
near a strong absorber. In practice a BEAGL-01 input model is usually set up
with compositions homogenized over regions at least as large in cross section
area (perpendicular to the direction of flow) as a fuel assembly. These homo-
genized regions should not be so strongly absorbing that this limitatior be-
comes a problem with applications of BEAGL-01.

Four basic limitations of the thermal-hydraulics modeling are the one-
dimensional solution, the interphase energy transfer, the absence of a bypass
channel, and the inability to calculate flow reversal. The one dimensional
solution for the coolant thermal-hydraulics implies that there can be no cross
flow between assemblies. This condition - no cross flow - is satisfied in
BWRs but does not apply in general to PWRs. The PWR transient of most inter-
est is the rod ejection accident. Since the power surge in the REA is termin-
ated rapidly due to the Doppler effect, there is little time for any cross
flow to develop as a result of the power excursion. Therefore, this limita-
tion should not be significant; indeed it is common practice to ignore cross
flow in the REA.

The second problem in the thermal-hydraulic model is the use of an equil-
ibrium correlation for the heat transfer between the two phases. This has the
effect of overestimating the vapor generation rate during a power excursion.
The effect of this inaccuracy has not been guantified.

The absence of a bypass channel for BWR analysis is not a serious limita-
tion. Approximately 2% of the power is deposited directly in the bypass re-
gion and hence without this reqion the energy deposition in the coolant and

fuel rod is slightly overestimated.



Flow reversal could cccur in an LWR during a reactivity-initiated-
accident. It is specifically disallowed in BEAGL-01 because the code uses a
marching technique and a donor-cell formulation to solve the conservation
equations and uses the concept of slip. This limitation is expected to be

important in only a very limited number of cases.

In summary it is clear that BEAGL-01 is an important addition to the com-

" putational tools that are available to the nuclear industry.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed hercin do not necessarily state or
reflect those of the United States Government or any agency ihereof.



