
SWAAM-LT: The Long-Term, Sodium/Water Reaction
Analysis Method Computer Code*

Y. W. Shin and H. H. Chung
Argonne National Laboratory, Argonne, IL USA

A. H. Wiedermann
Formerly IIT Research Institute, Chicago, IL USA

H. Tanabe
Power Reactor & Nuclear Fuel Development Corp., Oarai, Ibaraki, Japan

For
12th International Conference on

Structural Mechanics in Reactor Technology
Stuttgart, GERMANY

August 16-20,1993

January 1993

t i l

26893

Tht Mbmitttd manuscript h » bttn authored
by • contractor of tfw U S. Gownmant
undtr contract No. W-3M09-ENG-38.
Accordingly, ttw U. & Government retains a
nontxclusivt, royalty-frat lictnM to publish
or reproduce th« pubtithvd form of this
contribution, or allow othtrs to do so, for
U. S. Govtrnmvnt purpo«H.

•Work sponsored by the U.S. Department of Energy, Advanced Sodium Component
Features Tests Program, under contract number W-31-109-Eng-38.



SWAAM-LT: The Long-Term, Sodium/Water Reaction
Analysis Method Computer Code

Y. W. Shin and H. H. Chung
Argonne National Laboratory, Argonne, IL USA

A. H. Wiedermann
Formerly IIT Research Institute, Chicago, IL USA

H. Tanabe
Power Reactor & Nuclear Fuel Development Corp., Oarai, Ibaraki, Japan



ABSTRACT

The SWAAM-LT Code, developed for analysis of long-term effects of
sodium/water reactions, is discussed. The theoretical formulation of the code is
described, including the introduction of system matrices for ease of computer
programming as a general system code. Also, some typical results of the code
predictions for available large scale tests are presented. Test data for the steam
generator design with the cover—gas feature and without the cover-gas feature
are available and analyzed. The capabilities and limitations of the code are then
discussed in light of the comparison between the code prediction and the test
data.

1 INTRODUCTION

The aspect of sodium/water reaction (SWR) in a steam generator system of a
liquid metal reactor (LMR) is an important consideration as it relates to design,
operation, maintenance, and safety. In particular, the long-term effects of SWR
need to be addressed in the design of an adequate relief system to mitigate the
pressure and contain the SWR products.

The SWAAM-LT (Sodium/Water Advanced Analysis Method - Long-Term)
Code was developed at Argonne National Laboratory to analyze the long-term
effects of SWR. Although the phases resulting from a long-term SWR event will
tend to mix, a fully two-phase flow modeling would be a highly difficult task. A
single phase flow model is, therefore, adopted in SWAAM-LT in a network
configuration of piping in which the gas phases are treated separately from the
fluid, and the phase interfaces are tracked numerically.

2 THEORETICAL FORMULATION

2.1 Fluid Equations

The system to be analyzed is made up of a number of pipes that are filled with
fluid and connected in some fashion by junctions, forming a network of piping.
The fluid in a pipe i is assumed incompressible and one-dimensional, which
may be described by the momentum equation:



pXjUi = p i n i - p o u t i +

- Ke | puf - pgXj • sin pj; (1)

and the fluid in a junction j by the continuity equation as

£ Ajpui = Mj, (2)

where u is the fluid velocity, p the density, p the pressure, Ap the pressure head
such as pump head or orifice loss (negative head), f the friction loss coefficient,
Ke the entrance loss coefficient, P the pipe_inclination angle, A the cross-
sectional area, and X the length of a pipe, u is the fluid velocity in a pipe
directed toward junction j , and M the mass of fluid in the control volume of a
junction.

2.1.1 System Matrices

System matrices are introduced to define the network configuration of a piping
system. Eqs. (1) and (2), which apply to an individual pipe and junction, are
rewritten using the system matrices and then combined to eliminate the
variable, u, to obtain an equation for the variable, p. After a number of steps of
derivation, the following equation for junction pressure is obtained:

n ,
J k=l J

where

iHi XRfc-J-SyAi £TikApkt
k=l A i k=l J

—A-S-jS- • Z? = X (Sii) A j

Zj j = l X i ' ' " ' i = 1 X i

In the above equations, Hs = 1/2 Ke pu2, Hi = fj/2Di?pu2 + pg sinPi, Gfc = 0, if
j = k, and 1, if j f k. Sjj is the connection matrix, which assumes a value +1, if
the inlet of pipe i is connected to junction j ; -1, if outlet; and 0, if neither ends are
connected to junction j . Ty is the pump head matrix, assuming +1, if the
pressure head is applied to tfie inlet; -1, if it is to the outlet; and 0 if no head is
applied. Similarly, Ry is the entrance loss matrix, taking on +1, -1 , or 0,

r tile <_ on whether tne entrance loss is applied to the inlet, outlet, or no loss
is involved, respectively.

Junctions that involve only the fluid, not any gas phase, are termed regular
junctions. Equation 3 is used to solve these pressures. Junction types such as
fluid reservoir, elbow, area change, tee, etc., are regular junctions which are
implemented in SWAAM-LT. Simple junction is a junction type which is used
to represent a long pipe as a series of several shorter pipes. Other regular
junctions implemented in SWAAM-LT include pump junction, friction drop



junction to model valves, orifices, or other flow restrictions, and in-line rupture
disk.

2.2 Gas Phase Equations

Junctions containing compressible gas phases, as opposed to the incompressible
fluid in the regular junctions discussed above, are termed special junctions and
treated separately. Behavior of a gas phase in a special junction is described by
the equation of state and the energy equation, respectively, of an ideal gas under
an adiabatic condition as follows:

pV = (k-l)E; (4)

dE ._ kpV dw dV
dF = m e + ( k ^ dT " p I t ' (5)

where E is the internal energy, me the rate of energy injection into the junction,
k the ratio of specific heats, w the gas mass, dw/dt the rate of gas mass increase
as result of mass inflow across the junction control volume, V the gas volume,
and dV/dt the rate of volume change due to the phase interface motions.

Equations (4) and (5) are combined to eliminate E and obtain an equation for
pressure for a numerical calculation as follows:

dp I f . . , x . _ . (V dw dV^ = - [ ( k - l ) m e + k p f - - - - (6)

There are instances where two different gases occupy the same junction, as
in the RPT or cover-gas junction. In these instances, an interface between the
two gases is assumed and tracked numerically. The following equation
describes the junction pressure where two gases coexist:

(kj-

dp 1
dt

l)mei (k2 — l)m2e2 j
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A number of special junction types are implemented in SWAAM-LT to model
various features of a steam generator system and effects of SWR. The bubble
junction models generation of hydrogen gas as result of SWR. The reaction
products tank (RPT) models the relief system that includes the stack, other
equipment to vent the gas phase, and the tank. Pressurizer and cover-gas
junctions are also special junctions as they contain gas phases.

3. NUMERICAL PROCEDURE

As described above, fluid and gas phases are calculated separately. First,
pressures of the gas phase in the special junctions are calculated. Pressures of
fluid in the regular junctions are calculated next. Once all junction pressures
are calculated, fluid velocities for pipes are then calculated by using Eq. (1) in



which the newly calculated junction pressures are used for the right-hand side
of the equation. When all junction pressures and fluid velocities are calculated,
the one time-step solution is completed and the process may be repeated to obtain
a desired transient solution.

A simple explicit integration scheme was proven satisfactory and used in all
the cases calculated and discussed below.

4 RESULTS AND DISCUSSIONS

Test data is analyzed using SWAAM-LT. Test data for the steam generator
design with the cover—gas feature and without the cover—gas feature are
analyzed.

Test results from the large leak test rig (LLTR) at Atomics International
(DeBear and Neely, 1978) were analyzed. The steam generator model in this test
was a straight-tube design with no cover-gas. Fig. 1 shows the schematic of the
LLTR facility. One of the tests performed in the LLTR, the A-3 Test, involved the
desired long-term aspects and was chosen for analysis. A small initial leak
introduced artificially in the steam generator model in turn developed a series of
secondary leaks approximately 60 s after the initial leak. The leak rate was
estimated to increase with time linearly, from the initial leak rate of 0.1 to the
final leak rate of 15 lbm/s at approximately 115 s.

Figure 2 shows the SWAAM-LT model. Figure 3 shows the pressures in the
test vessel as obtained from two different leak rate estimates, then compared
with the test results. Initially, pressure in the vessel increased slowly but
subsequently accelerated as the leak rate increased. As the pressure increased
further, the rupture disk in the lower piping branch burst and a rapid venting of
the reaction products and liquid sodium followed. The pressure in the vessel
then dropped quickly. The SWAAM-LT results agree well with the test results
for both of the two leak estimates and in the manner that the pressures rise to
and fall from the peak.

There are input variables that define SWR. A parametric study was
performed using measurements from the tests as guides. For example, the
hydrogen conversion ratio is an important input parameter. The parametric
study revealed that an input of 0.30 for the value yielded results closest to the test
data. Another important input parameter is the bubble temperature in the
isothermal bubble modeling. A bubble temperature of 700°F is considered the
best value and was chosen. The SWAAM-LT results shown in Fig. 3 are the
results from these input values.

The Japanese SWAT-3 test facility (Miyake et al., 1982) used a helical-coil tube
type steam generator with cover-gas as the test model. The general schematic of
the SWAT-3 facility is shown in Fig. 4 and the corresponding SWAAM-LT model
in Fig. 5. Among the many test runs, Run 3 is analyzed here. The leak rate
measured in the test and input to the SWAAM-LT model is fairly constant but
slightly decreasing; 19 lbm/s initially and gradually decreasing to 17 lbm/s at
about 10 s, at which time the injection was terminated.

The pressures in the evaporator unit and superheater unit are shown in
Figs. 6 and 7, respectively. Initially, the pressure in the evaporator increased
rapidly until the rupture disk in the evaporator unit burst. At that time, a much
slower pressurization followed. A peak pressure was reached as the rate at
which the cover-gas and the reaction products vented from the evaporator
approached close to the rate at which the reaction products were generated. The



rupture disk at the superheater never burst in this test since the back pressure
increased due to the SWR in the evaporator and kept the rupture disk from
bursting.

In the case of the SWAT-3 Run 3 Test data, the parametric study showed that
a close agreement was obtained for the value of the hydrogen conversion ratio of
0.30, as indicated in Figs. 6 and 7. In addition, input of the bubble gas
temperature, 840°F, resulted in the best agreement. The agreement between the
SWAAM-LT prediction and the SWAT-3 test data is also shown very favorable.

5 SUMMARY AND CONCLUSIONS

Results of the analysis of the SWR test data, including the results of parametric
studies, indicate that the agreement between the SWAAM-LT predictions and
the test data is, in general, favorable. Application of the SWAAM-LT Code
requires input variables that describe aspects of the SWR and its long-term
phenomena. These input variables were derived from test results. Parametric
studies were also very helpful in defining some of the input parameters. With
the input variables thus obtained, the SWAAM-LT results are very encouraging.
Hence, it is concluded that the SWAAM-LT Code is a useful computer program
for many practical design and safety analysis applications.

The single-phase modeling adopted in SWAAM-LT for the general two-phase
flow phenomena involved in the long-term SWR event is a simplification which
requires tracking of phase interfaces which divide the fluid and the gas phases
numerically. The extent to which the interface tracking must be carried out in
any SWAAM-LT calculation depends on the system components involved, the
piping network configuration, and the nature of the transient. In the SWAT-3
data analysis discussed here, the interface tracking was quite extensive. Strong
tendency for phase mixing was observed, and additional special treatments were
necessary in order to continue the calculation.
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