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Introduction

Steady single-phase flow analysis techniques are
quite well developed, and correlations have been widely
tested and verified for various constant geometries and
for the effects of changes in geometry. Thus calcula-
tions for steady flow of single phase nater (as in the
primary loop) can be performed with very high confi-
dence. However, computation of reactor system behavior
during transients requires analysis of the secondary
side behavior and of the heat transfer in the steam
generator between the two sides. This introduces three
complicating factors: analysis of two-phase (boiling)
flow in the secondary side; analysis of the heat trans-
fer to the two-phase flow, which varies with the flow
regime; and, analysis of transient effects on both.
Confidence in the accuracy of the calculation decreases
as we add each of these effects, leading to Increasing
uncertainty in results. As the transient becomes more
severe, causing rapid changes in the flow regime and
even Introducing two-phase flow conditions on the pri-
mary side, the confidence level rapidly decreases.
This decrease i s due to two effects: f irst , there is
very l i t t l e experimental data on transient two-phase
flows, and there is a wide scatter band on even the
steady-state two-phase flow data; second, the computer
codes require quantitative criteria for selection of a
set of physical exchange mechanisms between the phases
and to the flow boundaries, and these criteria ire
poorly defined by virtue of the data itself . This
leads to difficult computational issues and the accom-
panying potential for unrepeatibfHty of the results on
different computing systems.

In the nuclear industry, Increasing use of simula-
tors is being made for training operators. These
training simulators are driven by computers with sim-
plified models and approximations ( i . e . , only rudimen-
tary representation of two-phase conditions) intended
to provide a representation of plant behavior for nor-
mal operating conditions and mild off-normal condi-
tions, with provision for representing effects of oper-
ator actions and the behavior of instruments in the
control room environment.

Recently the USNRC has sponsored the development
of a class of highly sophisticated engineering analysis
computer codes (RELAP, TRAC) employing detailed two
fluid modeling to model a limited portion of a nuclear
power plant primary and secondary loop and i ts control
systems. Although these cedes are typically slow run-
ning for wery severe accidents such as Large Break Loss
of Coolant Accidents, some of these engineering analy-
sis codes can run at or faster than real time for sim-
pler transients. Extensions and improvements to these
codes could provide a vehicle for studies for which i t
is not necessary or useful to include a control room
mockup, such as system performance and interactions,
evaluations of design features and changes, and evalua-
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t1on of events Involving core or plant damage. Efforts
are currently underway to adapt these to simulator use.

The optimum reactor plant transient simulation
code would have the following essential characteris-
t ics :

Tt>e code should be highly accurate for plant
operational transients, with capability to
extend calculations beyond the design basis
envelope.

The code should provide for complete modeling
of plant control systems, Including capa-
bility to model all of the various vendor
design features, along wfth provision for
reasonably easy introduction of design
changes.

The code must run quickly and reliably enough
that i t Is practical to use for evaluation of
design changes and simplifications.

A variety of transients raist be addressable,
Including reactivity Insertion, overcooling
and undercooling, and loss-of-coolant.

The key phenomena such as two-phase flow and
heat transfer must be adequately treated.

Although one must bear in mind that simplified, and
consequently less accurate, models are necessary to
achieve the real-time computational capability, never-
theless, because there are substantial gaps and uncer-
tainties in the state of knowledge of phenomena that
are difficult (and therefore time consuming) to com-
pute, It does not follow that sacrifice in code sophis-
tication necessarily means sacrifice in real accuracy
or confidence in results. The new developments in
modeling and methods achieved in the engineering analy-
sis codes will permit substantial strides to be made
toward these goals in the next generation of simu-
lators.

Engineering Analysis Codes in the U.S.

In recent years, the USNRC has sponsored develop-
ment of two series of computer codes for LWR accident
analysis (RELAP and TRAC) while the Electric Power
Research Institute has sponsored the development of
RETRAN for similar analysis to that performed by
RELAP. In addition, the NRC has sponsored modification
of a simpler systems analysis code originally developed
by Combustion Engineering (CESEC) calling the modified
code IRT. These codes differ from each other basically
in the amount of fluid mechanical detail they attempt
to calculate. Tha RELAP, RETRAN, and TRAC series
(sources for these codes can be found in Ref. 1) of
codas were intended for use in engineering analysis
rather than system simulation. Thus computational time
was sacrificed in the interest of accuracy.
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IRT has one-dimensional mass and energy conserva-
tion equations only, the user -is expected to supply
flow rates vs time. The RELAP/RETRAN series extends
the one-dimensional (network) analysis and Includes
solution of the momentum equation. The RELAP4 series
is basically a 3 equation set — i.e., a single homo-
geneous fluid, upon which the user may superimpose a
"slip model" to Introduce some vapor liquid slip.
RETRAN has Incorporated a drift flux model, and RELAP5
extends the analysis to a 5 equation set (adding phasic
mass and momentum difference equations).

The TRAC series uses a full six equation set (3
for each fluid) and extends the computation to multiple
dimensions for analysis of complicated flows In the
reactor vessel, downcomer, core, etc. Generally as
complication is added to the code, computing time In-
creases; however, the new codes (TRAC and RELAP5) were
written to take advantage of new developments in numer-
ical methods, so that both the RELAP5 and the TRAC-PF
series are substantially faster than the RELAP4/RETRAN
series.

Simulation of a nuclear power plant can be done
either by building Individual component models and
linking them together to obtain a model of the
whole plant (the typical approach of simulator manufac-
turers and followed in the IRT code) or by using the
fluid volume and junction approach of the more complex
engineering analysis codes. In general the accuracy of
the latter codes is greater, but computational time is
longer. It is interesting to observe, however, that
RELAP5, using a 30-volume single-loop reactor plant
model, is able to run in roughly half of real time.

General Capabilities of U.S. PWR Engineering Analysis
Codes ' *

A recent study by Wulff1 of the capabilities and
limitations of major engineering analysis codes con-
cludes that "operating transients near normal operating
conditions can be predicted with engineering accuracy,"
but small break LOCAs "cannot be predicted with confi-
dence at this time because of difficulties in modeling
extremely Important effects of phase separation." The
author went on to comment that "multi-dimensional two-
phase flow "computations with the detailed two-fluid
model cannot be supported by the necessary fundamental
measurements, since the instrumentation is not avail-
able." Nevertheless, extensive calculations and com-
parison to simulations of SBLOCA and other experiments
in LOFT and SEMISCALE indicate that the RELAP and TRAC
calculations usually err on the conservative side when
they do in fact err.

The Fundamental Difficulty -- Two Phase Flow Modeling

It is well recognized that fundamental difficul-
ties exist with any attempt to quantify the exchange of
mass, energy and momentum between vapor and liquid
phases because the interfacial geometry is unknown.
The attempts which have been mad? to correlate the
exchange mechanisms to "flow regimes" were well des-
cribed by Ishii.*'3

The difficulty with attempting to model such a
complicated phenomenon in a computer code 1s the neces-
sity to simplify the dependence to a few independent
variables — such as void fraction or superficial velo-
city. Since the exchange mechanisms all depend funda-
mentally upon the interfacial goemetry, Ishil and
Mishima3 have recently proposed a mechanistic approach
to correlation of frictional pressure drop to inter-
facial area. This first attempt at a mechanistic cor-
relation employs "shape factors" based upon various
characteristic lengths of the flow pattern and includ-
ing a "roughness parameter" to develop interfacial area

as a function of flow regime. They concluded that
direct geometrical parameters such as void fraction and
inter facial area should be used in flow regime criter-
ia, and they proposed such a set of criteria.

There are distributions of droplet sizes and
shapes associated with any flow pattern, but actual
experimental determination of those distributions and
their functional dependency upon flow regimes and other
parameters affecting the flow is at best a very long
range prospect. Although the effects of this basic
stochastic nature are dominant in the exchange pro-
cesses and play a Raj or role in analysis, *• one must be
satisfied with the use of average droplets to represent
a distribution.

Finally we note that there are virtually no data
of a microscopic nature on transient flow conditions
and very little macroscopic data either.

Assessment of the Engineering Analysis Codes

RELAP

Independent assessment of any one of the system
codes 1s far from complete. The NRCS has indicated
that "due to large resource requirements, only the
advanced best estimate code (TRAC) will be subjected to
the complete assessment process aimed at producing the
needed information to quantify the margin of safety in
LWRs." In their assessment of RELAP4/H0D6, the KRC
concluded that "comparisons with experimental data from
ten test facilities showed that RELAP4/M0D6 predictions
provide an adequate representation of system hydraulics
for the blowdown period of a LBLOCA." The code's abil-
ity to calculate refill was judged to be poor due to
the HEM assumption. This assessment was done singular-
ly for the LBLOCA; as of this date there is no quanti-
fication or assessment by the NRC for transient analy-
sis.

A recent simulation of a loss of feedwater acci-
dent at L0FT6 (test L3-3) investigated methods of
recovery by shutting off the reactor coolant pumps and
depressurizing through the PORV. Pre-experiment
analyses done with RELAP5 had substantial differences
from the experimental data,6 in part explained by an
unexpectedly large heat loss from the loop. Posttest
analyses can be much more accurate: some of the
differences being due to actual overlooking of
phenomena, while others are due to readjustment of
coefficients to better fit the data.

RELAP5 is now in wide use for system transient
analysis, and has been found be be able to run some
transients at or near real time. Furthermore, exten-
sive use by the LOFT team is resulting in substantial
Improvement in ability to preanalyze transients in both
LOFT and SEMISCALE.

RETRAN

Since I ts f i r s t release in December 1978, RETRAN
has been adopted by many of the U.S. u t i l i t i e s and sane
consulting organizations for use in systems safety
analysis. ' In late spring of 1981, EPRI released
RETRAN02, which corrected many of the deficiencies of
earl ier models. However, since i t Is very similar to
RELAP4 I t is also unable to account adequately for the
phenomena associated with nonequilibrlun thermodyna-
mics, and with phase separation.7 The code developers
characterize RETRAN02 as applicable to BWR and PHR-13
operational transients, small break LOCA blowdown (but
not reflood and r e f i l l ) , secondary-side-induced tran-
sients, and ATUS.



A good example of RETRAN applications and accuracy
was provided in the posttest comparison to an Oconee
Unit 3 (B&W) Loss-of-Feedwater-and-ICS-Power event of
Nov. 29, 1979.8 Typically, posttest analysis requires
an extensive Iteration procedure. Another good example
is the GPU staff RETRAN analysis of a turbine trip
event (Ref. 9). Because the number of open steam re-
lief valves was unknown, and therefore steam flow un-
known, it was necessary to iterate on the valve trip
open and close set points to compare with measured
secondary steam flow and pressure and primary flow and
pressure until a consistent scenario evolved. The fact
that users of these codes (RELAP & RETRAN) are able to
get reasonable agreement with plant data by adjusting
control options to fit the apparent experimental steam
flow (or other) data Is encouraging.

TRAC

According to the TRAC developers,10 the ear l ier
released versions of the code, P I , P1A and PD2, were
Intended as benchmark codes for LBLOCA analysis. TRAC-
PD2 has been applied to TMI2-11ke transients, with
limited success. A new very fast version, TRAC-PF1,
was released in the late summer of 1981. PF1 differs
from slower older TRAC versions primarily 1n that PF1
is entirely 1-dimensipnal whereas other versions have
2- and 3-0 modeling of the reactor vessel ,1 0 and i t has
improved numerical schemes which permit larger time
steps for long transients. The code developers expect
to release an improved version late in the summer of
1982 which wi l l include extensive control system model-
ing capability. This code is reportedly able to com-
pute faster than real time for the simpler transients.

Intercode Comparison

While very l i t t l e intercomparlson of code calcula-
tions has been done for TRAC and RELAP5 S 4, a recent
LOR simulation of a Small Break LOCA has served as a
testing ground. Figure 1 shows attempts to perform
that analysis for 10,000 seconds.11 He note that a l l
codes performed reasonable well for the f i r s t few thou-
sand seconds, lending some optimism to future capabil i-
t ies .

The ultimate test of the analysis is that after
one has adjusted the coefficients to match a plant's
measured steady state conditions, he should be able to
calculate transients without further coefficient modi-
f icat ion, This is the mode used by safety analysts,
and must be used to assess the accuracy and confidence
in those calculations.
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Conclusions

Engineering transient analysis codes, which are in
general more accurate than the present generation of
simulator software, can be expected to yield reasonably
accurate results (± 20% or so on system pressure) 1f
carefully ut i l ized and i f the two-phase and transient
flow conditions are not severe. As the severity of the
transient increases, the confidence that one may have
in the results decreases.

None of the existing engineering analysis codes is
well assessed or verified for transient analysis, but
a l l give qualitatively the same results lending cre-
dence to their results. Recent comparisons to tran-
sients In LOFT and SEMISCALE are encouraging as are
various comparisons to actual plant data.

Users of these codes must be especially careful to
I n i t i a l i z e properly, must examine results with great
concern for understanding the details in order to un-
cover anomalous behavior, and must, over everything,
take great lengths to accurately model the plant con-
trols which wi l l In fact ultimately govern the tran-
sient.

Recent improvements 1n numerical methods and mod-
eling techniques for the development of engineering
analysis codes has provided new technologies that can
be adapted for the next generation of simulators.
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