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OTHER APPLICATIONS OF BEST-ESTIMATE
CODES AND METHODOLOGIES IN ADDITION

10 LICENSING

A. TANARRO

Together with their applications for purposes of licensing, best-estimate thermalhydraulic codes offer the possibility of a
wide range of additional uses or applications in which the most realistic, reliable results possible are required. Although
many of these applications have already been put into practice with satisfactory results, the use of these codes for purposes
other than those associated to licensing processes is not as well known among the nuclear community in general. This article
describes some of these applications and their most notable specific features.

INTRODUCTION

A best-estimate thermalhydraulic co-
de is a computer program containing a
complex set of mathematical models,
the purpose of which is to calculate as
realistically and accurately as possible
the evolution of the major parameters
involved in operational and accidental
transients in thermalhydraulic installa-
tions in general and nuclear facilities in
particular. Their scope, accuracy and
degree of realism are determined hy
the theoretical knowledge and experi-
mental data available on the different
physical phenomena involved in these
evolutions and by the available calcu-
lation methods.

Best-estimate codes differ fundamen-
tally from the so-called conservative
codes in that the former are used to ob-
tain realistic results, whereas the pur-
pose of the latter is to obtain bounding
envelopes of these results under con-
servative criteria for purposes of licen-
sing.

The use of realistic calculation pro-
grams for licensing analysis has for
many years been a controversial sub-
ject. On one hand, as indicated above,
conservative codes and programs pro-
vide bounds in the conservative direc-
tion of the evolutions being conside-
red, so that potential inaccuracies of
the models should in all cases be con-
tained within the resulting conservative
margins. However, it is always possible
that the very approach of supposedly
conservative conditions and hypothe-
ses could mask effects in the non-con-
servative direction that could be revea-
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led in a realistic calculation. On the ot-
her hand, excessive conservatism
when establishing operating margins,
defined as the difference hetween the
value of the main limiting parameters
and the associated acceptance criteria,
has an obvious economic impact on
plant operation, as it imposes limits on
plant operational factors that could, so-
metimes, be excessively restrictive.
Therefore, for several years, regulatory
bodies have tended to allow the use of
certain “best-estimate” codes for licen-
sing analysis, but with strict require-
ments in terms of assuring the reliabi-
lity of the results which, in keeping
with established acceptance trends,
should be demonstrated by the corres-
ponding uncertainty analysis on the
basis of an ap-

However, in addition to these appli-
cations for licensing purposes, best-es-
timate thermalhydraulic codes offer the
possibility of a wide range of additio-
nal uses or applications in which rea-
listic results are required and in which
uncertainty analyses are generally not
applicable. Although many of these ap-
plications have already been put into
practice with satisfactory results, the
use of these codes for purposes other
than those associated to licensing pro-
cesses is not as well known among the
nuclear community in general. This ar-
ticle describes some of these applica-
tions, briefly discussing their most no-
table specific features and providing
some examples.
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goals, which would justify ba-
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DEVELOPMENT AND
EVALUATIOI AND ANALYSES EVALUATION OF EMERGENCY
OF COMPONENT OR SYSTEM OPERATION PROCEDURES

MODIFICATIONS

If a problem is identified or the possi-
hility arises of improving a plant com-
ponent or system, different technical
solutions can be proposed that will in-
volve modifications to the existing
components or systems or incorpora-
tion of new ones. Best-estimate ther-
malhydraulic codes provide a very use-
ful tool for the analyses associated both
with the design of these modifications
and their evaluation for selecting or
prioritizing the different alternative pro-
posals on the basis of effectiveness,
cost and viability criteria. They supply
valuable information to different pha-
ses of these processes, such as the fo-
llowing:

- preliminary assessment of the mo-
dification’s effect on operating margins
and, if acceptable, from the standpoint
of applicahle regulatory standards.

- check of potential adverse or unfo-
reseen impacts on other components or
systems involved.

- evaluation of the system’s response
when the modifications involve inno-
vative designs regarding which there is
little or no operational experience.

- determination of the proposed al-
ternative solutions which are equally
effective for fulfilling the established
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Within the general strategies for acci-
dent mitigation, Emergency Operation
Procedures (EOPs) define how opera-
ting personnel should act when coping
with abnormal or accident conditions.
These actions should always be targe-
ted at leading the plant to a stable and
safe condition and minimizing the po-
tential adverse consequences of the
event.

Analyses with best-estimate codes
concerning the development of emer-
gency operation procedures include all
calculations required for selecting and
optimizing the

On the other hand, the primary pur-
pose of support analyses for evaluating
or validating EOPs is to determine that
the actions specified in the procedures
can be properly executed within a rea-
sonable time frame by properly trained
operators, and in general that accident
management is viable and suitable and
accomplishes the goal of taking the
plant back to a stable, safe condition
and minimizing the potential harmful
consequences of the event.

This type of objective requires the
analysis to address certain peculiarities,
including the following:

- the need for a realistic approach
becomes even more important in this
case, as the purpose is to determine as
specifically and accurately as possible
the operator actions required to achie-
ve optimum recovery in the face of real
circumstances and their associated in-
dications.

- it is essential that available instru-
mentation be properly modeled, and to
establish or evaluate the checking,
diagnostic or decision making steps in
the procedures based only on the infor-
mation that can be read or deduced
from the indicators. If it is deemed ad-
visable to base decision making on in-
formation provided by calculation and
not available from process instrumenta-
tion, the possibility must be considered
of deducing this information based on
readings or alternative measurements
of the instrumentation, or of even pro-
posing that its scope be increased in
the design.

- the operation and effect of systems
or signals obtained from associated ins-
trumentation must be addressed in the
analyses, even though they are outside
the model scope, considering them, if
necessary, as boundary conditions or
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assumptions for the calculation (e.g.
consider the diagnosis of a steam gene-
rator tube rupture on the basis of a high
radiation signal in the condenser,
which is not normally evaluated by the
madels available in the codes).

- realistic hypotheses should be pro-
posed concerning operators’ reaction
and action times, and if deemed advi-
sable sensitivity studies should be ca-
rried out to evaluate time margins and
determine the optimum procedure.
This optimum procedure should ad-
dress the human factors involved. In
this respect, standard ANSI/ANS-58.8-
1994 establishes that if, in the analyses,
it is determined that the instrumenta-
tion systems and alarm processes do
not provide the operator with enough
time to take the actions required to mi-
tigate the consequences of design base
events before the established limits are
exceeded, these actions should be au-
tomated, and then the problem beco-
mes one of design.

- however, the recovery strategy
should not be based on excessively
conservative assumptions regarding the
time frame of the operator’s actions,
considering longer than reasonable re-
action times. Above mentioned stan-
dard ANSI/ANS-58.8-1994 establishes
criteria for estimating operator respon-
se times in different scenarios and con-
ditions, primarily based on measure-
ments obtained in simulator sessions;
they therefore can be considered as re-
alistic references.

- as a last step in EOP preparation
and validation procedures, it is advisa-
ble to reproduce the scenarios conside-
red in best-estimate analyses in a repli-
ca simulator, in order to perform a
combined “ergonomic validation” of
these scenarios and the control room
configuration.

TECNATOM has had some interes-
ting experiences in this type of activity
that have demonstrated the utility of
these codes, such as support calcula-
tions with RELAP 5/MOD 2 for valida-
ting PWR plant EOPs, or evaluating the
applicability range of Westinghouse’s
generic Emergency Response
Guidelines (ERGs) to advanced reactor
AP-600 by means of calculations with
Westinghouse code TREAT-AN and
with RELAP 5/MQOD 3.

At present, within the framework of
the European Community’s TACIS and
PHARE projects and other IAEA-spon-
sored projects, work is being done on
adapting and improving the EOPs in
force in Soviet-design plants (WWER

and RBMK), replacing the “event-orien-
ted” philosophy with the Western ap-
proach of “symptom-oriented” proce-
dures. The support analyses for these
projects use different versions of best-
estimate codes.

SAFETY ANALYSIS

Realistic thermalhydraulic codes are
used for developing support calcula-
tions for a large number of analyses
whose ultimate purpose is to evaluate a
plant’s safety levels, outside the area of
licensing or even as a support for it.
This kind of activity includes support
calculations for Probabilistic Safety
Analyses, which are discussed specifi-
cally in the next section, and many ot-
her calculations generally intended to
analyze the plant’s capacity for dealing
with failures or malfunctions or the ne-
ed for protection and safeguard sys-
tems, including redundancy levels, re-
quired systems operability (defined in
the plant’s Performance Technical
Specifications), etc.

In view of the diversity of this type of
calculations, it is not easy to define
specific requirements and characteris-
tics for them. Generally speaking, the
following could be highlighted:

- the scope and range of applicability
of the code used should be well defi-
ned and taken into account when using
it for a particular analysis.

- the scope of plant models should
be as broad as possible, so that the cal-
culation can reflect the effect of or on
systems other than those initially consi-
dered as the most significant systems
for the postulated scenario.

- sensitivity analyses and calculation
of alternative scenarios in which selec-
ted systems may or may not be invol-
ved can be essential depending on the
postulated transient and the purpose of
the analysis.

A large number of experiences can
be mentioned in this area. For exam-
ple, some of the work developed in
TECNATOM along these lines includes:

- parametric studies with RELAP
5/MOD 2 of liquid carry-over and ste-
am generator filling in a tube rupture
accident.

- parametric analyses with RELAP
5/MQOD 2 of the time it would take for
the cladding temperature peak (dry-
out) to occur in a PWR nuclear power
plant in a postulated scenario of total

loss of alternating current and for diffe-
rent assumed leak flows through the
pump seals. The conclusions obtained
from these analyses were used in the
development of the Level 1 PSA of the
plant.

SUPPORT CALCULATIONS FOR
PSA DEVELOPMENT

The purpose of the Probabilistic
Safety Analysis (PSA) is to quantify the
risk associated with a plant operation.
Generally speaking, it establishes the
different potential accident sequences
and quantifies their probability, fre-
quency and consequences.

To develop the PSA, probabilistic
models of the plant must be available.
These models represent the response of
each plant in terms of sequences of
events caused by a proposed initiating
event. The sequences represent the
plant’s response depending on the suc-
cess or failure of the systems used for
safety functions, and they are defined
by the so-called failure trees.

The definition of failure trees inclu-
des the determination of success crite-
ria, the chronological sequence of
events, and the end states of the diffe-
rent sequences. These analyses use the
results of calculations with severe acci-
dent codes, whose thermalhydraulic
boundary conditions are often extrac-
ted from complementary calculations
with best-estimate codes and methods.
In other cases, programs that enhance
the scope of best-estimate codes by
providing them with the capacity to
calculate core-damage situations are
used (e.g., SCDAP/RELAP code).
Finally, in some cases in which the
usually simpler “thermalhydraulic pac-
kages” of severe accident codes are
used (e.g., code MAAP), best-estimate
thermalhydraulic codes are often used
to qualify these packages and their as-
sociated models.

The typical characteristics of PSA
support calculations with best-estimate
thermalhydraulic codes include the fo-
llowing:

- the code’s applicability range
should include full and low power
conditions and even outage situations,
depending on the specific PSA scope.

- the boundary conditions will be de-
fined by the PSA model. This means
they must take into account the actua-
tion and subsequent effect of safety sys-
tems, systems involved in normal ope-
ration, and operator actions that could
play a role in transient or accident evo-
lution.
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this reality, suitable plant
personnel training is be-
coming increasingly im-
portant and, in the speci-
fic case of operating
personnel, this results in
the need for applying si-
mulation technologies
that combine the neces-
sary flexibility for analy-
zing the full range of
plant conditions with a
high degree of reliability
in the realism and accu-
racy of the response ob-
tained.

Almaraz NPP full-scope replica simulator (TECNATOM S.A.)

Current computational
capabilities permit the

- acceptance criteria should he defi-
ned by the PSA, depending on its sco-
pe (Level T or 2) as well as the end sta-
tes of the postulated sequences. Level 1
PSA support is primarily based on
quantification of the minimum equip-
ment required to ensure core safety
(success criteria) and collaboration in
the area of human reliability (determi-
nation of time available to take mitiga-
ting actions in accident sequences be-
fore core degradation). For Level 2,
analyses are performed to determine
fuel damage times and mechanisms, to
simulate accident management measu-
res; ele,

PERSONNEL TRAINING

Thermalhydraulic codes are very
useful for personnel training activities,
as they provide important capabilities
for improving the effectiveness of the
classroom training of each plant’s spe-
cific training programs, including:

- generation of material for ther-
malhydraulic and accident analysis
courses based on specific plant results.

- generation of data on evolution of
the plant’s most critical or relevant
transients.

- On-line use of codes and associa-
ted models in training sessions with the
support of graphic interfaces, such as
the Nuclear Plant Analyzer (NPA) soft-
ware for RELAP 5 or similar, which
provide a conceptual vision of tran-
sient-related phenomenology.

SIMULATOR DEVELOPMENT
AND VALIDATION

Analyses of the industry’s operating
experiences show that most reported
problems and incidents are related to
human failures and errors. In view of
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use of certain best-esti-
mate thermalhydraulic and neutronic
codes as basic software for simulation
devices. There are two major require-
ments for this application that, amang
others, should be fulfilled by these co-
des:

1. real-time execution throughout the
training session’s support calculations.

2. interactive feature, to allow inter-
connection to simulator hardware,
graphic interfaces and auxiliary pro-
grams.

TECNATOM has extensive experien-
ce in adapting and applying best-esti-
mate codes to training simulators, in-
cluding both full-scope control room
replica and interactive graphic simula-
tors. This experience has been gained
fundamentally from the application of
real-time codes TRAC-PWR and TRAC-
S to simulators in plants of differing
technologies. These codes were deve-
loped by TECNATOM, with the colla-
boration of General Electric in the case
of TRAC-S.

These applications include simula-
tors of plants with American pressuri-
zed water (Almaraz NPP, Ascd NPP,
José Cabrera NPP, Vardellés NPP) or
hoiling water (Cofrentes NPP) techno-
logy, or German light water and heavy
water technology (Atucha NPP).

The NSSS model of the ABWR-type,
General Electric-design Lungmen plant
is currently under development for co-
de TRAC-S, as well as the NSSS model
of the PWR-4L type, KWU
Grafenrheinfeld plant for code TRAC-
PWR. The applicability of TRAC-PWR
to WWER technology has also been
evaluated, through the successful use
of the code for post-test calculation of
experiment SPE-4 in experimental faci-
lity PMK-2, the reference of which is
the Hungarian Paks nuclear power
plant.
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On the other hand, verification and
validation of training simulators requi-
res that their response to scenarios and
operating modes within the range of
their scope be compared to realistic,
reliable reference data. For this purpo-
se, the records of the real reference
plant are used as much as possible.
However, because few severe acci-
dents have been recorded in the nu-
clear industry, real data are not availa-
ble for comparing simulator responses
to these scenarios, but they neverthe-
less are essential in an operating per-
sonnel training program. This “deficit”
is offset by results provided by best-es-
timate codes that calculate on the basis
of specific models of the plant in ques-
tion.

TRANSIENT DEFINITION AND
ANALYSIS IN EXPERIMENTAL
FACILITIES

In addition to code assessment exer-
cises based on preliminary or pre-test
“blind” calculation of parameter evolu-
tion in experimental thermalhydraulic
installations or on reproduction of the
evolution recorded after the experi-
ment or post-test calculation, ther-
malhydraulic codes are an essential to-
ol for defining the experiment itself.

This is because a quantitative defini-
tion of all parameters and conditions
contributing to the experiment’s evolu-
tion before it is carried out requires re-
alistic thermalhydraulic analyses to cal-
culate and, if appropriate, optimize the
values and trends of these parameters
and variables, in order to dictate the
most appropriate evolution for ohser-
ving the phenomenology under study.
The parameters and conditions to be
determined include the following:

- total experiment time.

- time sequence.

- selpoints or actuation times.

- evolution of the main variables, in-
cluding maximum and minimum va-
lues, especially when these affect the
experiment’s safety.

- the most appropriate conditions for
the phenomenology to be observed
and additional foreseeable phenome-
na.

- the experiment’s viability based on
the facility’s characteristics and safety
considerations.

- parametric and sensitivity analyses
to support ad-hoc decision making du-
ring the experiment based on the ob-
served evolution.

TECNATOM has gained experience
in this field through its participation in



pre-test calculations with RELAP
5/MOD 2 for defining and specifying
experiment BL-40, developed in the
Joint Research Center’s LOBI facility in
Ispra, Italy. This was an operated expe-
riment intended to experimentally vali-
date Emergency Operation Procedure
E-3 for steam generator tube rupture in
a Spanish plant. In addition to the
analyses for specification of the experi-
ment, several parametric sensitivity cal-
culations were performed on the dis-
charge coefficient of the valve
representing the tube rupture, which
served as the basis for ad-hoc decision
making during the experiment.

INSPECTION TEST DEFINITION
AND ANALYSIS AND EVALUTION
OF PREVENTIVE OR CORRECTIVE
MAINTENANCE ACTIVITIES

Realistic thermalhydraulic calcula-
tion codes and programs can also be
applied to other plant activities, such
as inspection and maintenance. In the
case of inspections, for example, analy-
ses have been performed with this type
of tool for the following:

- preliminary quantitative estimates
of the magnitude of cracks or breaks
based on measured or estimated values
of flows, inventories, water levels, ra-
diation levels, etc.

- definition or specification of ins-
pection tests, determining the optimum
values of imposed variables or parame-
ters to obtain the best results for the va-
riables to be evaluated, i.e. results wit-
hin easily measurable ranges or
imposed values to which the parame-
ters to be measured are more sensitive.
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Atucha-1 NPP Inferactive Graphic Simulator display

In the case of maintenance, different
plant departments may on occasion re-
quire engineering personnel to provide
information on the effect of or the best
conditions for performing some of their
own activities, for example the follo-
wing:

- estimation of the effect of certain
activities on rated plant conditions,
such as plugging of steam generator tu-
bes.

- performance measurements.

- viability of tagouts and potential ef-
fects on operating margins under diffe-
rent plant conditions.

An example of this type of applica-
tion are the sensitivity studies that TEC-
NATOM has carried out with RELAP
5/MOD 3.2 code to evaluate the viabi-
lity of certain inspection tests designed
to measure fouling in steam generator
tubes.

FUTURE APPLICATIONS AND
LINES OF DEVELOPMENT

Future applications of best-estimate
thermalhydraulic calculation programs
are closely linked to development of
computation capability. Since today we
could say that this development is
evolving exponentially and that, on the
other hand, any future short- and mid-
term applications and uses will be sig-
nificantly impacted by legal and admi-
nistrative considerations regarding the
commercial use of some of these pro-
grams, we can only refer here to perso-
nal forecasts and estimates. In this res-
pect, and accounting also for current
developments, current or proposed li-
nes of research and the requirements
and demands
of the different
markets invol-
ved, we can
anticipate the
following lines
of develop-
ment:

- continued
development
of more com-
prehensive,
accurate phy-
sical models,
e.g. more ex-
tensive use of
three-dimen-
sional models
of both ther-
malhydraulic
and neutronic
phenomena.
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- optimization and enhancement of
numeric methods.

- hardware- or software-based acce-
leration of programs, e.g. by means of
parallelization processes.

- enhanced graphic interfaces.

- growing application of best-estima-
te programs to real-time simulation.

- connection of this type of software
to actual plant process computers and
instrumentation for on-line initializa-
tion systems of simulators and codes.

- in line with the above, predictive
models executing faster than real time.,

CONCLUSIONS

On the basis of the fields of applica-
tion and examples described above, it
is deduced that the range of applica-
tion of the so-called best-estimate ther-
malhydraulic codes extends beyond
their exclusive use for licensing analy-
sis. The applications discussed, along
with many others that could be develo-
ped, are based precisely on the best-es-
timate nature of these programs, which
consists not only in the ability to provi-
de realistic results (as opposed to the
conservative results of licensing and sa-
fety codes used until recently), but also
to constitute programs whose scope is
based on the most advanced existing
knowledge and available data regar-
ding the physical phenomena that they
model and on the calculation methods
development status (the so-called ‘state
of the art’).






