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ABSTRACT 

The paper describes the components, functioning and services of the VERONA-u core monitoring 
system recently installed at Unit 2 and 3 of the Hungarian Paks NPP. The VERONA-u is a totally 
upgraded and modernized version of the previous VERONA system, in the upgrading project the 
data-concentrator, the host computer and the operators' displays were replaced by state-of-the-art 
hardware and software components. Dual hardware redundancy and automatic function recovery 
actions were introduced in order to ensure high system availability. The man-machine interface has 
been redesigned completely, applying X Window as Graphical User Interface. Improved core 
analysis and power reconstruction methods were introduced, together with a detailed hot-spot 
monitoring algorithm. A capable archivation module ensures periodic logging of all measured data, 
change sensitive storage of important signal changes and provides sophisticated post-mortem 
analysis tools. The upgraded system has been working satisfactorily on Unit 2 for a complete fuel 
cycle by now, the on-line system response in complex, transient situations is illustrated in the paper. 

1. MAIN FEATURES OF VERONA-u 

1.1 Purpose of upgrading 

The four VVER-440/213 type PWR units of the Paks NPP have extensive fixed in-core detector sets: 
altogether 246 assemblies are equipped with measuring devices in a core consisting of 349 fuel 
assemblies. The 36 SPND strings are located at the central tubes of the assemblies, each string 
consists of 7 rhodium detectors plus one cable for the proper compensation of gamma-induced 
detector cable-currents. The outlet temperature of the coolant is measured by thermocouples in 210 
assemblies. This dense core instrumentation offered the opportunity to develop and operate an on-
line, quasi real-time core monitoring system in the early eighties, the original version of the 
VERONA system [1,2] has been put into full operation in 1984, during the 2nd fuel cycle of Unit 1. 

The previous VERONA version has been working satisfactorily on all the four units for almost 10 
years by now, but due to its aging hardware and limited computing resources in 1991 a decision has 
been made by the NPP to replace it by a modern, more capable system. The upgraded version [3] 
started full operation on Unit 2 in September 1993, the latest VERONA-u installation started its work 
on Unit 3 in August 1994. 

Besides improving hardware quality, reliability and software modernization, the main purpose of 
introducing a new, upgraded core monitoring system was increasing operational safety, which is 
believed to be achieved by: 
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- a reduced input sensor scanning interval ( 2 sec instead of 16 sec), 
- a partially redundant data collection hardware, 
- a dual redundant host computer configuration with automatic changeover, 
- continuous, periodic archivation of all measured data for off-line analysis, 
- an improved core analysis (e.g. pinwise linear heat rate and DNBR calculation), 
- a user-friendly, fully X-compliant man-machine interface-

Experience obtained during the first full VERONA-u fuel cycle on Unit 2 has shown, that the system 
ensured uninterrupted and reliable core monitoring service during the whole cycle and therefore lived 
up to its users' and designers' demanding expectations. 

1.2 Purpose of core surveillance 

The VERONA-u system has been designed and programmed to supply the operators with data 
characterizing actual core and plant status in a comprehensive and ergonomie manner. Reactor power 
limitation regulations presently rn effect at the Paks NPP demand to operate the reactor always under 
such conditions, that the following parameters should not violate their corresponding limits: 

- reactor thermal power, 
- average coolant temperature rise (dT) over the reactor, 
- coolant temperature rises over the loops, 
- individual assembly outlet temperatures and dT values, 
- assembly radial power peaking factors (Kq), 
- nodal power peaking factors (Kv), 
- total number and distribution of available SPNDs and core outlet TCs. 

The system supplies continuous on-line information characterizing actual distances from these limits 
in the form of color-coded core-maps, event lists, trends and printed reports. From a safety point of 
view, the VERONA-u is a passive information system, it does not output any control signal directly 
influencing plant automatics or control devices. 

The ultimate aim of the data processing in the VERONA-u system is the accurate determination of 
the two-dimensional (2D) coolant heat-up distribution in the 349 assemblies and the calculation of 
the three-dimensional (3D) linear power distribution in 3490 nodes. The location of the most loaded 
fuel pin in each assembly is also calculated, in order to perform a detailed thermohydraulic analysis 
to determine assembly hot-spots. Since the maximum assembly dT, linear power and minimum 
DNBR values may occur in those assemblies, which are not equipped with measuring devices, in the 
monitoring procedure it is essential to determine reliable estimates for every fuel assembly. The 
corresponding estimation procedures are called 2D and 3D extrapolation, and they can be considered 
as a synthesis of measured and theoretical information relevant to the VVER-440 core. 

1.3 Data collection and standard signal processing 

The original HINDUKUS intelligent data acquisition system has been replaced by a distributed data 
collection and primary signal processing system called PDA (Polyp Data Acquisition), designed, 
programmed and installed by the Comproject Engineering Ltd. and the Akribia Automation Ltd., 
Budapest. The PDA system consists of five independent measurement cabinets, each cabinet contains 
a Heurikon CPU board (Motorola 68040 type processor, 4 MByte RAM and 1 MByte EPROM), two 
Ethernet cards and a number of standard VME modules (integrating type A/D converters for TC 
signals, (lA-to-Volt converters for SPND signals, see Ref. [3] for details). 

Programs performing signal processing in the PDA system are running under the OS-9 Industrial 
Real-Time operation system, the communication with the host computers is carried out according to 
the TCP/IP protocol using the TGV Multinet package. 
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Tlie system scans cca. 700 analog and 360 discrete signals with two seconds processing cycle, the 
most important measurements are duplicated. Besides in-core signals (i.e. 210 assembly TCs and 252 
SPNDs) other important measurements from the plant are also handled by the system (e.g. ex-core 
neutron detector signals, loop temperatures, control rod positions, valve and pump states, MCP 
pressure drops). The measurements are arranged in the PDA cabinets in such a way, that even if 2 
PDA units from the 5 have failed, the system is still able to supply sufficient measured information 
for core analysis. Data filtering, conversion to engineering units and signal validity checks are 
performed in the PDA computers. The signal processing is table-driven, the contents of the applied 
processing-tables are extracted from the process database residing on the host computers 
automatically, therefore no database maintenance is required in the PDA units. 

Preprocessed measured signals are collected into standard data packets and transferred to the host 
computers through the duplicated Ethernet network in every two seconds. The scheduling of the 
network data transfer is controlled by an independent timing-unit, which synchronizes data 
transmission from all PDA units. In case the primary Ethernet line has failed, the changeover to the 
reserve line is automatic. 

Two MicroVAX-3100/80 type computers (having 40 MByte RAM, 1.3 Gbyte disk and 2.0 Gbyte 
streamer tape each) running under VAX/VMS operation system form the central part of the 
VERONA-u. In order to ensure almost 100% data availability, the two computers are running fully 
parallel: both computers receive all data packets from the PDA units cyclically, perform standard 
signal processing, core analysis and archivation. This organization ensures, that not a single data 
packet is lost when one of the hosts fails. 

Programs dealing with signal processing and core analysis are divided into two classes, according to 
the CPU time required for the completion of their tasks: synchronous programs finish their 
calculations within measurement cycle time (2 sec), while the so called asynchronous programs may 
need several cycles. The synchronous programs carry out the following tasks in the 2 seconds cycle: 

- temperature calculation from TC signals and handling duplicated measurements, 
- calculation of loop and reactor heat balance, 
- secondary (statistical) validity check of TC and SPND signals, 
- determination of core coolant heat-up distribution (2D extrapolation), 
- limit violation check and event generation, 
- periodic and change-sensitive archivation, 
- freshing of operator's displays. 

Asynchronous tasks are running with 1 minute cycle time and perform the determination of linear 
power distribution in the 3490 nodes (3D extrapolation), hot-spot monitoring and data accumulation 
(assembly burnups, SPND delivered currents, shift-log integrals). 

1.4 Core analysis 

In the VERONA-u system several previously applied calculation models were replaced by improved 
ones and some important new modules were introduced. The new models were mainly elaborated by 
reactor physics experts of the Paks Nuclear Power Plant Company, incorporating experience obtained 
from the operation of the original VERONA system. 

The 2D and 3D extrapolation procedures rely on precalculated core power distributions to a certain 
extent, especially in those assemblies, which contain a partially inserted control rod and its attached 
control rod follower part. Due to engineering resasons, in such core positions there is no TC or 
SPND measurement, and obviously no measurements are available in the corresponding symmetric 
core locations. Therefore any extrapolation method must utilize theoretical information relevant to 
the actual core status, in order to assign reliable estimates to these core locations, as well. The 
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VERONA-u utilizes a new VVER-440 nodal core calculation code C-PORCA [4], which has been 
specially tailored for core monitoring applications. The program solves the 3D two-groups diffusion 
equation assuming 60° core symmetry and works properly at reactor power levels close to the 
nominal (100%) state. The fast flux is determined for the core region by using the finite element 
method, while average nodal thermal flux values are calculated in 2D from the regions called 
superassemblies (a superassembly is the region defined by the six central points of the six fuel 
assemblies surrounding a chosen one). Group constants for the C-PORCA were generated by the 
WIMS-D4 code [5], the constants are tabulated as functions of boron concentration, fuel burnup, 
moderator temperature, fuel temperature and average assembly power (see Ref. [4] for more details 
and code verification). In the VERONA-u at the beginning of a new fuel cycle the cycle history is 
precalculated by the C-PORCA. The obtained nodal power distributions corresponding to the 
different core bumups and control rod insertions are stored in a file, from where extrapolation 
algorithms can retrieve calculated data closest to the actual core status. 

Proper extrapolation of assembly dT measurements (2D extrapolation) means producing reliable 
coolant dT estimates for non-measured assemblies. The extrapolation is carried out by the 
combination of measured and precalculated information in a least-squares fitting procedure. The 
existing neutronic coupling between neighbouring assemblies is taken into account in the algorithm: a 
selected fuel assembly plus its surrounding six assemblies are treated as a coupled entity 
(microsector, see Ref. [6] for details). According to the model verification tests this approach gives 
good extrapolated values even for asymmetric cases: the accuracy of the assembly dT reconstruction 
algorithm is ± 2-3 % for symmetric, and ± 4-5 % for asymmetric core states. 

The 3D extrapolation means the determination of the fast flux and linear power distribution in the 
349 assemblies in 10 axial nodes. The applied extrapolation procedure [7] is a 3D synthesis method: 
the 2D power distribution is taken from the 2D extrapolation, while the axial power shape is 
determined from SPND readings. This synthesis method gives good results even for asymmetric core 
configurations: the accuracy of the power shape reconstruction algorithm is ± 4-6 % for symmetric, 
and ±8-10 % for asymmetric core states. 

In the near future new power limitation regulations will be elaborated and licensed for the Paks NPP 
units. The revised power limitation criteria will require the monitoring of physical fuel parameters, 
and not of peaking factors, as it is done in the present practice. The two most important power 
limiting factors in a PWR is the maximum allowed fuel rod linear power and the minimum allowed 
DNBR. In order to supply reactor operators with continuous on-line information characterizing actual 
distances from these limits, an on-line hot-spot monitoring procedure has been introduced in the 
VERONA-u system. The procedure determines the maximum fuel rod power, maximum fuel rod 
linear power and minimum DNBR value for every fuel assembly once in a minute. 

The VVER-440 in-core instrumentation does not provide any direct information on the internal 
(pinwise) power distribution within the fuel assemblies, therefore one must rely on calculations to 
obtain reliable pinwise linear power values. The VERONA-u uses a fast on-line method [8], where 
avegare nodal fast and thermal flux values are taken from the 3D extrapolation and an interpolation 
procedure is applied for the regions determined by the central points of three assemblies encircling an 
assembly cornerpoint. The VVER-440 assembly has a hexagonal geometry such, that the most loaded 
fuel pins are always situated at the six cornerpoints, therefore the program calculates pinwise axial 
power distributions only for these rods, to save computing time. The minimum DNBR is determined 
in a one-channel thermohydraulic approximation, the critical heat flux is calculated according to the 
well-known Bezrukov-correlation with axial form-factor corrections [9]. The DNBR margin is 
determined by assuming a transient situation caused by a sudden coolant flow reduction (the rotor of 
an MC pump is locked). 
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1.5 Objcct oriented process database 

When designing the VERONA-u system some principles of software production have been fixed at 
an early stage of program development as follows: 

- programs should always access database items by referring to their names, 
- database modifications should not require program recompilation and relink, 
- predefined, named database item sets should be used in the standard processing, 
- the programs could run in two examples in the same computer, simultaneously. 

The answer for these requirements was the application of a novel database approach, the VOX 
system- The basic elements in the VOX database can be considered as primary objects, with all their 
specific attributes stored in a descriptive database region. Objects are identified by unique, structured 
Symbolic IDentifiers (SIDs) consisting of four name fields. Fast search of SID sets is strongly 
supported in the VOX, which facilitates fast serving of database queries. 

New, abstract (compound) objects can be defined as arbitraiy sets (collections) of these objects, the 
abstract objects inherit the attributes of the primary ones. Abstract objects can be defined by using a 
simple metalanguage, the actual construction of these objects is performed off-line, when the VOX 
database is recompiled. Programs performing standard processing refer to the variables by predefined 
names, e.g. BLKK.PAR.SUM means the set of variables which are archived periodically. When the 
contents of an object changes (e.g. new variables are added to the periodic archive), no program 
recompilation or relink is required, since the name remains the same, only the number of elements 
has increased. 

The container of the VOX is a record-oriented, memory-resident, structured database shell called 
CRDB, which ensures consistent on-line read/write access to the DB items. The VOX may contain 
several layers, each layer has the same structure and organization. Different layers can be used for 
running the same program system in several examples concurrently. This feature is utilized for the 
archive playback (see below). 

1.6 Data archivation and archive playback 

The VERONA-u has two important data archives: the periodic (PAR) and the transient (TRA) 
archive. The PAR contains snaphots taken at every 10 seconds, a snapshot contains all measured data 
as received from the PDA units. The time-span of the PAR is one week on disk. The TRA is a 
change-sensitive archive, containing important signal changes only (e.g. status changes, limit 
violations). This archive is used for fast search of significant events, its time span is cca. 4-6 months 
on disk. When needed, both PAR and TRA are automatically saved to streamer tape. The save sets 
contain the disk image files of the actual VOX database, these are required for the consistent off-line 
archive analysis. 

Archive playback means selecting a snapshot from the PAR and loading it into the archive VOX 
layer. The snapshot substitutes the data packets received from the PDA system, otherwise the archive 
playback system completely simulates the on-line one. The playback and the on-line system can work 
simultaneously: on-line data collection and signal processing is performed in the regular manner, 
while the analysis of a previously recorded archive snapshot is carried out on the same computer. The 
advantage of the object oriented approach is obvious when replaying old snapshots: the contents of 
the old database may differ from the actual one, but still everything is found, since processing 
programs refer to predefined variable sets, and not to individual database items. 
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1.7 Man-machine interface 

When designing the VERONA-u user interface, emphasis was put on implementing a state-of-the-art 
operators' workstation, giving fast and convenient access to core and plant data. An evident choice 
was the X Window system as Graphical User Interface, due to its standard look-and-feel and 
flexibility in application development. The system has four graphics workstations with color displays 
of 1280x1024 resolution, two of them are placed in the unit control room and operators must follow 
the core status on these screens. The main functions of the VERONA-u displays are as follows (see 
Ref. [10] for details): 

- disp/ayingspecial icons showing core parametersafetyAvamîng limit violations, 
- presentation of core parameters on color-, limit- or number-coded core-maps, 
- displaying of axial power, flux and burnup distributions for selected assemblies, 
- presentation of detailed data and actual limits for a selected assembly, 
- displaying an SPND detector overview screen, 
- displaying control rod positions, 
- presentation of an SPDS screen, 
- event list scrolling and search, 
- selection, viewing and printing logs, 
- displaying safety hexagons showing actual core and reactor symmetry, 
- displaying on-line and archive trend curves, on-line definition of new trends, 
- preparation of high-resolution full-screen hardcopies (color or grayscale), 
- opening DECterm terminal sessions for running off-line programs, 
- supplying detailed help on VERONA-u services and display formats. 

Graphics workstations represent the MMI between the VERONA-u and control room operators. The 
workstations can only be used for convenient information retrieval and grouping, no actions 
influencing the work of the VERONA-u program system can be initiated from these workplaces. 
However, such a complex software system as the VERONA-u requires certain computer operator 
actions regularly and these actions must be performed with the aid of additional user interfaces, in 
order to minimize the possibility of operator mistakes. Such operator actions are for example: 

- system management (startup/shutdown, forced computer reconfiguration), 
- on-line and off-line database modifications, 
- search and list of specified database items, 
- manipulations with the archives (event list preparation, archive playback), 
- occasional calibrations. 

In the VERONA-u all these computer operator actions can only be performed by using password 
protected, menu-driven system management programs, where important commands can be issued 
only by users having appropriate privileges. 

2. TEST PROCEDURES AND SYSTEM VALIDATION 

The VERONA-u is classified as a non-safety grade system, but it is safety-related, since the 
presented information is directly used by the control room personnel to assess core status and actual 
reserves to safety limits. The system is to be used during normal reactor operation and system 
availability is required for power operation of the plant. Due to these reasons every VERONA-u 
installation is being tested extensively before it is stated operational, the testing/validation procedures 
include the following steps. 
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The applicability of the new algorithms performing 2D and 3D extrapolation has been tested by using 
real measured data recorded by the previous VERONA system. The test data set included a large 
number of data corresponding to various reactor operation conditions: 100%, 75% and 50% power 
operation, working with 6, 5, 4 and 3 loops, symmetric and asymmetric core states. The stability of 
the algorithms has been tested by using weakly/strongly degraded measurement sets, where different 
number of detectors were eliminated from the data set. The accuracy (uncertainty) of cooland heat-up 
and 3D power reconstruction has been estimated by omitting valid measurements from the sets, and 
checking the extrapolated values assigned to the omitted measurement locations. 

After completing a detailed factory acceptance test (FAT), the system is installed at the NPP, where 
during the site acceptance test (SAT) period the VERONA-u is operated parallel with the old 
VERONA. The parallel operation facilitates the comparison of the results given by the two different 
systems having the same input data set. The SAT consists of two main parts: the first period is 
entirely devoted to accomplish a thorough functional test of the new system, the test procedure is 
based on the VERONA-u functional specification documents. System response in error situations 
(e.g. hardware failure, massive measuring device degradation, faulty measurements) is investigated in 
detail, together with the correctness of the prescribed automatic recovery actions. The second part of 
the SAT starts when the VERONA-u workstations are placed in the control room and reactor 
operators start using them regularly. 

One of the most important points in the SAT is testing the usability and performance of the user 
interface (MMI). During the tests the operators can operate and test the new MMf in a relaxed 
manner, i.e. problems arising from possible system errors do not influence the continuous retrieval of 
information corresponding to the operating reactor, since shift supervision must still rely on the data 
given by the old VERONA. Members of the test team and operators normally request several 
modifications on the workstation screen outlay, the introduction of these new features generally 
results a better system acceptance by the control room personnel. When the SAT period is over, 
computer and reactor operators are fully familiar with the new MMI, and the system can be integrated 
into the control room seamlessly. Some changes will be introduced in the above given procedures 
next year, when the Paks NPP full-scope simulator will have its own VERONA-u installation. The 
simulator offers new VERONA-u test scenarios and reactor operators can be trained prior to the 
control room installation of a new system. 

3. ON-LINE OPERATION EXPERIENCES 

The long-term on-line operation of VERONA-u has shown, that during normal, stationary 100% 
operation the VVER-440 core has ample safety reserves, the detected limit violations were mainly 
due to failed or instable measurements. However, in asymmetric and transient situations the core may 
behave differently, the following examples illustrate the type and format of on-line information the 
operators can use for assessing core and plant status. 

Figure 1. shows a core-map illustrating the core asymmetry developed after the MCP in the 2nd loop 
has tripped. Power peaking factors (Kq) for some assemblies located at the core periphery have 
temporarily violated their warning limits, but gradually the unit automatic power controller decreases 
reactor power to the 5 loop limit. The trend curves show the variation of some important parameters 
(2nd loop dT, core dT, core flow, reactor power, assembly Kq and dT). By using these display 
formats the operators can continuously follow the transient events, and assess the scope and location 
of core disturbances. 
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Figure 1. Core asymmetry and parameter trend curves after an MCP trip event 

Figure 2. shows the archive playback of data recorded during the startup tests of Unit 4, the original 
VERONA data were converted to VERONA-u snapshot format. The snapshot shows a situation, 
when a control rod has been fully inserted into the core, in order to simulate a rod drop event at 75 % 
reactor power. Obviously this rod insertion results a strongly asymmetric core, therefore in some 
assemblies the Kq and Kv parameter values will increase considerably. By using this display format 
the operators can assess the magnitude of the core asymmetry, the axial power shapes in the vicinity 
of the inserted control rod and in the corresponding symmetric core locations, the location and 
severity of possible core parameter limit violations. 
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Figure 2. Power peaking factors and axial power shapes after a control rod drop event 

With all in-core thermocouples and SPND detectors working properly, the 2D and 3D extrapolation 
algorithms produce stable and accurate results. Difficulties may arise in the correct core assessment, 
if the number of available measurements is reduced to a large extent. Reactor operational regulations 
prescribe that at least 75% of assembly outlet TCs and 67% of the SPNDs must always work 
properly, in order to ensure the sufficient number of in-core measurements for core analysis. 
Assembly outlet TCs may degrade massively and simultaneously, if their cold junction temperatures 
have failed for some reasons. In this case the measurement coverage of a core section is lost 
temporarily, and it is very important to locate and correct the failed cold junction measurements 
rapidly, in order to restore full core surveillance. 

Figure 3. shows a situation, when several cold junction temperature measurements are invalid, and a 
large core section has no TC measurements. The core-map shows the distribution of available (valid) 
thermocouples in the vicinity of every assembly. Note, that the location of the disturbance is shown 
on the picture clearly, and operators can detect the failed cold junction thermometers easily. 
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Figure 3. Massive in-core TC degradation as shown on the VERONA-u display 

The assembly nodal power peaking factor (Kv) is very sensitive to the axial power shape, which is 
derived from SPND measurements. Instable or slowly drifting SPND signals may cause fake Kv limit 
violations, in spite of the fact that the SPND currents are subject to a strict primary and secondary 
validity check procedure. In order to facilitate the detection of suspicious SPND signals and for the 
easy observation of SPND current behaviour a so called SPND overview display format has been 
introduced in the VERONA-u system. 

Figure 4. shows a "suspicious" SPND chain (indicated here in black), its detectors were sometimes 
filtered out by the validity check algorithm, sometimes were not, thus produced slightly oscillating 
maximum Kv values in the fuel assemblies belonging to its microsector. The operator can detect this 
behaviour easily by visual observation and eliminate the failed signals from the 3D extrapolation 
procedure. 



- 4 6 -

i VERONA 
! AKTIV 

P ^ L ] Ö M . 1 V E I L 14 -JUL-1334 1S:4S 

E A I I C M ^ I A G B G A B F F I A S ^ ^ TEFF - 3.CG NAP • 

250. 
200. 

150. 
100. 

50, 
0 

01. LÄNC (06-33) p 02. 1AHC (00-27) 03. LAHC (03-3S) 04. LAHC (11-32) 

250. 

200. 

150. 

100. 

50 . 

0 . 

i.<;4 
1.59 
1.73 
! iil 
! «1 
1.81 

f.U 
S .42 
1.44 
I S 
155 
1.1? 

«.M 
1.23 
1.54 
i r,3 
1.53 
1.54 
! SS 

asn 
i 
1.73 
1.00 
1.M 
tJ8 
h<r> 

OS. LAHC (11-ig) P ^ E 06. IAHC (04-37) 07. IANC (04-43) | B - o j p 08. IAHC (04-49) H ï -."Ci 
OMIS 

1JÎ1 
1.S3 
î.f-5 
i.efi 
1.SS 
l̂ rÖ 

Ü.83 
1.11 
1 .*>" 
J. «S 
1 
I..« 
I.Ii 

7.33 
1.G7 
1.76 
I.BS 
1.83 
1.73 
1.48 

0.83 
1.11 
1 Jß 
t.46 
i .<«; 
1 . 3 a 
1.13 

09. IAHC (0G-41) io.LAW.(onr-ao) IKjT j 11. IÀHC (03-44) t 12. LAHC (08-53) I E 

100J-

•11 CM OU> o\s TO ITS 
[mikroA] 

1.56 
Î.SG 
1J5E 
1.5Ï 
1.28 

0.5Z 
1.àà 
K'fS 
1.-IS 

1.13 

ZJO 0.0 o S r S rs 
[mikroA] 

Z.0 0.0 0.5 i .n us 
[mikroA] 

1.57 
1.S7 
l.W 
1.S3 
Î.Z9 

1JJ1) 
1 :-!!! 
1.50 
1.G0 
1.60 
1.51 
1,21 

ZJ> 0.0 0.5 1.0 US 
ImikroAJ 

2.0 

Figure 4. Failed SPND detectors shown on the VERONA-u SPND overview picture 

4. SUMMARY 

The hardware and software desing, functioning and validation of the upgraded VERONA system has 
been outlined, emphasizing capable and reliable data collection, improved core analysis and advanced 
man-machine interface. On-line core surveillance has been illustrated by examples recorded during 
reactor transients and in situations, when core instrumentation degradation occurred. 
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