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INTELLIGENT MONITORING OF WATER CHEMISTRY

DIAGNOSTIC EXPERT SYSTEM DIWATM

W METZNER, K. STREIT, FRAMA TOME ANP, GERMANY

Introduction
The complexity of power plant operation makes stringent demands on the chemical quality of the coolant in
process systems and loops. Optimal water chemistry ensures high corrosion resistance of these systems and is
thus essential for safe and economic plant operation in the long term.
Traditional process monitoring, however, only permits fast, comprehensive evaluation of water chemistry
conditions and a reliable diagnosis up to a certain point.
The DIWA system as a fuzzy expert system based on expert knowledge is built on rules and membership
diagrams as part of the fuzzy too[ and text module. These components which can be edited without
programming make the system easy to learn. It makes the system more robust, more compact and simpler than
so-called expert systems. DIWA represents the knowledge in which a conventional expert system may have
difficult or need a large set of rules.
The features of DIWA are available simply at the click of a mouse
On-line-acquisition of relevant chemical and thermodynamic data in real time
Off-line acquisition of laboratory values
Presentation of measured variables and characteristics in process displays
Calculation of characteristics from measured data, comparison of specified and actual data, and plausibility
checks
Preparation of diagnoses (description, explanation, evaluation, countermeasures and recommendations)
Storage of important data over long periods of time for data security and compression
Freely configurable data graphics as trend plots or other diagrams
Information on the water chemistry conditions in the plant systems
Immediate pinpointing and annunciation of disturbances
Provision for interfacing with laboratory management systems and computation modules
The DIWA system for nuclear power plants is installed on a UNIX workstation and interfaced to the I&C power
plant processes via an Ethernet connection. TCP/IP is used as the communication protocol.
The on-line measured data are collected continuously in fixed measuring cycles. The standard measuring cycle
for the diagnostic computer is one minute.
The chemical on-line measured data are primarily to be examined and represent the parameters that
characterize the chemical conditions in the system. The predominant factor is the conductivity at the various
measuring locations.
In order to increase the reliability of the diagnosis, it may be necessary to refer to analytical data measured in the
laboratory from water samples, as well as to the data collected on-line. Unlike the on-line data, the laboratory
variables are generally not readily available and are often only loaded when needed. These values are uploaded
via a defined interface from an existing laboratory system (LIMS). They can be used subsequently in a diagnostic
run disconnected from the on-line process.



1. Data acquisition

The water chemistry measurements do not take place directly in the systems, but are performed within a
sampling system. The sampling systems are connected directly to the primary and secondary systems, and
transport the medium across a distance ranging from one to approximately 200 meters (depending on the
measuring point) to the actual location of measurement. The sampling pipes are distributed among the main
measuring points in the systems. The time taken to transport the water through the sampling pipes is in the
region of several minutes; the timing requirements for the diagnostic system are relatively non-critical, thus no
allowance is made initially for the sample transport time.
The sampling pipes meet at one or more sampling racks, The actual sensors are arranged in the sampling
racks, e.g. for measuring the conductivity after a cation exchanger. Each sample can be used for various
measurements. Connected downstream of the sensors are the measured data transmitters or transducers.
These are provided with appropriate indicators, and transmit the actual signal (analog or digital). The signals are
relayed to a central process computer via the I&C infrastructure.
The obvious method for extracting the measured data, once it has been collected centrally on the process
computer, and transmitting it to the diagnostic system across a bus, is problematic for several reasons. The
process computer is of central importance to safety engineering.
Any modification could result in a fault, and must therefore be avoided. It is thus not possible to interface to this
computer without introducing further measures.
The problem of data acquisition and communication must be addressed separately for each specific power
plant. The diagnostic computer defines a general interface beyond which plant-specific implementation of the
data acquisition is required.

1.1 nterfacetotheprocesscontrolsystem
The interface between the process control system and the analysis computer is required to perform the following
tasks:

Transfer of all data from the conditioning computer to the analysis computer

Transfer of alarms of all types, both from the process control system to the analysis computer

and vice versa.

The hardware for the interface is implemented using an Ethernet connection. The software used for data
communication is the TCP/IP protocol family.
The DIWA application protocol represents the software interface between the DWA application programs and
the network-specific service functions of the operating system with the following requirements:

Simple application and internal structure

Reliable data transfer

Achievement of the necessary data throughput rates.

The software implementation conforms consistently to the client/server model. In the expression "client/server
model", a server is a permanently running computer process which is available for the use of a specific service.
Client programs are applications that use this service by means of a special communication protocol. The
client/server model is currently a popular model for the design of distributed (network) applications.

1.2 Integration of the DIWA system in office PC networks
For the exchange of data between the workstation and office PC stations, DIWA uses the same procedure as for
laboratory data transfer. The following are required for the exchange of data between DIWA and office PCs:

• Hardware: existence of an Ethernet network between the workstation (DIWA) and the office PC

stations

• Software: support of the TCP/IP protocol for data exchange between the workstation and office

PCs, and the existence of licenses for X-Windows emulation software for presentation of the

DIWA user interface components on the PC.



Operating system: existence of a network-capable version of MS-Windows/Windows NT on the

relevant office PCs

In accordance with the description above, the system design distinguishes logically and physically between data
acquisition (including conditioning) and diagnostics (including analysis). The design is summarized in the
following diagram:
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Fig. 1: Overview of plant-specific integration of DIWA workstation

2 Software environment

The operating system is supported by various UNIX derivatives in a standard system. The basic software for
windowing and graphics is the X Window System. OSF/Motif is used on this platform for the design of the user
interface. The C-ISAM function library is used for data management and access. Programming is performed in
the C language.

3 Background system
The term background system summarizes all system activities, which need to run parallel to the actual
technological process in order to provide the required functionality. The background system must therefore run
continuously, regardless of whether or not a user is active at the time. The user interface can be treated as a
separate entity, which is only activated and deactivated as and when required.
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The main functions of the background system are consequently to capture the data prepared by the conditioning
computer, to perform plausibility checks, to calculate variables, to store all relevant data, to monitor for
conformance to required conditions and, if necessary, to carry out diagnostics. The user interface allows the
stored data to be analyzed at any time according to a wide variety of criteria. The data memories are thus the
interface between the background system and the user interface.

3.1 System parameters
In the DIWA system architecture, parameters are a collection of technological and data processing variables
which allow an existing module to be adapted to the specific needs of the user without modifying the software.
Files are stored in ASCII format in a centralized parameter directory. During normal operation it is only possible
to edit selected parameters of the module using the function blocks presented by the user interface. The system
backs up the contents of the parameter files before editing by the user in order to allow inconsistent states
caused by user actions to be remedied by recovering the last consistent state of the files.
In the DIWA system architecture the term measuring points refers to the combination of all measuring points

within an engineering system where one or more measured variables are calculated. These measuring points

can be combined in various groups according to their technological properties or their functional purpose. The

individual measuring points can be assigned further to specific engineering systems or subsystems as required.

This hierarchical classification of all measured data also enables physical engineering parameters for which
there is no direct method of measurement (e.g. calculated variables) to be treated in the same way as "real"
measured variables within a module. This is achieved by assigning the data to different groups, and results in a
much more clearly arranged measured data processing and data management system.
The actual measuring cycle at the data acquisition end can be substantially shorter, e.g. one second, depending
on the data acquisition conditions, however the data acquisition end only transmits a signal every minute.
The chemical measured data are the primary parameters to be examined, and characterize the process. The
predominant factor is the conductivity of the medium at the various measurement locations. The concentration of
constituent materials, the pH, and the total activity measurements also play a role.
In order to increase the reliability of the diagnosis, analysis data can be necessary in addition to the on-line data.
These data are maintained by performing off-line measurements on water samples in the laboratory. In contrast
to the on-line data, these variables are not available regularly, and in some cases are available only on request.
These values can be downloaded via a defined interface from an existing laboratory data management system.
It should be noted that these parameters can only be processed after a certain time delay, and are therefore
unsuitable for on-line diagnosis. They can, however, be used for a follow-on diagnosis, which is decoupled from
the process. The first version only provides for the manual input of laboratory data. While considering the fact
that the laboratory measured data are subject to a time delay, it should also be noted that they are not input to
the system in any particular chronological order.
Calculated variables are also treated as measuring points in accordance with the general procedure described
above. The diagnostic computer handles their "acquisition", however, itself, after calculation of the underlying
algorithms.

3.2 Calculation functions
As internal measuring points of the diagnostic system, calculated variables have the central purpose of deriving
criteria for checking the plausibility of measured data. By preparing reference variables for the initiation of
diagnostics; and determining chemical reference values for which there is no direct method of measurement or
which can only be measured directly at unreasonably high expense.

3.3 Plausibility checks
Plausibility checks can be classified as follows with reference to the chemical measured data:
• Plausibility of the measured data with reference to the measuring range or the detection limit for the

measurement method used;
• Plausibility with reference to the trend curve for similar types of measured variable for different measuring

points ;
• Plausibility of the measured data with reference to different disturbance factors and assured scientific

calculation methods;
• A measured variable plausibility check which refers to the sensor measuring range or the detection limit of

the measurement method used is performed by comparing the data stored in the measuring point list directly
with the current measured data.
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The global chemical parameters for pH and conductivity can be subjected to a plausibility check by calculating
the values from the available individual component measurements taken at specific measuring points (a full
analysis of the system water is desirable).

3.4 Checking for abrupt rises1falls
An abrupt rise in a measured value can in certain cases initiate a diagnosis. Not every abrupt rise is possible,
however. In order to prevent the initiation of diagnoses derived from an error in measured data acquisition; the
abrupt rise of some measured values must be checked for plausibility. This relates to all chemical on-line data.
The method used to detect an abrupt rise consists of averaging the captured measured data cyclically over a
defined period, and deriving a scatterband from this information. An abrupt rise then causes a violation of the
scatterband.
The following can cause an abrupt rise in a measured value:

• The sudden ingress of air into the pressurized region of the condensate system (condenser, condensate
pumps) can cause the oxygen value to rise abruptly;

• In Na measurement the cyclical changeover of sampling can simulate an abrupt rise in the Na
concentration;

• An abrupt rise in the conductivity is conceivable in the event of a large condenser leakage (21D fracture);

• A sudden fracture in an ion exchange filter in the special water treatment systems.

The detection of an implausible abrupt rise or fall prompts the following actions:

• Entry in the computer logbook;

• Automatic output on the printer.

3.5 Forecasting
In the event of a rise or fall in the trend of chemical on-line values. it is necessary to forecast when the level of a
specific measured value will approach a limit or reference value, assuming that the external conditions do not
change.
The underlying mathematical method used for forecasting is based on the extrapolation of relationships defined
in a table. A series of preprocessing steps is required; in order to keep the extrapolation method free of certain
scholastic disturbances (e.g. fluctuations in the measured data by a certain amount due to the method of
measurement used or the digitization of the output signal). The exact flow sequence of the calculation method is
presented in the diagram below. A procedure based on the FFT (Fast Fourier Transform) is used to smooth the
time characteristic.
A server which is responsible for supplying the data for the user interface performs forecasting. The forecasting
data are not saved, but are stored in one of the shared memory segments allocated to the user interface for
graphical presentation.
Forecasting is performed continuously.

3.6 Calculation of pH and conductivity at operating temperature
The potential corrosion factor, the pH and the specific conductivity play an important part in the assessment of
water quality. Since conventional instrumentation is only capable of determining these parameters at room
temperature (25'C), the in situ conditions must be calculated.
The calculation is performed by the interpolation of the physical chemical parameters tabulated in the system
against the current process temperature of the constituent water, and the subsequent solution of a nonlinear
equation system.

3.7 Monitoring of limit values and action levels
In addition to the measuring ranges the measuring point list also defines a limit and/or reference value for some
of the chemical on-line values. Normally, the diagnostic system should have been tripped before the event
occurred, allowing countermeasures to be initiated in advance. If the scope of the knowledge base is sufficient,
and the actions recommended by the diagnosis are performed, these limit values should never actually be
exceeded. Since it is impossible to guarantee that the knowledge base is complete in this sense, however, and
since unknown faults can occur even today, these limit values must be monitored within the scope of the
diagnostic system.
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3.8 Initiation of diagnostics
The initiation of diagnostics can take place in one of several ways. The simplest method, which ensures that no
faults are "overseen", is to start diagnostics after every data acquisition cycle. The entire knowledge base is then
scanned with the new data. This method is unsuitable for fast data acquisition cycles and large knowledge bases
because the load on the system can become so great that practical operation is no longer possible.
The data acquisition cycle in DIWA is one minute and thus relatively non-time-critical. The initiation of
diagnostics is thus synchronized with the data acquisition cycle without explicit monitoring criteria.
In accordance with the condition that diagnosis takes place synchronously to the measuring cycle of the on-line
measured data; the software is implemented in the form of a diagnostic server, which is active continuously in
the system.

4 Memory concept

4.1 Data storage
The storage of data takes place in different ways. All current values are stored initially in a short-term memory.
This includes the measured variables and the variables calculated from the measured variables in original data
formats. For capacity reasons it is not possible to store all values in the original data format over long periods of
time. It is therefore necessary to reduce the volume of data (by consolidating the data). A basic distinction must
be made between storage in steady-state and in transient mode. Two different methods are used for steady-
state operation. Time-related storage of the values is performed cyclically in the trend memory, which is used
directly for the generation of trend plots. Event-oriented storage is also performed: when a defined event takes
place; the original data are stored in the scatter band memory in order to enable a later analysis.

4.2 Short-term memory
The short-term memory is designed as a FIFO (first in first out) buffer, i.e. when the memory is full; the oldest
data are replaced by the most recent data, so that the current data are always available over a configurable
period of time. All data are transferred via the short-term memory, which provides the basis for all other
memories. The on-line chemical and thermodynamic variables are available in the short-term memory. Only the
laboratory values, which have been captured off-line, are not stored in the short-term memory.
The short-term memory is synchronized with measured data acquisition; i.e. the storage cycle is minute. The
time span covered by the short-term memory is 7 days. The original values of the last week can thus be
accessed. The storage cycle and the time span are configurable.

4.3 Trend memory
Consolidating the data from the short-term memory generates trend memories. The associated minimum and
maximum values are also stored in addition to the consolidated data. Two trend memories are created each
covering a period of one year. The first contains all hourly averages; the second contains all daily averages. For
the purpose of differentiation they are referred to as the hourly memory and the daily memory.

4.4 Scatterband memory
Event-oriented data storage is invaluable where not all captured values can be stored over a long period.
However, averaged data are not suitable for all types of analysis. A compromise is to store the original values
only if certain variables have changed significantly.

4.5 Memory for transient operation
Since no monitoring functions can be executed in the transient operating mode, the captured values are only
stored in a one-minute cycle in this case. The memory for transient operation is designed for 20,000 records
(configurable).

4.6 Result memory
When a diagnosis is created, the result is stored in a separate memory known as the result memory for later
analysis. The result consists of the diagnosis number, the diagnosis text and the confidence of the diagnosis. All
relevant values for the creation of the diagnosis are also stored (including measured values and calculated
values). The result memory is designed for 2,000 diagnoses (configurable).
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4.7 Data backup and archiving
Data backups are performed in order to prevent the loss of data in the event of system failures or other faults,
and to ensure that data integrity is maintained and an up-to-date set of data is available at all times. Tapes (DAT
drives) are provided as the backup medium. These tapes are also highly suitable as a means of data exchange.
It is the responsibility of the user, however, to ensure that a tape of sufficient capacity is inserted in the drive. The
data backups are performed automatically by the system at configurable times. An error message is output if no
tape is inserted. The complete set of data is always backed up.
Archiving is the term used to describe the storage of data on an external medium for safekeeping purposes, with
the option of reconstructing and analyzing the data at a later stage. Archives are also maintained on DAT tape.
The user is responsible for archiving; i.e. the archiving process is not started automatically. The archiving
function can be called up explicitly through the user interface (Administration/ Backup... menu items). Archiving
does not differ from data backup in other respects. The user is responsible for organization of the archive and
backup tapes, as well as their safekeeping and labeling.

5 Diagnosis

Performing diagnoses by using fuzzy rules is one of the topics of expert systems. Using this system tool enables
DIWA to generate diagnoses such as:

• Evaluation of measurement results;

• Assessment of the water chemistry regime;

• Judgement of monitored values based on expected values;

• Indication of water chemistry optimization;

• Prediction of water chemistry conditions;

• Corrosion risk estimation;

• Detection of plant failure.
Due to the knowledge-based system DIWA is able to handle inconsistencies, incompleteness and ambiguities.

6 Knowledge base

The knowledge base is subdivided into the following three parts:

• The rule base;

• The symptom description file;

• The file containing the diagnostic texts.
All three files are stored in ASCII format and satisfy certain basic syntax rules. Certain program blocks of the
diagnostic module check the integrity of the files.
The knowledge bases for the primary and secondary systems are kept separate in order to increase the clarity
and efficiency of processing and evaluation of the diagnoses.

6.1 The rule base
The rule base contains the collection of expert knowledge required for the diagnoses in the form of rules
expressed in the FCRSL language (Fuzzy and Crisp Rule Specification Language), that was developed specially
for the expert system.

6.2 The symptom description
The symptom description file contains the definition of membership functions for all symptoms used in the rule
base. These membership functions are described by specifying the (x, y) coordinates of characteristic points in
the function curve. The definition of up to 6 (xy) pairs is permitted for each membership function.

6.3 The diagnostic text
All text output, which can be used for a verbal description of the final diagnostic result, is stored in a file.

6.4 Time-based extrapolation
In the event of a rise or fall in the trend of chemical on-line values, it is necessary to forecast when the level of a
specific measured value will approach a limit or reference value, assuming that the external conditions do not
change.
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The underlying mathematical method used for forecasting is based on the extrapolation of relationships defined
in a table. A series of preprocessing steps is required; in order to keep the extrapolation method free of certain
scholastic disturbances (e.g. fluctuations in the measured data by a certain amount, due to the method of
measurement used or digitization of the output signal). A procedure based on the FIFT (Fast Fourier Transform)
is used to smooth the time characteristic.

7 Process displays

Process displays are an essential aid for the visualization of the process state and display the essential
components of the monitored systems and subsystems together with their current measuring points and
measured values, including the laboratory values. The displayed process values are updated in a one-minute
cycle in line with the data acquisition cycle.
As mentioned above, the overview display of the systems appears when the corresponding user interface is
called up.
The process values represented in the displays appear in boxes, which symbolize the assigned measuring point.
The user can arrange these boxes within the display. Several measured variables, such as concentration and
conductivity, are assigned to each measuring point. When you click the right mouse button anywhere inside the
display, a list pops up in which you can select the desired measured value. For reasons of clarity, the same
measured value is always displayed for each measuring point. If a value is not available for a certain measuring
point, the box remains empty.
Values, which can be displayed, include on-line measured values; laboratory measured values and calculated
values. The selected value is displayed in an info line, together with details of the unit and the time of
measurement. The following diagram shows an example of how individual measured variables can be selected
within process displays.
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7 -



The measured values are displayed in different colors. Values in black are on-line measured values, which are
within the standard water chemistry conditions. Values in green are laboratory values (off-line values) which are
within the standard water chemistry conditions. Values in blue are derived variables (calculated values) which
are generated by the DIWA system itself. Orange values are measured values which have exceeded a defined
warning threshold. All values displayed in red and blinking are outside a specification. Measured values, which
appear in parentheses, are treated by the system as implausible values. The fault log can be used to determine
the reasons for this decision.

8 Conclusion

For fast and comprehensive evaluation of power plant water chemistry conditions and reliable diagnosis in the
event of disturbances considerable advantages are provided by employment of the Diagnostic Expert System
DIWA. The interface to the process control system (I&C) and the integration of the DWA system in the office PC
network are the preconditions that DWA operates as a monitoring system in real time. The performance of
diagnosis, which are processed by a fuzzy-logic-supported knowledge base ensures not only the detection of all
disturbances but also different analyses of the plant operation mode. By editing the knowledge base the Al of the
system can increase without system programming.

References

Ill G. Jacobi, Gemeinschaftskernkraftwerk Grohnde GrnbH, Germany
K. Streit, W. Metzner, Siemens AG, Power Generation (KWU), Germany
"The Electronic Expert DIW9 a Real-Time Water Chemistry Diagnostic System to Optimize Water
Chemistry Control", Bournemouth Conference 2000

[2] W. Metzner, Siemens AG, Power Generation (KWU), Germany, SG corrosion control: ask the "expert",
nuclear engineering International, January 1998, Pages 29-30

[31 J. Gassmann, Computer Aided Analysis and Diagnostics for an Optimal NPP Chemistry; Improvement
of Plant Operation and Life Time Extension of Components, NUSIM 98, March 18-20, Trebic

- -


