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Nuclear Power PlantsNuclear Power Plants

Steady increase in energy requirement 
to maintain growth rate
Need to address global warming issues
Required to have a suitable technology 
mix
– Nuclear power must play a significant role 

as part of the mix
Impact of Fukushima



Lessons from FukushimaLessons from Fukushima

Inevitability of Nuclear Events

Reliable Post Shutdown Cooling

Essential Safety of Nuclear Power

(Source: IAEA Conference June 2011)



NPP Capacity in IndiaNPP Capacity in India

PHWR Program
– 20 in operation, (capacity 4780 MWe)
– 4 x 700 plants launched  6 under launch

LWR program (imported)
– 40,000 MWe planned

LWR program (indigenous)



NPP NPP –– Safety AspectsSafety Aspects

Primary safety functions in NPP are
– Regulation of reactivity in core and 

Reactor shutdown 
– Heat removal from fuel core (including 

decay heat)
– Containment of radioactivity



SafetySafety--Critical Systems Critical Systems 

A system is safety-critical, if a failure of 
the system could lead to consequences 
that are determined to be unacceptable.
– In general, this implies that the failure of 

the system may lead to injury or death of 
human beings.

– Damage to property can also be a 
consideration



SafetySafety--Critical Systems Critical Systems 
Design Design 

Safety-critical systems need to be designed 
such that they perform desired function  
reliably even in harsh environments, are 
testable and design is verifiable.
Extent of reliability required is determined by 
the tolerable rate of failures
– Higher the damage potential of an event, 

lower should be the probability of the same



Role of I&C in NPPRole of I&C in NPP

I&C systems monitor and display vital 
parameters for status of various 
systems and processes in the plant and 
carry out automatic control and 
protection functions
I&C Systems play key role for actuation 
and monitoring of safety functions



I&C for SafetyI&C for Safety

Designs follow standard techniques 
including fault tolerance, guard against 
common cause failures, diversity, use of 
qualified components, etc.
Protection systems now use hardwired 
technologies (earlier some used digital).
All other systems now use digital I&C
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Use of Digital I & CUse of Digital I & C

Digital I&C systems offer several advantages 
but also offer challenges to the development 
and review processes
– The main challenge is in proving the correctness 

of software

Since software failures result from 
systematic faults, only qualitative analysis can 
be employed.
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Integrity of Digital I&CIntegrity of Digital I&C

Qualitative Issues
– Use of rigorous software development 

process
– Use of safe subsets of languages
– Use of good development practices (IEC  

60880)
– Verification of implementation by tracing to 

requirements
– Exhaustive documentation
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Assessment of Digital I&CAssessment of Digital I&C

Safety standards demand definition of 
an appropriate safety life cycle

Process has checks and balances to 
assure safety requirements met

Demonstration of safety requires 
evidence that process was followed
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Safety Life Cycle Of Dig. I&CSafety Life Cycle Of Dig. I&C

The safety life cycle consists of activities 
from defining the requirements through 
development and installation and 
commissioning to the operation of the 
system
Includes concurrent Verification & 
Validation activities



Engineering Procedures Engineering Procedures 

define the work methods for implementing 
the Safety Life Cycle
define the documents to be produced at 
various stages of life cycle (and the nature 
and structure of information content of the 
same)



Procedures for Digital I&C Procedures for Digital I&C 

System Requirements
Digital I&C Systems
Pre Developed Systems
Newly Developed Systems
Concession Request
Requirements Change Notice



RegulatoryRegulatory Perspective      1/2Perspective      1/2

Nuclear Industry is a heavily regulated 
industry (in every country)
– Regulatory permission is required at each 

stage of design, construction and operation
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Regulatory Perspective      2/2Regulatory Perspective      2/2

Defines recommended Safety Life Cycle
Defines Safety Case and lists 
Regulatory Requirements
Describes the Regulatory Review 
Process
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Recommended Safety Life Recommended Safety Life 
CycleCycle

Generation of System Requirements
Project Planning
QA and V&V Planning
Step-wise refinement of design
System Integration and Testing
System Safety and Reliability Analysis

19



20

Documentary evidence to demonstrate

– Compliance to regulatory requirements
– Subjected to V&V
– System meets safety and reliability goals
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Review of System Requirements, Plans
Review / Audit of Design Outputs
Review of System Validation
Review of Analysis Reports

21
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System Safety AnalysisSystem Safety Analysis

Confirmation of Safety Function 
implementation
Failure Analysis (to meet single failure 
requirements)
Analysis for Common Cause Failure
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Thank you
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Performance Analysis Diagnostics & 
Optimization

PADOPADO



WHAT IS PADO? 

• PADO is a software based optimization and  
diagnostics system based on client-server architecture.

• It’s a package rich in intensive information which aids 
plant  operator to run the plant with most optimum  
efficiency , availability and maintainability.

• Massive Computation Engine for monitoring and 
analysis of  Performance Parameters of Power Plant.
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Terminologies Used in Presentation

• Heat Rate: Ratio of fuel energy input and Gross power
generated.

• TTD( Terminal Temp Diff ): Logarithmic diff value of 
terminal temperatures.

• DCA(Drain Cooler Approach): Diff of drain temp and inlet temp of 
feed water.

• MLP ( Multilayer Perception ) 

• SOM ( Self  Organising Map ): Neural Network Techniques.

• SPO :Set Point Optimisation

• CEO :Combustion Emission Optimisation

• MTM :Metal Temperature Measurement

• BCM : Boiler Cleaning Module , LTM : Life Time Monitoring
13/01/2012 POWAT 2012 3



PADO CONFIGURATIONPADO CONFIGURATION

SR OPC Client

G2 Bridge
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OFFLINE

What IF

Visualisation 
Configuration
Data Editing
Parameter-
Editing

Data server
(SR4)

DCS

Data Server
(SR1)

ON LINE

Data Validation
Boiler

Turbine Cycle
Mill & AFG

SPO
CEO

LTM

PADO STRUCTURE FOR PERFORMANCE PADO STRUCTURE FOR PERFORMANCE 
ANALYSIS AND OPTIMISATIONANALYSIS AND OPTIMISATION

BCM

MT
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DIAGNOSTIC 
SERVER

DIAGNOSTIC
BRIDGE

DCS

DIAGNOSTICS
EQUIPMENT HEALTH
PERFORMANCE
DIAGNOSTICS
DIAGNOSIS
INFORMATION

WATER
CHEMISTRY

CONTROL
LOOP 

OPTIMISATION

PADO STRUCTURE FOR DIAGNOSTICSPADO STRUCTURE FOR DIAGNOSTICS

OFFLINE ON LINE

POWAT 2012 613/01/2012

Various Control loops
E.g. Furnace Pr., Drum level,

MS Pr., SH temp. etc
And calc. of opt time constants

(KP, KI, KD) and gain



•BB1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4:BOILER STRESS CONDITION ANALYSER

•BB5:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB6:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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BBBB--1: PERF. ANALYSIS & MONITORING1: PERF. ANALYSIS & MONITORING
PERFORMANCE EVALUATIONPERFORMANCE EVALUATION

• HEAT RATE

--Net HR, Gross HR, Turbine HR, Unit HR

• EQUIPMENT  EFFICIENCY  CALCULATIONS

• Controllable losses  
--Throttle Temp. & Pressure

--RH Temp & Pressure drop

--Condenser Back Pressure.

--SH & RH spray Flow

--Final FW Temp

--Blow Down, MU Flow, Frequency & Auxiliary Steam Flow
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TG Net Heat rate
TG Actual & Ref Heat rate
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Equipment Efficiency
reaching to Poor

POWAT 2012 11

TRAFFIC LIGHT SYSTEM IMPLEMENTED FORTRAFFIC LIGHT SYSTEM IMPLEMENTED FOR
DEGRADATION  OF EQUIPMENTDEGRADATION  OF EQUIPMENT

Equipment Efficiency OKEquipment Efficiency not OK

13/01/2012



BBBB--1: PERF. ANALYSIS & MONITORING 1: PERF. ANALYSIS & MONITORING 
PERFORMANCE EVALUATIONPERFORMANCE EVALUATION

•WHAT IF ANALYSIS 

--MS TEMP

--CONDENSER BACK PRESSURE

--CW INLET TEMPERATURE

--COOLING WATER MASS FLOW 

--EXCESS AIR           

--MILL COMBINATION

--BURNER TILT
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••BB 1:PERFORMANCE ANALYSIS & MONITORING MODULEBB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

••BB2:SYSTEM & PERFORMANCE OPTIMISATIONBB2:SYSTEM & PERFORMANCE OPTIMISATION

••BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

••BB4:BOILER BB4:BOILER STRESS CONDITION ANALYSERSTRESS CONDITION ANALYSER

••BB5:SYSTEM BB5:SYSTEM & PERFORMANCE DIAGNOSIS MODULE& PERFORMANCE DIAGNOSIS MODULE

••BB6:INTELLIGENT BB6:INTELLIGENT WATER & STEAM CHEM. MGT    WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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BBBB--2: SYS & PERF. OPTIMISATION 2: SYS & PERF. OPTIMISATION 

FEATURES:

•OPTIMISATION OF BOILER SOOTBLOWING   

•SET POINT OPTIMISATION  

•MONITORS EMISSIONS OF SOx, NOx, CO etc.

•NOx OPTIMISATION
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SOOT BLOWER OPTIMISATION

17



SET POINT OPTIMISATION 

18

Set point optimization here refers to the heat rate optimization 
with Nox and metal temperature as a constraint.
HR = f (rhs,egl,mst,rht,msp)
NN € rhs,egl,Nox



•BB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4:BOILER STRESS CONDITION ANALYSER

•BB5:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB6:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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BBBB--3: BOILER 3: BOILER PERFORMANCE   PERFORMANCE   
OPTIMISATION (BPOS) OPTIMISATION (BPOS) 

FEATURES:
•BACKWARD CALCULATIONS

--ZONAL FG & FLUID TEMPERATURE

--HEAT BALANCE

--LOSSES (Dry gas, H2O in fuel, UBC,

Radiation, H2O in air)

•FORWARD CALCULATIONS

--COAL, AIR, SPRAY  FLOWS

--BOILER EFFICIENCY

•METAL TEMP. CALCULATION 

•METAL HOT SPOTS
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Zonal heat absorption

Boiler Losses

Fouling Factor

FG Temp b/w heating surfaces

Manual Inputs fuel data
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Measured values from DCS

Calculated values based on 
Geometrical dimensions like 

•wall thickness 
•tube diameter  
•heated length of tubes 

and  actual values like
•outlet temp steam
•inlet temp. steam
•inlet temp. fluegas
•inlet flow steam
•total FG flow
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Measured values from DCS

Calculated values based on 
Geometrical dimensions like 

•wall thickness 
•tube diameter  
•heated length of tubes 

and  actual values like
•outlet temp steam
•inlet temp. steam
•inlet temp. fluegas
•inlet flow steam
•total FG flow
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Location and value of hotspots in heating surfaces
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•BB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4:BOILER STRESS CONDITION ANALYSER

•BB5:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB6:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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•BB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4:BOILER STRESS CONDITION ANALYSER

•BB5:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB6:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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BBBB--5: BOILER STRESS CONDITION    5: BOILER STRESS CONDITION    
ANALYSERANALYSER

FEATURES:
•CALCULATION OF CREEP & FATIGUE

--DRUM 

-- SH O/L HDR 

-- RH O/L HDR

-- Y PIECE IN MS LINE

•REMAINING LIFETIME INDICATION

•LIST OF LARGE LOAD CHANGES

•ALLOWABLE OPERATING PARAMETERS
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THICK WALL COMPONENTS CONSIDERED FOR LTC
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Measurement Values from 
DCS
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CONCEPT OF DATA VALIDATIONCONCEPT OF DATA VALIDATION
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Value from 
Neural Network

DCS Value

Value After 
Range Check

Value After 
Heat Mass 
Balance

Final Value
CONCEPT OF DATA VALIDATIONCONCEPT OF DATA VALIDATION

POWAT 2012 3113/01/2012



SEAMLESS INTEGRATION OF PADO RESULTS  AND 
RECOMMENDATIONS IN DCS HMI SCREENS

13/01/2012 POWAT 2012
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SEAMLESS INTEGRATION OF PADO RESULTS  AND 
RECOMMENDATIONS IN DCS HMI SCREENS
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COOLING TOWER CALCULATIONSCOOLING TOWER CALCULATIONS
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The calculation is made by means of characteristics 
obtained from design data.

The 
characteristic 
curve defines the 
cooling zone 
width (or the 
cold-water-
temperature) as a 
function of
- air moisture,
- air temperature,
- load factor 
(cooling water 
mass flow) and
- warm water 
temperature and 
Cold  water 
temperature

- reference value of 
cooling zone width 
- reference value of 
cold water temp
- discharged heat
- evaporation
- efficiency



•BB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4: CONTROL LOOP OPTIMISATION

•BB5:BOILER STRESS CONDITION ANALYSER

•BB6:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB7:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))
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BBBB--6: SYS & PERFORMANCE DIAGNOSIS 6: SYS & PERFORMANCE DIAGNOSIS 

• A SUPERVISORY MONITORING SYSTEM OVER AND ABOVE 
THE PLANT PERFORMANCE MONITORING SYSYTEM. 

• PERFORMS DIAGNOSIS OF SYSTEM & INDIVIDUAL 
EQUIPMENTS WITH ON-LINE DATA.

• THE PURPOSE OF THIS MODULE IS TO PIN-POINT ROOT 
CAUSE OF ABNORMALITIES EXISTING IN THE PROCESS. 
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BBBB--6: SYS & PERFORMANCE DIAGNOSIS 6: SYS & PERFORMANCE DIAGNOSIS 

Diagnosis 
module

Performance  
Diagnosis

Diagnosis 
Information & 

corrective action 
to be taken by 
the operator 

Equipment 
health
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GROUPS OF FAULT DIAGNOSIS TREESGROUPS OF FAULT DIAGNOSIS TREES

Boiler System

Turbine System

Condenser System

Feed Water System

Regenerative Heating System
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Flow chart 
Fault observed

Condition checks

Alarms messages 

POWAT 2012 3913/01/2012



Logic based on flow chart

Details of encapsulation block

Encapsulation block
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Alarm Messages

Fault observed
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•BB 1:PERFORMANCE ANALYSIS & MONITORING MODULE

•BB2:SYSTEM & PERFORMANCE OPTIMISATION

•BB3:BPOS(BOILER PERFORMANCE  OPTIMISATION SYSTEM)

•BB4: CONTROL LOOP OPTIMISATION

•BB5:BOILER STRESS CONDITION ANALYSER

•BB6:SYSTEM & PERFORMANCE DIAGNOSIS MODULE

•BB7:INTELLIGENT WATER & STEAM CHEM. MGT    

THE BUILDING BLOCKS (BBsTHE BUILDING BLOCKS (BBs))

POWAT 2012 4213/01/2012



BBBB--7:INTELLIGENT WATER & STEAM  7:INTELLIGENT WATER & STEAM  
CHEMISTRY MANAGEMENTCHEMISTRY MANAGEMENT

Water & Steam Cycle

•Optimized consumption of dosing chemicals

•Reduction in degradation of turbine components

•Reduction of boiler tube scale formation

•Trending of parameters
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PADO FUNCTIONS PADO FUNCTIONS IN PLANT IN PLANT 
DEPARTMENTSDEPARTMENTS

Monitoring efficiencies of important plan components

Following the indication for sootblowing

Overview of efficiencies of the plant
MANAGEMENT:

EFFICIENCY GROUP:

OPERATION  GROUP:

Following the set point optimization

MAINTENANCE MECHANICAL AND C&I  GROUPS:

Monitoring of Measurements (Data Reconciliation)
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PADO FOR MANAGEMENTPADO FOR MANAGEMENT
PLANT OVERVIEWPLANT OVERVIEW
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PADO FOR PADO FOR MANAGEMENT MANAGEMENT 
REPORTSREPORTS
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PADO FOR EFFICIENCY PADO FOR EFFICIENCY GROUPGROUP
BOILER EFFICIENCYBOILER EFFICIENCY

13/01/2012 POWAT 2012 50



PADO FOR EFFICIENCY PADO FOR EFFICIENCY GROUPGROUP
CONTROLLABLE LOSSESCONTROLLABLE LOSSES
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PADO FOR EFFICIENCY PADO FOR EFFICIENCY GROUPGROUP
REPORTSREPORTS
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PADO FOR OPERATION GROUPPADO FOR OPERATION GROUP
BOILERBOILER
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PADO FOR OPERATION GROUPPADO FOR OPERATION GROUP
SOOTBLOWING MANAGEMENTSOOTBLOWING MANAGEMENT
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PADO FOR OPERATION PADO FOR OPERATION GROUPGROUP
SOOTBLOWING MONITORINGSOOTBLOWING MONITORING
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PADO FOR OPERATION PADO FOR OPERATION GROUPGROUP
METAL TEMPERATURESMETAL TEMPERATURES
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PADO FOR OPERATION PADO FOR OPERATION GROUPGROUP
SET POINT OPTIMIZATIONSET POINT OPTIMIZATION
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PADO FOR OPERATION PADO FOR OPERATION AND EFFICIENCY GROUPAND EFFICIENCY GROUP
HEAT RATE POTENTIALHEAT RATE POTENTIAL
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PADO FOR PADO FOR OPERATION/EFFICIENCY GROUP OPERATION/EFFICIENCY GROUP 
WHATWHAT--IFIF
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PADO PADO OPERATION/EFFICIENCY GROUPSOPERATION/EFFICIENCY GROUPS
WHATWHAT--IFIF
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CASE STUDIES

SET POINT OPTIMIZATION

HPH DRAIN TEMPERATURE



Initial 
condition

Parameters 
changed
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CASE STUDY FOR HPH DRAIN TEMPERATURE

Temp 
Difference
is positive
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HPH 6B 
O/L
Drain temp

HPH 5B 
O/L
Drain temp
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CASE STUDY FOR HPH DRAIN TEMPERATURE

Now Temp 
Difference
is negative

Hence Calc. 
stopped
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HPH 6B 
O/L
Drain temp

HPH 5B 
O/L
Drain temp
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GRAPHICAL PLOT OF THE ABOVE CASE STUDY 
HPH DRAIN TEMPERATURE
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GRAPHICAL PLOT OF THE ABOVE CASE STUDY  
HPH DRAIN TEMPERATURE
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DATA EXPORT FACILITY FROM DIAGRAM TO EXCEL



DATA EXPORT FACILITY FROM DIAGRAM TO EXCEL
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UNIT RATING NO OF SETS CUSTOMERS

490/500 46 NTPC, KPCL, MAHAGHENCO, GEB, CSEB

525 4 TATA POWER, HNPL

600 5 TNEB, MPEB, APGENCO

195/250 9 NTPC 

660, 700 
(Super critical)

3 NTPC, KPCL

PADO PROJECTS IMPLEMENTATION BY BHEL
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PADO REMOTE CONNECTIVITY TO 
VARIOUS SITES

TALCHER

SIPAT

BELLARY

DADRI

KORBA

The  Remote Connectivity to sites is through the ISDN line. The 
PADO Server at the site can be accessed from EDN, 
Bangalore. Following sites are now remotely connected to 
EDN, Bangalore:
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SIMHADRI

RAMAGUNDAM

RIHAND

VINDHYACHAL
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