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ACCELERATED THERMAL !é
AGING )

= This Simulates deterioration due to
temperature exposure

= |nstrument is kept at elevated temperature in
a thermal chamber for time as decided by
Arrrhenius equation

v" Ambient temperature is 45° C

v" Instrument Life is 10 years

v Thermal Chamber Temperature kept at 85° C
v" Duration of Testing will be152 days

NEERAJ AGRAWAL (ISA—- POWAT 2013) 19




THERMAL CHAMBER
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LOCA TEST CHAMBER
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TEST FACILITIES AVAILABLE IN INDIA

NPCIL

= RSD BARC
v’ Radiation Ageing, Thermal Ageing, LOCA test

= R&D Centre, TAPS 3&4
v’ Radiation Aging, Thermal Ageing, LOCA test

= ERDA Vadodara

v Thermal Ageing and LOCA test

"  Test facility for LOCA and MSLB is being
setup at IIT, Mumbali




Shake Table test facilities in India

ERDA, Baroda :150Kg Uniaxial shaketable (0.6m x 0.6mYy

ECIL, Hyderabad: 100 Kg Uniaxial shaketable
v (0.7m x 0.7m), 35 cm stroke length

SERC, Chennai :30T Triaxial shaketable

v (4m x 4m), 4 vertical & 4 hori. Actuators

CPRI, Bangalore : 10 T Triaxial table

v (3m x 3m), 4 ver & 4 hor actuators

IGCAR, : 10 T Triaxial table
Kalpakkam © (4m x 4m), 4 ver & 4 hor actuators
IIT Roorkee : 20 T Biaxial shaketable

v (3.5m x 3.5m), 2 ver & 1 hor actuator

NEERAJ AGRAWAL (ISA—- POWAT 2013) 24
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OVERVIEW '@4

> INTRODUCTION
» PLC ARCHITECTURE

» CHALLENGES ASSOCIATED WITH PLCs

v Performance
v" Obsolescence

» CONCLUSION
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INTRODUCTION RFCT

Systems in Indian NPPs are categorized based on
their significance to nuclear safety.

» Safety Critical (Class 1A)
Safety Related(Class IB and IC)
Not Important to Nuclear Safety (Class NINS)

PLCs are used in IB and NINS applications.

AV UGHADE (ISA-POWAT-2013)




Usage of PLCs in NPPs v

» Control of various process interlocks and control
functions (Station-PLC)

« Control of Main and Emergency airlocks (Airlock
PLC)

* Dryer control (Dryer PLC)

» Emergency transfer of load (EMTR PLC).

AV UGHADE (ISA-POWAT-2013)



PLC ARCHITECTURE '@4

Two kinds of architecture are employed in PLC
Implementation:-

NPCIL

o Dual processor hot standby where each PLC has
two redundant processors with common 1/Os

o Dual computer hot standby where each PLC has
single processor but one PLC is standby to other

A number of such PLCs are connected through dual
redundant token bus networks, and exchange data
and information necessary for generation of
outputs. In each network an engineering wo
station serves as an operator interface.

AV UGHADE (ISA-POWAT-2013)
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PLC#1 PLCHS
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PLC ARCHITECTURE WITH COMMON I/O AND REDUNDANT PROCESSORS
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PLC#HI PLCH2
1,0 1,0 1,0 1,0 fisfiors
CPU 1 cPU 2 cPU 1 cPU 2 NPCIL

TOKEN BUS

PLC
GATEWAY B

RS232 LINK
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cors FC
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PLC ARCHITECTURE WITH REDUNDANT 1/0 AND REDUNDANT PLCs
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/

CHALLENGES ASSOCIATED WITH PLC

NPCIL

) PERFORMANCE

a) Spurious ground fault indication in 48 V DC
control power supply

This was attributed to high off-state current of FIT
(Finite Impulse Test) modules. It has been addressed
by using low off state current FIT modules having
low leakage current, by reducing FIT frequency and
by providing dedicated built-in field input
interrogation power supply.
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(b) PLCs going Out of network @

— observed in all the plants

— impact was significant in NPPs where LAN was
also used for sharing control signals among the
PLC nodes (i.e. information required for
generating outputs used in controlling various
equipments)

— resulting into process disturbances.

The problem was attributed to:

« Longer length of LAN cable

» \Weak signal strength

* Improper Grounding of LAN cable shi

AV UGHADE (ISA-POWAT-2013)




In initial NPPs '@
* No. of nodes on LAN is 22 and the length of LAN cable was

around 400 meters. NPCIL
» Stretching and bending of cable in cable trays and improper
grounding of the cable shield,
 The minimum signal strength (10dBmV min.) at the

receiving node was not available.
No, Of

Ports

oc

2e

T \ \ \ \
100 200 300 400 500
Coble Length in Metres

RELATION BETWEEN ON OF NODES AND CABLE LENGTH
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Modifications: @

LAN network is split into number of smaller networks.

Maintaining the bending radius of trunk cable > 7
inches

Laying of LAN cable in metallic conduit
Multipoint grounding of LAN cable as per IEEE-1050.
Validation of LAN

To avoid the disturbance on loads due to
communication failure, the use of LAN is restricted to
information function only.

AV UGHADE (ISA-POWAT-2013)




After carrying out the above modifications, the LAN REIVETR
parameters were measured and results are summarized.

Before After modification &
LAN Parameters . with multipoint
modification :

grounding

Signal attenuation 36.13dB 4.98 dB
Peak +4 dBmV -10 dBmV

Noise

Average -19 dBmV -20 dBmV
Return Loss -30.01 dB -31.82 dB

AV UGHADE (ISA-POWAT-2013)




(c) Halting of CPU '@

NPCIL

* One CPU halting in dual processor hot standby PLC
configuration.

e The problem attributed to loss of synchronization
between two running CPUSs.

» Loss of synchronization between the running CPUs
occurred due to elongation of cycle time of PLC.
Because of this, each CPU considered other CPU
faulty and tried to acquire the bus leading to bus
contention and subsequent halting of one CPU.

AV UGHADE (ISA-POWAT-2013)



SCAN CYCLE OF

STAND BY CPU a
4

SCAN CY
ACTIVE CPU

SCAN CYCLE OF ACPU
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Modification:

To address the CPU halting problem, PLC software is modified to
implement the fixed period of execution for the scan task so
that the communication task can be kept at lower priority.

AV UGHADE (ISA-POWAT-2013)




d) Power Supplies of PLC @

In the previous design of power supply, common
circuit was present for paralleled power supply
modules & there was failure in the common circuit.

In the new design power supplies are made fully
independent without any common circuit.

AV UGHADE (ISA-POWAT-2013)



TATAT,
NPCIL

POWER SUPPLY SCHEME EMPLOYED IN PLC SYSTEM

AV UGHADE (ISA-POWAT-2013)
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Modifications:

*DC to DC SMPS is used in place of AC to DC SMPS

Independent error amplifier is used to ensure current
sharing.

*Source power supply to DC to DC SMPS is taken
from intermediate DC bus of UPS which has a battery
back-up.

Failure of any UPS will not lead to unavailability
source power supply to DC to DC SMPS.

AV UGHADE (ISA-POWAT-2013)
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II) OBSOLESCENCE @

Hardware for following boards not available.

« TBC VME }Used in Token Bus
e TBC MODEI\éI

To overcome obsolescence design modification is
carried out to replace token bus with dual Ethernet
LAN. This Ethernet LAN is retrofitted in EMTR
PLC and Airlock PLCs. Based on this performance,
the implementation of Ethernet network is being
considered for other PLCs also.

AV UGHADE (ISA-POWAT-2013)
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CONCLUSION @

« PLC system is running satisfactorily after carrying
out all the above modifications in the existing
operating NPPs.

» Up-gradation of Token Bus with Ethernet is taken
up to address obsolescence.

AV UGHADE (ISA-POWAT-2013)
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Abstract

Reliability Modeling of system based on Bayesian
Network

Limitations of traditional reliability analysis
Fault Tree Diagram -> Bayesian network
Advantages

Impact of change of subsystem reliability change on
other subsystems/system

Emergency Core Cooling System

System Reliability & updation



Introduction

m Traditional techniques assumption:

-all the failures are independent and the rate of failure is
constant (using BN it is possible to include local
iIndependencies into the model, by directly specifying the
causes that influences a given effect)

-due to the approximations in the computational model and
the limited statistical data on the input variables, there may
be uncertainty in this computation

System Reliability & updation



Introduction contd...

- -BN has power of predictive (fwd) and diagnostic (bwd )analysis;
fwd: P(occ. of any node is cal on basis of prior P of root nodes) &
conditional dependence on each node. Bwd: concerns the comp. Of
posterier P of any given set of variables given some observtn

- Work on system safety and Bayesian Networks were
developed by Kang & Venkatesk [1]

 In the paper [3] the authors describe the stochastic modelling
techniques such as Fault Trees and Petri Net

System Reliability & updation



Introduction contd...

s Bayesian networks have been applied
mostly in the field of Artificial intelligence
and now have gain popularity in the field of
engineering decision strategy [8]

m It has not been used in the reliability
analysis of Nuclear Power Plant structures

System Reliability & updation



Bayesian networks

acyclic graph that represents a joint probability
distribution over a set of random variables V

The network is defined by a pair z=.s

-G is the DAG whose nodes **% --% represents random
variables; edges represent direct dependencies
between these variables.

- g . set of parameters of the network. Set contains
parameter fxi= = 5 (:l7:)  for each =:°f% conditioned
on = , the set of parents ofx in G.

B defines unique joint probability distribution over V

P(X) =P, (X, %y, .. . X,) = H Py 04 Imy)

n
=) lesemnnan @)

System Reliability & updation



Bayesian networks contd...

The marginal probability of *: is:
PIXY= Z 1 N .
XEgX
Assuming an event E has occurred, we have:

P(X. E) P(X.E)
P(E) X ,P(X.E)y"™

P(X|E) =

System Reliability & updation



Bayesian networks contd...

So, the joint probability of the Bayesian network,
given in Figure2 is:
PX) = P(H)PIDP(FIP(EIH, L F)P(D)P(EID.E)
w PIEYPICIE P B e i A

Figurel. Fault Tree

System Reliability & updation



Bayesian networks contd...

= The subsystem fc;aulure probability is:
F'v".l = 1

a1 ZZ Z P(H)P(NP(FIP(EIH, L F)P(D)P(BID, E)
= x P(GIP(CIF,G)P(A = 1|B,C) e cvrseecve e (5)

= Hence in case of subsystem failure , marginal probability of all

the nodes in the network can be updated as:
o PR A =)
Pl“‘k,"_j T 1"I T P{‘_!' — 1] i g {ﬁ:l

System Reliability & updation



Emergency Core Cooling System
Series system

m A& B : 2 basic events

A B
Pump1 Pump?

Figured. BN of figure3

Figure3. Fault Tree of ECCS
Tablel. Baszic events for ECCS status

s Here C 1s ECCS. Fi1g4 infers that A & B are
Independent

{C=1| A B)

P
0
1

1
1

k=l E=11s]

Ll f=1 = I 2

Tablel. Probability of C failure given A & Bin case

= The dependence’“colld be the statistical
correlation between the states of A and B due
to the common random variables in their limit

states.

System Reliability & updation
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Emergency Core Cooling System

Hence P48 = PLAP(E).. RCINLG 1)

Let PIE=1)=PX)
P(X =0) = P(X).
PCY=1x PlAIP(B) + 1 x P{AYP(B) + 1
% PLAVP(E) + 0 x P(AIP(E)
= P(A} + P(B}1 — P(4)]

(4) + P(B) — PLAYP(B) oo e e e e (B)

We make 2 modifications:

consider all the input random variables as root
nodes. Eg. s: - strength of node i;« - applied load

- failure probability r® = f.0) oo @

System Reliability & updation
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Emergency Core Cooling System

Then we construct BN in case of correlated and uncorrelated variables

. Then we construct BN m case of comelated and
as. uncomelated varables az shown m Fgured(a) and
3(b) respectively.

925

C

Figure3a Modified BN (not correlated wvanables)

Figure3b. Modified BN {comelated wanables)

System Reliability & updation
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Emergency Core Cooling System

BN does not allow cycles but still can be created like figure5, by
incorporating additional information on sequential failure
probabilities as shown in Table2.

Parallel Systems

Figure6. Fault Tree of ECCS

A B P(C=1| A, B)
0 0 0
0 1 P(A; = 1)B=1, A=D)
1 0 P(B, = 1/A=1, B=0)
1 1 1

Table. Probability of C failure given A & Bin case
of parallel system

Az updated state of A after B fails
E,: updated state of B after A fails

System Reliability & updation 13



Emergency Core Cooling System

s Examplerc-1a=1. B0) = mz =14-1. B=0Means that the probability
that C=1 will occur given A fails “first” is equal to B’s
failure probability given A fails “first”, since C=1 is defined
when both A & B fail.

m Through this construction of the conditional probability table
for P(C=1|A,B), the problem of multiple failure sequences
and the effect of failure of 1 pump on another can be solved
in BN

» Hence, this approach allows modeling both types of
dependence: statistical and sequential

System Reliability & updation
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Emergency Core Cooling System

s S0, the probability of ECCS function failure for series
system (Fig3), using eq (1) & (2) is given as:

p(c 1)

%) f [ P = 142)P U ) (Bl ) FIF(IF (@) dadsdos ... (10)

A=0B=0 "4

m If these random variables are correlated, /()7 (=)f(«)
needs to be replaced by their joint pdf.

m For clarification if suppose in case of series system,
each node A and B takes half load, then following
conditional probabilities can be used in equation:

P4 1‘ < =l,

P(A=0|s,z;]=1

P{B=1‘:E£;)=1,
>2)=1
2

.. (11)
System Rellablllty & updatlon
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Emergency Core Cooling System

m The equation 10 can be solved using multi-normal

integration or Monte Carlo simulation without complete
numerical integration

= Similarly in case of parallel system when one Pump A

fails, other pump B can take the full load. We need to
consider Az and B,

System Reliability & updation
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Emergency Core Cooling System

m SO

PC=1)=PC=114=1B=1PA=1,B=1)+P(C=114=0E=1}P4=0.B=1}+P(C=1l4=1.B=0)
XxPA=1,B=0+PC=14=0B=0p(4=0.B=0)

‘Aicosé'g;ﬂssé;) KP(S‘;Zj%nS; S?)_'P(Ssq—:w‘ii%n%E?Jx

Il
o
—
t
1A
e
=
hb‘l
I
| E
o —
f
o
—
=

m Failure probability using Fault Tree approach is given by
considering the same failure sequence:

W
A—)B‘Esﬁ_ggnsiim

w
S%AESEEEnsﬁim

m Hence

P(C=1)=PA—=B)UP(E—=4)

= P[(sﬁ_£%’ﬂss gco)u[s;g;—fnggm}]

= P[(5, g:%n(s; <2u(2zsns o)) u-:sss?n(sﬂ. <2u(2gs,ns, < w]:]]]

System Reliability & updation
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Emergency Core Cooling System

=P[(5,.£gﬂ5_=£§)u[s,, £§ﬂ§£ssﬂss £cd}U[:5_= £gﬂ§-_‘isiﬂsn‘_:w)] SN )

m These 3 events are mutually exclusive, so

PC = 1) =P(:5a.££r‘u:75 EZ—?]—P(J_.H‘_C

= Equation 13(BN) and 15(traditional) are identical

(1]
<sNs, < m] *‘P(ss €SN <5 NS @) wrnnene e (15)

System Reliability & updation
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Reliability updation

m If ECCS failure is observed, in case of series system;

failure probability of A & B and probability distribution of
random variable can be updated as:

PA=1C=1) PA=1 PG <3
(A=1.L =1} A= s =7
PA=1lc=1="= d oo Z

PCC=1) P(C=1 P(C=1)

FE=1C=1 P(E=1) Pis,. 5‘3"
PE=1C=1)== i Bl By
PC=1) PC=1)"Pprc=1)

dF (=0 = 1) 2 Plimr,0=2
O - il O =— )
flelc=1= ; ds; 7 PE=1) *

P(C=1) can be calculated from equation 10. Similarly
distribution of other variables can be found out. If B failure
Is observed, other nodes can be updated as:

P4=1EB=1)
P(B =1)

Pld-=18=1=

dFis,|C=1)_ 8 P(S:<s.5=1

flsglB =1} = e ds, L P(E=1) )

P(C=1B=1} P(E=1)

P(C=1B=1)= = £
P(BE=1) PE=1

System Reliability & updation
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Reliability updation
= Similarly for parallel system

B Pl =1BE=1)
S T
PL=1A=0,B=1)xPA4=0F=1)
P(E=1)
Pl = 1Ja=18 =1 x Pl =13 =1)
P(B=1)

; @ w sy oo
_Pf\sﬂ.c_immsﬂ. =3 Ns, 5§\J+P|\5ﬂ.:

+

(]

ns,

1

ra| £

P(s; <3
= All the joint probabilities, mentioned in the above
equations may be obtained by Monte Carlo simulation.

System Reliability & updation 20
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Integrated communication —
present and future possibilities

Unifying security and safety
communication over IP infrastructure



- Background - Past

 Analogue/digital solutions

 Proprietary solutions offered limited
Integration

 Cabling tailored to use



- Background - Present

15A Delhi Section

Networked solutions becoming available on
most platforms

Integrated solutions desired/required

Ethernet/structured cabling more widespread



i Section

Industrial buses on Ethernet

STENTOFON




- Structured cabling

15A Delhi Section

e Common cabling scheme
 Cat. 5 (or better) cabling

« Power distribution (PoE or PoE+)



) Structured cabling

15A Delhi Section

e Flexible and unified infrastructure

Future-proof

Compatible with analogue and IP systems



- Where are we today?

15A Delhi Section

 Alot of systems share common distribution
Infrastructure (structured cabling)

o Still individual and proprietary platforms

 Standardization is increasing



- Modern infrastructure

)
Tag b by

LAN

Structured
Cabling PA 100V

UHF/VHF  TETRA

Intercom I Q DMR
[ Telephone D

GSM




i Section

Traditional Com/Sec system

[ Control room

LAN

|

Public Access
Intercom
address control

=
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i Section

Traditional Com/Sec system

) (o=} )

------ { Control room LAN

|

Fublic Intercom Al CCTV
address control

10



5 Traditional Com/Sec systems

i Section

Dispatch/Control-room acts as hub

Low level of integration

Analouge communication dominates



LAN 1SS

S

(Intercom | [Control] ( Intrusion |
room
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L @
AN 1SS

(Intercom | [Control] ( Intrusion |
room
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- Benefits - Financial

15A Delhi Section

* Reusing existing infrastructure
e |Increased utilization of human resources

o Distributed systems + Unified cabling = less
Investment and maintenance cost



- Benefits - Operational

15A Delhi Section

o Automation = Reduced response time in case
of an undesired event

o Automation = Reduced risk of human error

 Integration = increased capability of exisitng
systems



- Benefits - Maintenance

15A Delhi Section

Redundancy = reduced down-time = less
maintenance

No custom-made or obsolete physical interfaces

Networked solutions permits remote
configuration, diagnostics and SW maintenance



~ Benefits - Flexibility

15A Delhi Section

e Common protocols = Less chance of tie-in to a
single provider

o Infrastructure may be repurposed should
needs change

» Ethernet = Scalability and modularity



@ Future

15A Delhi Section

More integration / virtualisation

User experience / user friendliness

Virtual interfaces / Touch-screen



i Section

Thank you
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(1s5) Background - Platforms

15A Delhi Section

STENTOFON

SCADA (LAN)

Application platform (LAN)

PCs Peripherals Data Storage App Servers

Security platform
BMS Access

Communications platform
Telephony Mobile Intercom Public Address

20



Background - Platforms

PCs

SCADA LAN

Application LAN
Peripherals Data Storage App Servers

STENTOFON

CCTV

Communication, Safety and Security LAN
BMS Access

Fire

Telephony

Mobile Intercom

Public Address




PR FC Fuii Electric

d
ISA Delhi Section

NEW High Sensitivity Single Beam
Infrared Gas Analyzers




6’5} Agenda [F= Fuiji Electric




IS} Non Dispersive Infrared Principle E Fuji Electric

ISA Delhi Section

(DWhat is Infrared ray ?
Part of electro magnetic wave
of which wave length is longer than visible “red ”.

wave length (1 m)

02 04 0.7 100 <
X-ray| UV | Visible Micro wave
purple red

®@Molecules absorb Infrared energy at it's own wave length.
Magnitude of absorption is proportional to the product of gas concentration
and path length = Lambert — Beer's Low

4L

We can determine the gas concentration by measuring intensity of Infrared energy



Infrared Absorbance spectra Re Fuji Electric
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IS) Dual Beam NDIR Type E Fuji Electric
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Y High accuracy measurement in low concentration

Yr Measurement with high sensitivity

Y Minimum cross sensitivity with system
v Flexibility for measuring components

Chopper _Motor Trimmer Mass flow sensor

Distribution cell Detect
(and interference filter) " Reference cell etestor

— | e el Bt e

| [t =
m_j\ -Eia?;?a?;?gﬁ

g

i

=Y

Interference | .S

Sse;rtlgr Infrared Sample cell compensation | S
signal SOUrce  (Gas inlet Gas output detector =
=

| Preamplifier T — 5%
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Single Beam NDIR Type

il

[F= Fuii Electric

¥ Simple structure , Easy to use and
Easy maintenance
% Excellent stability and High-accuracy
measurement with Mass flow sensor

n
L=

{Hot-wire sensor)
Hot-wira tampearaturs

T

e

<Mass flow sensor>

The mass flow sensor, with low
impedance, has excellent noise resistance,
while the sensor, with no mowable partz, is
impervious to vibration and can be used
on a semi-permanent basis.

2 D =
(&F) IAF)
Wihem wind Whan wind
blows from blosws from
e left the right

. Gas inlet Gias output Front expansion
Infrared L et
source am
1 N[ n_— Rear
| expansion
Q
Sample cell Dete =
Moto 2 cto
. Displ Signal processing ' Mass flow
AR operation unit sensor

Outp u‘l;j

Preamplifier
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Ih ZP Series Single Beam Type R9 Fuji Electric

™

154 Delhi Section

Enhanced sensitivity of Mass Flow Sensor

» State of the art design & manufacturing process realized 2 times higher
S/N than current sensor

* Durable construction with moving parts enables resistance to vibration
* Low impedance enables high S/N and resistant to noise
Multi layer detectors assures
* Minimum cross-sensitivity to coexistence gases
* Measurement with High stability
Easy to maintain & Easy to use menu driven with large LCD
* Robust single beam system requires no optical adjustment

Barometric pressure compensation available
* Supports correction for transient weather disturbances




ISA Delhi Section

|_T_| SV1
_| Sample Gas . %

Sample Switching Technique E Fuji Electric

NO ; Normal Open
NC ; Normal Close

Pink line  : Sample gas
Blue line  : Ref. gas
Solid line :t=0

| Dotted line : t+10sec

ya\
NO W= ======-- i | 1'st Componet
I NC | IR Source 1 [1 4 Detector
: e
S Sample Cell
, \\ 2'nd Component
p . Motor Detector
| |
NC Chopper
Reference Gas (BT ypappp——— I
(Zero Gas) NO v 3'rd Component Detector
SV2

¥
J|E==in]

4th Component Detector

" Exhaust



Cancellation of Zero point Drift R9 Fuji Electric

HLIp
UOTJRIIUSIUOD  4yrr0d-0792 [eusisjo

JUS[eATND  JO JUNOUTY §[9AS]-019

//
-o-t vnl S S 5%

S_ -

i Reference
s

Reference
gas __

'Od.

}iing peri

Gas swite

ISA Delhi Section




65} Small Size Easy to Handle E Fuji Electric
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Compact Internals E Fuji Electric

General Use Model High Performance Model
Compact & Ease of Use With Sample Switching




Abundant Features

[F= Fuiji Electric




IS}TechnicaI Specifications Comparison@ Fuji Electric

™

ISA Delhi Section

Model ZPA ZPB | ZPG
Measuring Principle Non-Dispersive Infrared absorption
Measuring Method Single Beam Single Beam Sample Swiching
Measurable Components NO, SO2, CO, CO2, CH4 NO, SO2, CO, CO2
NO 0 to 200 ppm 0 to 50 ppm 0 to 10 ppm
S02 0 to 200 ppm 0 to 50 ppm 0 to 10 ppm
Minimun Measuring Range [CO 0 to 200 ppm 0 to 50 ppm 0to 5 ppm
CcOo2 0 to 100 ppm 0 to 20 ppm 0to 5 ppm
CH4 0 to 500 ppm - -
Range Ratio Uptol:10
Repeatability Better than =#+0.5% of Full Scale (*Notel)
Linearity Better than #=1% of Full Scale
e (B Less than 2% FS /week Less than repeatability
(*Note2)
Span Drift Less than 2% FS /week
Response time Less than 10 sec. [ Less than 30 sec.
Dimensions 133H x 483W x 448D mm
ZRE (Single Beam) ZKJ (Double Beam) None
Measuring Range Compatible )
Current Model l[l |

(*Note 1) For measuring range < 200ppm, Better than ==1%FS
(*Note 2) Using auto zero calibration for measuring range_< 500ppm



@ Conclusion B Fuji Electric




65} Thank You E Fuji Electric
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Advanced microwave technology to measure unburned carbon in ash

* Non-extractive monitoring measures carbon across the
width of the back-pass.

* Real-time monitoring provides data that enables easy
integration into Combustion Optimization systems.

» A simple design, with minimal moving parts, provides
fast installation and less maintenance.



|S) Carbon In Ash Measurement —~Advantages iR JDEPD
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Increased !!!

= |ncreased combustion
efficiency

= Increased quality of Fly
Ash resulting in better
sale price!

= Improved Mercury
capture

= Loss of Ignition
availability

= Balanced plant
efficiency

» Reduced operating cost

» Reduced amount of Fly
Ash & reduced Land
Filling

» Reduced manual LOI
procedure

Reduced !!!



Carbon In Ash Measurement
|5) LOI — Excellent measure of Efficiency fn\====
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= Ol is a measure of Carbon

in Fly Ash
] o MORMALIZED HEAT LUSSES AND BOILER EFFICIENCY
= CIA helps in optimizing ¥S. ECOMOMIZER OUTLET EXCESS DXYGEM
boiler efficiency through « EFFICIENCY o L1 Loss - ca Loss

real time measure of

Carbon in Ash (LOI) o : 1’
.. i ot &l
= LOI responds to efficiency - . _ N ..
loss much sooner than CO - . \ Boiler Efficiency Curve :
W P / -'_: 2
g B . . . &
L 5 1. =
3 5 . = \.n a4~ i
@ Ll = = S -
E = x /, i = - 5
7] . - z —a
- % T4 /F\ﬂl— d
I -/ Liner LOI Measurement For Process
- 2 Control s [
L. /\ A =
o e LA "IIZL|""'F“-r—r-r-.rJou—+-—i—+- B e ST T B
o [} F4 E 4 3

EXCESS OXTREN (X}

FIGURE & CO vs LOI

Non-linear & low sensitivity CO measurement,
Source Land Combustion, Ken Greaves unsuitable fOI’ process control

© ABBInc
October 18, 2013 | Slide 4
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Source Land Combustion, Ken Greaves

Carbon In Ash Measurement
LOI — Excellent Measure of Efficiency

MORMALIZED HEAT LOSSES AND BOILLER EFFICIENCY
VS. ECDMOMIZER OUTLET EXCESS OXYGEN

« EFFICIERCY o LOI LOSS + CO LOSS
(= 3
s 1
B d=zs
bt2 =1
oll =
- | . ] = 2
- = x
S . &
- | — T2 e 3
“ \ s ]
- » . 77 \ oTH o E
Y
5 LR oT5 = = g
= = o
T2 _
(1] / =S| o
& ol oTl— 1
B d.s
) B O o 1 1§
o | H

FIGURE & O v LOL

*LOl'is much more linear than CO, so you can control the process from this signal
L Ol responds to efficiency loss much sooner than CO.
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“ Accuracy problems with duct sampling FRAIPED
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Typical Gas Distribution In Exit Gas Outlet Duct : 40% Variation Across Width of Unit
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. Accuracy Problems With Hopper Sampling FAIDD
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*Ash Hopper Deposits Vary As A Function Of:
*Unit Load
*Carbon Content in Ash
*Ash w/ Carbon ~ 35 - 65 # / ft3
*Ash w/o Carbon ~ 90 - 180 #/ ft3

—> Gas

Economizer
Hopper
Flyash

Precipitator

Pulverizer I Fabric-Filter,
1// Air Heater or Dr3'/:IS g;{f{,bber
: Hopper Y
Pyrites

Bottom Ash Flyash
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Accuracy problem with duct sampling

[

[+ FLUDYNE Engineering, 1977

ey
b

-
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|

-
(=]

Average Relalive Emor
=] o

s
——

Soaurce: Proposed Revisions o Reduce
Noumber of Travers Points in Method 1 -
Background Information Document, BPA, 1882,

MNo. of Traverse Points

Due to Gas Distribution Within The Duct,
Upwards Of 20 Extractive Taps May Be Required

AL ED D
Mpmw



|S} Accuracy Problems With Duct Sampling "‘\====
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Duct Gas / LOI Stratification Is Not a Problem When Instrument
Is Not Dependent On Point Sampling



