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PROGRAMME OUT LINE

Registration 8:30 AM 9:15 AM
Inauguration Session

Arrival of Chief Guest & other dignitaries 09:15 AM

Welcome of Dignitaries with Bouquet 09:20 AM

Lamp Lighting 09:25 AM

Welcome address by ISA-D President 09:30 AM

Address By Shri Satish Puri Director General-DGMS 09:40 AM

Address By Shri Anil Wali, MD FITT, IIT DELHI 09:50AM

Address by Chief Guest, Shri A K Purwaha, C&MD EIL 10:00 AM

Key Note Address By Shri R K Ghosh, Director Refinery, IOCL 10:15 AM

Release of Souvenir by Chief Guest 10:30 AM

Vote of Thanks by Convener-ISA(D) PNID-2012 10:50 AM

Inauguration of Exhibition by Chief Guest and Dignitaries 11:00 AM

Networking Tea Break 11:00 AM 11:15 AM
Session-1 - "Safety & Security" 11:15 AM 1:00 PM

High Integrity Pressure Protection System (HIPPS)

Mr. Elango Pushpalingam

M/s Mokveld Valves BV

Leak Detection System

Mr. GS Baveja

M/s Nextgen

Safety and Availability- A Case Study

Mr. D. Singhal

Ms. Prema Suresh

M/s Haldor Topsoe
M/s Technip - Mumbai

Networking Lunch Break

1:00 PM

1:45 PM

Session-2" Wireless Technology” 1:45 PM 3:45 PM
Wireless Technology Mr. Hemal Desai M/s E&H
Wireless HART Standards Mr. Unnikrishnan.R M/s P&F

Wireless Technology improves Plant Efficiency

Mr. Harish Mane
Mr. Vinayak Kore

M/s Honeywell

Wireless Solutions for upstream Qil & Gas production Mr. Mike llgen M/s Emerson Process
Tea Break 3:45 PM 4:00 PM
Session-3 -"Surge Protection Solution" 4:00 PM 5:30 PM

Surge Protection System

Mr. Ashish Manchanda

M/s Phoenix Contact

Surge Protection- A case study

Mr. Nakul Gupta
Mr. Jiten Chaudhari

M/s Bechtel

Surge and Transient Protection System

Mr. Abhijit Majumdar

M/s DEHN INDIA

Session-4- 5:30 PM 6:30 PM
Presentation By Dr Mrs. Vijay Malik — Head (PCD), BIS

Followed by “Panel Discussion on Statutory Requirements”

Honours and Awards 6:30 PM 7:00 PM

Networking Dinner

7:00 PM Onwards
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A. K. PURWAHA
CHAIRMAN & MANAGING DIRECTOR
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I am happy to note that International Society of Automation (ISA) - Delhi
section is organizing Petroleum and Natural Gas Industries Domain (PNID-

2012) conference and exhibition on 05™ October 2012 with a vision to take
automation in Petroleum and Natural Gas Sector to global heights.

The Oil & Gas Sector, an important energy provider to nation, faces challenges
from ever increasing demand for high productivity, improved plant efficiency,
increased safety and security. Instrumentation, Controls & Automation is the
key to achieving these objectives.

To further augment the productivity levels, it's imperative to connect the plant
floor with the enterprise level to collaborate real time plant information. Plant
Intelligence solutions for connecting and integrating the disparate systems
that work in isolation is also emerging as imminent need of the industry. Latest
technological advancements without compromising on operational safety have to
be adopted to face the complex process challenges.

I believe that this symposium will provide platform to technology developers,
end users and other stakeholders of the industry to engage and deliberate the
challenges facing the industry and discuss its role in developing a world-class
Petroleum and Natural Gas sector in the country.

T wish the symposium all the success.
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Indian Oil Corporation Limited

Refineries Division : SCOPE Complex, Core-2

7, Institutional Area, Lodhi Road, New Delhi-110 003 INDIA %
Phone : 91-11-24361364, 24361938  Fax : 24364356 (Ref.)
Fax : 91-11-26260001, 26260002  Fax : 26260003 (Co)
E-mail : ghoshrk@iocl.co.in

Website: www.iocl.com

Rajkumar Ghosh

Director (Refineries) &
Director-in-charge {Assam Qil Division)

CHIEF PATRON & KEYNOTE SPEAKER

I am glad to be the Chief Patron of Petroleum and Natural gas Industries domain (PNID-2012)
conference and exhibition organized by International Society of Automation (ISA) - Delhi
section on 05™ October 2012.

The Oil and Gas Sector, which is the most critical Energy sector, continuously faces challenges
from ever-increasing demand for high productivity, improved plant efficiency, increased
reliability and security. This industry also demands Plant Intelligence solutions that help connect
and integrate the disparate systems that work in isolation. To enhance the production operations
it’s necessary to connect the plant floor with the enterprise level that will give real time plant
information.

Huge investments are still required to ensure the industry has enough production capacity to
meet future demand. Automation expenditures by the upstream oil and gas sector, which
includes exploration, production, and pipelines, are expected to grow at a compounded annual
growth rate (CAGR) of nearly 7% over the next § years.

1 am sure this symposium will provide a platform to share the latest trends in instrumentation and
automation for End users, consultants, professionals, EPCs & suppliers and enhance knowledge
base to meet the challenges of today and future.

I wish the symposium a grand success. g

(Rajkumar Ghosh)
Chief Patron
ISA-PNID 2012
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Dr. (Mrs.) Vijay Malik
Scientist F & Head
(Petroleum & Coal Dept), BIS

I am glad to be the part of Petroleum and Natural gas Industries domain (PNID-2012) conference
and cxhibition organized by International Society of Automation (ISA) - Dclhi section on 035"

October 2012.

Importance of standardization in expanding global market, technological innovation and access
to information and knowledge has long been understood and standards at international levels
have been [ormulated to minimize the barriers in International Trade, to the extent feasible. Our
country has made significant contribution in the field of standardization at national and
international level through our National Standards body, namely, Bureau of Indian Standards
(BIS).

One of the core activitics of BIS is the development of the National Standards which is spread
over 14 Divisions, out of which Petroleum, Coal and related Products Division (PCDC) covers
oil and gas sector covering complete range of petroleum products. The standards help
transforming the markets by removing inefficient products and encourage efficient scrvices.
Indian Standards in the field of petroleum products are being regularly updated to encourage usc
of latest instrumentation techniques in monitoring the quality of petroleum products.

I hope this symposium will provide a platform to share the latest trends in instrumentation and
automation for End users, consultants, professionals, EPCs and suppliers and enhance knowledge
base to meet the challenges of today and in future.

I wish the symposium for their success.
Regards,
N

Dr. (Mrs) Vijay Malik

FOR TRAINING NEEDS, PLEASE CONTACT : NATIONAL INSTITUTE OF TRAINING FOR STANDARDIZATION
A-20 & 21, Institutional Area, Sector-62, Noida-201307. Phones : 01202402201 to 05, 4670232
Tele/Fax No. 0120-2402202-03, E-mail ; hnits@bis.org.in, nits@bis.org.in
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Satish Puri
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DGMS, Dhanbad — 826001
Tal: D326-2221000 (O)
Tel: 0326-2221042 (R)

MESSAGE

[ am glad to be the Guest of Honor for Petroleum and Natural Gas Industries
domain (PNID-2012) conference and exhibition organized by International
Society of Automation (ISA) - Delhi Section on 05th October 2012.

The purpose of this forum is to enable learning from peers and industry
experts and their experiences in the field of Petroleum and Natural Gas
sector automation, so as to promote sustainable development of Petroleum
and Natural Gas sector automation solutions.

The Symposium intends to engage automation experts from Petroleum and
Natural Gas and Petrochemical industries (e.g. offshore well head and
process platforms, onshore wellhead and pipeline industries, Gas processing
plants, Oil Refineries and Petrochemicals), Automation Providers/
Manufacturers, System Integrators, Consultants, R&D Organizations,
Academicians and others for an invigorating exchange of knowledge.

I hope this symposium will provide a platform to share the latest trends in
instrumentation and automation for stake holders and enhance knowledge
base to meet the challenges of today and in future.

I sincerely hope that this Conference will benefit the industry at large.

/“':Bg\\\./

(Satish Puri)
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MESSAGE

As the President of ISA Delhi Section, it is indeed a great pleasure to present to our members
and distinguished delegates, yet another edition of PNID-2012. Our team at ISA(D) has been
concentrating on efforts at knowledge sharing, to bring high quality technological contents to our
esteemed members. Organising this next edition of PNID is an indication of our continuing efforts
to focus on the technologies central to Automation in the Petroleum & Natural Gas industry seg-
ment.

On behalf of the Executive Committee, | would like to thank all our senior advisers, paper present-
ers, supporters, HPTC (High Power technical committee) members and sponsors for making this
event a grand success.

| also take this opportunity to compliment and congratulate the Souvenir team of ISA Delhi Sec-
tion for putting together a compendium of technical information with excellent content and great
design. | do appreciate the guidance provided by our senior members in advising our Souvenir
team. | also put on record the efforts of Sh Manish Kumar and Sh Radhey Shyam Tiwari in braining
this print on time.

In the days to come, | sincerely wish that with the continuing support of our active members,
there will be a wide variety of knowledge sharing and learning activities contributing to the collec-

tive wealth of our accumulated knowledge.

I do congratulate the entire organising team and in particular, the program convener Sh S.K Dha-
wan for putting together such a wonderful program under the banner of ISA Delhi Section.

With best wishes,

Prasenijit Pal
(Hon President - ISA Delhi Section)






MESSAGE

| am happy that International Society of Automation (ISA) - Delhi section is organizing the
Petroleum and Natural gas Industries domain (PNID-2012) conference and exhibition on 05th
October 2012 highlighting importance of Instrumentation & Automation industry in Petroleum
Oil & Gas sector and chosen me again as a Convenor for the PNID-2012.

This Oil & Gas Sector is an important energy provider industry and demands Plant Intelligence
solutions that help connect and integrate the disparate systems that work in isolation. To
enhancethe production operations it’s necessary to connect the plant floor with the enterprise
level that will give real time plant information with adoption of latest safety and security
standards.

| believe that the engagement and involvement of various stake holders including technology
providers and developers would certainly help in achieving the roadmap for implementing

strategies for automation so essential for a world-class Petroleum and Natural Gas utility.

| convey my best wishes for the great success of the event.

—=

SK DHAWAN
CONVENOR-PNID-2012






MESSAGE

| am glad to be the Technical Co-ordinator of Petroleum and Natural gas Industries domain
(PNID-2012) conference and exhibition organized by International Society of Automation (ISA)
- Delhi section on 05th October 2012.

Instrumentation & control systems have always kept pace with the technical and scientific
evolutions - from pneumatically controlled system to fully automated state-of-the art
Distributed control Systems and microprocessor based field instruments having analog and
digital communication with SMART & Foundation Fieldbus technology which are in place for
more than a decade. Wireless technology being picked up in the industry is really regarded as
the paradigm shift in the world of automation and process industry.

Technology being on the cutting edge with continuous development, | am sure this meet will
provide more insight to improve awareness instrumentation and automation technology
and generate lot of inspiration and confidence to review and evaluate the future roadmap
of technologies in the plant control and monitoring applications with active participation and
invaluable knowledge sharing between end-users, suppliers and consultants.

Regards,

S. Mahesh Kumar
Technical Co-Ordinator
ISA-PNID 2012







ISA (D) - PNID-2012

PNID is an initiative taken by ISA-Delhi section to provide a common platform to all stakeholders of
the Petroleum and Natural Gas Automation community including users, Petroleum and Natural Gas
equipment suppliers, Automation system suppliers, system integrators, consultants, R&D establishments,
academicians, independent experts and students for sharing of their knowledge and experiences. The
purpose of this forum is to enable learning from peers and industry experts and their experiences in
the field of Petroleum and Natural Gas sector automation, so as to promote sustainable development of
Petroleum and Natural Gas sector automation solutions.

The vision of the ISA (D) - PNID:

“Take the automation in the Indian Petroleum and Natural Gas sector to global heights and acquire
numero-uno position.”

The mission of the ISA (D) — PNID:

“Engage all stake holders of Petroleum and Natural Gas sector in adopting the latest instrumentation and
automation standards, there-by achieving safe, reliable, efficient and environment friendly Petroleum and
Natural Gas availability in country.”

To realize the above vision and to execute the mission, various long term and short term activities being
carried out by ISA(D) - PNID are :

e Enable knowledge sharing among Petroleum and Natural Gas sector automation fraternity including
utilities, consultants, equipment manufacturers, suppliers and academicians.

e Facilitate through integrated automation, the realization of a world class Petroleum and Natural Gas
plants in India with green, clean and lean visualization, there-by establishing global benchmarks in
Petroleum and Natural Gas generation in terms of reliable & quality, at a competitive cost.

* Provide an opportunity for Indian Petroleum and Natural Gas sector automation experts to get an
exposure to the global developments in automation and there by providing an opportunity to seek &
implement latest state-of-the-art global solutions best adapted for India Specific conditions.

e Provide an interface for the automation fraternity with the policy makers and regulators
We believe that the engagement and involvement of various stake holders including technology providers

and developers would certainly help in achieving the roadmap for implementing strategies for level-4
automation so essential for a world-class Petroleum and Natural Gas utility.






2012-2013 ISA Delhi Section Leaders

Position Name Mem. # E-mail Address

President (3130) Prasenjit Pal 32156518 | prasenjit@ntpceoc.co.in

President-elect (3150) S K Dhawan 33187323 | sk.dhawan51@yahoo.co.in

Vice President (3390) S Verma 32154992 | sureverma@hotmail.com

Secretary (3250) Ashish Manchanda 33042943 | AManchanda@phoenixcontact.co.in

Treasurer (3350) Anil Chaudhary 32247401 |anil@elconsys.in

Delegate (1370) R K Bassi 32941231 |rkbassi@yahoo.com

Alt. Delegate (0030) Ravinder Goyal 32180883 | eipenviro@gmail.com

Program Chair (0950) R S Gudipaty 32240787 | rs.gudipaty@gmail.com

Education Chair (1350) S Suderson Rao 33117790 | ssrao46@gmail.com

Membership Chair (0790) Prateek Srivastava 33137155 | prateek1508@rediffmail.com

Newsletter Editor (2970) Manish Kumar 33080951 | manish.kumar@eil.co.in

WebMaster (3420) Parag Tyagi 33129449 | paraag@wissenautomation.com

Exhibit Chair (0430) A K Bansal 33156301 | akbansal@power-machines.com

Marketing Chair (1010) Akash Sharma 33129424 | asharma@provibtech.com

Publications Chair (0970) H K Varshney 33117789 | hemeshv@yahoo.co.in

Honors & Awards (0510) Arun Gupta 32929694 |arung@indure.com

Historian (1990) Anindya Ray 33150575 | anindyaray@ntpceoc.co.in

Student Section Liaison (2870) Rana Gupta 33191675 | rana.gupta@cadtechindia.com

Section-Division Liaison (2850) Anil Mishra 32972095 | anil.mishra@cadtechindia.com

Standards & Practices (1150) S Samanta 33137156 | ssamanta@ntpceoc.co.in

Past Section President (3090) Alok Shrivastava 32247966 |alok@ntpceoc.co.in

Other (2950) Sr. Advisor M P Singh 32046378 | mpl.singh@jalindia.co.in

Other (2950) Sr. Advisor A K Choudhary 33233681 | ak.chaudhary@eil.co.in

Other (2950) Sr. Advisor R G Dhalwani 32205732 | rdhalwani@deseinindure.com

Other (2950) Sr. Advisor Mrs. Arundhati 32972094 |arundhatib@ntpceoc.co.in
Bhattacharya

Other (2950) Sr. Advisor Rajiv Gupta 33158320 | rajiv.gupta@eil.co.in

Other (2950) Sr. Advisor Ms. R Priyamvada 32191437 | privamvada.r@eil.co.in




Rittal — The System.

Faster - better — worldwide.

[ Complete system solutions
from a single source
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Modular enclosure systems System climate control Power distribution systems IT systems
* Enclosures * Roof and wall-mounted

* Modular system for low-voltage
cooling units

swilch-gear up to 5500 A « Network enclosures
* Command panel & support arm systems « Recooling systems

« IT server rack
* Small enclosures

« 60 mm system technology for * Integrated DC solutions
* Console systems * Airfair, air/water heat power distribution and controllers
« Stainless steel & industry solutions exchangers

 Consultancy & planning
up to 1600 A .
* Structural design
* Network & server racks * Fan systems
«IT wall-mounted enclosures * Enclosure heaters * Physical security
* Outdoor enclosures

* UPS systems
* Subracks « IT climate control

* Monitoring systems

Rittal India Pvt. Ltd. » No. 23 & 24, KIADB Industrial Area « Veerapura » Doddaballapur - 561 203 » Bengaluru District
Tel: +91(0) 80 3372 0700 » Fax: +91(0) 80 3372 0898 * Email: info@rittal-india.com * Website: www.rittal-india.com

> ENCLOSURES > POWERDISTRIBUTON > GLIMATE CONTROL ITINFRASTUCTURE > SOFTWARE & SERVICES
FRIEDHELM LOH GROUP




Subsea HI

Safety through simplicity

Logic Solver [T

+ Reliable and qualified components

* Designed to IEC 61508 / 6151 | and API RPI70 nitaors @) @ @
+ Undisrupted protection during testing

Final Elements

+ Few components in the safety loop
+ Fully“pressure balanced valve designeliminates requirement for-a by-pass line

* Fasy operating, testing and servicing procedures

* No by-pass system and thus ho down time for pressure equalization
*-Modular approach, easy toinstall and to commission :
* Possibility to add redundant components-for increased availability

= ; = =+-Subseéa axial control valves-
Other subsea

products

+ Subsea axial check valves

« Subsea axial choke valves

Mokveld Valves BV, Asia Pacific + 9-5Wisma UOA Damansara ||
No. 6 Changkat Semantan « 50490 Kuala Lumpur « Malaysia
T +60 3 20 80 00 97 « E sales@mokveld.com + | www.mokveld.com [ ] [}




SALES REPRESENTATIVES FOR INDIA [J&}
L

TECHNICON HOLDINGS PVT. LTD. &
ctor - 43,

607, Gobal Foyer Building, Golf Course Road, Se
Gurgaon 122022, Haryana, INDIA

Phone : +91 124 4517926

Email : info@techniconholdings.com

Website : www.techniconholdings.com

Contact : PK Bali, CEO

INDIAN DEVICES & ENGINEERING CORPORATION
Malhotra House, 2nd Floor, Office No. 5, Opp. G.P.0., Fort,
Mumbai, 400001, INDIA

Phone : +91.22.22703131

Email : viral.modyfidecindia.com

Website : www.idecindia.com

Contact : Viral Mody, CEO

£



ifm electronic

Global expertise in automation

With over 40 years of experience in sensors and control systems we know
that quality, reliability and economic efficiency in the manufacture of
vehicles and automotive components can only be achieved with innovative
automation technology. In addition to proven sensor technology, condition-
based maintenance and monitoring of consumables are critical factors for
success. The world’s leading manufacturers in the automotive industry rely
on solutions from ifm electronic — in over 70 countries worldwide!

ifm electronic - close to you!

ifm electronic - ¢{ose 10 you!

ifm electronic India Pvt. Ltd.
Plot No. P-39/1 - MIDC Gokul Shirgaon
Kolhapur - 416234 - Maharashtra State, India
Phone +91/ 231/ 267 27 70 - Fax +91/ 231/ 267 23 88
E-mail: info@ifm-electronic.in - Internet: www.ifm.com/in




She brings the future.
VWWe monitor her environment.

By acting today through measuring, understanding and
informing, we are protecting our world of tomorrow.
Environnement S.A is a highly specialised company which
covers all instrumentation areas Ilinked to the
environment.

Environnement S.A has been certified ISO 9001 and I1ISO 14001
and implements the best perfomance technologies to design
and produce the most accurate continuous monitoring
systems. Its analysers are implemented in ambient air quality
monitoring networks, waste incinerators, thermal power
plants, petrochemical sites and drinking water treatment plants.
Thanks to its 200 skilled employees and its strategy of offering
state of the art, turn-key systems and complete services,
Environnement S.A has for more than 25 years, continued to
benefit from privileged relations with its partners in more than
45 countries.

The future is measured today

111, boulevard Robespierre - 78300 Poissy - FRANCE - Tel. : +33 1 39 22 38 00 - www.environnement-sa.com

www.planetepublicite.fr
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Hornessmg The Power

GE5000

Process Gas Chromatograph

Voted Number One By
Control Magazine Readers

Yokogawa continues its 50-year tradition of on-line analytical
measurement excellence with the new GC8000 process gas
chromatograph. From the innovative 12-inch color fouch screen
HMI, to the powerful Virtual Technician predictive diagnostics, the
GC8000 is truly a process GC for the 21st century.

The GCB0OO uses the same proven analytical hardware found in
our previous model of GC; recognized for its reliable and precise
performance. But with the GC8000, the analytical possibilities
are greatly expanded through its multiple oven capability. The
GC Module (GCM) concept makes parallel chromatography
practical for the first time by gathering all indiviual parameters
for each application info their own separate software section.
Furthermore, the GC8000 is fully compatible with redundant
ﬂ i Ethernet networks and can be easily scaled from a few GCs to

over 200 units connected to the plant DCS system.

{4

Let the power of the new GC8000 process gas chromatograph
1 from Yokogawa tackle your on-line measurement applications.

www.gc8000.com

vigilantplant:

The clear path to operational excellence

FL 11BO8A01-01E-A

Yokogawa India Limited

Plot 96, Electronic City, Hosur Road, Bangalore - 560 100 ’
Tel: 080-41586000 Web: www.yokogawa.com/in YOKOGAWA

Email: marketing@in.yokogawa.com




CONVAL® -

Calculations Windows Options View 7

Calculation

More than 30 Control Valve
vendors

Approximately 5800 fluids (with
approx. 18000 alias names)

Pipe classes according to ANSI &
DIN
Any Liquid/Gas Mixtures as per AGA
/ GREG /User Defined.

44 Control valve

4K+ Control valve (two phases)
Hkt stesm condlitioning valve

134 Actuator forces

- Differential pressure flow ele...
|- Restriction orifice plate

L5 pressure loss

& Pressure surge

4 Sizing

11 Pipe compensation

ol Sean caleulation

= Pipe wal thickness

= shell-and-tube heat exchang...
4= Condenser

& Msterisl data calculation

Fa safety relief valve

[iH# Tank depressurization

Shorten processing times for
planning and engineering in general
Optimize equipment selection,
increase product quality

Minimize troubleshooting in long
term

Reduce Shutdown time.

Be vendor independent.

Ensure accordance to international
standards. Major International

Gesellschaft fiir technisch-wissenschaftliche

Softwareanwendungen mbH

(G Pump moter output
I Substance calculation

I Thermodynamic module

M Regression

JLRS.T.

Description

Calculation and optimization especially fram the control engineering point of view

Calculation and optimization of control valves with twa-phase flow at the inlet

Calculation of the stesm conditioning unit including the required cooling water flow

Calculation of required actuator forces of globe valves

Flow measurement accerding to IS0 and ASME with orifice elements, venturi tubes, nozzles and pitet...
Sizing, adaptation and eptimization

Taking inte account the pipe length, individual resistances and elevation differences

Pressure surge characteristics with variable closing times and different valve characteristics
Cross-sectional ares, jacket area, flow velocities, Joukowsky peak, tc.

Calculation of the changes in length, pipe support loads and compensation (L or U-bend)

Taking inte account the dead weight, insulating material and maximum permissible sag

This calculation accerding to EM 13420 and DIN 2413 applies to pipes subjected to an internal pressure
Sizing and recalculation of liquid-liquid shell-and-tube heat exchangers from the process engineering...
Calculation of liquid-cooled condensers

Computation of the characteristics of tubing and equipment materials

According to AD, 150, AP and ASME, pressure losses and piping forces, twa-phase flow

Atank filled with ges is depressurized either into the stmosphere or inte @ second tank

The power requirement of pumps or fans is determined

Calculation of pressure and temperature-related propertics

Calculate and plot thermaphysical properties of substances in the fluid phase

Graphical representation and adaptation of a curve to a series of measuring paints

standards like VDMA 24422, IEC

60534, ISA 75.17,1S0 5167, API1 520, Plant . Planning Operation Maintenance [o] "]
ASME PTC6, VDI/VDE 2041 etc Sonstruchtion ° P&l diagrams © Operating © Maintenance o Inspection
available © Ground plans © Process flow regulations manuals standards
o . e Site plans diagrams o Safety © Test reports © Qualification
Optimize energy consumption. ® Foundation . o Instrument instructions documents |
plans lists

Reliability index Suggestion.
Printout on ISA / Customer specific

; ¢

1

+ §

datasheet format.

PRODOK® - Tool for I&C Engineering & Maintenance

logi.DOC® - Universal function planning tool

MICROPROTOL® - Software for mechanical design of
* Shell & Tube Heat Exchanger

* Pressure Vessel

 Air Cooler, Steel Stack etc

for more details contact:

CADtech Consultants (P) Limited

... engineering software solutions

our

website http://cadtechindia.com

LiveDOK®

100
New methods for your plant documentation 0 <
= 80 E
60 &
» 505
w
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c
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o 20 E
10 W
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Current studies have shown
92% consistency of documentation = 50% effectiveness

partners:
* Roesberg Engineering GmbH, Germany
* EuResearch, France
* F.LR.S.T. GmbH, Germany
* logi.cals, Austria




With Best Compliments

TRICON CONTROLS PVT. LTD.
Regd. Off.

50, Godavari Apartments,
Alaknanda,

New Delhi—19

Corp. Off.

E—-227, lind Floor,
Sec - 63,

Noida - 201301 (U.P.)



Automation

With Best Compliments

WISSEN AUTOMATION (INDIA) PVT. LTD.

Regd. Off.::

B - 994, Gharoli Dairy Farm,
Mayur Vihar Phase-lll,
Delhi-110096

Corp. Off.::

E-176, 1st Floor,
Sector - 63,

Noida - 201307 (U.P.)



With Best Compliments
EIP ENVIRO, NOIDA

POINT LEVEL SENSOR FLOW /NO-FLOW DETECTION DUST / EMISSION SENSOR

RC Running eBob Software,
SRC Censole, or RSU

WU Rs1moRs4ts Transcater

Inteface

SILO/BIN INVENTORY SYSTEM LEVEL BY 3D TECHNOLOGY

LEVEL BY RADAR TECHNOLOGY

CONTACT US :
EIP ENVIRO LEVEL CONTROLS PVT LTD

B-45, SECTOR - 8, NOIDA - 201 301 (U.P.)

TEL. NO.: 0120-2421831 & 2421832

FAX NO.: 0120-2421833

EMAIL : rgoyal@vsnl.com

Visit us www.eipenviroindia.com

WEY KNIFE GATE VALVES
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Elcon Systems Pul. Lid.

An 150 89001:2008 Company

Complete Automation
Distribution Services Redefined

Our vision is to provide the Best technical solutions and
excellent support in the field of industrial control & automation.

Corporate Office
C-249, Sector-63, Noida-201307(U.P.)

Phones: 0120-3068B73-74, 3200112, 4279380
Telefax: 0120-3068873

Email: elcondelhif@elconsys.in

Wabsite: www.alconsys.in
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| Industry and Solutions '

»Intelligent MCC

»Condition Monitoring System.

»Energy Saving Solutions-
» Fans

* Pumps

» Compressors

»Power, Energy And Utility Management Systems.

»PLC, HMI, Drives, Soft-starter And SCADA Systems.

Control, Analysis & Monitoring

) PROGRAMMABLE LOGIC CONTROLLERS

Pico & Pico GFX

Micrologix
1000
1100
1200
1400
1500

SLC 500
5/03

PICO, MICROLOGIX & SLC PRODUCTS

p DRIVES & OPERATOR INTERFACE

DRIVES PRODUCTS

PF- 4 Series
PF-4

PF- 4M

PF- 40

PF- 40P

PF- 400

PF- 400N

PF- 7 Series
PF-70

PF- 700

PF- 7008

PF- 700H

PF- 700L

PF- 753

PF- 755

PF- 7000

{MV Drives)

PF- DC Drives

i

APPLICATIONS

+ AHU Automation

+ AMF and APFC Panel
+ DG Synchronization

+ Bailer Automation

+ Effluent Treatment Plant
+ Biogas Automation

+ Packaging Machine

+ Testing M/C Automation
+ Servo Applications

+ Andon Systems

+ SCADA

+ Customized Solutions

Performance

CompactLogix \TEILEx /

P
[t ARy | I'I =
Modutar " 4 {
ol | Contoltogin 1754-L6n
EthertiatiP or - mmm
Controibier + Intagrated
e CompaciLogts 1BE-Lix e ool
byt user Lax Redundancy
memory + Integrated Mation * Muls CPU and
= * Multi netaorks Networks
s T EttvesNetP. Vary High Spesd
ControilNet Network Gateway
7 +2M — 3M byte » 20 — 32 biyte st
CompaetLoge: 1763-L3 Ry S

Panel View component

Functionality & Flexibility

LOGIX PLATFORM PRODUCTS

Panel View Plus

Available from 2" to 15 “ size

OPERATOR INTERFACES (HMI)
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DUAL VIBRATION MON

DM 200 i roerece

DM200 Dual Channel Vibration Monitor DTM Series Distributed Transmitter Monitor

V5102 Electronic Vibration Switch PUEEED Dl =l (Hlz nls
Vibration Switch

i . TR Series Transmitters
; for Vibration and Axial Position

e

Accelerometers and
Velocity Transducers

PCM-360 On-line Vibration and Condition Monitoring Software

ProvibTech India Pvt. Ltd.
00% Subsidiary of ProvibTech USA

101C, Kundan House - Groud Floor, Hari Nagar, Behind NAFED Building,

Ashram, New Delhi - 110014 Ph:-+91-11-46080701 Mobile - 91-9910901033 |
Head Office : 11011 Brooklet Drive, Suite 300, Houston, Tx 77099, USA

Ph.: +1-713-830-7601, Fax : +1-281-754-4972
www.provibtech.com E-mail : asharma@provibtech.com



Wireless Products
(Based on 2.4GHz, GSM & GPRS Communication)

2.4 GHz BASED COMMUNICATION SOLUTION
Integral /0 wireless Transreceiver

Type -550ZB/550ZBV

Distance : 1 KM or Multiple (Line of Sight)

Type 550ZB : Battery Operated, Al (4-20mA) - 2/4 Nos.

TYPE :550ZB /ZBV

WMS Software AO (4-20mA) - 2 Nos. S == i(«( =
DO - 2/4 Nos. ~

Type 550ZBV : 230V AC Operated, Al (0-2V/4-20mA)- 2 Nos. AN u

SCADA Software DI - 2 Nos. AN

A
a“ - (@
TYPE : 550 ZB u

2.4 Ghz.
Trarisreceiver

ANALOG/DIGITAL
SIGNAL

2.4GHz Base Station BS2 2.4GHz Transreceiver 550ZB
EP - Explosion Proof

TYPE : 550 ZBV

2.4GHz Receiver 550ZBR 2.4GHz Transreceiver 550ZBV

V. AUTOMAT & INSTRUMENTS (P) LTD.

AUTOMAT HOUSE, F-61, Okhla Industrial Area, Phase-I, New Delhi - 110 020, INDIA
Phone : 47627200 (40 Lines) Fax:091-11-26819440
E-mail: vautomat@ airtelmail.in; vautomat@ vsnl.com
Website : www.vautomat.com
BRANCHES IN BARODA, MUMBAI, KOLKATA, JAMSHEDPUR, SECUNDERABAD & CHENNAI
See Website for address (Specifications can change without prior notice)

RADAR LEVEL TRANSMITTERS

... the level & gao people

NON CONTACT TYPE CONTACT TYPE

|
I

Twin Rod Type

Wave Stick Type Horn Antena Type

Rope Type

V. AUTOMAT & INSTRUMENTS (P) LTD.

AUTOMAT HOUSE, F-61, Okhla Industrial Area, Phase-I, New Delhi - 110 020, INDIA
Phone : +91-11-47627200 (40 Lines) Fax : +91-11-26819440
E-mail : vautomat@airtelmail.in ; vautomat@vsnl.com,vautomatho@gmail.com
Website : www.vautomat.com

BRANCHES IN BARODA, MUMBAI, KOLKATA, JAMSHEDPUR, SECUNDERABAD & CHENNAI
(See Website for address)
Specifications Subject to change without prior notice




PYROTECH WORLID

A brand of Pyrotech Marketing & Projects Private Limited

At Pyrotech World we provide a world of Products and Services

Q Process Automation
@ Programmable Logic Control(PLC), SCADA & Drives
@& Wireless
@ CCTV
@ Energy Monitoring & Management Systems

Electrical Automation

@ LT & HT Panels
@ CRP & SAS (Substation Automation)
@ MFTs, RTUs & SCADA

(=D)] . L.
(@ Industrial Communication

@ PROFIBUS

@ Modbus

@ Ethernet

@ Foundation Fieldbus

@ OPC (Open Platform Communications)

Control and Instrumentation
@ Detailed Engineering Panels, Instrument Data Sheets & Selection
@ Field Engineering Cable Engineering, Instrument Hook-up Diagrams
@ Erection, Installation of Panels & Instruments
@ Testing, Loop checking
@ Calibration
@ Cold Commissioning

M Architectural Services

Industrial Architecture

Industrial Interiors

Control Room Turnkey Solutions

Green Buildings Consultancy

Landscape Strategies

Plant Diagnostic Walk-through, flyover three Dimensional Visualizations
Ergonomic Studies

Plant Process Mimics

Displays & Signages
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Pyrotech Marketing & Projects Pvt. Ltd., 405, 4™ Floor, Goverdhan House, 53 — 54, Nehru Place,
New Delhi— 110 019, Phone No.: 011 — 26444930 / 46866400, Fax No.: 011 — 26443694,
E-mail: pmppl@pyrotechindia.com
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Control Cabinetl';echnology
at its
est

Varioface Cabling & Relay Modules

Component Terminal
Blocks

Switch Mode
Power Supply (SMPS).

Inline Remote I/Os

Slim Solid State &
Electromechanical Relays

Safety Relays

Current &
Voltage Transducer

Timer Relays

Signal Line Surge

Protection Devices

Electromechanical &
Electronic DC MCBs

Class C
(Surge Protection Devices)

N-PE Terminal Blocks

Bus bar type

High Current
Terminal Blocks

HEAD OFFICE

Phoenix Contact (India) Pvt. Ltd.
F-26/2, Okhla Industrial Area, Phase-I|
New Delhi 110 020 INDIA

Tel: +91-11-30262700/800

Fax: +91-11-41611070/71

E-mail: response@phoenixcontact.co.in
Website: www.phoenixcontact.co.in

SOUTHERN INDIA OFFICE
411,Barton Centre

84,M.G.Road, Bengaluru 560 001

Tel :+91-80-30577399 to 403

Telefax: +91-80-25581312
E-mail:bangalore@phoenixcontact.co.in

Ethernet

Industrial

HMI

Switch

grade Modem

Screw and Spring Terminal Blocks

Mini Analog Convertegsis

RTD/Thermocouple
Transducers

Frequency
Transducer

Push-in
Terminal Blocks

Terminals and
Wire Marking

Fuse Terminal
Blocks

Class D Surge
Protection Devices

Din Rail

Class B Surge
Protection Devices

Cable Duct

mPH(ENIX
CONTACT

Components as diverse as
your applications!

Phoenix Contact product range
offers a wide range of Modular
Terminal Blocks with complete
Marking and Installation solutions
catering to all forms of industrial
connections. Innovative power
supplies (SMPS), MCR signal
converters, fiber optic converters
and safety relays fulfill all the
requirements for signal conditioning.
Our industrial grade modern
Ethernet components and Remote
1/Os provide complete network
solutions. Surge Protection Modules
ensure all necessary protection for
power, signal and data lines.

Together with customers, we are
constantly discovering innovative
solutions for enhancing the
efficiency, space saving and increasing
safety and reliability of control
systems.

INSPIRING INNOVATIONS

WESTERN INDIA OFFICES

30, Shaswat Bungalow, 1st Floor
Ceaser Road, Amboli

Andheri [W], Mumbai 400 058

Tel.: +91-22-31901500 / 2772 / 3334
E-mail: mumbai@phoenixcontact.co.in

Ei

404-405, City Point

Dhole Patil Road, Pune 411 001
Tel.: +91-20-30581224-33

Fax: +91-20-30523637

E-mail: pune@phoenixcontact.co.in

www.facebook.com/PhoenixContactindia
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Modifications in the Latest Revision of the IEC 61508 and the Consequences for
Final Elements like Valves/Actuator Combinations.

Presenter : Elango Pushpalingam - TUV FS Eng. ID 2212/10
Mokveld Valves BV — The Netherlands

In 2010 a new revision of the IEC 61508 was formally
published. The previous version dated back to 1998
and since then itis used in the Oil and Gas industry for
over-pressure protection systems. This presentation
will focus on the modificationsin the IEC61508 related
to the final elements and as example an application in
the Oil and Gas industry is used.

It should be clear that this presentation does not
cover all modifications / additions or revisions in the
standard, for instance specifically on the development
of ASIC’s a vast work was done by the committee.

Before the IEC 61508 was written in the Oil and Gas
business over-pressure protection of for instance a
gas well flowing into a separator would be governed
by a prescriptive standard like the API. This standard
describes in detail how to design such an installation,
including pipe diameters based on flow data, wall
thicknesses, but also the safety system to protect the
lower pressure part.

Basically the APl would prescribe to install an
emergency shut-down valve which would close upon
high pressure down-stream of the control valve.
In addition to this, a full flow flare system would
be installed. This of course had limits while real big
platforms off-shore might not have the possibility to
burn such big quantities of gas without danger to
the platform itself. In some case separate platform to
accommodate the flare only would be required.

Therefore instrumented safety shut-down systems
were designed, actually the API recognises this in the
standard as well. But for these Instrumented systems
no standards were available. The clients simply added
redundant sensors and redundant final elements
instead of a full flow relief valve. In general a small relief
capacity remains which may then evacuate leakage
of the safety shut-down valves. So these systems still
relied on redundancy and actually required 3 valves

in series, specifically when fast acting valves were
required like in HIPPS systems.

Then in the late 90’s people would start to think about
how reliable these systems were and the IEC 61508
was being written.

If applied in huge steps this standard would say about
HIPPS:

e Incase the high pressure can severely damage the
vessel and then cause injury or death to people in
the vicinity of the separator.

e Incase the pressure rise is rapid.

Then we assume, for the sake of this example, that a
SIL3 over-pressure protection is required.

Based on the 1998 version we would then, if we forget
all the other important requirements and focus on the
hardware fault tolerance only, be able to apply a single
final element in case the Safe Failure Fraction is higher
than 90%, referring to IEC61508 table 2 architectural
constraints on type A safety-related subsystems. The
Safe Failure Fraction is the fraction of the safe and
dangerous detected failures to all failures.

This means in case we have many safe failures and
many detected failures we can reduce the number of
final elements.

Over the past years this was usually done by means of
a quite loose definition of a safe failure and electronic
devices were added to detect dangerous failures. All
this to increase the Safe Failure Fraction.

The standard is quite clear that the dangerous
detected failures should be detected by what was
called diagnostics. This is a term which mainly comes
from the electronic foundation of the standard. In
electronic systems it is quite easy to continuously
measure and monitor and based on that decide if the
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system is still safe and still properly performing it’s
safety mission.

Therefore actually the result of the Safe Failure
Fraction and it’s implication on the hardware fault
tolerance would be that now instead of having a total
of three final elements in series we would end up with
only one final element. Usually the sensors would
still be in a 2003 situation while these are not type A
equipment.

In 2003 the IEC 61511 was published. This standard is
mainly for end-users and integrators and not for the
manufacturers of elements. However this standard
shows a more conservative table for the application
of the number of final elements. There is actually a
specific table for final elements and sensors (IEC61511
paragraph 11.4.4 table 6). This table requires a 1 out
of 3 (1oo3) configuration for a SIL3 protection level.
Only in case prior use can be justified this may be
reduced to 1002.

The 2010 release of the IEC 61508 has more emphasis
on the hardware fault tolerance reduction in general
and more specific in the case of additional
diagnostics. A paragraph is added indicating that the
hardware fault tolerance shall be defined without
applying diagnostics (ref. IEC 61508 para 7.4.4.1.1).

The standard also defines more in detail at what
intervals diagnostic tests shall be performed. Actually
several paragraphs are covering different cases, like
high demand mode / low demand mode, but also the
hardware fault tolerance of the element. The longest
possible interval of the different paragraphs requires a
diagnostic test shorter than the Mean Time To Repair
of the system in case of failure, this would normally
be 8 to 24 hours. The shortest interval actually would
be within the process time.

For a final element often it is assumed that diagnostics
can be performed by means of partial stroking devices
mounted to the final element. These are devices
moving the final element approximately 10% and then
verify if the actuator is still capable to move the valve.
While a partial stroking device usually performs the
diagnostic test only once per 3 months these devices
cannot be considered diagnostics within the limits of

the standard.

In addition to the further definition of the diagnostics
also the definition of a safe failure is much more
stringent in the new revision. A safe failure is where
the system goes to the safe state without a demand.
This new definition is actually so clear that it can only
be applied for the integrated combination of valve plus
actuator which will have only one safe failure. This is
the failure of the seal at the actuator, a failure of this
seal would evacuate the air or hydraulic pressure and
as such the springs can close the valve.

Naturally you could also think of dynamic forces that
move the closing member after a stem breakage or
an unbalanced valve that moves to the safe position
after stem breakage, however these forces are rarely
big enough to perform full closure and would make
the safe failure dependent of the flow velocity.
An unexpected change in the position of the final
element because the solenoid would spuriously trip
would be a safe failure of the solenoid and not the
final element itself. A leak in the tubing or couplings
would close the valve and such spurious trip would
also not be attributed to the final element.

To be even more specific so-called no effect and no
part failures are described as well now and may not be
accounted for in the SFF calculation. These changes in
the definitions have of course a serious impact to the
Safe Failure Fraction of the final element.

Based on the different definitions it could even be
argued that the Safe Failure Fraction is not even
applicable for a mechanical component like a final
element but only to systems having electronics like
the sensors or the voting logic.

So even if we would argue that also for a final element
a Safe Failure Fraction can be determined these more
stringent definitions will significantly reduce the Safe
Failure Fraction of the final element. A SFF of 90%
or more would be hard to claim following the 2010
standard. In fact it will be significantly lower than 60%.

In Short conclusion:

1) HFT shall be determined by calculation of the SFF
where diagnostics are not used to increase the DD
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failures and to reduce the HFT.

2) The diagnostic testinterval used in PFD calculation
shall be at best not longer than the MTTR,
hence very frequent testing is required to credit
diagnostics.

3) No part and no effect failures shall not be used
in the SFF calculations, SFF are basically only
spurious trip failures, reducing the SFF for final
element (FE) to below 60%.

For FE elements the partial stroking have become
increasingly popular as feature to reduce the full
stroke proof test interval. Also there are documented
cases where the ‘diagnostic capabilities’ of partial
stroking devices are credited to increase the SFF and
by that reduce the HFT. However as indicated these
devices cannot be considered to perform diagnostics.

While in the definition of the standard it is indicated
that the target of a proof test should be to reach 100%
coverage of the proof test it seems to be contradictory
to the standard to mount a device that is specifically
designed to perform only a partial test.

The standard does indicate that staggered tests or
imperfect proof tests may be performed, however
a specific justification shall be written for the
assumptions that are made. The results of the tests
should be documented and archived. In case the
result of a proof test, or any partial proof test, is
negative a shut-down should be performed. Therefore
the partial stroke testing devices and the data coming
from the devices are to be considered safety related.

What is also new in the |IEC 61508 are the different
routes to assure a proper hardware fault tolerance
is applied for each application or actually SIL level. A
difference is made between the use of the Safe Failure
Fraction or the use of dependable failure data.

Route 1 uses the same table as in the 1998 revision
and therefore uses the safe failure fraction as a basis
for the required hardware fault tolerance. If we would
argue that the safe failure fraction is mainly for E/E/
PE safety related system where the standard is mainly
written for than actually this route would not be
applicable to final elements at all.

The new route 2 in the standard is based on the prior
use / proven in use as it appeared in 2003 in the IEC
61511. In applications requiring a protection level
SIL3 or SIL2 in the high demand mode a hardware
fault tolerance of 1 and thus a 1002 configuration.

Proven in use is quite clearly defined in the standard.
The term “proven in use” itself is quite clear, although
it should be understood as “proven in your specific
application”. For a final element this would mean
that it shall be verified that statistical data is
available for the same application. The same type of
process data, for instance is it fluid from a well head
as the previous example or does it concern clean gas
suitable for the consumer market, but also the size and
rating or the material selection shall be considered.

All aspects of the applications and safety mission shall
be verified, for instance It shall also be considered if
the final element has sufficient statistical data for
the required response time. In general it can be said
that safety shut-down valves move in 1-2 seconds per
inch, which means for a 12 inch minimal 12 seconds.
Therefore in applications below this response time,
which is the lower limit, the statistical data of the final
element shall be verified. It shall be demonstrated
that that specific combination of valve and actuator
have sufficient experience in response time below 1
second per inch or below 12 seconds.

Basically this already applied for route 1 while also in
route 1 dependable failure data are required. In all
safety systems designed in accordance with the IEC
61508 sufficient confidence level shall exist that
the equipment is suitable for the application.

As a conclusion it can be said that in the early days of
gas treatment plants the “old” prescriptive standards
would require redundant final elements. But that
due to the revised definitions of safe failures and
diagnostics and the addition of a new route to verify
the required hardware fault tolerance the IEC 61508
also requires redundant final elements on higher SIL
applications.

In addition to this it can be concluded that the use of
partial stroking devices on these final elements is not
recommended while the standard sets a target for a
100% proof test.
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Leak Detection & Location Systems

It is developed by a high-tech R & D, engineering, manufacturing and Service organisation with focus on the
petrochemical, transportation, pipeline construction and pipeline operation and automation industries. It
provides very specialized equipment, systems and services for different applications. It is working with pipelines
technologies and pipelines integrity for more than 12 years, facing all existing equipment and solutions for
pipeline leak detection.

The system is based on acoustic principle for leak detection system which compliments with the existing mass
balance system of Leak detection for any line in a pipeline system. The basic segments are

SLDS — Sonic Leak Detection System;
ILDS — Integrated Leak Detection System (Acoustic +Mass Balance) ;
Marc One — Sonic Leak Detection System (Perfect for long pipelines).

Mass Balance software for leak quantification

Application of such a system is very useful for the following services:

v
v
v

Gas pipelines;
Liquid pipelines;
Multiphase Fluids pipelines.

ILBDS - Intelligent Line Break Detection System is suitable for gas pipelines protection and monitoring;
Acoustic Leak Detection and Monitoring System for Sub-sea pipelines and equipment;

Pipeline Intrusion Monitoring System;

Pipeline Screw Anchors;

Saddle Bag anchoring systems for pipelines;

Sub-sea pipelines leak location.

In India we can provide Services for following:

Installation and Commissioning;

Leak Detection System Maintenance;

Leak Detection System Consulting & Technical Assistance;

Leak Detection System evaluation & validation — including field testing;

Methane leak detection, location and report according UNFCCC : United Nations Framework Convention
on Climate Change;

Pipeline Leak Detection & Location service.

Mr. GS Baveja
Business Development Advisor
M/s Next Gen Oil & gas Ltd.
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SAFETY & AVAILABILTY — VOTING SCHEMES COMPARISON

Prema Suresh — Technip KT India Ltd. & Dharmender Singhal — Haldor Topsoe India Pvt Ltd.

INTRODUCTION

Safety is of paramount concern for any industrial
processes such as refineries, oil and gas,petrochemical
plants, power plants and so on. In spite of application
of wide variety of safe guarding measures, many
accidents in the process industries still happen today.

Some reasons for employing various safe guarding
measures are protection of personnel and
environment from harm, conformance to laws and
regulations, increase productivity and reduce damage
to equipments and so on and so forth.

The above objectives are fulfilled by the use of
safeguarding systems that offer both safety and
process availability. Regrettably process availability
is of almost no interest in IEC 61508 and IEC 61511.
Focussing only on SIL and not on preventing nuisance
trips is not a good design as industry data shows that
incidents are much more likely during start-up and
process shutdowns.

Any well designed safety system balance both safety
and availability by considering appropriate voting and
high diagnostic coverage in its architecture.

Voting in the form of redundancy is used for safety
and fault tolerance of the safety Instrumented
system. Many a times the line between redundancy
for safety and redundancy for availability (reliability)
gets blurred and then the confusion starts.

There are many ways in which we can provide
redundancy and voting when we build a SIF loop or a
control system. Unfortunately with so many systems
that are designed with various levels of redundancies
and are often promoted based on their claimed ability
to continue operation in case of detection of one

or more failures, it is intuitively not obvious which
system is more suitable for a particular application.

Here is an attempt to compare frequently applied
voting schemes for Oil & Gas industries Safety systems
e.g. 1o02D, 2003D and 2004D, in terms of safety
availability (PFD), architectural comparisons (fault
tolerance), and nuisance trips (PFS).

PFD calculations take into account probability of
randomfailures,commoncausefailuresandsystematic
failures. The probability of random hardware failures
can be assessed from the reliability data provided by
the manufacturers and are likely to only affect a single
channel at a time in a multi channel system. However
systematic and common cause faults could affect all
the channels of a system in exactly the same way.

It will be clear from the sections below that the
common cause failures contributes substantially to
the PFD and PFS values and it depends on system
design of various vendors that utilise these voting
schemes. If common cause failures are ignored, then
the conclusions could be different. It is our endeavour
that the conclusions are completely independent to
any commercially available vendor products or their
opinions.

SAFETY INTEGRITY LEVEL (SIL):

A SIL can be considered as a statistical representation
of the availability of safety function at the time of
process demand. SIL are categories of Probability
of Failure on Demand (PFD) for a particular safety
instrumented function. These categories ranges from
one to three, as defined by ISA 84.01, or one to four as
defined by IEC 61508 and IEC 61511. The PFD ranges
and associated Risk Reduction Factor (RRF) ranges
that correspond to each SIL are shown in figure 1.
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Figure 1: Safety Integrity levels and corresponding PFD & RRF (Low demand mode of operation)
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FAILURE MODES:

Failure modes must be considered in systems designed
for safety protection applications. Two failure modes
are important: safe and dangerous.

Safe failure mode: System may initiate a nuisance
trip and shut down the equipment (under control),
or process plant when nothing is actually wrong. ISA
84.01 defines “safe state” as states (s) in which the
equipment under control, or process, shall attain after
proper operation of the SIS. There is a probability that
a normally energised SIS will fail with its outputs de-
energised. This is called probability of failing safely
(PFS).

Dangerous failure modes are defined as failures
that prevent the SIS from responding to a potentially
dangerous condition known as a “demand.” In this
condition safety system fail to respond to an actual
shut down demand (a potential dangerous condition).
There is a probability that a normally energised
SIS will fail with its outputs energised. This is called
probability of failure on demand (PFD).

Note: For the sake of computations, the failure rates
of a hypothetical single safety controller are used for
all voting schemes throughout this paper and listed
below.

Apy(Dangerous undetected) = 22 FITS, A (Safe
detected) = 1872 FITS, A (Safe undetected) = 93 FITS,
Ap(Dangerous detected) = 1034 FITS

Mission Time (T) = 8760 hrs (1 year) , Mean Repair
Time (MRT) = 8 hrs ( Typically 1 Shift) and Time
required to restart the process after shutdown (RS) =
16 hrs (2 shifts).

FAULT TOLERANCE:

Fault-tolerance or graceful degradation is the
property that enables a system to continue operating
properly in the event of the failure of (one or more
faults within) some of its components. Fault tolerance
is normally expressed by the specific voting scheme.
For example, in 1002 voting only one component is
required to fulfill the intended safety function.

DIAGNOSTICS:

One important feature of any safety system is its
ability to detect a failure and to manage the failures.
This feature can be used to reduce the repair times
and to control operation of several fault tolerant
architectures. The measure of this ability is known
as diagnostic coverage factor, which is calculated by
adding failure rates of detected failures and dividing by
thetotalfailure rates. Detected failures are expected to
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be repaired within few hours; dangerous undetected
failures are called covert failures and detected only by
a periodic offline proof test. Diagnostic can only raise
the level of detection of faults; it cannot increase the
life span of component.

DIFFERENT VOTING SCHEMES (with typical industry
examples):

ANSI/ISA 84.01 defines NooM voting as : System
made up of M independent channels, which are so
connected that at least “n” of the “m” channels to be
in agreement before the SIS can take action.

In Oil & Gas industries following voting principles are
widely used/ discussed

1-out-of-2D (1002 D) voting
2-out-of-3D (2003 D) voting

2-out-of-4D (2004 D) voting

(Note: The extension “D” implies for diagnostic
coverage as explained in previous section).

a) 1-out-of-2D (1002 D) Voting

This architecture consists of two channels connected
in parallel. During normal operation, both channels
need to agree to execute shutdown. Therefore during
healthy conditions, this acts as 2002 system with a
few false trips. In addition diagnostics information
signals are shared between two channels and this
information is used to control the diagnostic switches
of both channels (refer figure 2). If the diagnostic
tests in either channel detect a fault then the output
voting is adapted so that the overall output state then
follows that given by other channel. If the diagnostics
test finds faults in both channels and a discrepancy
that cannot be allocated to either channel, then the
output goes to safe state. Here the diagnostics of both
the channels shall be independent of each other. Thus
there is an advantage of 1002D system in terms of
safety at the same time avoiding spurious trips.
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The Voting truth table which defines the different ways of failures to fail to function, nuisance trips and safe

operating is shown in the Table 1.

Table-1: 1002 D Truth Table

S.
No. Voting | Channel-1 | Channel-2 | Channel-3 | Channel-4 | System Status
1 1002D DU DU not press. not press.
2 1002D S or DD DU not press. not press.
3 1002D DU not press. not press.
4 1002D | SD or DD not press. not press.
5 1002D | not press. not press.
6 1002D not press. not press.
7 1002D not press. not press.
8 1002D not press. not press. Trip
Note: Diagnostic testing will report the faults and would change any output states or change the output voting.
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From the voting truth table, PFD Fault tree for 1002D and the equations for PFD shall be derived and is
illustrated in figure 3.

Figure-3:
1002 D Fault tree (Fail to function)
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A&B
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Common Cause failure

A FAILS A FAILS A FAILS B FAILS B FAILS B FAILS B FAILS A FAILS A FAILS B FAILS
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PFD10020 =()\Dux T)2+ ZX(ADuX T)X(ASDX MRT + App X MRT + Asy x T) + (ﬁ X)\DuXT)

PFD1ooznavg = (ADuX T)2 + ( I\SDX MRT x ADU xT )+ (ADDX MRT x )\DU xT )+ 2 X! )\su X )\DU )(T2 | + B X ADU xT

3 3 2
Note : Equation for PFDayg are derived by integrating PFD between Oto T and dividing it by mission time value (T)

Fault Tree diagram for probability of safe failures and simplified equation derived from the fault tree (after
ignoring the failure rates whose contributions are negligible) is shown in figure 4

Figure-4:
SYS-SF;EEAEFAIL 1002 D Fault tree (Nuisance Trip)

0

:

Common Cause failures

A FAILS AFAILS AFAILS BFAILS B FAILS B FAILS
SD DD suU sD DD suU

PFS10020 = (AspX MRT + App X MRT + Asux T)® + RS x B x (Asu + Asp + App)

b) 2-out-of-3D Voting (2003 D, also called TMR or triple modular redundant)

This architecture consists of three channels connected in parallel with a majority voting arrangement for the
output signals, such that the output state is changed if two channels give a similar result. Whatever two or
more channel says, that’s what the system does.{Figure 5)

It is assumed that diagnostic testing would report the faults found and would not change any output states or
change the output voting. Other architectures for majority voting’s are 3005 (used in nuclear industry), 70010
(used in aerospace) 1004, 1ooN (used in highly toxic processes where safety is the only concern).
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The Voting truth table which defines the 2003D is shown in the Table 2 and the corresponding fault tree and

Figure-5:
2003D Voting Schematic
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the PFD equations are shown in Figure 6

Table-2 : 2003 D Truth Table

S. Channel- | Channel- Channel- | Channel-
No. Voting 1 2 3 4 System Status
1 | 2003D | DUOrDD | DU orDD
2 2003D DU or DD DU or DD not press.
3 2003D | DU orDD DU or DD not press.
4 2003D SD or SU not press.
5 2003D SD or SU SD or SU not press.
6 2003D | SD or SU not press.
7 | 2003D| SsorD
8 | 2003D
9 | 2003D
10 2003D S D
11 2003D D S not press.

Note : Diagnostic testing will only report the faults and would not change any output states or change the output voting.




