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This report summari~es the work carried out by Lavalin International 

Inc. under: -

UNIDO ccntract number 82/62 

Project number DP/IND/89/015 

"Provision of Consul~lng Services for the Petroleum Refinin~ 

Industry in the Republic of India". 

Lavalin International carried out this assignment in the Refining 

and Pipeline: div~.s ions of Indian Oil Corporation Ltd. during April 

and May 1983. 

Indian Oil Corporation Ltd. selected two refine des as typical of 

their operations. A combined team of Lava~in International con-

sultants and seconded Indian Oil staff studied 

Safety 

Pollution Control 

Inspection 

Maintenance 

at Barauni and Haldia Refiner1P.s. 

Lavalin Int~rnational consultants and Indian Oil staff stud~ed pipe­

line 

Safety 

Operations 

Pipeline failures 

at the subsea pipeline and oil termin:il at Salaya on the Gulf of 

K'1cch, the mai11 feed pipeline from Salaya to Mathura refinery, and 

product lineA from Barauni to Karnpur. 
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The report defines the scope of work, and describes the wo~k c4rri~<l 

out by the combined Lavalin International and Indian Oil Corporation 

teams. It contains co;iclusions and recommendations together with 

suggestions for ~urther work. 

The contents of the report were discussed in detail at both refine­

ries and Indian Oil Corporation head office,; in Delhi by the team 

~embers before they left India. Draft copies of the team's conclu­

sions and recommendations were left with Refinery and Head Office 

Staff at this time. 

In addition to the wor~ summarized in ~his r ~ort a training seminar 

was !'J.eld at Gujerat Refinery in the use of AGA Therm.ovision Infra 

Red Scanning equipment. This seminar was funded by UNIDO contract 

no. 82/62 and was subcontracted to AGA Thermovision UK, wh0 supplied 

the origfnal Infra Red Scanning equipment to Indian Oil Corpo­

ration. 

-l 



2.0 IITTRODUCTION 

This report 

International 

DP/IND/80/15. 

1983. 
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covers consulting work carried out by Lavalin 

Inc. staff under UNIOO contract 82/65 Project So. 

The work was carried out during the period April, ~ay 

The scope of work for the contract is defined in Annex A of Ammend­

ment No. l to Contract 82/65 contained in Appendix I to this rerort. 

The final scope of work was adjusted at the various sites by agree­

ment between Indian Oil and Lavalin team members. This enabled the 

maximum coverage of specific pro~lem areas, within the cost 

restraints of the contract. 

The report covers work carried out in cocjunction with the staff of 

bot~ the Refinery and Pipeline Divisions of Indian Oil Corporation. 

The refineries studied Nere: 

Barauni 

Haldia 

Bihar State 

west Bengal 

Pipe Line Division areas included: 

Subsea pipeline and oil terminal at Salaya on the Gulf of Kutch 

Large diameter oil pipeline from Salaya to ~athura Ref inerv 

Product lines fcom Barauni to Karnpur. 

The subcontracted AGA Thermovision training course held at Gujerat 

Refinery is not covered in the report. 
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The report submitted is written to provid~ a management overview 

of the work completed for both L~IDO and Ind;dn Oil Corporation 

SeniJr Xanagement. Lavalin is currently preparing a separte technical 

an!'<:X to the report. This annex will contain: -

The final printed version of the draft techni~al reports 

which were left with Indian Oil Corporation when the teac 

left India. 

Additional technical data provided by Lavalin consultants 

since their return from India. 

The report consists of four main elements. 

J.O Executive Discussion 

Executive Discussion covers items such as corporate career 

structure which we feel should be addressed by Indian Oil 

Corporation Senior Xanagement. 

4.0 to 9.0 Technical Fit1dings 

These items summarise our findings on the technical scope 

of the work which we carried out in India. 

9.0 Training 

We have summarised our recommendations for training :oc 
~taff, both inside and outside Inc'a, in one section for 

each of reference. 



10.0 Future Work 

We have suggested work which might be undertaken ln future 

contracts. The suggestions cover 

Extensions of currer.t work scope. 

Additional work flowing from current scope. 

~ew work. 

- I 
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3.0 EXECUTIVE DISCUSSIO~ 

I ndi.1n Oil Corporation faces severe challenges in operating its 

refineries and pipelines. We were impressed with ~he enthusiasm and 

dedicatioa with which these challenges were being tackled, and in 

many instances overcome. We appreciated the assistance of all the 

staff we met, and the frank discussions which took place at all 

levels during the project. 

There are unfortunately no quick and easy solutions to the problems 

which we discussed and certainly no technologicdl great leaps 

forward" which will enable long standing problems to be resolved 

instantaneously. 

However none of lOCs many problems are insoL1ble, they can all be 

solved by a combination of: -

Diligent a~d painstaking application of current knowledge, 

systems and procedures. 

Training and upgrading of IOC technical staff's knowledge and 

experience. 

Contact and open discussion with people who have experienced and 

resolved similar p nblems. 

I.le have highlighted some of our major conclusions and recommenda­

tions for action in the balance of the report. 
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• CORPORATE ORGANISATION STRUCTURE 

We were not asked to review IOC's corpora~e structure as part of our 

scope of work. However we feel that many of the prr'.:;lem areas 

which we reviewed can best be treated by a change in corporate 

phi los0p hy. 

Indian Oil Corporation is u~!que in our experience. It is the only 

major oil company which has neither 

Central engineeri~g department 

nor 

Technical career ladder for specialist ~taff. 

Most of the problems which we discussed can be traced to a lacK of 

~echnic~l expertise, and a structure which would enable this exper­

tise to be developed ans used on a Company wide basis. 

The present IOC organisation structure offers no advantages, and 

presents some severe disadvantages in overcoming the problems which 

ate inhP.rent in operating .:i major oil company in India. 

We recommend the establishment of a centrai engineering department, 

and a technical career ladder for the following reasons. 

- ··1 

J 
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• CENrRAL EM:;rNEERHJ:; DEPART~Nl' 

There should ~~ ~ single source of engineering standards and techni­

cal dat~. This s1ould be made available across the com::iany to all 

technical staff. 

At present roe has a limited number of standarcis and is dependant on 

individual statf members experience and judgement for day to day 

engineering decisions. 

A ._entral e11gineering departmer.t is an economical way of "e'-"22.~~in~ 

expertise and making it available Compagny wide. 

problems of 

rt avoids the 

"Re-inventing the wheel" when dealing with recurring situa­

tions 

Duplicating staff at each ref'nery. 

roe currently has no organised method of ensuring its operating 

experience and requirements are fed into specifications for new 

projects. 

items as: 

A central engineering department would ensure that such 

Process flexibility 

Equipment reliability 

Spare parts requirements 

Operating and maintenc>.nce considerations 

Balance between operating and capital costs 

are collected and built into the specifications for a new project. 

At present there is no com:non format for the generation of refinery 

performance and operating statistical data. Analysis of data 
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collected is difficult because there is no common base. Ce1tral 

engineering depat tment could standardise data collection and 

analysis. 

Central engineering department would provide the structure to enable 

a technical career ladder to be built. 



1) 

Technical Career Ladder 

Many of the IOC staff we met -ould prefer co develop their careers 

as specialists, rather than moving into general mana3:2cent 

positions. A technical career ladder permits the deve.i.opemnt of 

specialists by est1blishing a hierarchy of titles and salaries 

parallel to the general management career structure. 

During our discussions with IQC staff we noted that 

Trained specialists dre routinely allocated to non-specialist 

posts at other refineries. 

Re-allocation often o-:curs in an arbitrary manner, and does 

not co-incide with either the wurk load or the arrival of 

.:epJ.aceme.1t staff. 

There is little or no hand over period. Transfer of know how 

and experienc~ is not practicable. The new staff member 

spends time learni~ 6 the job from the beginning. 

Given that 

India has a shortage of skilled engineering manpower 

IOC is competing against Indian anJ offshore companies to 

attract anci retain scarce manpower 

IGC devotes considerable manpower, tim~, and money to training 

inside lnaia and offshore. 

We su~Kest that lOC should make everv effort to retain manpower, and 

-1 
I 
; 
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We consider that this can best be dvne by establishing a technical 

career ladder within a central engineer~ng group. 
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• APPLICATION OF CORPORATE TECHNICAL srANllARDS 

Corporate te~hnical standards are available for several of the areas 

studied. Application of these stand.:i.rds, and review of refinery 

technical operations, is not ~arried out by central manageme~t on a 

systematic basis. 

We noted the following problems 

Existing standards and procedures are nut distributed and are 

not used consistently. 

Each refinery specialist group sets its own level of perfor­

mance. There is no uniformity across the Company. 

There is no practical follow up of tr.e implementation of 

Company standards and procedures. 

For example we found that: -

Fire hoses from t~e fire trucks would not connect to the crude 

tank foam connections at Barauni. 

Despite a major crude tank fire earlier this year this el~men­

tary practical ~roblem had not been discovered and corrected. 

~aintenance planning at both refineries ignored the roe main­

tenance planning manual. 

~either refinery could provide basic maintenance statistics. 

Our review of maintenance performance and problems was based 

on opinion, rather than factual analysis of the records. 
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I..1\1 E SI T t CH NU u.x; Y 

roe staH frequently requested advice on the acquisition of the 

"latest tf!chnclogy". There was a!'l inbuilt assumption that most 

problems could be solved by the installation of sopt 1isticated 

equipment. 

We pointed out that in many cases this si:i:ply is not so. In fact 

high technology equipment can bring additional complic3tions without 

necessarily solving the original problems. 

we feel very strongly that most of the problems we ruet can be solved 

bv a combination of 

Additional training and exposure to experienced staff 

Diligent application of current knowledge and equipment 

We recommend that where a technolcgical solution is worthwhile, roe 
should look for "the most appropriate technology" which is a~pli­

cable to the Indian context. 

We have summarized our conclusions in the application of the latest 

technology to some of the major topics discussed. 

Equipment design 

The latest Western equipment is designed to produce small incr~men-

tal reductions in capital and operating costs. The fundamental 

assumption inherent in the use of such equipement is that the 

equipment will operate in the context for whi~h it was designed. 

The assumptions are: -



- 1 ~ -

Complete local infrastructure is available for installation 

~nd maintenance 

lull inventory of spare parts is immediately available 

Trained skilled manpower is available, with all required 

special tools and equipment 

Immediate access to suppliers technical support staff 

~any of these conditions cannot be met in India. Plants designed 

aro1.ind the latest equipment, which is unsupported by the essential 

infrastructure, are likely to be less reliable than older unsophis­

ticated designs. 

~e consider that all IOC installations are strategic resources. In 

our view they should be specified, designed, and maintained to 

provide the highest on stream factor attainable; rather than the 

lowest achievable capital and operating cost. 

Computerisation of ~aintenance and Inspection Records 

A computer cannot generate information. It can only sort, collate 

and reproduce information which is .fed into it. Any computerised 

system requires that consistent data is collecter1 and input to th~ 

computer. 

The quality of the computer output is directly linked to the quality 

of data provided as the data base. 

Garbage in 2 Garbage out 

Is an unfortunate basic fact of data management. 
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At pr~sent basic data is not collected and analysed manually. There 

is therefor~ no useful input available for computerisation. 

In our experience computerisation of inspection records is not 

feasible in less than two years. Computerised maintenance recoras 

are ever further in the future. 

We recommend that any thoughts of computerisation should be set 

aside for the present. we recommend instead that a concentrated 

effort should te made to produce regular, consistent reliable data 

by the manual systems which are available but not used consis­

tently. 

~aintenance Tools and Instrumentation 

As far as we could determine thP. majority of unscheduled and 

scheduled maintenance work is caused by bearing failures. Causes 

include 

Poor bearing storage 

Brutai bear~ng installat:on procedures 

Poor shaft alignment 

These problems can be greatly reduced by a combination of rigo­

rous training programmes at the craftsman level, coupled with the 

provision of better tools ard supervision at the shop and field 

level. 

We recommend that the problem should be reduced to manageable 

propor:ions ay improving mill-wrighting skills, before purchasing 

additional sophisticated diagnostic equipment to better predict 

incipient bearing failur~. 
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• PL~~ SAFE'l'Y - REFTNF.RTF.S 

He divided plant safety into two categoriea. 

Invisible safety 

Visible safety 

Invisible Safety 

This covers the design and layout aspects of the refinery and its 

safety systems. We revie11ed both H.aldia and Barauni Refineries 

against the appropriate Indian standards and International 

standards. 

Both refineries complied with the requirements covering 

Refinery layout and unit spacing 

Provision of adequate utilities and services 

Design of fire protection ~ystems 

We concluded that 

Both refineries were design~~ with the minimum of process alarms 

and trips. 

Emergency lighting in both refineries is inadequate and must be 

upgraded. 

Raldia Refinery has no fire al~rm system and has inadequate fire 

sirens. 

We consider it mandatory to install a complete fire alarm system and 

an additional siren. 
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Visible Safety 

Visible safety covers m~re traditional aspects of refinery 

safety 

Housekeeping 

Operational condition of fire protection and safety condi-

tions 

Training of refinery and fire fighting staff 

First aid and medical care 

We found that: -

Housekeeping 

Housekeeping at Haldia is good in the process units and :nai:i­

tenance areas, and poor in tte offsites and tank farm areas. 

Barauni housekeeping is universally poor. 

unsafe by North American standards. 

Fire Fighting Equipment 

This refinery is 

Both refineries have adequate fire fighting equip~ent, foam 

tenders etc. All equipment is wel: maintained and in good 

condition. We recommend .:i.n increase of 50~~ in the foam inven­

tory, which is currently maintained at minimum internat '.anal 

standard levels. 

roe Safety and Fire Rules 

roe Safety and Fire - Rules and Regulations is a very good basic 

document. However. it is not implemented with sufficient vigour. 
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We recommend that Refinery ifanagers re-ir.force the application of 

•his document. 

Fire Water Systems 

Haldia refinery firewater system was incapable of fighting a 

simulated crude tank fire. 'Jrgent repairs were undertaken to 

~ring the system back to its design specification. 

Barau:'.i refinery system is adequate. Some monitors re qui re 

relocating. Hydrant and monitor maintenance requires improve-

ment. 

Safety Showe.rs 

The showers in both refineries were; inadequate in number, 

poorly located, and 100% inoperable. 

This situation is unac~eptable and t111st be r~medied. 

Product Shipment. LPG cylinder filling, cylinder handling 

There are major deficiencies in the design and operation of 

facilities at both refineries for 

Product shipment by road and rdil 

Filling and handling LPG cylinders 

Handling of chlorine and other gas cylinders 

A crash programme is essential to upgrade these areas. They 

are presently unsafe when reviewed against IOC's own standards 

and international practices. 
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Training of Refinery Staff and Fire Crews 

Theoretical training is excellent. Practical training is 

unimaginative and inadequate. We recommend that practical 

training should be improved, and regular large scale disaster 

simulations should be introduced. 

First Aid and ~edlcal Care 

First aid facilities were adequate and medical facilities at 

refinery hospitals excellent. Medical examinations and 

rec0rds for IOC staff followed industry standa~ds. 

Working Conditions and Welfare of Son-IOC Staff 

~e ncted that the majority of dirty jobs; exchanger cleaning, 

sludge disposal etc, were contracted ~o non-IOC subcontractors 

staff. These people are exposed to toxic, a.nd carcinogenic 

materials with no protective equipment, and no provisions for 

washing and clean up. Their exposure is not measured and 

recorded and they have no medical supervision. 

We consider this state of affairs to be totally unacceptable. 

We recommend that IOC tai<.es appropriate measures to remedy 

this situation. 

-l 
i 



PLAN!' SAFITY - Pl Pt::Ll. Nt;S 

Pipelines safety was restricted to visible safety aspects of the Oil 

Terminal at Salaya. 

Housekeeping 

Housekeeping was excellent. 

Safety Procedures 

Pipelines operate with the IOC safety and fire rules a~d 

regulations. 

Operational condition of fire protection and safety equipment 

The equipment provided is in good condition. 

Considerable extra equipment is required to bring the installation 

up to standard. Major requirements include 

Fire truck 

Hoses and fog nozzles 

Additional fire extinguishers 

Training in Fire Fighting 

:Sasic training is adequate. 

drills are recommended. 

First Aid and Medical Care 

More imaginative regular fire 

Facilities available are adequate and will be extended. 
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POLLUTION CONTROL 

We reviewed the pollution control systems at Haldia and Barauni 

Refin~ries. Seconded staff from Digboi and Gauhate !:"efineries 

joined the group and presented spei~ific pollution control problems 

for discussion. 

Detailed problem solving discussioLs took place the results are 

recorded in the appropria~e sections of the report. The main points 

can be summarized: -

Haldia Refinery 

The current effluent treatment plant is undersized and 

overloaded. Space for expansion is severely restricted. 

We reviewed the proposals submitted by the ref ~ndry for 

upgrading the plant, and suggested modificztions. We consider 

the upgrading of Haldia faci~ities should be given high 

priority. 

Barauni Refinery 

We calculated the capacity of the Baurauni Refinery effluent 

plant, and confirmed the refinery's opinion that the plant is 

generously oversized. We consider that t':'lere is considerable 

room for more efficient operation of the refinery, and that 

modifications to the installations will be required to meet 

pToposed legi3ldtion. 

-l 
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We suggest that: -

Fffluent stream segregation should be practised. Existing faci­

litie::; for segregating effluents should be re-commissioP.ed and 

further segregation shoul<l be cor.sidered. 

Barauni should investigate alternates to the bio-treatment plant 

which is under study at the moment • 

• Slop Oil recovery and oily sludge disposal at both Refineries 

We discussed the segregation and recovery slop oil from various 

effluent st t"eams. and concurred with roe engir.eers proposals. 

These should reduce the amount of oily sludge for disposal. 

We recommend that oily and chemical sludges residues should be 

disposed of by land farming rather than by incineration. 
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M.AINTEMNCE 

The 1!18intenance function in the refineries is critical to achieving 

planned production targets and extending on strea~ time. 

The planned on stream time ~or the two r~fineries studied is 12 

rnonths; this cbjectivr is not achieved. N(Jrth American refineries 

routinely achieve 36 to 60 months on stream. We feel that on stream 

time is presently governed by equipment reliability. This in turn 

is ~ontrolled by the maintenance operations at the refineries. 

The maintenance performance overall is considerably better at 1i.aldia 

and Barauni. The H.aldia work force is more highly skilled, better 

equ!pped and better mot~vated. We feel that this may be due to the 

d1:ferences in desii.;n b~tween the two refineries. 

Barauni :ts ext'"emely t.1ell pr'Jvided w1 th !3pare equipment, bypasses 

and interconnrctions, and is ~onsiderably over designed. It is easy 

to run Barauni at name plate capacity with major mainte~ance 

backlogs. 

Haldia is extremely tightly designed with little spare equipment. 

Every piece of equipment must be serviceable for the refinery to 

stay onstream. Operation of Haldia at a name olate capacity 

requires a major effort for both operations and maintenance crews. 

We were unable to obtain any reliable statistics on maintenance 

activities at either P.aldia or Barauni refineries. The roe main-

tenance planning manual contains a good basic section on the collec­

tion and analysis or statistical data. We recommend that IOC 

implement a programme of data collection in order to provide a 

factual basis for the analysis 0f maintenance operations. 



we support ICC's long term objective of moving from planned main-

ten&r.ce to predictive maintenan~e. We agree that this will in the 

long term r'!duce mairtenance costs and give longer onstream times. 

Planned maintenance requires thst equipment is maintained on a 

strict schedule regardless of its actual condition. Pred!ctive 

maintenance involves monitoring the equipment's condition and main­

taining the equipment only when work is required. 

The introduction of predictive maintenance assumes that: 

Equipment's s:.;1-vice hours are recorded 

Equipment is ~Jnning well at pianned maintenance time 

Total amount of wo~k specified at planned maintenance period 

may be unnec~ssacy or excessive 

Equir-~nt ~ould remain in service for extended periods 

Deter·.oration in performance is pro11;ressive 

Performance is monitored to prevent catastrophic failure 

ocurring 

Equipment is withd~awn and overhaulf~d on a planned basis as 

required 

We discovered in our discussions at Barauni and Haldia that these 

conditions are not met at present. 

There are major differences between theorv and real life operations. 

We have summarized the main points in the following table. 

The inescapr.ble conclusion is that the planned work schedule is 

rarely achieved. Unplanned maintenance work routinely disrupts the 

planned schedule. 'This ensures that planned maintenance work is not 

completed, and is postponed or abandoned. Thie planned work which is 

not achieved eventually results in further unpl~nned breakdowns and 

disruption of the maintenance efforts. The maintenance operations 

can easily spiral out of r.ontrol. 



IOC MAINTENANCE OPERATIONS 

TllEORY 

Service time is recorded 

Maintenance history 1s available 

Problem equipment identified and monitored 

Planned maintenance periods are achlevPd 

Random equipment failures are rare 

Maintenance staff can accomodate tnf requent 

random failures and emergencies 

Planned maintenance work loads are regularly 

achieved 

Maintenance work loac! can he reduced hy moving 

to predictive maintenance 

REAL LIFE OPERATIONS 

Service time is not usually recorded 

Consis~ent records not available 

Little monitoring of probiem eqi.;iµnent 

Frequently not a~hieved 

Random fa 1 lures are common place 

Maintenance scl1edul i ng cannot accomodat·e 

present frequency of random failures 

pl_anned work load ls not achieved due t,J 

emergency work dominating maintenance 

efforts. 

The total maintenance work load is 

increased 

Planned maintenance work load is not 

achieved 

Further random failures occ1,r. Last 

week's unachieved planned maintenance 

hecomes this weeks random failure 

Predictive maintenance ts premature at 

present 

,_, 
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We recommend that IOC should concentrate their maintenance efforts 

on reducing on the high proportion of unplanned work. This will 

enable IOC to bring the maintenance work under control and then to 

plan the future course of maintenance work. 

As a first step IOC should give high priority to determining a list 

of critical equipment which will be the focus of II:...iintenance opera­

tions. Critical equipment is either: -

Major equipment which is essential to operations 

Equipment with a history Lf random failure 

The performance Jf this equipment should be logged and analysed. 

Its maintenan~e should be planned to increase on stream time. This 

work will require close co-operar ion between operating and main­

tenance staff, and should provide a useful basis for eventually 

increasing the on stream time for all equipment. 

We also feel that some of the equipment may be operating close to or 

beyond its design limits. We recommend an engineering evaluation of 

equipment design specifications and duty conditions for equipment 

with a history of persistent failures. 

Although we have no firm data we 5uspect that a major cause of 

unscheduled maintenance is sudden bearing failure. 

During our refinery visits we noted the following causes of beari~g 

failure 

Poor shaft alignment 

Poor bearing replacement practices 

P~or coupling specification or maintenance 

Inadequate bearings 

Inadequate monitoring of bearing condition 

lnadequate lubrication 



- 2Y -

From our observations we concluded that the main proclems are 

Poor shaft alignment 

Poor bearing fitting practices 

These can be readily corr !cted by practical, hands on training at 

the craftsman and ~ upervi sor level; together with the provision of 

better tools, instrumentation, and facilities. 

The planning of maintenance work loads can be improved by: -

Improved record keeping 

Designation of critical and problem equipment as priority 

items 

Comprehensive monitoring or priority items to prevent 

catastrophic failure 

We recommend that refinery management should become involved in 

imrroving maintenance perfonnance. 
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INSPECTION 

The inspection work covered a review of personnel, procedures, 

equipment, and the discussion of many specific problem areas. The 

personnel, procedures, and equip'.llent conclusions, and recommer1da­

tions are summarized here for convenience. 

PE::rsonnel 

We found the Inspection staff at both Haldia and Barauni to be well 

qualified theoreti~dlly and highly motivated. By international 

stanaards they had inadequate practical experience, and lacked 

exposure to the latest inspection techniques and p~actices. The 

average experience at Barauni was 3.65 years and Haldia 2,52 years. 

We consider these figures to be unacceptably low. They are a result 

of the lack of technical career structure and frequent transfers ot 

specialists to non specialist staff functions. 

We recommend that IOC should add two new specialist inspection 

categories to its staff. 

engineering inspectors. 

Corrosion Engineers 

These are corrosion engineer, and civil 

Two corrosion engineers are required, one for Refinerif'S and 

the other for Pipelines. The position should be a career 

function. In other compunies the corrosion engineer oc~upies 

a senior engineering position in the central engineering 

group. 
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Tile corrosion engineers main duties include 

Selection of materials for new construction and repairs 

work. 

C.Onsultation on unusaal corrosion problems. 

Preparation of corporate corrosion monitoring and control 

manual. 

Leading the implementation of corrosion monitorin~ and 

control programme. 

Development of a chemical cleaning manual. 

Civil Engineering Inspector 

We recommend that each refinery should have a Civil Inspector 

who would be responsible for 

Equipment 

Steel and wooden structures 

C.Oncrete, brickwork and refractories 

Roads and earthworks 

Painting and insul2tion 

roe staff were well trained and experienced in the use of the 

inspection equipment provided. Additional equip:nent, and training 

in its use, is required to brin~ the inspection capability into line 

with international standards. 

Radiography Equipment 

F.adio~raphy capability is limitetf by the weak source avail­

able; 8 curies of IriditDn 192. 

Tile industry standard worldwide is iOO curies of Iridium 192. 
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We recommend that the facilities should be uprated to this standard, 

to enable a wider range of radiographic examination. We anticipate 

the useage would be at least 20 radiographs/day at each refinery. 

We understand that increased rE"diography source strength may require 

a special dis~ensation from the Indian Atomic Energy authorities. 

Ultra Sonic Inspection Equipment 

Additional Kraut Kramet· Ultra Sonic Test 'Equipment is required at 

both t _neries to enable high temperature thickness measurements 

to be carried out. 

Magnetic Parcicle Crack Detection Equipment 

Tilis equi?tDent is required at both refineries. 

'Metallurgical Analysis 

Tex,'ls Nuclear or equivalent metallurgical analysis equipment is 

recommended for both refineries. 

Temperature recorder 

Required for Barauni stress relieving furnace. 

Codes and Standards 

Both refineries codes and standards libraries require updatin~. 

Current copies of all relevant documents should be available in 

the inspection departments. 



PIPELINES 

TANKER UNLOADI~ AND TA!'-n< FAR!+-{;lJLF JF KL'TCH 

This installation is the only method of unloading crude oil from 

the Middle East and Bombay High Fields for use ac Gujerat and 

Mathura refineries. The facilities include a single bouy mooring 

(SBM) subsea pipeline, on shore pipeline, tank farm and pumps. 

SBM and Subsea Pie Pipeline 

We found that the resistivity of the outer concrete jacket of the 

pipeline is poor, and that it offers negligible protection 

against external corrosion. 

Pipe to soil and pipe to sea potential readings should be taken 

at regular intervals to check the efficiency of the cathodic 

protection systexs. 

Internal corrosion control can be improved by a series of 

measures 

Minimising sea water flow from ballasting operations. 

Ensuring line is purged of sea water when not in use. 

Maintaining design oil velocities. 

Maintaing a waxy coating in the line by pigging the line with 

3ombay High Crude in situ. 

Use of inhibitors. 
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We recommend a combir.ation of floating booms, oil skimmer 

boat, and barge mounted oil/water separator should be 

purchased. 

Crude Tank Farm at Salaya 

We recommend that 

The design of the firewalls and dikes should be reviewed to 

ensure that there is adequate capacity to contain a burst 

tank. 

Bottom three metres of tanks and pontoon wall beneath 

seals should be coated to extend their life span. 

Steps should be taken to eliminate the build up of wax from 

Bombay High crude in the tanks. 

The . .::.utomatic switch over system for tank farm standby 

power generator should be upgraded. 

Fire and safety systems should be upgraded as outlined in 

the relevan~ sections of this report. 

The Vareg tank gauging system should be rebuilt. 

CRUDE PIPELINES AND PUMPl~ SfATIONS 

W~ recommend that 

All new pumping stations should be designed with a fire wall 

between the pumps and diesel drivers. Where practicable 

firewalls should be installed in existing pumping stations. 

Where firewalls are not practicable the exhaust manifolds and 

exhaust pipes should be insulated. 

- I 
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eho~.!.d be fer :! 

Emergency drills and simulated line failures should be incor­

porated in maintenance training. 

Custody transfer should be changed from manual tank dipping to 

automatic metering. 

Continuous cathodic protection of pipelines lDUSt be ensured. 

PRODUcr PIPELINES. BARAUNI - !<AMPL'R 

External Corrosion 

The product pipeline system is old. Problems due to external 

corrosion are endemic. They are due to a combination of 

Coating degradation 

Lack of continuous power supply for cathodic protection. 

The actual number of failures to date is low and reflects credit 

on the operations and maintenance staff. We consider that an 

exponential rate of increase in failures with time is inevitable 

in this system. A major increase in cathodic protection reliabi­

lity is essential if the rate of increase of leakage is to be 

contained. 
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Internal Corrosion and Erosion 

There is little E:vidence of wide spread internal corrosion. 

It c:ppears that the inhibitor inje~tion programme has been 

satisfactory. We recommend that this programme should be 

C'onfirmed. 

Erosion of the expansion bends at KP 12. 5 indicates the 

presence of solids in the products pumped. ~e recommend 

upgrading of the filtratio:i systems, and continuation of the 

tank cleaning programmes initiated prior to our visit. 

Pressure Te~ting 

We recommend that the lines should be pressure tested at a 

maximum interval of 5 years. 

Personnel 

We recommend that 

Pipelines Division. 

appointment. 

a corrosion engineer is appointed ~o the 

This should be a senior engineering career 

-l 
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During our work we noted that the vast majority of IOC staff are 

extremely competent theoretically and are well motivated. They lack 

practical experience and expcsure to the latest methods Gnd 

equipment. 

This can be overcome by training. We recommend training should take 

place both offsnore, outside India, and within India. 

Offshore Training 

Offshore traini~g is both expensive and disr"ptive of work 

schedules. Offshore training should be carefully organised to 

ensure that 

Only staff who will benefit directly from the training are 

selected. 

Training highlights the latest methods and equipment in 

current use. 

Training Within India 

Training within India is more cost effective and less disruptive 

than training outside India. We recommend that trai1ing inside 

India should be used wherever practicable. 

Course in$truction could be provided by: -

The use of expert assistance from oi..tside India to provide 

training in the refineries and the pipeline division. 

Combined training schemes using the resources of both IOC and 

the other Indian state oil companies 
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We suggest that IOC should develop "Centres of Excellence" within 

the company and use these centres for in hous~ training. 

Tilis concept requires that each refinery and operating department 

is audited. Til.e audit group selects the best department in each 

speciality. Tilis department becomes the focus for a major upgrading 

and development effort 3nd is d~signated IOC's Centre for Excellence, 

in that speciality. 

If for example Haldia is designated the Centre for Excellence in 

maintenance, it would serve both as a bench mark for all other 

refineries maintenance groups; and as an iP house training centre 

for maintenance staff. 

SPECIFIC TRAINI~G RECOMME~'TIATIONS 

Safety and Fire Protection 

We recommend that Safety and Fire Protection staff should be 

given training both off shore and inside India. 

Offshore training would give exposure to current practices in 

firefighting equipment and training and also safe ~orkirg prac­

tices. 

Training wit~in India would concentrate on more imaginative and 

practical firefighting emergency drills and training. 
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Senior Pollution Control Engineers should visit refineries off­

sho~e to see at first hand. 

Tile impact of current and projected legislati0n on refinery 

design, operation and pollution control facilities. 

Latest trends in effluent treatment facilities. 

Maintenance and Inspection 

Both maintenance and inspection staff shculd be given traiuing 

inside and outside India. 

Offshore training will highlight the me.:hods used to achieve 36 

to 60 months on stream periods, which are routinely achieved. 

It will also highlight the evolutionary nature of this achievement. 

Training in India must emphasise the necessity for reg~lar moni­

toring, good record keeping, and a programme to i~?rove both 

facilities and workers' skills. 

Pipelines 

Pipelines staff would benefit from training both outside India, 

and additional train~ng inside India. 

They should visit a major crude oil terminal, tank farm storage 

and crude pipeline complex to discuss long term operating expe­

rience, corrosion problemP; and tLe latest thinking on pipeline 

design, corrosion, monitoring, and custody transfer etc. 

-i 
I 
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Trainin~ in India 3hculd concentrate on upgrading exlstlu~ fdcllltie~, 

and solution uf specific design, corrosion and ooerating problems. 

Corrosion Engir.eers 

Both the refinery and pipeline corrosion engineers will require 

training outside India. Basic theoretical training should follow 

the US ~ational Association of Corrosion Engineers guidelines. 

This should be reinforced by a period of practical training with 

the engineering division of a major operating oil company, and a 

pipeline company. 
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FUTURE WORK 

Future work which should be carried out can be subdivided: -

Extension of current work scope 

Additional work which logically follows from current work scope 

New work which is not directly related to current work scope. 

Extension of Current Work Sco.J.?.!:. 

Training of IOC staff as recollllllended. 

:ollow up of implementations of recommendations contained in this 

report by an audit in early 1984. 

Carry out a similar review of the balance of IOC's refinery 

activities. 

Provide additional consulting services to IOC pipelines division. 

Additional Work Flowing From Current Scope 

Provide assistance in establishing IOC Central Engineering Division. 

Establish organisation structure. 

Select and train staff. 

Prepare consistent engineering standards and procedures. 

Assist in establishing technical career ladder structure for 

IOC specialists, 



Review engineering aspects of critical equipment failures. 

Participate in refinery audits to determine location of centres 

of excellence for each speciality. 

Provide technical assistance in developing centres of excellenc£ 

concept to theDoint where IOC training can take place in house. 

NEW WORK 

Investigation of performance of existing refinery. 

Objectives are to: -

Maximise saleable products from existing investment. 

Determine bottlenecks and outline steps to debottleneck 

refinery operations. 

Complete an energy audit for refinery operations. 

Determine steps neces:;ary to minimise energy consumption, 

Optimise refinery operation to balance yields and energy 

consumption. 

Cse the investigation as a training exercise for IOC staff. 



Pebraary 18, 1983 

Mr. traaiakov 
lnflDO 
55, Lodi Gardena 
Rew Delhi 
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UNIDO Contract DP/IND/!0/015 

Conaultancy Service• for the Ref 1ning Indu1try in the 
Republic of India 

Project Execution Pha1e ~ork Plan 

Definition of Services to be pro~ided 

Dear Mr. ~raaiakov, 

I enclo1e copiea of the propo1ad Work Plan and Definition of 
Services to be provided for the Project Execution 1tage of 
thia contract. 
Following approval by U~DP Delhi and UNIDO Vienna. Thi• will 
1uper1ede th• Project Execution Section of Annex F - Detaile~ 

work plan for impleaentation of the Project which ia currently 
part of th~ contract docu••nt. 

Indian 011 Corporation have decided to r11trict bulk of the 
atudy to tvo typical refineries, Raldia and Barauni. Thi~ will 
ainiai•• th• tiae apent in lravelli~g and will enable our con-
1ultant1 to concentrate on apecific problem•. Indian Oil 1taff 
fro• other r1f inerie1 will be aeconded to Haldia and !arauni 
for training 1e11iona. A aeparate ACA Theraoviaion courae ia 
planned for Gujarat refinery. 

The above docuaent have been dravn up with this philosophy in 
aind. Indian Oil ataff at both Read Office and Barauni and 
Baldia refi~eriea have contributed to th• final veraion of 
the ~efiDition of Service• and Work Plan. 

lotb do,uaenta have been aigned by Mr. Lakhanpal - Ceneral Manager 
Maiatena~ee and In•p•cti~n. Indian Oil Corporation and •y•elf, 
on behalf of Lavalin. 

-l 
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A• vaa !oraean at the ceetinga in Delhi in December 
1~~1 t~~ !!~el ~~~p~ ~f wnrk re~uiraG a lar~er oumber of 
conaultanta. Since the contract price i• fixed tba increaaad 
number of conaultant• will require aodification of the number 
of aandaya on aite to accoamodata th• increaaad travel coat• 
and travel ti••· UNIDO ~ienna have accepted thi• principle. 

Pinal Kumber of Consultant• 

Team Leader 

The exec~tion ph••• vork plan includaa a ainimum 
aaount of the team leader• t!me, in order to maxi­
aiea the input of th• team. We feel it ia eaaential 
that the team leader i• in India at the •tart of the 
project anrl ahould be in India for the fiual aum~1ng 
up at P.aldia refinery and nelh1< 

The ona month allowed under 2.03a of the contract 
ha• been u5ad in the Project Planning phase of the 
work. 
The team leader'• ti.me for de briefing in Vienna ia 
ahowu in the echedule but not included in the cal­
culation• of aanday• in the project< 

Pir• and Safety Coneultanta 

Indian 011 Corporation aave requaated that ve 
inveeti~ate tvo aapacts o! safety. 

tnviaibl• Safety 
Active Safety 

Inviaib~• Safety relate• to ief1nery layout, 
apecification, proceaa trip and ahutdovn philosophy 
etc. Theme decision• are taken early in tba dtai~n 
phase of the refinery. 

Thia work will require an additional coaaultant, a 
Mechanical Proceea Engineer, vho has been involved in 
the translation of tbe baeic procaee f lov diagra~• 
into P and I.D.'1 and dafiniti•• unit layouts. He 
will be fa~iliar with Nor~h American atandarda and 
practices. 

ActiT• Safety 11 th• traditional review of axi•t­
iug equipment &dd aysteaa enviaagad when •• prepared 
our propoaal. Thia ~111 be carried out by a Fir• and 
Safety 1pecialiat. 

l 
I 
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'iollutioa. - . . 
l..Ollt. :ro.L 

Indian Oil Corporation bave aaked •• to foe~• on 
twc aspect• of pollution control. 

~inimiaing pollution from proc••• anit1. 
Treating unavoidable efllaenta. 

Minimiaing of pollution require• a review of the proceaa 
aad an appreciation of the ••chanical li~itation1 of tha 
1a1talled equipment. SeTere flare probl••• •xiat at 
Barauni. and Haldia. Haldi• ia currently flaring HzS ga1. 
Thia and 1imilar work will require the addition of a 
Process Engineer to our team. 

Tr~ating unavoidable effluent& will be atudied by an 
effl•,ant treatment 1pacialiat. 

Inspection a~d Maintenaaca 

The acope of inspection and maintenance ha• increased 
and the requirements have become •ore detailed. We 
therefore propoae to divide the v?r' amongst three 
consultants. 

Pipe.line• 
Inapection 
:!a1ntenance 

AGA Thermovi1ion Training 

During the diacuasiona it haa become apparent that the 
need for detailed specialist trainin2 with AGA Thermov1a1on 
782 Infra Rec Equipmant, Annex ~l(A) of the Contract, is 
acute. 

La•al1n and Indian Oil Corporation agree that this 
apecialiaed raquiremant can best be met by a tvo veek ••~inar 
in Gujarat refinery zi•en by a •enior apacialiat fro. AGA U.~. 

Ve have obtained a coat for thir work !rom AGA and in 
accordance with Article 7 of Annex A of the Contract will be 
requeating permiaaion to 1ubcontract thia work to AGA U.K. 

AGA U.~. daily coat• are approxi•ately $ 700 US per day, 
thi1 1• well above Laval1n'1 quoted daily rate• for the project. 
However the total 1ubc0Dtract ~rice will be approximatel) 
$ 14,000, or 7~ of the total contract price, we recoamend 
that the vork be eubcont.racted and tha co1t deducted from th• 
bal~nce of coat• available for Lavalin conaulting work. 
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I plan to apend the week ot 20th ~ebruary 1-

21at - 22nd 

23rd - 24th - 2Sth 

t"NIDC Vienna 

tondon 

- AGA Th•r•oTieion Subcontract 
- Deta Collection from Inatitute 

of Petrol~u= end International 
tabour Office. 

- Sources of replacement dri•e for 
Barauni Cok1na Plant. 

I shall ratur~ to Montraal on 28th February, 19e3. 

Team Select ion 

1 haTe already telexed outline requirement• for additional 
apacialista to Montreal. I will aene C.V.a of additional 
team •ember• to UNIDO Delhi and UNnP aimultaneoualy. Hr. 
Laltbanpal of Indian Oil Corporation is anxioua to obtain 
copi•• of th••• C.V.1 and co11U1lent on the au1tab111ty of 
the finel teaa:.. I truat that you v1ll k.eep Jo'r. LaU:.anpal 
informed of dovelupmanta. 

Teaa arr1••l iA IndiP 

Assuming no problem• ic UNIDO and UNDP ~~pro••l of the final 
team, I plan to return to India with rhe l.avalin teal" as early 
aa poaaible in April. I a~ a1.Jllinf! for an April 11, 1983 
•tart date. The AGA The?'lllo•i•ion subcontract can operate 
independently of the ••in La•aliu t~a: an~ ean be planned for 
any two vaek period up to th• •nd of t~e Lavalin teama time in 
tndu. 

Section 3.nl of the Contract spacifie1 that ~~!no will pro­
•ide certain ••rY1c•a and faciliti••· lndi~n Oil :orporation have 
agreed to pro•i~• •ost of t~•••, 1nclud1n~ office a~ace an~ grounn 
traaaport betvaan ~•mote airfield• and tha ret1ner1••· 

I Yoald appreciate if you could arrange tor UWI»O to provide 
1roaed tranaportation for th• ti•• apeut 1~ Delhi. Tb.a team aiza 
iD Delhi will ~. 8 ineludin~ the tea• leader. Indian 011 are 
ua•bla to pro•ide care or a ainibua for this number. 

Offieial UNIDO tranaport woald areetly facilitate 
our work in »elb1 and would be particularly welco~• on 
erriTal in the early ho~r• after • non-atop flight from 
Montreal. 

Toure truly, 

(&'1{~ 
l \; \,, 

P.C. "l1'0N, S· 
La•alin Team Leader 

!ucl. A• abo•• 

Copy to: Mr. Lakhanpal, Indian Oil Corporation 

Mr. Tomkina, Ur.!no Vienna 
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C~IDO Contract D?/ I~D/80/015 

Definition of services to be ~rovided 

A. coxsrLTA~CY SE~VICES PLA\T SAFETY 

Revie'N of • . . i..,., :.nv1s1 .. ~e safetv asoects of refinerv 

design and lavout 

* Revie"' Indian standards -"Indian Pe:' roleu:n Rules" 

against current ~orth American parties standards. 

* Take two bench mark refineries 

- Barauni 

- Haldia 

- 19 6 .'.. 
, Q _, -- ~,/) 

- older refinery 

- new refinery 

Review plant layout of units and equipment within 

units against current \.American practices. 

A2. Review of emer2encv svstems at both bench mar~ refineries 

* Emergency power su?plv and distribution. 

* Firewater svstem and back up. 

* Power and air to critical instruments. 

* Trair:ing of fire fighters and ., . re. 1nery staff in 

response to an emergency. 

A3. Overall review of LP\, storage & shipping facilities 

at both bench mark refineries 

* Bulk storage of LPG. 

* Bulk shipment of LPC by read and rail tanker. 

* Cylinder reception filling and despatch. 

*Cylinder inspection. 

* Fire protection. 

*Electrical grounding etc. 
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A... Review of alarms, shut down trips, etc. on selected 

process units 

* Review of alarm and trip philosophy adopted during 

design stage. 

* Review of actual performance of systems. 

AS. Visible safetv review of both bench mark refineries 

* Review will concentrate on major aspects of active 

safety. Detailed check lists will be prepared hy 

refinery staff safety team. 

- Plant layout and accessibility in emergency. 

- Emergency lighting. 

- Overall layout of equipment, cable trays, 

instrument raceways etc. 

- Access for maintenance equipment. 

!~FORMATION REQUIRED ~RO~ roe 
* Indian Petroleum Rules. 

* lndian Electricity Rules. 

* lOC Safety ~anual. 

* Plot Plan for Earauni Refinery. 

-l 



- 49 -

B MODERNISATION OF FIRE FIGHTI~G SCHE~E 

Bl. Review of current Indian standards 

- Regulations of Indian Fire Insurance. 

- Tarif Advisory Committee. 

B2. Comparision with North America Practices 

B3. Review of current installations at Barauni & Haldia 

* Comparision with above standards and practices. 

* Review of actual installations. 

- Condition of installation. 

- Training and capabilities of staff. 

- Response of all refinery staff to a 

major emergency. 

B4. Review of the vari0us svstems installed for 

- Fighting unit fires. 

- Tank farm fires. 

- Lightening arrestors on tankage. 

BS. Comments on the different foam svstems installed 

- Fixed foam injection. 

- Foam monitors. 

- ~obile foam generators. 

B6. Comment on suitability of latest technology and 

desig~ practices for Indian conditions 

- A11tomatic halogen equipment on crude tanks. 

- Automatic start up of firewater pumps and 

emergency firewater pumps. 

INFORMATION REQUIRED FRO~ roe 
* TOC Fire ~fanua1. 
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c cossrLTA~CY SERVICES PARAMEDICAL ASD I~DrSTRIAL 

HYGIE~E 

Cl. Review medical and oaramedical fa~il~ties 

available at Barauni and Raldia refineries 

C2. Review protective health care of refinery staff 

- Frequency of cnecks. 

- Scope of checks. 

- Record keepiDg etc. 

- Follow up of staff in hazardous areas. 

C3. Review particular health hazards present 

- tt
2

s - so 2 _ 

- Benzene, toluene phenol. 

- MEK. 

- Bitumen pitch, and coke units. 

Use of solvents in work shops. 

Eenzene. 

Carbon tetra-chloride. 

~ethanol. 

Diesel. 

C4. ~her health and safetv problems 

* Safe access to tanks etc. 

* Review IOC, International Labour Office (ILO) 

and N.America practices on noise pollution and 

worker protection. 

* Review of interchange of statistics between 

roe and ILO. 

-1 
~ 
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D CONSUL TA~CY SER\'_: C_Ec_S __ P_I_P_E_l I~ES 

Dl. Subsea Pipelines 

* Review scope o "" c '~ r rent subs ea pipe 1 in e sub contract . 

- Operation. 

- Inspect ion. 

- ~aintenance. 

* Review the actual performance of the subcontractor 

on site. 

* Review cathodic protection of subsea pipeline anc 

its onshore extension to tank farm. 

* ~ethods of checking integrity of outside concrete 

steath. 

D2. Product Pipeline Haldia - Barauni - Kanour 

Haldia - ~aurigram - Rajbandh 

* Review specificatio~s of 

- Pipeline - coating system. 

- r.athodic protection system. 

* Review history of current failures of system. 

* Review experience in use o~ inhibitors C::oc use 

Du Pont D~A4). 

* Review inspection procedures and inspection frequency. 

* Recommend additional precautions and testing which 

could be used to 

- Improve reliability. 

- Predict likely location of failure. 

D3. 'Review feasibility of detecting problems in Haldia 

concrete lined and coated raw water pipe 

INFORMATION REQUIRED FROM IOC 

* Copy of contract with Uncle< Water Maintenance 

Services. 

* Copies of pipeline specifications. 

* Copies of reports on failures to date and remedial 

action taken. 

l 
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E. CONS~LTA~CY SERVICES POLLUTIO~ CO~TROL FIELD 

El. ~ater oollution objectives 

* ~aximise effectiveness of API separators. 

* Feasibility of increasing API separator capacity 

at Hald ia. 

* Eliminate present intermediate floculation treatment 

downstream of separators. 

* Review and suggest improvements for treatment and 

disposal of oil sludges from 

- API separators. 

- Tank bottoms. 

- Floculation system. 

* Comment on availability of proven systems for waste 

sludge disposal 

- Packaged plant. 

- Scientific land fill and cultivation of waste sludge. 

* ~inimise production of noxious waste streams by 

combined process I water treatment review 

- ~inimise production of waste streams. 

- Recycle of waste streams. 

- Controlled release of bulk wastes. 

- Disposal of high sulphide waste streams. 

- Disposal of phenol I caustic wash at Barauni. 

- Alternate scheme to clean phenol towers before 

maintenance. 

E2. Air pollution object iv es 

* ~inimise release of odours from tank farms. 

* Necessity and feasibility of installing 

- Integrated fl~re systems. 

- H
2

S recovery systems. 

- l 

l 
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F. CONSeLTANCY SERVICES INSPECTION TECHNI UES 

Fl. AGA Thermovision 782 infra red scanner 

* Investigate cost and timing of subcontract with 

AGA U.K. for 14 day seminar and tutorial at Gujrat 

refinery. 

F2. Monitoring tube wall thickness 

* Advise on techniques available for monitoring tube 

F3. 

wall thickness when exchangers are cleaned. 

techni ues 
Gse and limitations of corrosion monitorin 

* Experience and advice required in corrosion monitoring 

following services 

- Above l00°C. 
- High temperature systems, a~ove 4GG°C, experience 

with Kraut Kramer probe reliability and service 

life. 
- High velocit; systems particularly where pitting 

is a problem. 

F4. Documentation system and information retrieval 

* Review of current systems. 

* Improvements to systP.ms to improve. 

- Data retrieval. 

- Scheduling equipment for inspection. 

- Planning shutdown and inspection turnarounds. 

FS. Development of computerisation of inspection records 

I~FORMATION REQUIREf, FROM roe 
Details of type, capacity, location of available 

computers. 
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G • CONSVLTA~CY SERVICES ~AI~TE~A~CE 

Gl. Review of imolementation of existing systems in the 

field 

* Maintenance plannin8 and follow up 

- Job planni"~ and estimation. 

Recording costs, time, manpowec and materials usage. 

- ~onitoring planned and actual performance. 

- Interpretation of results and fe2d back to planning. 

* Availability cf resources 

- Equipment data. 

- Spares. 

- Tools. 

* Review of levels of sktll available and training 

requirements. 

* Spare parts 

- Inventory control. 

- Specification of spare parts. 

- Substitution of indigenous spare parts for imported 

items. 

G2. Analvsis of equipment failure 

* Recording and analysis of repetitive failures 

- Diagnosis of recurring failures. 

- Trouble shooting recurring failures 

Design problems. 

Service conditions. 

Quality of spares. 

Quality of maintenance work. 

- ~onitoring condition of critical inline pumps. 

* Training in analysis of equipment failures with 

emphasis on rotating equipment 

- ~echanical seals. 

- Bearings. 

G3. Skills impro~ement and staff motivation 

- I 
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G4. Predic~ive maintenance of rotating equipment 

* Substitution of preven:ive maintenance by predictive 

maintenance. 

* The use and limitations of 

- IRD 350 Mechanalysis equipment. 

- Shock pulse meter equipment. 
* Recommendations for more advanced analytical equipment. 

GS. Turbine governor calibration and maintenance 

* Feasibility of calibrating governors at site rather 

than returning them tu supplier 

- Haldia s~eam turbines. 

* Training in servicing governors at site. 

G6. Development of computerisation of shut down planning 

INFORMATION REQVIRED FROM roe 
Details cf type, capacity, and location of available 

computers. 
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H. CONSULTANCY SERVICES MULTI DISCIPLINARY PROBLE~S 

Hl. Process side heat exchanger fouling 

* Improvement of onstream time of crude preheater trains 

- Commission Barauni desalter. 

- Addition of antifouling agents to crude. 

H2. Cooling water side fouling of heat exchangers 

* Cleaning of tubes with hard deposits. 

H3. Improqed methods of tube b~ndle cleaning on shell and 

tube side. 

- Chemical cleaning. 

- Ultra sonic cleaning. 

- 0ther methods. 

- Removal of carbonates and tubercules in cooling 

water service. 

H4. Feasibilitv of cleaning of steam turbine blades without 

stripping turbine. 

HS. Recommendations for overcoming corrosion in Barauni 

crude unit 

* Crude unit experiences corrosion typical of naphthenic 

acid. Corrosion is evident in 

- Outlet heater tubes. 

- Transfer lines, especially bends. 

* Comment on choice of metallurgy (316 ss) for solution 

of this problem. 

* Comment on necessity for passivation of stainless steel 

during shut down. 

H6. Current practices in operation of spared equipment. 

H7. Corrosion problems in distillate tankage 

- Leaded gasoline tanks. 

- Naphtha tanks. 

- Furnace oil tanks. 



* Experience in use of epoxy paint systems. 

HS. Corrosion problems in reboiler of so
2 

drying column 

at Barauni kerosine treating unit 

* Kettle reboiler is lined with 316 ss strip. Severe 

corrcsion caused by H
2
so

3 
and disolved chlorides from 

upstream drying towers. 

H9. Replacement hydraulic drives for Barauni coker 

HlO. 

* Specification and source of 11 KW hydraulic pump and 

hydraulic motor for kelly turntable and winch. 

Corrosion of naphtha reformer reactor effluent coolers 

* corrosion caused by carbon tetrachloride injection to 

improve catalyst activity. 

INFORMATION REQCIRED F~O~ IOC 

H4. Analysis of turbine deposits. 

H9. Specification for hydraulic drive duty 

HlO. 

- ~inimum and maximum speed of motor output shafts. 

- ~aximurn torque. 

- Electric drive motor speed. 

Process conditions and exchanger specifications 

- Records of tube failure. 

INDIAN OIL CORPORATION YllL~c...~ DATE "·'-~' 
-~~ -..u~~~~~~- -~~~-'-'-"--"--=-~~ 

U N D P DELHI DATE 

LAV AL IN ~-------- DAT E======1=1=. =2 =-R=3==== 



UNIDO Contract DP/!ND/80/015 - 58 -

Con•ultancy Services for the P9trolaum Refining Induatry 
~~~~~~~in~_t_h_•~R_e__._public of India 

PROJ~CT !X~CUTION YORK PLAN 

SuamarI Conaultant• Manveek•/Calendar Weak• each location 

Week Ni.;mber 

l, 2. 3. 4. 5. 6 7. 8' 9. 10 

I 
TEAM LEADER 1Y ti ll D 'i 

I 
I 

i I 
!>AFETY 

. Invisible Safety u B B B H H H D 

. Active S£faty D B B B H 

I 
H H D -

l'ir• itnd Health 

POLLUTION CO!iTROL 
I 

. Proce•• A•pacta D B \B B' H H H D' 

. !ffluent Treetment [Ji;:\ B B ' H H H D 

_INSPECTION /MAI~TENA~CE 

. AGA Tharmoviaion G 'G 

. Pipal ina• D B 5 B' 
' 

M. K K D 

. Maintenance 'o B IB I B 
. 
,H H :1 J 

. In•p•ction 0: B, B I e H H :1~" 

-· ·-- -

INDIAN OIL CO. RU<&M-y date 1'1.2.SJ B. Barauni 

URIDO Delhi 

LAVAL IN ~:::: 
D. Delhi 

l 'J. 2. 3 3 G. Gujarat 

e. Haldia 

l. Gulf of lutch 

-----
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