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1. Introduction 

In previous years UNIDO, in co-operati~n with the Austrian Government, 
the state-owm•d petroleum enterprise Oster re ichische Minera lol Verwa I tung (OMV), 

and the OPEC Fund for International Development, has organized three workshops 
on petroleum refining industries in Vienna, Austria: 

{i) 

(ii) 

(iii) 

Workshop on Petrole~m Processing, 21 - 30 April 1981 
Workshop on Produo:.tion Planning aud Energy Management in Petroleum 
Refineries, 3 - 19 Hay 1982 
Workshop on Maintenance and Pl~nt Inspection in Petrol~um 
Refineries, 5 - 23 September 198) 

In continuation the fourth workshop of the series was organized on 
"Maintenance and Plant Inspection in Petroleum Refiaeries from 5 - 23 November 1984 
ir Vienna, Austria. 

2. The korkshop 

As on previ~us occasions, tile technical programme of this year's workshop 
was conducted by OMV at their ref .nery in Schwechat/Vienna, and included 
lectures, discussions and plant visits. 

The Workshop provided a good opportunity for refinery managers, engineers 
and t~chnirians from developing countries to exchange experience and 
information ~n the above mentioned topics among themselves and with OMV. 
Thrv were able to examine techniques and methods applied successfully by 
OMV and to identify possible co-operation in this field. 

The topic 01 the workshop organized in 1983 was of particular importance 
to petrcleum refiners in developing cou:ri.tries as many of them suffer from old 
plant installations and consequently from inefficient performance. It is in 
this area that refineries in developing countries need more assistance since 
not only good material but also skilled and experienced workmanship is required 
to raise the efficiency of a refinery. 

For the above reasnns, the theme of maintenance and plant inspection was 
repeated in this year's workshop. As part of this workshop a meeting of 
an experience exchange group was conducted dealing with practical problems 
related to maintenance and plant inspection in petroleum refineries. 

The workshop, comprising the meeting of the ex,erience exchange group, 
harl the following purposes: 

- to exchange experience and information in maintenance and plant inspection 
of petroleum refineries for the improvement of the capabilities of 
refinery personnel from developing countries and to establish means 
for co-operation among themselves and with OMV in that field; 

- to review well proven and new methods in the field of maintenance/ 
inspection of petroleum refineries and assess their appli,ability 
fn developing cou~tries; 

- to discuss possible soluti~ns for selected maintenance/inspection 
problems brought up by the participants. 
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2.1 Programme and Summary of Lectures 

5 November 

Opening Session at UNIDO 

Monitoring Session at OMV Refinery, Schwechat 

Visit of the refinery 

6 and 7 November 

Maintenance in Refineries - An Overview (.J. Maier) 

The rationalization measures taken in recent years within the processing 
industries have led to the construction of an increased number of units/ 
plants in the production sector, resulting in a decrease of :he production 
costs. At the same time, however, the cost of maintenance - a labour
intensive sector - has considerably increased. Therefore efforts are being 
directed towards minimizing the costs of maintenance to the lowest 
economically and technically acceptable level. This implies ~areful design 
of maintenance strategies and their implementation. 

The management o~ a refinery has therefore to plan and establish 
appropriate maintenance policies. Modern maintenance requires interaction 
between many different working groups of a refinery and cannot be left with 
the maintenance department alone, which, together with the staff of the 
product.f.on plants, will carry out the required maintenance function as 
defined in an overall refinery maintenance policy. 

Maintenance Functions, Policy and Strategies (J. Maier) 

Maintenance as a whole comprises all perso1U1el and activities involved 
in the maintenance of a refinery. Maintenance policy is geared towards 
minimizing maintenance costs and generally would aliow expenditures only in 
cases where the output contributes to the safety of personnel and plant 
equipment, to the refinery profitability and to the implementation of 
Government, community or labour organizations regulations. As a general 
principle the following guidelines may be observed: refinc~-wide awareness 
and responsibility for maintenance expenditures; reasonable approach in 
terms of safety, profitability, P.nvironmental control, energy conservation; 
improvement of the skills of mafntenance and other staff. 

l'he da¥-to-day maintenance decisions 11U&Y be guided by the following 
considP.rations: 

Break-d~;,m mair..tenance: A given Cfste111 breaka down due to a part which 
has becOiiie-c;mpreteiY--ua-eress and therefore needs either repair or replacement. 

I 

The latter requires ~pare parts stockage causing storage costs. 1 

Preventive maintenance: Based on the estimated lifetime of parts, a 
scheme-tor""pra-nne~exChanae of parts ca~ be developed. With larger plant 
systems this require• •pecial index card itystems for control and, froz a 
certain •ize of the refinery on, the as•i1tanca of a computerized part 
control, exchange and •u~ply •ystem. 

Predictive maintenance: Since today various test method• are available 
to checkt'ile-8tat'U801-Plant parts on 1tream, failure of equipment can be 
predictfid within a certain uncrrtainty range and repair programmes, production 
and procurement schedules can be Sl!t up accordingly. These measures are 
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baaed on comparative analysis of coat of repair of defective part and 
production loss weighted against the conaequences caused by total break-down 
envisaged for the defective part. Scientific aethoda combined vith empixtal 
data and practical experience will assist ~ainte~nce managers in the 
decision-making process. 

Corrective aaintenance: In cases of high frequency of damages which 
a:ay reveal a defect in the construction, a solution for the iapr~ve:aent 
of such a con•truction llU8t be found. 

Maintenance through External Contractors (J.Maier) 

Many refineries have maintenance work done through outside contractors. 
The extent to which external contractors are assigned for this work depends 
largely on local conditions, the maintenance policy of the refinery and 
technical security regulations. The decision for an engagement of an 
outside contractor is usually guided by the following considerations: 
provision of know-how not available within the refinery; repair/overhaul 
of plants; periodic requests for maintenance works to be contracted and 
establislmaent of a contract on a permanent basis; high work peak loads 
within the refinery and lack of own personnel; requirement of very special 
technical devices and skills for certain maintenance works. Maintenance 
management must decide at an early stage whether work should be done through 
contractors or whether .~ditional investment and recruitment of personnel 
is more appropriate for satisfying maintenance needs. 

Shut-dovn Planning and Scheduling (J. Maier) 

Very special methods are necessary for shut-dovn operations of a plant, 
which must be carried out at the shortest time possible. This is efficaciously 
done through network planning and network analysis (critical path planning 
method). This implies the preparation of a detailed work p~ogramme involving 
the plant manager, field technician, plant technician, the inspection 
department and the atop planner. Network plans are established and analyzed. 
Personnel is usually recruited through contracting firms. The a~ut-down 
programme is supervised and monitored preferably by the stop planner. 
A very important phase is the evaluation of data after work has been completed. 
These data represent a good basis for future planning. 

8 November 

Maintenance of !quipent - Co!preHora, Turbines (H. Kiglitach) 

Plant equipment such as turbines and compressors need special attention 
in maintenance and ae~ice, whereby one has to distinguish between 
reciprocating compressors and turbine compressors and turbines. Organization 
of the reaponaibility for ataf f concerned with service and maintenance depends 
on the aize of the refinery. Engineers and workers have to be trained almost 
on a continuous basis. OMV h .. 11ade the experience that for turbines and 
compressors periodic service i~ not necessary but recommends regular 
protocols for controls of uch.~ne performance data. Through the vari"~ion 
of these data .. lfunctioas can be identified. Reciprocating compre•sors, 
however, will require maintenance vcrk.at reaular intervals •• rec01Dended 
by the aanufacturer, mainly due to the higher wear rate of ••DY parts of 
thi1 type cf compre&1or &)'stem. Several exarplH for maintenanc.e work during 
Q planned plant 1l\ut-dovn are given. 
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The degree of vibration of rotary machinery i• a very etrong 
indicator for iap~rfect alignment. instable bearing•. unbalanced rotor•. 
etc. These causes for aalfunctions auat be deetroyed. 'lberefore the aany 
different types of bearings aust be checked as vell as the rotors (puaps. 
fans, electric aotor rotors, compressors. turbines), and the influence 
of the settling of the foundMtion and of temperature difference. 

Solle special instrwaenta exist euch aa aligment calculator, bolt 
extensiometer, pressure teet/repair facilities for compressor valves. 
Particularly the extensioaeter appears to be very useful as it is a means 
to determine the precise length of a bolt (ultrasonic) and therefore 
provides the basis for accurate calculation of the bolt preload. It also 
can be used for checking relaxation and helps to prevent thermal cycling, 
vibration, gasket creep, load cycles and joint failures. 

9, 12 and 13 N!>_!el'lbc~ 

Plant Inspection in Petroleum Refineries (O.P. Bornasek) 

Plant inspection in general addresses the following issues: corrosion. 
lifet:lae of equipment and scheduling of inspection, inspection methods, 
deterioration/failure of equipment and its prevention, detailed equipment 
inspection, on-stream inspection and speci3l test methods. 

~rrosion eroblems: In oil refineries mild steel is the material 
most cOC11DOnly used ar.d it suffers from corrosion at various degrees caused 
by a variety of sources. It is necessary to determine the nature and 
mechanis11 of corrosion so that suitable and economical methods may be 
applied for its prevention. Various remedial actions are discussed such 
as coating/linings, addition of inhibitors, cathodic protection. and some· 
causes for corrosion such as chloride •tress corrosion cracking, polythionic 
acid stress corrosion cracking, sulfide stres8 cracking, uniform corrosion, 
acid corrosion, caustic corrosion, high temperature 'orrosion, are 
described. 

§£hedules for equipaent inseection: Governme~t reiPJlation (e.g. Austrian 
pressure vessel lav) determines the frequency required for inspection, in 
general not less than every th~ee years, and for hydrotesting every six years. 
Only under very special circumstances can this schedule be modified, if 
Government authorities agree. lD8pection vork to be carried out is listed 
and reccrded at the beginning of the calendar year by the inspection 
departaent, covering the work for veasels, piping, safety valve• and leaking 
glands. Examples for inapection schedules are demonatrated. 
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!~!2ect~~: This part describes the mEthods to be applied 
for the preparation and ~xecution of inspection work. The following points 
have to be borne in •ind: local Goverument regulations. construction code 
requirements. inspection service for corrosive and non-corrosive equipment. 
General inspection may be carried out tbrougn visual inspection. halmaer 
testing. gagings. followed by very special inspection aethods as required. 
To determine the remaining lif ethle of a given piece of equipment requires 
considerable experience. The decision on vhether or whether not to 
withdraw equipment froa service uy be guided by tvo consideratione: 
(i) the minimal allowable wall thickness. and (ii) lack of justification 
for econoadcally acceptable repair. 

£!!.!ning for inseection: Various methods exist for this purpose 
ranging from water/steam washing. manual cleaning. sand blasting. brushing, 
reaming, chipping. to chemical and thermal methods. 

Metal loss measurements and calculations: The Farameters which 
govem-thelifetime of equipment are: adnimum allOt1ab~.e thickness. 
remaining cc;rrosion allowance. corrosion rate. remaining life. An 
example for estimation of actual lifetime is presented. Tbe various 
methods for corrosion rate aeasurements are described and their applicrtion 
explained. 

In addition. the means for presaure testing are presented an1~ 
procedures and safety considerations are explained. A very important work 
within inspection is welding. which requires very skilled personne!. 
Different types of welding necessary for inspection in petroleum refineries 
are listed and briefly described. 

~_!erior!tion/failure of equipment: The major cause for equipment 
failure is due to mechanical failure and corrosive attack. A review is 
presented on effects on various .. terial and equipment. caused by 
mechanical stress and corroaion and oxidation. In addition, material 
exposed to a very special envirODJlent, such as high sub-critical 
temperature, overhe4ting and othera • aay cbanae its surface 
characteriatica vh!.ch may lead to dangerous conditions. Furthermore. the 
basic principles of cathodic protection are described and the d~fferent 
applications are outlined. 

~fetime of equipment: Very careful thought must be given to the 
judgement of lifetime to be expected for equipment. Premature retirement 
of equipment can waste 110Dey. while overd\:.e utilization may cause failure 
with fatal consequences. ~.atablishing the lifetime to be expected for 
a platforming heater is presented in detail ao an example. Furthermore, 
an example for calculatinl reuinin1 lifetille baaed on original and actual 
wall thickna•s i• carried out (determination of remaining corro•ion 
allowance aad re .. iDin1 life). 

!!!tailed equipment insp~tion: Guidelinu to be observed when a full 
in•pection for any piece of equipment is called for, aH isid dovn. 
Importance i• attached to S'-f•tY precaution and to the 1eneral •afe limit• 
of equi!)Mnt. 'n\ia 1• followed by a de:ailed dHcriptiO'l of a co~ ·.ate 
inapection, includin1 DOll&aclature, desi1n and -..:etirement criteria, 
constructio~ .. tarial• and repair and testin1 af the followin1 e~uipment 
piece•: columna,rrassure v••••l•, atoraae cant., heat exchanger and 
coolina tower•, proce•s furnace• and boiler•. P\llP•, turbine•, coapresaor• 
and aachinary, instru.-nts, p1pin1 and fittinaa, joint•, bulk tranaais•ion 
line•, •tructures, fire proofing, in1ulations and foundations, and services. 



- 6 -

On-etreaa inspection and •p~cial teating methods: The 1Depectio~ 
of equipment-in operation requires non-destructive testing method• 
(MDT-methods). However. aany detaila cannot be detected while the unit 
is on-stream. The types and basic requireaents nf methods for on-stream 
inspection are described. which incl~de·visual inapection. u1traeonic. 
radiation tracer and infrared techniques as well ae thermometric methods, 
radiation pyrometer method end acoustic emission methods. Examples are 
,iven on NDT acoustic insp~ction on pre8aure vessels and storage tanks 
and results are discussed. 

10 and 11 November 1984 Saturday/Sunday 

14 November 

Material Manag-ent (G. Brantner• V. UU.) 

Material manag•ent comprises the aanagemnt of the warehouse. material 
handling and admininration. An efficient material aanage•nt can greatly 
reduce the shut-down time of a plant. Therefore security for aaterial 
supply has high priority. 

At OMV, 50% of the stored spare parts are permanently on stock, also 
for cases of unforeseen events. This long range planning requires capital 
cost. Efforts are therefore directed towards reducing these costs through 
improving warehouse administration. Storage of materials classified into 
material groups helps to locate material (sequential system) easily but 
requires a considerable amount of space. A nev storage system was 
developed following the findin1s that 80% of stored parts are eaaller 
than 950 x 200 x 350 an. A computer-aided stora~e info1 ... tioc system 
was created for locating parts. The new storage system needs only half 
the apace of the old one. In addition, a computer ,rogr81111le is being 
developed to support material ad2inistration taking into account catalogue 
and technical information, purchasing, varehouaing and accounting. 

Material Supply - Spare Parts Infol"Jlation Flow and Purchase (B. Kreisler) 

Being a relatively- largere-finery and involved in explc,ration, pipeline 
transport, engineering and construction, '2fV baa decided on a centralized 
purchase department. The material catalogue coapriaea 60,000 iteas. 
'nle material administrator revise• this catalogue and the warehouae stocks 
accordin1 to actual r•quira11e11t• froa the refiaary. A ••lactiYa control 
sy•t~ hod been deYeloped which taku illto .ccount •pare par:s auded with 
higher frequency than others. Kost of the .. teriala are ordered froa 
Auat~ian companiea, USA m\d European companies wlth an averaa• delivery 
tille of 10 weeks, whereby four weeks are needed to comply with 8dmini•trative 
regulations within the organization. 

I 

, 
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llatntuance of Proceaa ...,. (II. li•M 

An iaportant coat factor repreaent• the aaintanance of proceaa pmps. 
Pmapa repair coata are approxiaately 7% of tbo total uintuance 
•xpendituru of a nf inery. Moat of the puap failure• ori1inat• froa 
defecta in the -chanical aeala (70%), bear1D1a and oil aeala, corroa!on, 
eroaion, cavitation, etc. CltV bu developed a nmber of proceedin1• to 
reduce tbe•e coat factor•. 

Maintenance of Iutrmaentation - Pneumatic, Electronic Iutrmaenta 
(8. Uoyber) 

Fur tbe control of appro:.dmately 6000 procua variables, 3200 alarms 
and other•, c.tV refiD•ry attacbe~ importance to proper functiokin1 of 
the rupective control inatrimenta. the tJPU of iutrmaenta uaed -
pneuaatic, analog ad digital electronic, aicroprocuaor-baaed electronic -
are all uintained by apecially •killed techn1.ciana. Vork ia acbeduled 
and oraanized for ahut-dOVD perloda and for operation periods. there 
exiata an experience exchange sroup on iutrumentation which 91!eta 
annually for tvo daya preaanting a catalopae of quaationa/probl... for 
diacumaiOD8. 

Maintenance of l'roceaa Analf!i8 Iutnmenta (B. Uof!>er) 

Due to the relatively larae number of analyzer• (625) to be controlled, 
the proceaa analyzer department of CltV baa been divided into four aroupa: 
pB aroup (conductivity, pB, oil in water); Oz group (C>i, viacoaity, CO, 
COz, CPA, aulfur, pour point, D, 825, boiling point, opacity); gu 
detection group (hydrocarboaa, BzS, portable gaa detector•); proceaa 
chroaato1raph aroup (GC, •iature analyser). thue iutrumenta auat be 
controlled exactly accozding to their Mintenance aauala. Calibration 
of tbeae iutrmmta 1• a important tuk and auat follow atandardized 
•a.plin1 and analy•i• .. tboda. 
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15 November 

~-str!!- inapection and !P•Cial te•!inl 8ethoda: lbe inepection 
of equipment in operation requires non-destructive testing methods 
(NDT-methoda). However, aany details cannot be detected while the unit 
is on-stream. The types and basic requirement• of aethod& for on-stream 
inspection are described, which include visual inspection, ultrasonic, 
radiation tracer anJ infrared techniques aa well as thermometric methods, 
radiation pyrometer aethod and acouat.lc emi.aaion 8ethoda. Exaples are 
given on NDT acoustic inspection on preseure ve•sela and storage tanks 
and results are discussed. 

Material Standards (Raaber, B. Vischin from TUV, Austria) 

In general various types of materials are used as construction 
material for the equipment in a refinery depending on the type and the 
strength of atreas to which 1t is exposed: for temperatures up to 4000C 
carbon and lov alloy steel, for high temperatures chromium steel, 
austenitic steel, for high pressure in p:esence of hydrogen chromium steel, 
and others. The Austrian legislation on pressure vessels defines the 
standards under which quality systems certificates can be granted for 
certain products operating under pressure. In addition, inepection of 
these units au•t be done in the presence of TUV (Teclmical Inapecti~n and 
Control Authority). Only with their certificate the te.ced unit can be 
put into operation. 

Trouble Shooting (B. Miglitsch) 

Trouble shooting and predictive maintenance are closely linked. 
Today's machinery, e.g., turbo-machinery is teclmically getting aore and 
more aophi.ticated and better trouble shooting techniques have becoae 
essential. Some rec01111e11dationa are given to avoid aalfunctioning of 
turbo-compressors, turbines, reciprocating compre9sors and other rotating 
equipment, such as pgapa, fans, gear• unit•. For ca11preaaor and turtine 
units, permanent aonitoring of the vibration is necesaary since vibration 
is one of the moat frequent causes of failure of auch unica. 

Analytical Trouble Shooting (B. Buber) 

Methods and techlliques are presented for supporting deciaion aaking 
and prediction of critical aituations. The four aodela of reuoning in 
daily routine work - aa11ely to determine the reason for troubles, to 
choose the best measure, to recognize probl ... ahead of time, to aplit 
a complex situation into parta-can be optiaized by rational techn1quea. 
Although the approach to decision .. king and problea 11e>lvin1 as described 
is of general nature, its practical application to aaintenance within a 
refinery will have an impact on the efficiency of such a refinery. 

Recuperation of Plare Gas 

Even at thoroush, non.al operation of ref inert .. and petroch•ical 
plants, combustible pses (flare aases and tail sues) arecle•eloped, 
which represent a considerable vaste of enar;nt. CICV bas therefore 
developed an ecooomic f.L.are aas utilization proceH, whereby the flare 1as 
is fed into th• fuel au sr•t• of the plaDt. Care mast be takml co avoid 
air in the recuperation unit for vell-lmovn reasOD8. The operation of 
this plant is automatic to tbe areat .. t poHible atent to keep the whole 
syst• econoair.. The plant pruently iutalled at Clt9 has a DOaiul 
capacity of SOOO •3/hour. The proceH bu been patented. 

I 

I 
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Planning a Repair Shop (P. Kielhauaer) 

A detailed analyais shows that .. intenance coats can be reduced by 
careful planning of repair shops for the refinery. 1be main questions t~ 
be answered are: 'What is the .aintenance demand? Bow can this demand be 
aet7 Where should the repair shops be located? Will repair shops need 
exte1111ion? Bov to plan the internal organization? Bow to plan equipment 
atorage7 All planni.ng steps have to undergo critical ~valuaUon with a 
view to their impacts on economics. 

Training of Maintenance Personnel (J. Schveug) 

Maintenance ~ork .. y be done by contractors or by own personnel. 
Moat refineriu fellow a aixed ayatea whereby services like cleaning, 
welding, etc. are done through contractor and long/short-term r~pair/ 
tumarounds by rafihery personnel. Skilled personnel is usually provided 
throu~h recruitaent of specialists from other refineries or by on-the-job 
training of experienced workers from other industries. A very important 
source for skilled workers ia established through an apprenticeship 
progra-.e in Austria. Nearly 60,000 students start evert year such an 
apprenticeship in various fields/trades, whereby the apprentice receives 
practical on-the-job training according to a well established and 
approved training schedule and theoretical training in a vocational 
school (dual system). After 3.5 years a certificate as a qualified worker 
is awarded. At <llV 60 new apprendiceah1ps were ~tarted in 1983. 

A large part of training of maintenance personnel ia done during 
installation and start-up of new unite when experienced workers from 
contractors, manufacturers, engineering companies work together with 
the own workshop personnel. 1bis is the moment for acquiring know-how 
i~ trouble shooting and repair work. 

New training methods such as audio-visual and video programmes are 
now available. In addition, interactive training systems and simulator 
systems can be applied which represent very powerful training techniques, 
especially for training in the operation and maintenance of highly 
sophisticated machinery and instrUll8D~ation. 

lb November 

Meeting at the Federal Economic Chamber of Austria and with various 
Austrian suppliers of refinery equipment. 

17 and 18 November Sa t:.1 rday I Sunday 

19 November 

Visits to Austrian companies/plants 

20 to 22 November 

Experience Exchange Group 

23 November 

Visit to OPEC Fund for Intemational Development. 

Closing Session at UNIDO. 



- 10 -

2.2 Opening Se~sion (5 November 1984) 

Opening spetch~s were delivered by: 

- Hr •. L.F. Biritz. Deputy Director 
Division of Indu~trial Operations. UNIDO 

- Hr. H. Hiltner, Couns£llor 
Adviser to the P~rmanent Representative of Austria 

- Dr. A. Ezzati. Director 
Project Appraisal, The OPEC Fund for International Development 

- Dr. F. Cech. Director cf Refinery 
OMV Aktiengesellschaft 

- Dr. H. Lederleitner 
AJstrian Federal Economic Chamber 

2.3 Closing Session (23 November 1984) 

The session "'as introduced by Hr. Maung, Senior lndur.trial Develo:>ment Officer. 
UNIDO, followed by Hr. J. Maier of OMV who thanked the workshop organizers 
and participants. During Lhe ensuing Mr. B. Holloway, a consultant financed 
by The OPEC Fund _ .n· International Development, pointed out the need for 
m~:e preparation and selectivity for the experience exchange group. 

2 .4 The Experience Exchange Gro11p 

In addition to the progranwne organized by OMV a three-and-one-half-day 
progranne was organized for the Experience Exchange Group in which di~cussions 
were led by the OPEC Fund consultant Hr. B. Holloway. Topics discuased 
included: 

- maintenance and planning control; 
- corr?sicn problems; 
- energy conservation; 
- future a:tivitie& of the Experience Exchange Group. 

Presentations were also made by technical personnel of Fluor Plant 
Services International, UK, Ges2llschaft flir lndustrieanlagen-Planung (GIP), 
FRG,and OMV, Austria. Participants from developing countries also made 
presentations on their problems and experiences. 

The proceedings of tht Experience Exchange Gro•Jp are attach.ad as Anuex I I. 

I 



- 11 -

3. Resolution of the Participants 

»ie participants to the Experience Exchange Group have unanimou~ly agreed 
to the following resolution - namely that: 

(i) The Experience Exchange Group should be continued as a permanent mechanism. 

(ii) UNIDO should provide permanent technical and administrative support. 

(iii) There should be a continuous exchange of information by participants 
through UNIDO. 

(iv) There should be an annual meeting to discuss problems and exchange information. 
This should be in conjun~tion with a series of technical lectures at the 

refinery. 

(v) Before the meeting UNIDO would call for proposals for topics to be discussed 
and for offers of pap~rs, particularly case studies, to be presented by 
the participants at the meeting. 

(vi) In addition to these papers there shr,Jld be a contribution on the topic 
from a highly developed refinery. 

(vii) Some visits to plant of special interest should be included. 

(viii) UNIOO should provide the Chairman for the meeting. 

(ix) It is considered desirabie that there be continuity of representation. 

(x) The meeting should take place in September each year unless to be held 
in a country in which this was not the most suitable time of the year. 



China: 

Cuba.: 

Ethiopia: 

Ghana: 

Kuwait: 
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List or Participants from Developing Countries 

Mr. Fang Jian Zao 
Engineer 
Dong Fang Hong Refinery 
Yan Shang District 
Beijing 

Telephone: 933-2161 
Cable: 0840 

Mr. R. A. Carpio Perez 
Chier Inspection Engineer 
Department of Inspection 
Nico L6pez Oil Refinery 
V{a Blanca y Belot, Regla 
Ciudad Habana 

Telephone: 90-8336 
Telex: 51610 

Mr. Tilah\Dl Mulu 
Technicr.l Manager 
Ethiopian Petroleum Corporation 
Assab 

Telephone: 660120 

Mr. E. G. Danquah 
Assistant Maintenance Manager 
Ghaip Oil Refinery 

Mr. Hamoud Al-Shaban 
Superintendent Maintenance Services 
Kuwait Oil Company 
Ahmdi 

Telephone: 98 49 41 
Telex: JCUOCO 44211 Y.T 
Cable: JCUOCO KUWAIT 

~.r. Gizachev Seyoum 
Head or Engineering 
Ethiopian Petroleum Corporation 
Ass ab 

Telephone: 660120 

Mr. E. ~. Diavuo 
Head 
Plant and Equipment Inspection 

Section 
Ghaip Oil Refinery 



Libya: 

Mozambique: 
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Mr. Ahmed S. S. Amaar 
Superintendent 
Mechanical Maintenance 
Azzavya Oil Refining Company 
Azzavya 

Telephone: 023-20125/6 
Telex: 30423 LY 

Mr. Edmundo F. Ferreira 
Chief of Technical Division 
Deputy Director of Re~inery 
Empresa Nacional de Petr6leos de J.!ozambique (PETROMOC) 
P.O. Box 417 
Maputo 

Telex : 6-382 PETRO MO 

Saudi Arabia: Mr. Saleh Altheyab 
Project Engineer 

Sr1 Lanka: 

Sudan: 

Tanzania: 

Petroleum and Mineral Organization (PETRO~!IN) 
Matarstreet 
P.O. Box 42246 
Riyadh 

Telephone: 47 81 661 Ext. 446 

Mr. N. I. Ranjit Fernando 
Inspection lhgineer 
Ceylon Petroleum Corporation 
P.O. Box 11 
Kelaniya 

Telephone: 52 12 81 
Telex: 21167, 21235 CEPETCO CO 

Mr. Osman Mohd. Allavandi 
Resident Engineer 
General Petroleum Corporation 
P.O. Box 2986 
Khartoum 

Telephone: 74 8 75 
Telex: 22638 

Mr. Yusuf o. to.ungura 
Factory and Plant Inspector 
Factories Inspectorate 
Labour Division 
P.O. Box 9014 
Dar-es-S•laam 

Telephone: , 28 1 71 

f 

I 



Thailand: 

Turke>:: 

Yemen PDR: 
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Mr. Anusak IntiY1r-11aravut 
Engineer 
National Energy Administration 
R&Jlll!L I Road 
Bangkok 10500 

Telephone: 22 30 021 Ext. 211 
Telex: 20524 NAPOWER TH 

Mr. Artun Ertem 
Chier 
Maintenance Planning Department 
Turkish Petroleum Refineries 

Corporation (TUPRAS) 
Izmir Refinery 
Aliaga/Izmir 

Telephone: 51 25 31 40 
Telex: 52 392 !RAF TR 

Mr. Saleh Rageh Saeed 
Engineer 
Aden Refinery Company 
P.O. Box 3003 
Aden 

Telephone: 76 3 57 
Telex: 2213 AD RFIRRY 

Mr. Hasan Felent 
Chief 
Maintenance Planning Department 
Turkish Petroleum Refineries 

Corporation ( TUPRAS) 
Batman Refinery 
Siirt/Batman 

Telephone: 2710/235 
Telex: ~2626 TPG~ TR 
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Tuesday, 20 Nove~b~r 

1. Topic: Hair.tl'nance Planning and Control 

2. Introduction: Thc- following particip:mt~ had stated a special interest in this 
s~bjecl in th~ questionn3ire: 

- Hr. R.A.C. P~rcz (Cuba) 
- Hr. T. Hulu (Ethiopia) 
- Hr. tt. Al-Shaban (Kuwait) 
- Mr. r.:.LR. Fernando (Sri l.anka) 
- Hr. O.H. Al law.:mdi (Sudau) 
- Mr. A. lnLiyanaravut (Thailand) 
- Hr. A. Ertcm (l'urkcy) 
- Hr. S.R. Saeed (Yemen) 

The participants from Turkey and Kuwait also included this subject in their 
technical report. Whilst OMV included this subject in their programme it was 
considered so important that further specialized outside presentations were 
included and the participants discussed the implementation of modern techniques 
appropriate to their situations. 

3. Proceedings: 

3.1. Following introductory remarks by Dr. D. Runca welcoming the participants 
to this phase of the experience exchange the session started with the first 
of the outside presentations. 

3.2. Presentation by Fluor Plant Services International (UK) 
Speakers - Mr. B.H. Dorman - Vfce President, Marketing 

Hr. J. Horris - Senior Maintenance Engineer 

3.2.1. Hr. D~~man stated that Fluor Plant Services International had some 8,000 staff 
from engineer to trademan and over 200 clients. He said they could offer 
a range of services including total maintenance, maintenance management, etc •• 

3.2.2. Hr. Horris said that Fluor had three systems to cater fcrdiffering sized 
requirements: 

1. HTS which used Basic and a microcomputer 
2. CHHS l which used RCP2 and an IBM 34/36 minicomputer 
3. CHHS 11 which used Cobol and an IBM Series 4300/30XX 

HTS could handle 1,000 files, CMHS l could handle 5,000 files whilst 
CHHS 11 was unlimited. He went on to explain how the system worked in 
some de ta ii. 

3.2.3. Mr. Horris then presented a short description of a development of a sister 
company, Loveland Controls Company, in which a computer programme has been 
prepared to assist in ~he checking and calibration of instruments. 

3.2.4. Jn discussion it was confirmed that the system could provide for maintenanc~ 
by hours run. lt did not cater at present for number of starts. It could 
be integrated with existing store1 1ystems. There was no fixed price as 
Fluor wished to provid~ an ongoing service. The first effect of the 
programme was to reduc~ stock inventory. Then the pro~ramme reduced manhours 
and increaud up-time." ' 

" 
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3.3. Presentation by Gesellschaft fur lndustrieanlagen-Planung (GIP) 

Speaker: Hr. J. Kiehl - Har~eting Direct~r 

3.3.J. Hr. Kiehl's presentation was on the use of consultants for the planting 
of work which did not involve licenced processes. Under these 
circuw.;tances an ~xperienced team could be provided on site which had 
immediate access by facsimile transfer to the programmes and back-up staff 
in the head office. This meant that,where licenced processes were not 
involved, it was not necessary to go back to the original contractor. 
The refinery plus consultant with his back-up support could carry out the 
work more economically. 

3.3.2. In discussion Hr. Kiehl stated that GIP had about 100 engineers. About 
50 of these were or. site and 50 in head office. 

3.4. Presentation by Hr. B.P. Holloway, OPEC Fund Consultant 
Hr. Holloway stated that in any maintenance system the effect was only as 
good as the detail of the maintenance to be carried out. He drew attention 
to the "Guide for the Inspection of Refinery Equipment" published by the 
American Petroleum Institut;e, ar.d the "Refining Safety Code" of the British 
Institute of Petroleum. 

3.5. Presentation by Hr. Al-Shaban (Kuwait) 

3.5.1. Hr. Al-Shaban spoke on the need to involve the maintenance engineer in the 
design phase of a project. 

3.5.2. In discussion it was agreed that the maintenance engineer should be a member 
of the project control team. It was felt that the job description for a 
project engineer should include a requirement to have served for a time 
in the maintenance department of the same refinery. The maintenance engineer 
should be involved in inspecting the plant and equipment during manufacture. 

3.5.3. Conclusion: 
It was agreed that the attention of management should be drawn to the 
desirability of involving the maintenance engineer during the design phase as 
a means of improving the operational efficiency of the completed plant. 

3.6. Presentation by Hr. A. Ertem (Turkey) 

3.6.1. Hr. Ertem spoke about the human effects of introducing coraputerized 
maintenanc~. He considered that such systems were involved in reducing 
labour costs but in LDC's labour costs were much lower and the system would 
not produce the same saving~. In Turkey they were involving the labour 
force in the management role. They had allocated pairs of pipefitters to 
each area. They had set up local stores. The teams were responsible for 
steam leaks and had achieved a significant reduction in steam consumption. 
Due to the reduced labour costs the pay back tim~ would be much greater 
in LDC's. He considered that UNIDO should make available data on comparative 
costs. 

3.6.2. In discussion it was stated that all refineries should start by conducting 
an Energy Audit. This was of greater value than comparing statistics. 
In Turkey they were using local material of lower quality as they found 
this more economical even if they had to maintain on a six month basi• 
rather than annually. 

3.6.). Conclusion: 
lt was concluded that it was necessary to take full account of the human 
factors in any maintenance system. Trademen w,re the eyts of the maintenan(e 
mdnagrr and must be encouragrd co look for and report all malfunctions. ' 

' 
' 



3.7. Presentation by Dr. P. Strauss, OMV AG 

3. 7 .1. Dr. Strauss presented a talk on the computerized sys em for Warehouse Management 
and saving storage space in use at OMV AG. This paper is attached as Annex 8. 
This syst~m had achieved savings of about SO'J. of the storage space required 
for the holdings of the OMV stock. This was achieved by binning parts 
according to their space requirement. This meant that a store location 
had no other significance than the spatial one. In order to find the space 
it was necessary to have a very efficient management system. This was 
provided by the con:puter. When the computer was not available parts could 
be located by means of microfi~he and viewers available in all 85 store
hous~~. The microfiches were produced monthly from the current cc.capute~ 
printout. 

3.7.2. Questions: 
1. In answer to question Dr. Strauss stated that OMV AG had 65,000 

catalcgue items. Due to the multiple storage locations this meant 
120,000 storage items. Th~ warehousing programme r~quired a computer 
capacity ~f 20 M bytes. The total stored programme required 200 M bytes. 

2. Mr. Al-Shaban (Kuwait) said that in some cases the supplier would only 
provide a complete set of parts. How could the system cope when only 
or.e item of the set was required. 
Answer: Each case must be examined on its own merits. It might be 
possible to break a set down into components and replace used items 
such as 0 rings from another source. On the other hand the cost of 
trying to account for a subdivided set may be greater than the cost 
of the compl~te set. 

Wednesday, 21 November 

1. The session was opened by Hr. H. Maung, Chief, Fertilizers, Pesticides and 
Organic Chemicals Unit, who spoke on the financial resources of UNIDO and 
the ways in which UNIDO is able to assist developing countries. In 
particular he talked about the programme of technical co-operation and special 
industrial services. He explained how proposals for such assistance could 
be initiated by the participants through their own Government channels. 

~. Topic: Corrosion Problems 

2.1. Introduction: Many of the participants have slated special interest in the 
corrosion problems they meet in their refineries. The 
particular aspects are as follows: 

2.2. Tank corrosion: Hr. E.G. Danquah (Chana) 
Hr. E.M. Osman (Sudan) 

2.l. Units and components: Hr. R.A.C. Perez (Cuba) 
Hr. T. Hulu (Ethiopia) 
Hr. E.G. Da 1uah (Chana) 
Hr. !. Ferr~~ra (Mozambique) 
Hr. N.N.l.R. Fernando (Sri Lanka) 
Hr. S.R. Saeed (Yem~n) 

2.4. Sea water ~iping: Hr. T. Hulu (Ethiopia) 
Mr. £.C. Danquah (Chan~) 
Hr. A.S. Amaar (Libyd) 
Mr. Y.O. Mlungura (Ta11:raniil) 

Host of the above participant~ have included d~tails of corro~i~n prPhlcms 
in their rechr,dcal reportr.. The Rpplicants f,rom India, ffr. s.r.. Kum;,r and 
Mr. E. Uddin .. ho aubmitted uchnic1l npor,t~ on rhis topic. 
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3. s~a water intakes: 

3.1. Hr. A.S.S. Amaar (Libya) presented his reprrt on the novel way the 
accumulations of marine growth and silt had been cleared from their refinery 
sea water intakes. This was done on a self-help basis after receiving 
expensive proposals from contractors. In the discussion it was pointed out 
that in Ghana they had had a similar problem but the pipelines were 5 km long. 
They had cut manholes for access and put divers in to clear by hand. The 
pipes were concrete li~ed with one section of carbon steel which was the 
worst affected. This had been replaced by a section of Fibreglass which 
resisted marine growth. In Tanzania the pipes were about 1 km long and concrete 
lined. They had manholes for inspection but dosed with chlorine at the sea 
end. Due to the cost and hazard of using chlorine the desire wa~ expressed 
for an alternative. It was agreed that there was probably no satisfactory 
~lternative but that the hypochlorite could be produced by electrolysis of 
sea water which should prove more economical and avoided the hazard of 
handling chlorine gas. The use of thickwall,schedule 40 or 80 PVCC piping, 
was advocateo for the ~1yp~chlorite line. The use of fibreglass piping was 
advocated and it was reported that it was being used for hot acid mixing tank~ 
in Ghana so would stand elevated temperatures. Both Cuba and Kuwait reported 
that they were using concrete lined pipes successfully for sea water intakes. 

3.2. Corrosion of heat exchanger: 
It was reported that in Cuba sea water cooled heat exchangers were construct~d 
of Admiralty Brass B 111 grade B but it had been found necessary to stress 
relieve the tubes and to temper the tube ends. 

3.3. Fire fighting systems: 
After discussing the problem of the use of sea water for fire fighting systems 
it was concluded that the systems could be charged with fresh water with 
the pumps only handling sea water in the event of a fire. 

3.4. Tank corrosion 
It was reported that in Ghana trouble was being experienced with the corrosion 
of the middle courses of a 6 course floating roof tank containing leaded 
gasoline. The Octel Co had stated that the corrosion was not attributable 
to TEL. The tank had been sandblasted and 600 mil epoxy paint coating had 
been applied consisting of a primer coat, 2 base coats and 2 top coats. There 
was no rubbing of the paint by the floating roof. It was considered that 
probably the sandblasting was inadequate. It was reported that in Kuwait 
they sandblasted to SAE 2 1/2 standard and had no trouble. It was agreed 
that more accuraLe description of the standard of sandblasting was 
desirable. There was some discussion of new painting syst~ms coming on the 
market which would coat over rust and could be applied to wet surfaces. 
Not suff ir,ient was yet known for an opinion to be formed. 

3.5. Cathodic protection: 
It was reported th~t trouble had been experienced in Ghana due to 
contaminate1 zinc anodes bought commercially. These had been replaced 
with locally cast anodes incorporating some aluminium. This had proved 
satisfactory. It was reported from Cuba that a satisfactory solution had 
been found by lining the water boxes with lead, with naval brass 171 tubes 
and plates and silicone bronze seats. Sacrificial anodes had been installed. 
Further discussion was posponed till the next day. 
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4. Topic: Energy Conservation 

4.1. Introduction: Whilst only two delegates. Hr. A. lntiyanaravut (Thailand) 
and Hr. A. Ertem (Turkey) stated a special interest in energy conservation, 
Hr. lntiyanaravut submitted a well argued report based on his experience. 
It is considered that this is a subject of special importance to all 
refineries but especially in developing countries. 1t was not included in 
the OHV programme because of time restriction. 

4.2. Hr. lntiyanaravut (Thailand) presented his paper on the reorganization of 
Hilitary Oil Refinery in which major steps had been taken towards improving 
the energy balance. The major changes were in the improved operation of the 
plant and in the recovery of condensate from the steam system. Waste heat 
boilers we~e to be installed to recover flare gas. Non of the other refineries 
reported any attempt to recover flare g~s. The impression had been gained 
that this could only be attempted by purchasing the system patented by 
OHV AG. Possibilities were discussed. 

4.3. Hr. Ertem (Turkey) presented his paper on the measures they were taking to 
improve their steam consumption. This was through an energetic attack on 
leaking steam traps. It was hoped to manufacture replaceable steam traps in 
Turkey. Insulation to pipes was being improved. It was reported that 
difficulty was experiencr.d in measuring results due to inadequate instrumentation 
As the improvements were only likely to be of the order of 0.5\ to 1~, a high 
degree of accuracy was required in the measur~ments or else the changes would 
be lost in the instrumentation error. 

4.4. Conclusion: 
It was agreed that a high priority should be given to improving instrumentation 
required to measure the results of measures to improve energy conservation. 

Thursday, 22 ~ovember 

1. Experience Exchange Group 

1.1. The group discussed the future of the concept of an Experience Exchange Group 
and came to a unanimous ~ecision that they wished the group to continue on 
a permanent basis. 

1.2. Disc~ss1on: 
It was agreed that now that the technological level of the group had been 
established it would be possible for participants to prepare paper~, especially 
case studies, for presentation at the meeting. This had not been understood 
before this meeting and so participants had not been fully prepared for the 
discussions. It was generally considered that the period at OMV AG had been 
too intense. The level of subjects was generally beyond the nornaal experience 
in LDC's and much could not b~ directly related to the work of the participants. 
The amount of instruction had been too concentrated especially as for most 
of the participants English was not their first language. Some topics such 
as Energy Conservation were very broad and attention should be directed to 
specific points. 
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2. Oil Loss Control 

Copies of a summ~ry of the papers read at the conference held by the Institute 
of Petroleum in London during October 1984 were presented to the delegates. 
Attention was drawn to the remarks made by Hr. H.L. Fenner of Esso Europe Inc. 
about the need to improve the accuracy of measure~ent in the industry. Esso 
had now set guidelines seeking an accuracy wit' a 95~ confidence level of 
plus/minus 0.24. H£ stated that most refineries had an energy conservation 
prograll'llle which had a close correlation to oil loss so that t~e two elements 
should be monitored together. 

3. Discussion cont!uu~~ on the topic of corrosion. 

3.1. Hr. Fang Jian Zao (China) described the problems th~f had been experiencing 
with pressure vessels for hydrocracking, with operating temperature of 450-5oo0 c 
and pressure of 150 bar. They have two types of reactor - cold wall with 
r 0 fractory lining and hot wall. The cold wall reactor is of carbon steel with 
an inner liner of E 347. After a long period of use hot spots appear. To 
continue operating it is sometimes necessary to direct a blast of cooling air 
from a fan on the hot spot. Eventually, however, it is necessary to shut down 
and repair the leak in the liner and replace the defective refractory. The 
newer reactors were designed as hot wall vessels of 2 1/4 Cr lHo steel or 
I Cr 1/2Ho clad with 3 to 6 mm E 347. This, however, has produced a problem 
of the cracking of the base material under the cladding. This is difficult 
to detect but is probably due to differential expansion of the base metal and 
cladding. Answers are required to the following: Between cold and hot wall 
reactors which is more free from failure and which is simpler in maintenance 
inspection and repair? Which is cheaper? How do you solve the problems 
described above? What is the best material to choose for a platforming reactor 
exposed to high temperature (5400C) and hydrogen? If you us~ 1 Cr 1/2Ho or 
2 1/4 Cr lHo what will happ~n after long service? Can you weld pressure v~ssel 
or pipes of CrHo steel using austenitic stainless steel electrodes? How can 
you prevent hydrogen attack in practice? 

3.2. It was stated that in Cuba they have both types of reactor. They had a failure 
on a cold wall reactor and it was decided to remove the inner liner as being 
unnecessary. After a short while they had had to repla'e it. They used 
E 347-15 or 16 electrodes. It is necessary to dry out the electrodes very 
carefully before ~se. They apply a low pressure test, about 30 psi, between 
the shell and liner to test for leaks. It is a floating liner and they have 
had no more trouble. The operating temperature is 430°C and 430 psig 
(abo~t 30 bar). 

3.3. It was pointed out that the cost of a new reactor was very high, about 
US$20,000/ton. The cost of the liner is US$60,000/ton. A reactor under 
construction in Japan weights 4,000 tons. 

3.4. It was reported that in Chana they had had a small crack in one reformer 
r~actor. Although they had repaired one previously it was recommended that they 
replace all four reactors. Although they were 18 years old this was considered 
wasteful. 

I 

• 
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3.5. Sri Lanka reported that they had a lamination problem in th~ cap of a n~phta 
reforming reactor after 13 years in service. It was found by ultra-sonic 
investig~~ions and the technique had not been used before on this cap. The 
laminations were extensive but there was no indication yet why they had occurred 
nor how long they had been in existence. The pressure wa~ 700 psig and the 
temperature J4o0 c. It was considered that this was probably a material defect 
which had always been present but not previously identified. This indicated 
the need for the maintenance engineer being present during the manufacturing 

stage. 

3.6. Hr. Ertem {Turkey) gave a talk on developments in Operational Research. Although 
he had not had th~ opportunity to use the techniques in Turkey he considered 
that engineers should study them as they could be of g1eat assistance in problem 

solving. 

Friday, 23 November 

The morning session was devoted to a visit to the Computer Centre of OMV AG 
where participants were a~le to experience at first hand the retrieval of information 
on Warehousing and Stores Control. 




