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Re: Process Hazards Review R. E. Jones

Methanol Plant

T. J. Regan

The Process Hazards Review for the Egcambia Methanol Plant is scheduled

for December 8§ - 12.

Please plan to attend the review on ecach day from

8:30 a.m. to 4:30 p.m. Meetings will be in the old administration building

conference room.

A Process Hazards Review of the Methanol Plant Revamp was completed in
November and would be a helpful reference for these meetings. Also,
guidelines for reformer design from PSG werce developed for this review.
Copies of both items are available from B. Gebbia.

The "What If" method will be used along with the fault tree analysis
{for quantitative analysis where neccssary) during this review. M. Brown
will ensure up-to-date copies of the plant P&ID's are available for the

meeting .

B. Cooley will serve as the review commiltee secretary.
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The value and importance of the continued operation of effluent and water
treatment plant is often underestimated until a major breakdown ocours.
Occasionally, in common with most other industriat plant, a relatively minor
failure will cause an extensive shut down, It is usual that some plant equipment
is more vulnerable in this respect than others and it is characteristic that there

‘may be an imbatance in the reliability of components and processes making up
the plant. in extreme ceses, and at ionger intervals, anforced shut down of the
whole treatmant facility may be expected to oceur. Consequently, considerable
benefits may be obtained from a study of the reliabitity make up of such plant.

The major effiuent discharging industries are’': chemical, petroleum refining,
electricity generation, iron and steel, paper and board manufacture, food
processing, textiles (natural and synthetic), quarrying, gas and coke production,
soap and detergent manutacture and brewing. Each of these industries produces
one or more figuid effluents in large quantity.

Water is treated with any one of four objectives in mind, namely: treatment of
fregsh water for potablet purposes; treatment of sewage to yield innocuous.
effiuent; treatment of industrial feedwsaters: treatment of industrial waste for
recycling or discharge. Each of these treatments has a different influent, is
directed towards a different end product and is carried out in a different
environment. With due regard to these differences. it may also be said that there
are considerable similarities between them, for exampie, in all of these treat-
mants settlement, dosing and mixing sometimes play an important role and
filtration is often used to polish the end product. Even in sewage works where
materials of comparatively high concentration can occur and compiex reactions
Invoiving mixed biolagical, chemical and physical mechanisms are found, the
same basic pumping. piping, valiving and storage operations are used. All of the
tregatment processes ultimately rely on human supervision to manage, operate
and maintain the plant. even on highly computerised units. No matter how
capable the plants are of performing their intended 1ask. as with any engineer-
ing process, they are also vuinerabie To humsan and equipment failures.

he benefits of reliability studies may be condensed down to a simple
statement of reduced costs. All enforced shut downs involve undesired
expenditure. in the case of an industrial effluent treatment plant, its toral failure
could prevent production eisewhere in the works and incur heavy losses of profit.
In the case of a water authority, a loss of facility causes inconvenience and
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£ig. 1: Principal components of a potable water treatment p/ant
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annovance to the public together with consumption of public funds in restoration
expanses. Furthermore, serious environmental and heaith consequences may
occur, The consequences of failures may ba sevare. in a detailed reliability study
fault trea techniques are used to estimate the frequency of such end events, and
to highlight possible areas for improvement to reduce the frequency of therr
occurrence to an acceptable level. It is emphasised that these methods of
reliability analysis are equaily applicable to the other three kinds of water treat.
ment facility for which different end events would be identified. Human error s
not strictly an and event in itself but one element in a chain leading to a serious
‘end event and it is oiten seen as a very immediate problem by plant
management, .

Figure 1 shows atypical treatment system. Toinvart thisdiagram into a faslure
logic diagram (or fault tree}, it is necessary to imagine that each of the stages
shown does not perform in the manner intended. Some ingenuity is required on
the part of the raliability assessor in order to foresee all the ways in which a
?iven undesired end result may be reached. At the same time, some of the more

ikaly combinations of events may be eliminated.
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Fig. 2: An early stage in the construction of the failure logic diagram

Togive an idea of the appearance of a failure logic diagram during the course of
its construction, Figure 2 has been drawn. This represents a smail and
incomplete fragment of a muchiarger picture, which could easily runintotens of
pages in the case of a real-world assessment. The columns drawn in Figure 2
{but not normaily shoewn in such a diagram} indicate that the fiow of the logic
diagram occurs from a detailed breakdown of individual sub-systems. or
component faifuras, through more generalised failures to the end event which
they cause. It gives rise to a number of unanswered questions. How, for example,
can the treated water be conmtaminated in storage? Can a severe oil leak in the
pumping house cause serious contamination in the storage regervair, oristhisa
comparatively trivial event? Ara there other ways in which contamination can
occur in the pump house? The diagram refers to excessive treatment by
chemicals, but can under treatment occur? How is the treatment controlied?
Quaestions such as these are best answered by the experienced management
and operating statf responsible for the water treatment plant. This emphasises
the need to build 3 good working relationship between the reliability assessor
and the plant staff and management.

When the detailed assassment is prepared, the completed fault tree includes
failure rates for individual equipment, intermsof failures per year. These faslure
rates may be deduced if sufficiently detailed maintenance records are available
and some of this data may be available in the open literature, although good
quslity reliability data is often sparse or non-existent. One survey of
instrumentation relisbility \n wastewater applications has been completed?.
Most commoniy a recognised data base would be consulted for suitable data,
such as the Systems Reliability Service Data Bank. From the fau/t tree, the
areas most liable to failure may be deduced andthe mean frequency of undesired
end events determined. it iS then possible 1o 1est various proposed improve-
ments for effectiveness in-reducing this frequency. In this way, a very useful

_cost/benefit analysis may be prepared for the improvement alternatives.

.
.
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The fauit tree and faiiure rate information assists in planning a number of
maintenance functions, for exampie. spares holding and ordering levals may be
optirnised. Rgutine maintenance and inspection may also-be planned so that 8
. balance is struck between effort required and the acceptable frequency of end
event. The mathematics required: t1o.derive these benefits are a part of the skill of
rekability assessment. To further exemplify the application of reliability
technigues to water wreatment and at the same time to introduce the safery
aspact* a fault tree is constructed for operator safety, where sludge gas is
generated in the following exampie.

During the process of siudge digestion on any sewage works a gas mixture
consisting mainly of methane and carbon dioxide is produced. Mixed with air,
this sludge gas is explosive over a range of concentrations. Figure 3 shows a
generalised fault tree leading to a safety hazard to the operator. The safety
hazard 1o the operator arisas from two main routes. The lower part of Figure 3
shows some of the ways in which an explosion may occur within vessels or pipe-
work if an internal (eak occurs. If an operator is present and an internal gas/sir
mixture has formed, thenan Qn:emal ignition source causes an oparator hazard,
A hazard to plant and potential costs due to damage also exists, but this hazard
" would normally be dealt with on a separate logic diagram.
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Fig. 3: A fault tree for operator safety

The internal gas/air mixiure may resuft from a falling sludge levet in the
digester which reduces the gas pressure, any leaks in valves, flanges or vesseis
will then admit air. The logic diagram shows that both 2 leak and a pressure
reduction must occur atthe same time. Relerring againto Figure 3, fatling sludge
tuvel resuits fr7om an unschedulad opening of the low siudge off-taks in the
digester, which could oceur as a8 result of a control system failure, human srror
vr a valve failure in the open position. With a little thought this fauit tree can be
uxiended further to rover the individual fuilures which may occur. The upper ialf
of Figure 3 shows how gas may enter operational areas and cause a hazard tothe
operator if, far any reason, the gas detection system fails. There are two reasons
why a hazard exists. Even though no ignition source is shown studge gas is an
agphyxiating mixture and the operator himself may cause an ignition since he
1% not normatly expected to waar anti-static clothing or use spark-free tools, The
remainder of the diagram shows some of the locations where feaks may occur,
snd general cayses.

In this type of analysis the mean frequency of hazards to the operatormayt:.:
ussessed, and significant improvements are usually derived from the /failure
logic diagrams. The main difference in practice is that a much more
tumprehensive analysis is carried out. Liaison with management and staff is
vitally important in the early stages, particulariy when gathieringdata on howthe
ulant works. Some of the sources and means of recording information are shown
w Figure 4. When a complete description of the piant operation has been
ublained and understood, failure modes can be deduced and fault trees
tunstructed. -

The configuration of the fault trees and the failure retes used are discussed

r
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Fraducs Report

Fig. 4: Typical assessment procedure

with plant management to ensure that errors and omissions are removed and
that there is no conflict with practical plant experience. Finally. the work is
written up as a report. The conclusions contain suggestions for improvement
and recommendations for aptimal routine maintenance testing and inspection.
Some reliability studies have already been carried out in the field of industrial
feed-waters but it is likely that considerable scope for reliability improvament
exists in this area, particularly on the newar, more highiy automated plant. The
ditfering types of treatment plant, ({potable, sewage, feedwater and industrial
wastawatar) share in a common need for reliability and many similarities exist
batween their equipment and control systems.

In all cases, a lack of reliability can be transiated into increased costs.
Improvemeants in reliability will increase avaitability, reducing losses and
important benefits may be seen in the mainteanance function. Safety may aiso
be improved by increased reliability and, in some cases. an analysis is carriad
out with this sole objactive in mind. The day may come when reliability is
regarded as an ingredient of plant success which has the same importance as
the hardware from which the piant is constructed. Reliability today is a
quantitative discipiine, rather than a black art, and may be considered as a
commodity which can be purchased through the services of the reliability
consultant, In the future, increased reliability will undoubtedly be demanded
from water treatment plants and this article is intened to show that reliability
engineering assessments would be of value in all the water treatments
discussed. Hence, in future, we are likely to see increasing use being made of
reliability prediction techniques.

Probably the most imporiant message that the reliability engineer would wish
to convey is that celiability engineering is already wall developad in many of
the engineering industrias and it is now ready to take on the challenge of
water treatment industries.
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- Courses on Reliability Technology

The National Centre of Systems Reliability runs a number of regular and
. shor! specialised courses on various aspects of Raliability' Technology. Somes
courses are held at Liverpool University, some at the Centre’s headquarters at
Culcheth and others (by arrangement} at an organisation's own premises.
A number of courses are constructed as standsrd packages whilst others,
particularly short courses of ane or twodays duration, canbe tailored to meetthe
specific requirements of individugl organisations.

Standard-courses include:

An introduction to reliability assessment — theory and practice '
Location: Liverpool University
Duration: Two weeks
Frequency: Twice per yaar, Spring and Autumn
Topics: Mathematics of probability, Probability distributions, Reliability testing
and maintenance, Equipment failure analysis and prediction, System relizbitity
\7\'1‘3':5:15 and synthesis, Data banks, Case studies, Tutorials. Project work and
orkshops.

An intraduction to the raliability evaluation of engineered systems
Location: Culcheth '

Duration: Two days

Frequency: Several times per year

Topics: Need for reliability evaluation, Quantification of reliabitity, Active and
passive systems, Simpie probability concepts. Reliability parameter evaluation,
Synthesis of system reliability, Data requirements, Case histories and Tutorials.

An introduction to fault-tree methodology and applications

Location: Culcheth

Duration: Two days

Frequency: Two to three times per yesr

Topics: Need for fauit-tree analysis, Various methods of approach, Reliability and
probability aspects, System evaluation, Logical analysis and Boolean algebra,
Fault-tree symbolism and methodology, Cut-sets, Fauit-tree evaluation,
Computer program strategies, Case studies and Tutorials.

Basic reliability calculations

f.ocation: Culcheth

Duration: Two days

Frequency: Two to three times per year

Topics: Mistorical development, Basic probabilistic concepts, Reliability in time
domain, System reliability parameters, Simpie distributions, Maan-time to
failure, Fatlure-rate, Unavailabifity, Probability of failure, System reliability
calculations, Series systems, Parallel systems, Majority-vote systems, Tutorials.

An introduction ta fault modes and effects analysis (FMEA)

Location: Culceth

Duration: One day

Frequency: Two to three times per year

Topics: Need for FMEA, Various methods, Fault analysis and classification,
FMEA methodojogy. Tabular presentations, Codes, Case studies and Tutorials.

Computer codes for system reliability analysis

Location: Culcheth

Duraton: One day

Frequency: Once per year

Topics: Need for codes, Straiegies of approach, Common aspects, Review of
codehs o;vailable, Examples of application, Advantages and disadvantages of
methods. .

Tailo;ed short courgses ot presentations {haif to two-day duration) on subjects
which include:

Reliability evaluation techniques: Reliability data acquisition and analysis;
Sysiem reliabiiity modelling; Availability modelling: Comman-mode failure

analysis; Mechanical reliability analysis; Human reliability factors: Software - *
rehabiy

with other subjects in the field of reliability technology which may be included 1o
Mmeet particular requirements. -
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For further technical information or discussions on particular aspects please
contact.

Mr. A. J. Bournes, 8.St. C.Eng.. MLEE. M.instM.C. F.LQA. Manager,
Reliability Technology, National Centre of Svstems Reliability, UK.AE.A,
Wigshaw Lane, Culcheth, Warrington WA3 4NE. Telephone; Warrington 31244,
Extension 345, . )
or for further details of, and applications for, the two-waek standard reliability
course and other standard ¢ourses please contact:

Miss Mary Sutton, National Centre of Systems Reliability, UKAE.A,,
\é\l‘i‘gshqw Laafse. Culcheth, Warrington WA3 4NE. Telephone: Warrington 31243,

ension .

Comment

Mr, G. Voita,t an additional comment on “Computer Programs for Fault Tree
Analysis’’ (by Andy Cross*®, Quarterly Digest. January 1980}

| think it will be of interest to SAS and fellow Associate Membaera to know
-about the computer programs deveioped and in regular use at the Joint
Research Centre, Ispra and freely available to all the Europsan organisations
through the JRC Eurocopi Service. . .

The followwing tabis lists five programs, which | think will be of interest, under
the same headings as used by Andy Cross sothat these, too, can be addedto his
list,

FAULT TREE CONSTARUCTION

FINDS MNOMAL CUT SETS
ANALYSIS OF DATA OIS TRIMIONS

RELIASNLTY CRARACTENSTICS
COMPONENT IMPORTANCE
COMMON MOOE IDENTIFICATION
FAULT TAEE GRAPMHICS

' vea REFERENCE
olwie M. ASTOLF
AWE-1 "Prograrms AWE-1, AWE-2 and BRUNA for the
calculmtion of system availability. Caiculation
AWE-2 eoie muthots and how 16 use”
BAUNA oleleie EUR 5838 e (1875)
DYCOMICS sieie L M. ASTOLFI, F. NALDI
“DYCORMICS Program. How to use.” EUR 5811
SALP.3 elsio; (o M. ASTOLFI, . CONTINI, C. L. VAN MUYZENBER,
G. VOLTIA
“SALPY. A computer program for {8uit trow
snalysix”” EUR B183 EN

Camputer programs for fsult tree analysis.

Sea slso COMMENT in the April 1880 Quarterty Digest by Richard Staerck of the Institute of
Enginesring, Technical University of Sarlin.

Commission of the E  Co itles, Joint Resserch Centra, ispra. ltaly
Reliability Ressarch Enginear, Reliability Technology Research Unit, NCSH.
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Personaltities

Mr. E. S. London
Diractar and founder of Hazards Evaluation and Loss Prevention
- P {Consuitants) Limited. 40 Rewsaey Etreat, Wearrington, U.K.

LA

E. 5. {Salwyn] London, C.Chem, FRIC. who trained 8t Manchester Co
at Yod\mto% started his easeer in chemcsl plants 1n 1938 wak Jos,
Crastield & Sons Ltd.. m wmmw. whers s08ps snd sdible oils were
- roceisad. in 1941 he Mmowed 1O 8 GOXSINMeNT war-gas factory in Runcom
- and tater (9 one in North Wales. After the war he ;ained Ward, Blenkinsop &
Ca. Lid.. at Widnes, where fine and pharmaceuticas cmrmulc were made.
' He than turned te heawy organc ch .
v e - Insecticides, 8Ic., with Hickson & Welch Ltd., at Cnlleioru Yoctsl'nro in .
. 1948 Mr, London was irvited 10 jor the UK ‘Misustry of Supply's Aomic
Energy project {now the UKAEA) as a plant manageron the SDﬂHuMds plant
nLancashire. In 1950 he moved o their Wir o works in C where
ne manages sach of 1he new wradiated tuel repracessing plants in turn. .
Seiwyn considers the pionaering period trom 1948 1o 1966 a8 the mast T
excitmg of his career 31 congiders imset fortunate 10 have been one of the
few involved inseparsung out the first batches of Brmigh plutoniumproduced
in the old Windscale Atomec Pies. Great things were accomplighsg then
despie ahortages of people and knowledge. In 1960 Selwyn mavad to the
UKAEA's Hesith and Safety Brarch (now the Setety and lclilbmw
Directorste) There he heiped (0 develop and Intraduce the
assessment methods and pmcedurn usll used |hrounhout the numnr
Industry and rapxdly baing sdonted by non-nuclesr concesns, He
Head of Chamical Plants and Labocstory assesaments, but in 1978 Selwyn
left w0 form his present consuhancy He ¢ aiso 8 director of Safety,
Availatulity snd Retiability Assgssments [SARA) Lid.. which, 1ogether with
“HELP*. pravides a complamentary consutiancy servica n satery and
raliabilny assessments thatr i availabis to all Selwyn 15 aisa & founcder
director of the Warnngton fRessarch Centre, one of Europe’s foremost fire
testng and oonsuluncv organisations.

Mr. N. Jonn :

with H: ds Evaluati and Loss Prevantion
‘f‘ I.td.. 40‘ y Strest, Warring UK.

N. (Noel) Jones, L.R. sc.. bagan his career in 1841 with Courtaulds

Limited, Flint, Narth Walas. UK, whets they menutactured viszose rayon.

' From 1944 10 1948 he le..e" e Asrcrew Brinch of ihe Royal Air Force

i atter which he retusned to Courtaulds Limtad as labaratory assisiant, then

' shuft chermist and tnally production ioreman. Mr. Jon s jolnad the UKAEA in
i 1958 mt the Dounraay Expcnmcmnl Araclor Estanhshmant. Thurso.

Caithness. Scotiand, 33 en Bn ned chemist in the

ire d fue) repr Y. Duﬂnq this p!ribd Nosl had been

siudying Chermistry a1 Thurso Technical Cohege and in 1964 he Jeined

corporale membershin of the Roval Insutute of Chamisiry (now tha Royal

P Society of Chemustry). In 1988 he 100k over rechnical mm:g:mem of en

- [y intagrated Nuclear Fuel Reprocessing Plantand the gssociated Highly Activa

. . Liquor Evaporation and Stora ;n Comptax. Noeljouned the Syatems Relisbility
T b~ Service.atitsncestion in 1970, as e Field Enaineer. He was actively mvolved
* \ " mulopm.m of the SRS Data Bank. in the organisation of Event Data

B 4 C o A 1« Member s works, the supervision snd

¢ of g ng absteacting reliability cets from

mair ce and ¢ ak a1 chenmcal plants throughout ihe UK

and, [alarly, ne was angaged on SRS relrabiny assessment project work, in
1975 Noel transterred to the Chermical Plants, Labroziories and Transport
Section of 1he Safely and Rehabihty Direciorsie {SRD) wnere he carried out
quantitative safety vents of new at plants He also advised
gesign enginsers working on rew plants and reotesented SRD by servingon
Safety Working Parties Noel joined his present company in July 1978,

Dr. A. R. Churchisy

Senior consultant with Sefety. Availability and Reliability Assessments
(4/ . {SARA) Limited, 40 Gewssy Stree1, Warringion, UK.

_ Dr. A R. {Angrew} Churchiey, BSc. Tech, PhO. C.Eng., MlnuE

N o Allnt.Sc.. gradusteg in Fuel Technology and Chernicel Engmoerm?
Shetfield University in 1967, His research work concerned oscillating
. combustors for gas turbines. 10 conjunction with 1he Natronal Gag Turbing
P, Estabhshment, Pyesiock, Hampshire. Duning thrs perod 0. Chyuechiay

Qained eaperience as an engneesrnng tonsuitant through hes asanciation
with the gevelopment department of the Kationak Carbanising Company.
Morth Notunghamshire Owision. In 1970 he jined the engsnesting
department of that company as & project engsnees, construcung Eurcpe’s
most modern low lemperaiure smokelass fuel prod plarnt al Smbsen,

| Lewcestersrure. UK. At this time Ne becarme a chariered fuel technciogist 4nd,
1 later. be becama resestch leadar in the Scienhiic Services Department,
wmproving the'quaiity end protnability of sSmokeless fuel production I 1973
Andraw joined Unilever Hesearch at Port Sunlight. Wirra). Mursryside ns an
Information Screntist Ha buit ub 8 practice serving the Siverse interasts of
Urilover engineers including. signdicamly, & graup of rehabihity enginsers
He became sditor of Satety News. an miernations! publcation with world-
wade Circulatien, and assumad raspormibiiity for the lshorstory date
preparstion group Andraw jornad AE Elecironics, e réhabidity angingstmng
consvhancy based a1 Siockion Heath near Warnington, in 1978 where he
was engaged in studies of water reatment plant in May 1980 Andraw
joined hig present company which s the sister company of Hozard Evaluation
- nnd Loss Pvmmmn fConsu Iunul Livnied. Ha has peesentied & number of
- 1 conferences and symodiw and pubhshed
reliabdity pupars “" the technical press {308 elsewhere 1n this aditon of

Oum-ny Digest]. Amongst s spare tune sXuvilies Andrew 5 & keen reds

“Ham' and he operstes station GAEAQ
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