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The puper precents a design contiactor's viewpoint of
the safety aspects ot an oneen: o Dl Starting fron the basic
choice of proce s, the v

coae dee aer s nade in 62 logy rath

to 2 succoessful prlant gty - o ore wononntratod, |

Ghe chiemical, vetatlurgicl, and olaer Lchnical probleom:
Mre dilzunsed dn o relatton to the voarious sectians of the plant,

including a discussion on bhow 3 view techniques may be applicd to

minimise subgequont hazards.
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Swmnry

™e last fifteen or se yeors Pas seon the evalution
of the dsmonia production irduit=, to hecome o stgusficant |
contributor to world economy. Larqge unite have berom. |
relatively commonplace ond the pecent snflationary sitvation he
led to a connidrrablce 1ncreaie in copital investment in the
induitry. This has been assnciated with a gapid rine (o the
cost of cnergy on world markets, and incrcasad concern to
protect the enviroament in which we live., Individu 1| momhers
of the fnduatry have gain¢d ronsid ruhle exporienen ow r thesr
years and as a rvsult, it is patural o considrr the avditing
of revw and existing dowigns tn the light of this cxperience Lo

ensurce all possible gafety pracavtion: are taken.

™is paper sceks to review key aspects of the design
of ammenia plant:, how nafcty i3 implencnted into these designs,
and how this implerentation nny he meaningtully cxamined or
awdi ted.
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In ome arcas 2 omay bhe ucecasary 1o distingui sh
between:

- Aafety L0 Foyonmd)

= Safety ta Peodactd o, foouading B Ytabdbity,
Where human 1oangs are cosocrned, whether on the plant, or in
the swrronding nedghbourhod, avery reason b pEecavtion munt
be taken 10 ausid possibilitaes 0! accid ont. which may rudangey
life, 1imb, Or he 1th gon yally., o protect hoalth, Coweanment
action iy be noorsuary 1o O fine what iy implicd by "reasenabje”,
but 49 goneral, conditions goperated by the plamt should In sunech
that the heatth of wo one in the shor, or leng teem should be
affected by the pre:ence of the plant,  Thiws applice in particalin

to notre, efflucnt, leakay-s, cte.

An Lials paper, no wlgrificant distinction is made
butween sat oty to Peigomiel or Production.  The emphants shoutd
always be for "Good Dosign® and a yoor design should be safe In
8l] respectn.  Comncredal cuons. deraticns howev:r muit inevitally
be relatrd to safely to Production and Puliability. Absolute
Bucc:as can never be guaranteed, and to .m apprectable extent
the saying - "You get what you pay Lox® - trn true. The ruccess
of the Acrican Suace Progrimecs §9 in some measure due tn the
*yero Pefoects® apporoach - perhaps Lhe most vy nadve and thorowgh
eheeking policy ever envisaged to cliwinate faldure, bul the cont
of operating siuch o poliny vonde rs 11 comm veially mmtonable
for the Aumonia Indu.try. Ogr ol jret fwe munt be for lonyg sefc

operation hetween reqular routine turn-agrornd prriods - a turgt

which can be ond Las been achieved by a comhinntion of guond de:tan

and intalligent, ecarctul cperation,

Y
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3.

Rasic Principi. s of Saf. D sign

e~

principles are doweloped fu responss to the followirg

two atateronts:

anything between 50 and say 150 moan yrars offort by dv ymery
To produce a satisfactcry product, it as thorefore vite. for
the designer to heve clear principles by whiich this large
awber of menhours muy be controlled ¢ffectively. 1t is

swggented that the following are three key arca workth developiaas

b 1 |

=5~

safc de.ign can best bo conieved wher design

- Safcty is inseparoble from the Dosagn
e Desigaers ond operalors, befno hurun,

arce liable ¢t err.

™o design of a modern amcoria plant wy regqure

Cond Design Mcthods

It is susprising how cary it 18 {or o designer
left to his own devicer to muudle ulimg doing scruffy
calculations, makin1 Vitele ffiat tn rctain them for
swscquent refesence.  Grod hnusckeening of calcutations
s a vital part of safe design and should be cncouraged
a8 an esscntial dtscip'ine. Regular supcrvision should as
e matter of routine be carricd out hy senior cengluccrs.
It i often porreible to arranye the work of engincerr so that
esach provider an independent cl.ock on the other., Comuiitancy
with previous designs of a similar size and type 14 often

easy to check and well worth dcing,
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Gond Nesign Mithods = continued

In a Jarge design office, comntder able
quantitics of infurmation extst ond ther (s RO chance
what: .cver of cue person reading !t all iy knowing 1t all,
It i wery helpful thercfore to categorisn amd segreqate
information 50 that 1t may be easily distributed to those
who nced 1t. This info.mition showld be linkcd (o a
retrioval system giving the designer every opportunity to
make bust use of what i avatiable., Time is always 1#ud red
to heep thin tnformation up to date.

Qommunigat 1ona

Nowewver qood the method- incorporated wnder
3.1, 1t 1s still necessary to ensure that communicat ton
of information Lotween cngince.s i clear and adeguate.
Ristakes commonly arise where one enginecr assunes
enother s responsible, the task being ultimately peqlogted
becawse the sccond man annumed the first wae to dn 1t,
What is common winse Lo o man in not neevssarily so to
amothor and a useful maxim might be "Don't A~ wee®. Bocause
denign staft arc not necessarily permanecnt, techaical
instruct ions nccd to be locked into a retrieval system os
8 safeguard against cuployment of less caprricnoed staff at
8 lator date, The "expert® in anything can be o liabiliey
$2 Mg exportise 1g omly in his memory. Accidents or 11}~
bealth can happen to Nim and 1t fu ircfticient when nuch

inforsation is mot avatladle simply becawne the eampe:t

vas Rever constrained to commit hs experience to print.
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POn are ey et wi, froont v W ' '
13 most g e 0 oy ) I '

dirsevibho Y i 4,0 ane 4, L I o ‘e

of expericros an an L aoainat e ey r
destyn oo by g e e e - | Ce
often mecesiay v Gy e R I . N
N @ cONLE L taret G ar caat b L W LI o
pelataively b bl g o T oare : tay
Speciftc Design A'Lrtvd
There ts no shost Cut L 6@ jagn oo )
i needed, particulurly fu thoe Ay w LA A : e
*,‘y’“ has Pass b ound e ow o Rk o L gy e Coh
rout ine, wilth tncre .4 £o~u. rn e o u o ., ) . LU 4
i3 more than cwe. advi bl (o Loy 1o ¢ e I A T
as the followina notr i Yy,
4.1 Aids to Clear Think ‘g
AMtcr thouthts are oftrr une fe® .~ ;2 aps

an overstatement bat there re oo kol dly e xopood whe
this has beon Lruc.  9he additior ot 4 valve atter i f
valwe philosophy Lax been compicted, o ¢ oe of proe o
conditions un site without reterence te Rl e 0 o 4o ey
steaming of lime: where the stean Lo v ture was not g
desiyn parancter. Clear cowprohona. ve thinitng o' the
design staue, with a good unders. anding of bakoty site
conditions i to be encouraged,  An uaderstanding of
sanagen~ut techontgues of progromming, valve o ogfnegang

(ref. 1,2),dcisiom trees, can be a real help. Th: uwie of
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Atdy to Cleoor b g = cont yaw o

dlagram. or axk s o providks co=ordt 4o and avert
misunYer Caodingn, Toe we o chieek 1tats can brovide o
helpful thic ! theov b o mze Sf Yohs and caleulationn

to be comlet 9,
Deatgn for A1 Condit g,

1t Pas Loen wald that 40 fe camy to design o

plamt tu »p . e cont fnueasty, Lot much barder to tesign

a plant whicn ~.n bo started up and shut own sately, juat
s alrerall are more ac i lent prone on tal e aff ur Janding.
Btowm syst ns, cata'stic 1ractorn, and ot ber Semeitive §oms
all need specicl con id raliom to encure woafe conditionr
are nv'oidm! At all timcs. Thoee I8 often o necd to project
information foiward tn Lime, via tho Mperating Menval og
othcerwine, from the dostgner to those who will mewr meet

Me byt nced tu Xnow hiis thowghts.
Petailcd besign by "Othern®

Woever the main designer may be, whother
OORLEArt T OF A mewbor of the operating compoany’s stauff,
there are slways arres such ae crwprensors wvhich are
dsigred taryely o packagcs by “Othcis®.  Intogretion of
sweh packages fato the maip deslyn concep! i1n an act ivity
maouiring pattence and perenption, stree In many cavrs theo
Myle of cerammic it iom o Presenta! fom Ly the other purly
is @iffevent trom that with which tha Baln dusigner is most
famblter. In this area, CAPCTIvnUr Supgents that the wee

of diagr em o) POTtruy the catent of yesprmsibiliticn ean

be anat helpful, enprcially 1f tone are o volup-d before
final ordurn .vo placed. Wher- 15 » temptation tn bk gredy:
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Dotailed Pesign Ly "uthere? - euntinucd

~ - o

time spent at an carly stage to detcrwrine details’ of the
terminations and cross ¢ -nncctions whieh may nccur. 1t is
difficult to decide hor ar the main designer should check
in depth the dersigns of thr other party; odditional

check 'ng s expensive but can be vory necessary in some

tnstances,

Althauih some producing compenics use their
own design capabilitics, mony others <do no. and have tao
sake use of comtracrors for modifications or new work.
It {8 clcarly advisable for both partics to make an
early assessm:nt of each others cauatilities ond to
ensure that contracts allow appropriate flexibility to
enable the partnership to produce the most prefitabla roatdt

for both parties.
Yee_of previous exparience

Malysis of problems encouitered in youe own
owmpany or sore particularly analysis of other peoples
problems 18 a wry necessary part of the maistenance of
safe Gosiyn. This 1s dralt with in further detuil in
peragraph 12, concerming cumissioning feedhak. Moch
guod wrctul literature is published, which nceds to be read
ond carefully absurbed into deston sttituwdcs, Wading

procvedings of mretings sweh 88 these from picvious years

oan sorwe a8 » wcaiul gefrusher. (e.yg, Wf.3).
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Han_Management

Lo S Y-Sl

It scems worth repoating a fow basic thoughta; -

*most technical men have somcthing to say worth
listening to". The problem is surting vut what s worth
listening to from what 3s anot.

‘learning Ly Mistakes is part of guining oaperieace®
Much of modern aswmonia dosign practioce has emerged from
earlicr Inadequacica. It noeds 4 conscious effort to
resssber what theose indadequacics were, They often get
forgotten and the old mistakes become repeated seweral
yeoars later.

*Boware of being told what you want to hear®.

Leern to emguire further when told esverything hes been
ehecked and is satisfactory.

*Bovare of the pride of the dosigner®. DPeeple
éo not gemerally 1ike adnitting that they are vrong.

“Instructions are ofton retained in Neoad Office*.
Gperating Manuvals and other dotailed information must sresch
the roguired working level, just as World Populatien.
Control and Pamine Melgef Progranmna need to reswlt 4n
practical spplicetion by actual mon and wvomon,
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5.1

Balety Avd. o an fowr]
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Althongh some difieren en in terminology coxist,
the concopt ot Auditing Safeiy is becoming inercasingly
common, T quotc a reecent British jablication {(ref. 4).
"The word audit has traditior 1y Feen ascocaterd with
finaneial accounting proccdur s, but §n recent years it
has come into coumim usaie, partleunlarly in the Undted
Btates of Amcrica, in the wndectrial satety ficid,  In
thig context it means o cystenatic craticel examination
of an industrial opcration 1n its entircty tc identily
potential hazards arnd levels of risk", Thig sar>
publication {5 a good e.ample of a goncral framewnrk on
which a Satety Audit might bLe Lased. It {8 nol. specific
to any particular preces.s but jus based on expexicnce from
a number of laryc suw!ctly-conscious opcrators, Other
profussion.l bodic: produce more dctailed guides on
safcty relating to specific operatiors. These guides can
provide helpful material tor compiling detailed

Quastionnaet s (cx. ref. 5),
Satety Review Toechniques in Desiqn

Becausi: of the exient and complexity ¢f Design,
reviow techiiques should alwuys he incorporated to minimise
the posuibility of miatakes and conscquent lack of safoty.
It 48 recommendcd that cach Company, as a matter of
important policy, detevmines formally who i3 best able to
oonduct thesc revicws: who is to Lo responsiblei  when
ond how arc the rcviews to be carrjed out. This policy shon
be closely related to the overall design approaches used



Bafety Review Techitouca ip Dbesigu = econt tnued

(Bee ulro paragraph ¥ abave).  The purpo.e of these reviews

lhou'd be Lo vnuure that the design team have tdentifiod

81l hazards and that thelr design provides an adequate

solution making full usc of puit experience, It is

patticularly helpful to scrcen key information such as P o ]

diagrams (o1 EID's) at meeting: attended by the various

spoclalists who have made contr!hutions to these documents.

Check 1ists can provide a useful control on this work.

In Britain the irecent Health and Safoty at

Work Act ctc. 1974 has owmphasised the responsibilfity of

designers to socicly in gencral. As a result Professional

bodies in genecral have been considering how engincers may

meet their newly dofined responsibility, and at least one

organisation has issued a paper advising clear procudures

to ocover:

a) Routino Dosign Activities
b) Safety/Operability Reviows

c) Operating Manuvals

Thuese sections cover mottors such us-

Q)  Meview of hoat and mass balance. How ocompotcont s
& licengor? Aru oll cxtromes of terperature and
pPresuure fully notcd? How are toxic fluids to be
handlcd? What are fire fivhiing provisions?

b) A systematic review of thoe oporability in dctail,
involving expertonced comissioning and operating

personnal to examine eritically what fs intonded,

Ome major v.x, Opczating Company &pumis many
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5.3
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gL = cuntinued

Safcety Review Tochr! PUS aa oo

b) continucd
hundreds of boeagrn oy el L_'::--'.j' r@vi'_-wln,j i1tem
by item what the cifocts Of Changes nay Le, such oo

losi of powctr, rising tomperatnre ote. {ret. 6).

c) Are clear ctatoment. on all Mwitationg given?

What emergency actions may b Lovessary?

Independent Safely Aucit- {1, Locign

There is an understund. Hic attraction to the
idea that Independent Sa'cty Audits must be o god thing.
In 80 far as Pesign activitics are conceviaed, t+ should be
remcmbered that the knowledge want an extcrnal saf.ty audit
i8 to occur and may induce a feerling of lessencd responng-
b115ty with regard to safcly fn the engiacers and tochnicians

carrxying oul the design.

In any event, the principle that "Safely is
ingoparable fran Dosigqn” must not be upleriincd.  The
oompetence and expericnce record of the douigners mugt be
weighed against the cxperience record and likely ability of

an Indepcndent Auditor to conti.bul-: at thd_Design Stage.

Independent Safety Auditing is nwo subi itute tor good design
by & team of expericuced desigaces who are eneouraged to
examine critically cuch others work. On an existing

Plant, howcver, there is porvhipe a more clear advantage

in the use of Indcpendent Audits, thoudgh the same factors

apply, namely that safoty must nover come to be HOON a8

the responaibility of "others”




Environmentol Aspeacta

Apart from econonic factor:, the mating of a plant

must take into account various onvironmental 1imitations, which

may oftcen be under Government Control.

6.1

6.2

6.3

Hazard

— -

Whilot compared with many other Chemical Oporations,
ammonia production is not particnlarly hazacdous, errtaein
hazards can oceur, which should be anticipated by good design.
Amonia in limited quantitica docs not rate as a very toxic
matorial. Ruplure of a 20,000 tonne refriyerated slorage
tank would how ver, cunstitute a major disaster and design
of such storaye should be very cerefully considered. A H
very recent. code (ref. 7) advocales the use of concrote
bunded tanks, preferably sited well away from residentiel
arcus. In these days of violence, sabotage can never be

ruled owt and sntorage svstcms are always attractive targets.

Effluents

Ganscous cffluents should preferably be flared,
purging of flare systoms beiny an advisable though expoensive
pPrecaution againnt explosion. Liquid cfflucats in many
ways can be more tLroublesome and likely quantities and
analyscs should be detcimined and considercd carly An the
degiygn,
Roine

Ameonia plonts do not make jdeal ncighbowrs and

in Britain current legislation againet noise nuisance lcads

to plamt siting preforably at lcust une kilometre from the




Noise = continued
nearest housing arca, oven after extensive provision on the

pla..t of noise reductic fcatures,

Reliability Techniques

Industries such as nuclear power generation which are
extremely capital intensivc and use very sophisticated techniques,
have beun forced to develcp and practice reliability enginecring
techniqucs to cnsure safety in operation. These techniques arc
well described in the literature (1ef. §) and use mathematics
to predict overall plant reliability from measurcements of actual
reliability of individual plant components. Use of these techniques
is clearly to be encouraged in the Amrmonia industry, though progress
80 f[ar scoms very limited. Recording and publication of actual
reliability data is the greatest obstacle, and the initiative

rests at present largcly with operating companics. A pragmatic

approach to reliability scems to be the norm at present,

Plant Layout including Communications

| Plant layout is hest developcd by a team of people
who have a clear understanding and expericnce in both process
requirements and enginecring details, including piping arrangcmen!
and maintenance neccds. Harardous arcas should be carefully con-
sidered with as much forethought as possible to the positioning
of atmospheric vents and blow-offs. The porition of control
rooms is gnevitably a partial cbmpromise since the cost of
cabling etc., dictates that the contrul room should be as near
to the plant as possible, whilst smafety requircments suggest
that it should not be expoucd to hazards which may arise on the
plant itself. Whcther to install windows or not has recently
been a question which hos taxed dosignern. From a safely poirnt

of view, ‘he dcsign must alw s include adex i1ate escape routes

to potuit eperater movement chould a fire or other harard occur.
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Plant

——— -

Tayout_tncluding Commmicat gonr - contfnved

Drainage is oftem overloocked when preliminary pltant
denign occure, and every effort should be mede to deve jop o
comprehensive plan with the come ‘ateres! that bastc heat and

mass balinces are dewveloped.

The maintenance facilities which ape in reality likely
to be availuble are nnt always correctly peedictnd by clients to
contractors, and froquently difficultics ocenr subsequent ly on
site when cranes of the sophisticatirn expected by the desige

are not available.

Communication necds to be comaidered as @ part of
safcty when plant layout is developued. A vari~ty of systean
oxist extending from shout ing at onc another to the wne of pochket
radio cquipment. On matters auch as thesc, the sdvier of

experienced oparating staff can be invalusble. Pire alare

systoms should be concidered as i ersential part of commwnicatinne

Process Aspocts

Perheps tho largest contribwtion to ssfety cem be
made {f corrcot decimions are takom st the stego of peocess
sslection and developmont. In asmonia production, cholcu of
food-tock 45 the major decision and anpucts ausociated with the

wso of various fcodrtocks are dincussed below,

Irrespective of feedstock, however, it is the tesk
©f the proccus dosigner to sclect operating paramctexrs which l:mp‘
tixn the task of U othor onyinecrs. Choice of basic prunsurc end
temperature Jevels is isportant and noods to be 1elated to Lhe
Philosophy to be used for relicf valves. Much of this choice ia
4n the hands of the proocss liceasor, and i 50 far us selrmty 18




! "

o‘7o

Prrw_es.-l Lﬁgn_c:_c;t__: = eont nueed
concurmed,the individual pPlant degigner 1o lef wity, .0 i«

detegmining what L~ e wietl, *h oft, or e dis g d fyrm 'he
process elther by rellef valver or othor start up voR' o andd

draimne. This arca 1o not partd nlar’y w 1) eoveor ol at prooont

by codes,ant concepts mutt therefore Lo developd o euit aac
particular dcsign. Tt is often in the. o very arces thot W oaade
can be overlooked Lo cuuse fur ex.mple, dineciatges from 1edaf
valves are cxpocted rarcly tc happen., We have found 1t ircreasinaly
valuable to try to picdduce as pat of the desiqrn appreach, cicar
statements of policy with regard to such dtachaiove und reld
protection to ensure that a conristent approach is taken by ali

ongineers on the dosigyn team.
9.1 Gas_and Maphtha Feedsrock

These plonts ave perhaps the eusiest to desiqn
ot co they require the lcast equipment, Appreciable
capital is invested in catalysts, and though' is nCCesLary

to ensure adequatc prutection systoms are fostalled.,

9.2 Fwel 04) Peedstock

In common with coal gasificatjon plants, oxyyen
plants are usvally roquircd and thece nced to be treatcd
with respect despite the considorable advances in safe
techmology over the pust yeoars. It i hcelpful to apply
9ood refimery practice to firca heater desaygn 11 excodnjy:
ooking 13 to be avoided. Thim 1 usually achieved by
limiting heat trasfer rates an; providing proper faciiitics

fes perjodic decoking. The mort horard us area is

pechebly the ganification vessc) iteel) {,and great carc 4.
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Recded tn erovve adeguate g fytem. are yw o fled,
PENLca ly dmpdovented o trgulinly teited.,  An with some
COul proce neeh, tt o im g e TOry to epprecaate that the
guantity of roag nte contatned in the rystem tn ey
tmadl oant as ooonooult 4. 4k 1ntahle to produe: extrcinly

high temp tatyren very  read! by,

Certadn pie€alle await the lesigner who s
only cxpeidenced In the we of clean Jight feedtock, hueh
a8 natural o, Coal doos not §low predictably and
denionn chould anticipate the possibility of Lluckage
and include factltries for freetng thom, Byproductes agpe
Particuturly troubicnosr and Lar produced 1 nften
spureciably worne thin tha correnly Ciperfenced tn the
ol tndustry,and car readdly turn solid. The hazardn
associated with lekage are alwo v ry bugh.  Approximately
0%V carbon monoxide may b precent and make gan stroem
leakage can thus be lothal, Cyonddes are alse presenat
md these necd (o be handled witly extrome cantiom, reacmboer ing

that NON 1t moOYe toxie than “:f; and much less ycndl‘y

éisccernible by g swetl,  Liquid ctfluents include:
phenols ang cyanides. Ao jum carbmnate can occur

In the mike gos sirem ‘and moviciens for cle.an ing
blackages munt b considmod.  The probloms with the
926111 r dopend to 1 ome extent on the proceus selected,

™Me pornibilivies of exploiions occur with Poor distribut ion

Gue Lo Lo 29qlomeration and stirring is oftin advinah)y .
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Althoujh ush is not ro wwrred, the dedoner mast nor Vor ger
fte importance.  In wowe provenLe s 1l e doo not fina,
troublle arcure, in nthor prooocen dreable co0 s Secar

tf 4t flows. An understanding ot likely [roportacn 44
most important. Perhaps the most mpredictalle feoturo
with codal is thiec way in which 1te analysis can vary
unexpectedly. bHulphur content, for cxample, can vary
significantly tn o sinie delivery and the £1 w10t
meeds to take curcful account of all possible extrooo,
MaB content, fer example, can vary wideiy presenting o
flowsheet and control problem on the sulphur removal
system, Coal can be displaced downstircam of the gasitic:
and provisions are requiircd to munimise the riss of this
occurring,

Control Probicm:

The control of steam syutens ar particular
on.plantn using Yargely steam drives neodoeareful analysis,
Modern techniyuer render simulation possible,and staff with
skill in modorn control thcory should be used to verify

the ability of the system to cope with all poisible upscts,

Mdmormal Conditions

The process designer is often the key man
to dctermine the possibility of abnormsal conditions.
Is thero a possibility of vacuum occurring duc to
vesse]l steam out? Can anything be done to avoid brittle

fracture due to conling of an ammonia leak? Is the dis-

solved 30118 contcnt of the seal water to the 002 remaoval

system pumps likoly to cause trouble?
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Hany avvct, of enmoncarim are covered in depth
by varioas Nationa)l codes, ven oo, sueh an botlers, piping,
versels ctes Lt 95 ot tntcded to aiseneg these, althowgh
much of the rafely achiey o by the Amonla ing 8try {4 duws to
these codes, 14 may be hedptu! to constder a number of other

aspecls under the vorjous discipdines snvolved.,

10.1  Clvil Enginees fug

Accurate notl swiviys ate nccessary to eanu e
succens, dun't gueso, pParticularly where lirgoe machines
foundaticns arc fnvolved. Wheiro dificrential nettloment
18 poscible, piling may be reeessary Lo avold pipework
fracturce. It s wise to consider carefully where
fireproofing of strvetures §: Wdvisoble to avoid major
collapcce in the cvent of fire. Reavonably good data for

earthquakce, wind and rain arc alwayr ncoessary,

10.2 BEloctrical Engdieering

On amsonia plants currosion may ovcur if
Joints arve not Propeely shrowlod.  The normal require-
wments for corthing ote,, musl be obacrved, Equipm-nt
munt be in acoordonce with the hazards to vhich it may be
subjocted.  In the UK. & pParticularly hoelpful suswary
for chemical plant yeix rally has reccutly been published

(ref.9),




0.5

Instpwe -, 1 e

Atmouphoer i carro,ton 0 Pe o oo b
unless matorjals are carveftoldy o wtiolca,  nup; Yaer
say be wiavarce of conditions poovalhine onoomo e oo

plant.  Tup systows ove cortonly usod tr vere vl

econditions - thewo agyLbloems heed Lo dee T O Pt

Quality to aveidspurious trdsc oed the o a7 A0 o

they brirny,

Heat_Exchangers

These iter: ofuen jrclude Leage odns o oud
L ]
“, be f“\A’ll"Ct to du cigee dur i (3 I PRI 4 AT IUIEIS TN P TR S
unless spccial prccantions are canen,  Looogn g 1o

include check calculorvong Lo pindmice 1o o -0l

vibrotion during ncrvice.

chincry

i -

The moegt tmportant selection the des.gr 1 na.
to make 1s ‘o enzure tha*t the machincry he buys 1.5 well
provem An service and that the ~upplier can dowenntrote
this to be s0. If new types of wactiane vy o envicaged,
then the deslgney must be vobpeme 'y care ful Lo onnn
thut. thorough checkiny oi all aspr et docs ocewr,

preferably before he plarcs an order,

Duirlug the proyr.:sis of deadgn, cherls vill
be necessary on torrional aspectis of the conncotion:s
betwoen drivery and driven, It i5 also veoy mecosoars
to eheck the obhility of variews bty of 4 wachine
to withstand all udverse comditions, parlicularly puiesse o,
to which il may be subjected,
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Freoteciive devices auch ar vibration probes

will normaliy e 1~commendcd by the rupp licer but the

ultimate choice rests with pe main plent designer,

0.6 rired lieater lesign

Burn,r philosophy needs carefwl analysis
to enture fuc! 3pillages are not possible dus to the
absence of sultavle interlocks. A variety of fleme
dutection equipment is available. The dosigner 'uu oelect
carefulily the most suitable and reliable for hie novds.
On auxiliary botlers and vthes "oool box® areas vhege

auto-ignition of fuel is not certatin, full flame feileure

cut off {a advisable un the fuel,

10.7  Piping Enginecring

Many manho.rs aze conswmed by piping design
OR an amsonia plant. 'ndividual COmpCAents afe
claseified by means of a Piping Specification which
Selects suitable material frum the wide renge gveilable.
Special care is needed to ensure Pipe {ittinge, vaives
otc. conform strictly to requitesenta; awupypliess

ospecially those cpersting on a smell scale, eften have
inadequate experience.

Welded cummections ere strongly prefetred,
Joints can leed to flame iopingoment damage should leshs
ignite. Where two Pipes of similar nominal bore bet
different thickness are to be joined by welding, avetd
the pitfall of turning down the thicker wall teo sateh the
thinmer. A special tramsition piece {9 wsvally AsGessary
17 the stroayer mate: ial (1.0. that wed (eg the hiames
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Piping [ oipre am contt e
wrlli'.

Vg  wrae o N TN CEPC LA Lie’
fialu wrach moet - e Loor v d oL R oarary

AMLICIPAte o'l pri e me alba oy Lt auas, dncledang
Stemr Liuwit., “1C., U0 AVLIC Bussibas i Istiens. The noet
likely Cciuse f the ma r } wasrer o f Foamboro in Britaln,
was e *o o3 sack of a; o tecia . Wb o 1AVEL L. 0! an

ulipansion bellow: anler Lopes

pecllicatic, a0 L1, tas 1eQulrerydnts i
generally & design cecpc sl ity Wy €juaa- s carteful
planning tH crsige A parts ¢ o sy tem are sdejuste,ytenre

Degigh coudes us ialiy duve me v o the ldan e 1@ CesBATY .,

Betael lurygy

It meat be Yoo sb 1@ tht )W at metais, the
Amonia indestry vould BGL «Hlet it good me®allun gy A
R ensutial ¢ mpoment f A’ . 9t lesign Fusl accoun’
mest he taker ot "lawds b dlo . My cer OnteAt, tempexa-
tute, but ClL . rn WOKF IMLOT aRt is th fec i to wuderstane
DO 0 t1uat naturials tugl ) fahricy yuin. Mardress testing,
witrasonics, dyechers are tut some o' the B ine tUis devigner
Sust call up when appropridte. Judes five much quidence,
bet there (s a0 suweti ute for a traimed sutallurgist to
spot the 4angerous defect n : desiyn, whetharz it be paint
on owtlet piqtails, & wrowg wiling spr-ification, of an

unsuitable matertal lishle o suflfer styens cosresien.
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Lrocyrement

Perchamnt g, Llnspec-tion and delivwey of equipment and
Materiais requ.rer maragerent which is satety comscious. The
designer must be cageful t specify precisely what he tequires.
In developing countsies 1t 18 rerely sutficient to specify items
8 be in acvordance with the appropriate code. Unlike in lu';qu
o8 U.8.A., tiw puschaser must spell out in detall precisely what
the code entaiis and wust apply rigoroue insmection to ensuce the
iteme swppiied ~onform. Matertals of constructien need cerefwl
omtrol, evea Hn nom-process Ltems uch as electrical O..clo‘uco
W ensute they are sui‘ahie fur the duty and plant etmoephere.
Rengmber the supplier wil: usually meke a bigger profit by
selling owb-standard material. !t is worth spending msney .lo
Rhoure bulk itams such as piping,which can becoms mined wp in
teaneit, are carefully marker or rolowr cuded to avoid wnesle
imstallation. The use of portabie testing davices, ovah ae the
Metsssuy moLal spectinscape, cen detect Sugus materials, and 4t
Moy be necwsnary (o) the desiyn team to call W surh teeting.




12.

Supniesioning Feedback

leerning from experience is a very necesasary part
of design. THe commissioning and operation of plant provides
a very vsluable nource of information to the designer, not only
o tell him about the mistakea he msy have made,but alsn to
provide swggestions for improvement. The commisaioning of a
plant commonly éoes not Occur uatil some 2 or more years sfter
the basic design has been completed, by which time the deaigner
hat porhape forgotten the detail of some of the features of his
work. It is therefore very advissble thet feedback from site
be cetefully regulated and anslysed to provide information in a
ferm seet suited to desiguera. With this in aind, my Own COBpany
has for the past 10 or more yesrs wed a Pichlem Reporting system
to formalise cammunicatton betwesa site and the

éosign office. A sample Problem Report ia in para. 13. Tiese
SOPEEts TecCOgnRise that some measurs of cosrective engineering
mey Do necessary, and ORCLuZege site to state their problems
Glosretely .On receipt ia N.O. reference 10 mede to a Reyworded
preblen file te determine if the problem has arisea oreviouslv,
and weine this infetmetion er other means, 8 solution ia determined
end 0ite advised scecedinsly. Use of heywords is Rept to &
ainiswm and we wee abowt 300 casefully selected words f{rom
“'u asy Gafine s problem. Thess heywords ere ueed to gain
008800 0 our Bein peeblan file vhich currently containe overs

SO0 ssperete preblen casds, oesh card relating to a specific
pocblen enssuntered in prectics. Thess probles ocards are
enalyeed pesicdicelly and frea them check lists are peoduced

for use on now dosigns to minimise the rish of an earlier
peeblen being repoated. (Bnample in para. 15). The cards ate
o0 uwed 00 indicsts azeas where deeign wehaiques, purchasing

apositicetions and cunmiseiening procaduree nesd isprovensat,
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Cosmispioning Fepdback - continued

these. improvements besng fed directly into the mein osmpeny
standards systenm,

Although site personnel are encoutaged to propose
solutions to the problems they tind, it 1s not wuncommen ]
find that, hecause they do not have access to all the designare
information, they ure attempting to trest symptoms withowt
diagnoeing what the true problem is. Ae an example of this,
SOme years ago a C0, absorption systsa wes juet failing to
soach required performance. Much sffort went into queLying
the design basis. Ultimately the design tesm becems swspiciows
of the details of the liquor distribution system; it looked e
4f all the feed would 9o to one side of the colum. Ae s
result, site sede some tests and found that only abowt 1/)
of the column wes wetted at the top. BSince them we prefer to

o water tests as part of commissioning to versify ouitabiiity
of distributors.

Whea the system was iatzoduoed, plast sisee were
mall, but tending to incresse. We began on site to find
ontsrel valve dilficulities which were tresed to & destgn foult:
he mantimum ¢ifferential pressure to vhich velves were swbjected
R txip was ot being stated and valves were being bought vieh
iasufticiently powerfeul actuators. At a sinfler time, ooavectien
b.lm!mmuvu‘m tresed o0 air inleshege.
™is led to ouwr mormal practioce of lesk testing ewnveetien
benks as past of precommissioning prepezation.




Conclusions

It is hoped that thi s paper sbor. ow Clnsely
safety is linked to yood derign and that the tirst questioa
to ask 1is always: ' tre design policy tlkely to be sound,
thoughtful, und ciretuliy carrjed outs'. The anseer to this
question will clearly relua:e to the cumprtence of 1iie wngineers
@oing the work. If these 1oquirements appe.r ‘¢ have Leen met,
safety auditing can then be unaertekcn as 4 meaningful task.

It not however, (remembering tniw paper refars to the design

task), then it is doubtfui It ‘he des.ign suouid Le a.lowed te

proceed at all.
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