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RELIABILITY OF AMMONIA PLANTS

M. Altieri, B. Ersini and A. Stauble
Enichem Agricoltura, Italy

1. INTRODUCTION

The operation continulty of ammonrlia plants, particularly of those with a single stream, s one
of the main factors contributing to the reduction of production costs. On the other hand,
costg can be Iincreased due to shut-down and start-up.

It had also been proved in the pest that high operation temperatures, pressures, and every
accldental shut-down can be a potential cause of further fallures which will lead to a plant
shut-down.

From the reliability statistice of the ammonla plants operating throughout the world it has
been found that for the reciprocating plants there are 60.2 days per year of Inactlvity with
an average 16.5 shut-downa/year.

General maintenance 1s carried for 31 days every 17 months.
This report shows how it has been possible to ralse the level of afflclency of our plant thus

making it possible to save conslderably in energy, to carry out the turnaround once svery
flve years, and to develop the already well-established know-how In terms of:

non-destructive tests and routine checks:
Intervention as preventive maintenance or fallure malntenance:
meannagement.

2. PLANT DATA

Single stream ammonia plant, in operation since 1967:

Original capacity: 400 te NHaiday

Present capacity: 500 te NH,/day

[nitial feedstock: Virgin naphta

Present feedatock: Natural gas

Raforming: Selas patent

(.'1()2 absorption: Glanmarco-Vetrocoke patent

(glycine now used Instead of arsenic)
Synthesis: Fauser patent

Compressor: Reclprocating
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3. PERFORMANCE SUMMARY OF THE ENICHEM PORTO MARGHERA AMMONIA PLANT

Service factor: 94.7%

Frequency and duration of maintenance:; 60 months/49 daya
Downtime due to equipment failure: 7.9

Downtime due to Instrumental fallure: 0.0

Downtime due to electrie fallure: 0.0

Two comparisons wers made to verify the valldity of the strategy adopted:
N plant reltabllity with maintenance carrled out st intervals of four and flve years:

. rellabllity of our plant compared with other similar ones throughout the world, the
Information for which was taken from AIChE paper n. 50c¢ "Causes of Ammonia Plant
Shutdowns Survey V",

It Is to be noted that for reclprocating plants, which generally have two paralial reciprocating
compressors for syn gas, each with a capacity of 50%, the stoppage of 8 compressor for one
day Is considered the same as a shutdown of haif a day.

4. OVERALL PERFORMANCE

Table I shows the overall performance for all the plants including the perlods of nactlvity
and the number of shutdowns.

The onstream factor of our plant I superior to others principally because 1t Is not
compromised by the dramatle Increase in Inevitable periods of {nactlvity due to feedstock
curtallment and inventory control as recorded In various parts of the world and indlcated In
Table III "Classification of Downtime for Unavoldable Shutdown

The number of shutdowns greater than the average, of the reciprocating plants, is basically
caused by frequent valve changes in the reciprocating compreasors.

. SERVICE FACTOR

This represents the leve] of rellability of the plants and [s deflned as:

1 - (days per year - days of total downtlme) / (days per year - avoldable downtime)
Table II shows how the plants, In comparlson, despite having a low onstream have, on the
other hand, a high service factor due to the high unaveidable downtime. In our case only a

small difference iz noted.

[t should algo be polnted out that in many plants advantage ls taken of long shutdowns
cauged by feedstock curtallment or Inventory control to carry out malntenance,

When this had happened the reason for plant inactlvity was not completely attrlbuted to
maintenance but alao to unavoidable causes (see Table [V), which changed the service factor
value, thus no longer glving the correct measurement of plant rel{ability.
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6. CLASSIFICATION OF DOWNTIME AND SHUTDOWNS

The causes of the ammonla plant shutdowns, shown In Table III and ITIB, are divided Into two
categories : avoldable and unavoidable.

In the unavoldable shutdown category the most significant value for the days of Inectivity Is
determined by a load reductlon due to trade union problems.

These, however, along with the other causes. with the exception of electrical fallure, have
never caused plant shutdown.

It can be seen that for avoidable shutdowns the total of days for maintenance are
conslderably lower than for other plants.

This result becomes more significant when we consider that In the Interval betwesn two
overheuls there are no Intermediate shutdowns for other causes where Interventlon fs
posslble to eliminate potential critical polnts In order to promote the continuity of plant
operation.

Tables IV & V glve the relatlve data about malntenancs.

In our plant the turnaround is carried out once every flve years,

This leads to a conslderably lower average number inactive days per year than for others,
The values for plant Inactlvity due to delay durlng the completion of automatlzatlon work
carried out as an exceptional case durlng the 1990 overhaul, are glven under the heading
"Shutdowns for other cauges",

Also during fallure maintenance optimum results were obtained which become even more
relevant when we consider the long interval between turnarounds and the ebsence of
temporary Intermediate shutdowns due to unavoldable causes,

7. EQUIPMENT FAILURES

* The rellability of the equipment In the gas line has reached an excellent degree, as Tables Via
and VIb show.

From these It can be seen that In the space of nine years there have been no primary or
secondary reforming shutdowns, with the exception of one shutdown In 1990, caused by a
rupture {n a flexible process alr hose at the secondary.

In the compression and synthesis area higher downtime values are recorded, due to repeated
fallures concentrated in a brief time-lapse for the same equipment that at titnes prevented a
defInitlve solution from being found to the problem.

However, with the 1985 overhaul these problems were already solved.

The results obtained in the Ingtrumentation and electrical sector were even more satisfying.

As can be seen In Tables VII and VIII, in the 1986-1880 period there wers no plant shutdowns
causzed by Instrumental or slectrical equlpment faflures.

As regards, on the other hand, the shutdowns due to electrical power fallure an interventions
were carried out with the intentlon of protecting above all the reforming operatlon in order
to avold thermie shocks which, as has been seen In the past. lead to further failures.
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8. MAINTENANCE ENGINEERING
In 1980 the maintenance engineering group was formed with the following alms:

. To supply the malntenance group with adequate technlcal instruments to carry out
malntenance interventlons properly.

* To Indiceate plant modifications so as to Increase plant reliability.
» To coordinate non-destructive tegts carried out by contractors.

. To carry out non-destructive tests for vibratlonal dlagnosis.

. To determine the condition of the rotating equipment.

The philosophy behind the make-up of this group 15 based on concentrating in one logical and
physical place the Information relative to:

N materials for buliding equipment and machines

. non-destructive inspectlons and control techniques for the plant components
. welding problems

. eventual plant fallures

. vibrational diagnoszls

. spacifications of Inspectlon material

. calculation methods for mechanical verifications

In parallel to the engineering actlvity an supportlng operative actlvity run by company
personnel has been formed over the years for the following sectors:

. execution of non-destructive controls
. execution of vibratlonal inspections
N sxecution of manufactural tests at the suppliers

The approach that led to the union of theory and practlce was determined by the following
factors:

. the drawing up of Inspection plans carrled out with the direct particlpation of the
operators that led to Improvement of the non-destructive control methods, developed
for the qualiflcation and quantification of defects caused by particular operating
conditione of each plece of equipmaent.

. continuous communication with the fectory plant operator groups that has facllitated
maintenance of each component. This has allowed a critical revislon of projects for
modifications, keeping In mind future {nspections.

. the direct experience with defects which emerged during Inspections that has permitted
the correct modelling of calculatlon simulation specifically for the search for further
critlcal points and for the eventuml re-dealgn of the components themaelves.
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* The experisnce described In the previous points that has allowed tests and construction
specifications to be drawn up that In many cases are more rigorous than the laws In
force and which have contributed to the increase in the MTBF (Mean Time Between
Fa{lures) and the MTTR (Mean Time To Repalr).

. The continuous contact between suppliers of components with regard to tests at the
suppllers premises which have led to thelr sensitization towards the constructi{ve
methods to be uged in the manufacturing of components.

. The same contact with the suppllers that has allowed us to Identify the most sultable
suppliers of critical components.

. The work fleld of the group which ls not Just limited to the Porto Marghera factory but
algo to other meln factories of the company, acquiring different know-how for varlous
construction {ypes of plants.

9. APPROACH TO PROGRAMMED SHUTDOWNS

The Illustrated operation results were obtained after the following actlonas:

1380

. Constitution of maintenance engineering group

. Drawing-up of Inspection programme for the ammonia plant for a comprehensive
evaluation of Its state of conservation

1881

. Programmed maintenance shutdown with executlon of control plan to verlfy the general
state of the plant

. Repair Interventions following discovery of defects discovered during Inspection
1982
. Analyses of results which emerged during the course of the Inspection plan carried out

during the programmed shutdown of 1981

1983
. Preparation of programmed malintenance shutdown of 1985
' Analyses of crisls point which came up during the previous inspectlon, evaluation of the

constructive modifications to be made on equipment and machines.

1884

. Institution of periodical vibrational Inspection of rotating equipment and reclprocating
COMpPressors

. Issue of control and supply specifications of materials foreseen during the previcus
analyzes

. Executlon of tests at the supplier's of particularly critical parts to be used In the

ammonla plant
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. Drawing up of the Inspectlon plant for the ammonia plant to form a comprehenslve
evaluation of both the state of conservation and the appropriateness of the
Interventions carrled out during the 1981 gshutdown.

1885

. Turnaround with the exscution of the control plan to verify the general state of the
plant.

. Repair Interventions following the discovery of defects during Inspections.

The same course of action was repeated In the perlod 1985 to 1800, with particular emphasis
glven to detafled igsue of supply and control specifications following experience galned from
the previous period.

10. CASE HISTORY

The previously defined polnts have made It possible to deflne recurring critical operative
sltuations.

PRIMARY REFOEMING OVEN

The 1881 programmed shutdown revealed a considerable number of defects In the weldings
between the catalyst tubes and plgtalls and between pigtails and weldolets of the outlet
header.

These defects were revealed with the penetrating llquid test before grinding of the areas to
be [napected.

The defects were mapped out then removed, followed, when necessary, by further welding
where the defect affected the thickness significantly.

The maln cause of damage was the Inadequate material used in the construction phase.

The 19856 programmed shutdown revealed similar defects to those found in the previous
shutdown. In the meantlme a 3-part operation gpread over time has been underway to verify
the external stresses on the pigtails:

1885: First support modifleation
1980; Ellmination of support

10682 Comprehenzlve re-deglgn of support using the finlte elements method for thorough
veriflcatlon of stress deriving from operatlon: this re-deslgn will be carrled out on the
company's twin plant at 5. Gluseppe dl Calro (5Y).

IEANGFER LINES

The transfer lines made of INCOLOY 800H have in the past proved to have weak polnts In the
welding jolning the secondary reforming made of low moly steel: the repalrs of these weldlngs
were done In the 1981 and 1990 programmed shutdownas.

After these Interventions the joint-reducer was redesigned in order to obtain a more balanced
distributlon of tenslon and to create optimum conditions for a systematie Inspection during
operations with ultrasound.
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In the 1985 programmed shutdown the subsidence of one of the plpelliie supports was found:
the subsidence had partlcularly affected the welding between the support plate and the plpe.

The anchorsges were re-designed with positive results that wers conflrmed by the
Inapections carried out during the 1990 programmed shutdown.

RIEAM SUPERHEATER

The steam superheater ls composed of a 15 m long exchanger positioned horizontally on
elastlc supporta. In the past the critical point has been traced to the weldlng between the
shell and the hot tube plate, the point subjected to the most mechanlcal stress. In fact In the
ioad change phase the exchanger moves noticeably horizontally and vertically as well as the
netural axis movement caused by thermic dilation, movement due to the uneven distribution
of temperature on the shell,

The first actlon was carried out at the re-startup after the 1985 programmed shutdown when
continuous regulations were carried out on the elastic supporta with variable loads intended
to minimize the external stress on the welding mentloned abova.

This proved succesaful as shown by the programmed shutdown of 1990.

With theae results the support system was re-degigned uslng suitable supports with constant
load,

RECIPROCATING COMPRESSORS SYN GAS

During the latest production campalgn thers have been a high member of fallures due to
valve dlsc ruptures. These fatlgue ruptures occurred before expected. On closer analysis of
the material it was found that there was a conslderably wide range of distribution of
hardness, which indicated for the materlal of rthe valve dlsc (martensitle atainless steel) a
drastic decreass of the mechanical properties reslstant to Tatigue,

This fact is also confirmed by the poor results obtained when carrying out modlfications to
only the mechanlcal machining cycle of the dlsca themselves, and obtainlng no change In the
valve parformancs.

On the other hand, materlal from different suppliers gave decldedly different results thus
Justifying the effect of hot treatment on the materlal constituting the valve discs.

SYNGAS CIRCULATOR

Since 1980 the MTBF has risen from 4000 to 12000 hours through accurate balancing of the
Impellers and the use of bearings in a bronze cage subjected to a through check before thelr
Installation,

ESS

The upper basket of the synthesls vessel is replaced at each flve-year shutdown. The baasket
Is reconditioned and kept as a spare part for the instelled equlpment. During the following
recondltionning, the constructlve techniques which were Improved with weldings that
guarentee a better seal, were confirmed by tests carrled out by the suppliers before
despatch.

This equlpment had defects caused by Incorrect welding procedures.
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SYNTHESIS VESSEL

The synthesis vesael is multilayer type which therefore limits Inpectlon exclusively to the
sheet constituting the most Internal and most external shells apart from the forgings
constituting the bage, the upper flange and the cap.

During the programmed shut-down of 1981, defects In the Internal sheet of the ahell were
found corresponding to the mounting brackets; these defects were removed completely.

Contrals carried out In subsequent shutdowns proved the Interventions to be succesaful, with
no further defects being found.

ROTATING EQUIPMENT

All the rotating equipment {3 subjected to a weekly systematic vibratlonal Inspectlon. The
Informatlon gleaned frotn this control system is used to carry out correctly the reconditloning
of machines with spare parts and to dlagnose any eventual fallures of these machines which
require considerable Intervention time which can lead to production logs.

In the latter case the correct use of vibratlon diagnosis techniques has made it possible to
concentrate on only the Indispensable interventions for the right management of machlnery
and reducing the MTTR.
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TABLE |
OVERALL PLANT PERFORMANCE
AICHE SURVEY V

982-86

Large Tonnage Plants

1985-85

19585-30

Reciprocating Plant

North |Europe| ROW |World; Enichem Enichem
Amaerica P.Marghera | P.Margherg
Downtime-Days/Yr/Plant| 71,11 | 48,63 |84,62(60,17| 24,77 26,82
T’:‘prhutdown&N“/Yr/Plant 6,7 6,26 111,62|16,48 15,5 12
Onstream Factor ( % ) | 80,62 | 86,688 76,84 83,62] 93,21 292,71
TABLE II
PLANT SERVICE FACTOR
{ Daya/Yr/Pant )
AICHE SURVEY V
Perlod 1982-856 1985-856 1985-90
Large Tonnage Plants Reciprocating Plant
North |Europe| ROW |World| Enicham Enlchem
America P.Marghera| P.Marghars
TOTAL DOWNTIME 71,11 | 48,63 |84,52|60,17 24,77 26,62
Unavoidable Downtime : 47,06 | 11,19 |39,36|356,44 4.1 7.64
[ Nat Avoidable 24,05 | 37,44 (45,18(24,73] 20,67 18,98
SERVICE FACTOR { % )| 92,44 | 89,42 87,69 92,5 | 94.27 94,69
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TABLE 1
CLABSIFICATION OF DOWNTIME
{Dayn/Yr}
AIGHE BURVEY V
Parod 1982.88 1982-85 1985.90
Large Tonnnge Plarta Raciprocating Plant
North |Europs] ROW |World| Enichem | Enlchem
Amaerica P.Marghera P.ergh!r_la_1
UNAVOIDARBLE
SHUTDOWNS
Fasdsiock Curtaliment 0.8 0,66 119,87111.18 0,08 0,25
Inventory Control 45,37 | 8,89 {16,18({20,A2 0 0,78
Electrical Failure 0,18 0,83 | 1,7 | 2,06 0,8 4]
Qthar 0,71 1.42 | 2,863 1(1,38 3N 8.81
TOTAL UNAVOIDARBLE | 47,06 ;11,19 (39,38|308,44 41 7.64
~ T UNAVOIDABLE
SHUTDOWNS ‘
Tumarounds 10,84 | 14,67 |20,78[13,86) 11,8 9,8
Fallurg Malntanance 13,213 | 22,74 (23,9810, 71 8,72 7.98
Othar 0.18 0,13 | 042 |1,38 0,48 1.2
TOTAL UNAVOIDARLE | 24,08 | 37,44 45,18 (24,73 20,87 13.93_
" TOTAL DOWNTIME | 71,11 | 48,63 [84,62(60.17] 24,77 26,82
TAELE IliB
CLASSIFICATION OF DOWNTIME
(N®* YT}
AICHE SURVEY V
Pertod 18A02-88 1982-86 1086-20
Large Tonnage Planty Reclprocating Plant
Narth |Europe| ROW |World| Enilohem Entoheam
America P.Marghera|P.Marghera
UNAVOIDABLE
SHUTDOWNS
Fesdatock Curtallmant | 0,14 | 0,08 | Q0,74 | 0.3 0 0
Inventary Contral 0,34 | 0,07 | 0,23 | 0,29 0 0
Elactrical Fallure 036 | 017 | 1,37 | 2.1 1.76 _‘_0,6
- Other 0,27 0.11 {0,193 | 0,48 0 0
TOTAL UNAVOIDABLG | 1.11 | 0,43 | 2.83 | 3,37 | 1.78 0.8
UNAVOIDARLE
SHUTDOWNS
Inatrurment Fallure 1,16 | 1,42 | 1,87 0.8 1,8 0.2
Equipmeant Fallure 3 3,48 | 5,83 (10,66 11,28 11,2
Turnarounds 0.8 0.4 | 0,88 0,82 0,26 0.2
Elactrical Fallure 0,22 0,2 | 0,38 | 0.M 1 0
Other 0.b 2,32 | 0,66 | 0,63 0 0
TOTAL UNAVOIDARLE | 5,859 8,82 | 9,09 ([13.11 11,28 11,2
TOTAL SHUTDODWNS 8,7 6,26 (17.,862(16.48 15,6 12
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TABLE IV
DOWNTIME MAINTENANCE
(Daya/Yr/Mant)
AICHE SURVEY V
Parlod 1982-86 1382-858 1985-80
Large Tonnage Planta Raciprocating Plant
PREVENTIVE North |Europa| ROW |Realp.| Enichem | Enlchem
| MAINTENANCE Amarica Plant |P.Marghara|P.Marghara
TOURNAROUNDS
Shutdown far Qverhaui| 10,64 | 14 87 20,781 13.9 11,8 8.8
Shutdown far Other 0.41 484 | 8,81 | 7.99 0,46 1,2
Causes
Totsl | 10,96 | 19,61 20,89(21,94] 11,95 1|
OTHER PREVENTIVE
MAINTENANCE
| ShurdownforPM_ | 0,08 | 0 | 0,33 | 0,02 0 0
Shutdown for Othar | 0,03 | 2.38 | 2,76 | 2,71 0 0o |
B oausas
TOT. PRAEVENTIVE 11.08 | 21,89 (32,68|24.,687 11,98 Ll
MAINTENANCE
PAILURE N
MAINTENANCE
Equipmant 11,44 | 20,76 | 20,33 9.08 8,97 7.88
Instrumentation 1,06 | 1,41 | 1,11 | 0.35 0,83 0,1
Elsctriaal 0,48 0,19 | 1,7 | 0,84 1,12 0
Othar 0,35 | 0,39 {082 0,74 0 C
8,80 5,82 ( 9,09 |[13.11 11.28 11,2
TOTAL PAILURE 13.33 | 22,74 | 23,98(10,71 A72 7,98
MAINTENANCE
TOTAL DOWNTIME | 24,39 | 44,63 |B8.84(38.38] 20,87 18,98
MAINTENANCE
TARLE V
TURNAROUNDS

Large Tonnaga Flants

Reciprocating Flamt

North |Europa| ROW |World| Enichem
America P.Marghara
Days par Tumarounds | 21,74 | 33,24{33,71| 30.8 49
Actual 24 20,5 (13.88] 17 80
| Fraguency-Mantha
Dasiderad 2318 28 14,6 18 60
Freguancy-Months
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CLASSIFICATION OF DOWNTIME
Downtime (Days/Yr)

1982-85
Large Tonnage Plants

AICHE SURVEY V

1982-856

1985-90

Reciprocating Plant

North |Europe| ROW [World| Enichem Enichem
Amarica P.Marghera|P.Marghera
Primary Reformer 3,01 3,04 14,84 11 0 G
Secondary Reformer 1,25 | 5,36 | 1,25 | Q0,77 0 1,32
Purification 1,11 1.9 1,9 | 1.68 0,156 0,66
Feaed Gas Comprassor | 0,06 0,17 | 0,04 0 0 O
Air Compressor 0,8 0,32 | 1,67 0,26 0 0.41
Total 6,23 110,79 | 9,7 | 3,7 0,15 2,39
Syn Qas Comprassor 1,49 | 2,33 | 3,7 | 0,28 2,71 0,94
Syn Gas Circulator 0,01 0 0,02 | 0,06 0 0
Rafrigaration 1,13 { 0,26 | 0,63 | O 0,06 0,96
Comprassor
Total 263 ) 2,68 | 4,36 | 0,33 2,77 1.9
Syn Loop & Refrig.
Exchangers 0,72 | 0,26 | 0,81 | 0,25 0,85 0.8
Plping & Valves 0,39 (1,60 | 0,3 | 01 0,3b 0,39
Vessals 0,07 0,4 | 0,01]0,23 0 0
Miscellansous 01 0 0 |0,24 0 0
Total 1,28 | 217 (1,12 | 0,82 1 1.19
Misc. Equipment
Auxiliary Bollar 0,48 | 0,31 | 0,45| 0,68 0 0
Piping & Vaives 0,27 | 0,63 | 0,9 | 0,08 0.3 0.2
Exchangers 0,17 | 2,59 | 3,31 | 1,21 1.8 1,1
Vessels 0,06 1.4 | 0,19 0,63 0 0
Pumps & Drivaers 0,08 | 0,17 | 0,23 0,03 o 0
Reciprocating Compr. 1,14 0,76 0.8
Miscellanaous 0,2 0,12 | 0,08 | 0,06 0,2 0,3
Total 1.26 | 5,22 | 6,16 | 4,23 3.06 2.4
GRAND TOTAL 17.4 | 20,76 120,33 9,08 8.97 7,88
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CLASSIFICATION OF DOWNTIME
Shutdowns (N®/¥r)

. AICHE SURVEY V
1982-86

Large Tonnage Plants

1982-856

1985-90

Reciprocating Plant

North |Europs| ROW [World| Enichem Enicham
Amarica P.Marghera |P.Marghera
Primary Raformer 0,7 0,52 | 0,78 | 0,5 0 0
Secondary Reformer 0,14 | 0,24 | 0,27 | 0,1 0 0,2
i Purification 044 | 0,39 0,68 0,69 0,286 0,2 |
| Feed Qas Compressor | 0,04 | 0,03 | 0,04 | 0 0 0
| Alr Compressor 0,31 C.21 10,39 0,15 0 0,2
Total 1,63 | 1,39 | 2,16 [ 1,34 | 0,285 0,8
Syn Qas Compressor 0,65 | 0,67 | 1,57 0,24 1,76 0,8
Syn Gas Clrculator | 0,02 | 0 | 0,03 0,07 0 0
Refrigaration 0,18 | 0,1 |0,290,02| 0,265 0.8
Compreasor
Total 0,885 | 0,67 | 1,89 | 0.33 2 1.8
| Syn Loop & Retrg. |
Exchangers 0,24 | 0,09 | 0,16 | 0,24| 0,26 02 |
__ Piping & Valves 02 [024[019]019] 026 | o032
i Vessels 0,03 [ 001 | 0 |o0,04 0 0
Miscaellansous 048 | 0,34 [0,38]052| 0,5 0,4
Total 048 | 0,34 | 0,36 | 0,52 0.6 0.4
Misc. Equipment ) B
Auxillary Boller 0,02 | 0,03 | 0,07 | 0,15 0 0
Plping & Valvesn 0,1 0,44 | 0,49 | 0,47 0 0
Exchangers 0,02 | 0,51 | 0,59 | 0,45 0.5 0,2
Vassels 0,01 | 0,04 | 0,04 0,08 0 0
Pumps & Drivara 0,04 | 0,06 | 0,14 | 0,07 0 0]
Reciprocating Compr. 7,22 8 8.4
Miscellaneous 0,06 0,03 | 0,03 0,03 ] 0
Total 0.24 1,1 [1,38|845| 85 8.6
GRAND TOTAL 3,2 | 3,5 | 567[10,75] 11,26 11,2
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TABLE Vi

INSTRUMENT FAILURES

Downtime Days/Yr 1.982:1.983(1.984|1.9856 AVERAGE
Total 1" Reformer | 0,86 | O 0 1 0.47
Partial 2" Reformer 0 0 0,21 0 0.0b6
Partlal Methanation | 0,15 0 0.1 0,2 0,11
Partlal Synthesis 0 0 0 0 0
Partial Comprassors 0 0] O 0 0

TOTAL DOWNTIME 1 0 (0,31 1,2 0,63

Downtime Daysa/Yr [1.986(1.987|1.988|1.989| 1.990 |AVERAGE
Total 1* Raformer Q 0 0 0 0 0
Partial 2" Reformer 0 0 0 0 0 0
Partial Methanation | O 0 0 0 0.6 0.1
Partial | Synthesia 0 0 0 0 O 0
Partial Compressors | 0 0 0 0 0 0

TOTAL DOWNTIME 0 0 0 0 0.6 0.1

Shutdowns| N°/Yr  |1.982(1.983(1.984[1.985 AVERAGE
Total 1~ Reformer 1 0 0 1 0.5
Partial 2" Reformer 0 0 1 0 0,25
Partial Mathanation 1 0 1 1 0,76
Partial Synthesis 0 0 0 0 0
Partlal | Compressors| O | 0 | O | © 0
TOTAL |SHUTDOWNS| 2 0 2 2 - 1,56

Shutdowns N°/Yr 1.982;1.983(1.984(1.985| 1.990 |AVERAGE
Total 1" Reformer 0 0 0 0 0
Partial 2° Reformer 0 0 0 0 0
Partial | Methanaton | O | O | O | O 1 0.2
Partlal Synthesis 0 0 0 0 0
Partlal Compressors | 0 0 0 0 0

TOTAL [SHUTDOWNS| O 0 0 0 1 0,2
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TABLE vl

INTERNAL ELECTRICAL FAILURES

Downtma Daya/Yr 1.8982(1.983(1.984] 1,885 AVERAGE
| Touwl 128] o 1.2 o 0.61
Partial Cantrifugal | 0,45 @ 0 1,6 0.81
compr. air
TOTAL DOWNTIME | 1,7 0 1.2 1.6 1.12
Downtime | Days/Yr  [1.286]1.987)1.988| 7.889 | 1.890 AVERAGE
Total 0 0 0 0 0 0
Partial 0 0 0 0 0 0
TOTAL DOWNTIME 4] 0 Q ) 0 0
| Shutdowne N°/¥r 1.982/1.983|1.984| 1.988 AVERAGE
| Total 1 0 1 0 0.6 |
Partial Centrifugal 1 0 0 1 0.8
carnpr. air
TOTAL |SHUTDOWNS| 2 0 1 1 1
Shutdowns N°/Yr 1.988(1.987(1.983| 1.989 1.890 AVERAGE
Total 0 0 0 0 0
Partial 0 0 ) 0 0
TOTAL (SHUTDOWNS| 0 | 0 | o 0 0 0
TABLE IX
EXTERNAL ELECTRICAL FAILURES
Downtime Days/¥r 1.982|1.8983(|1.984|1.9a8 AVRERAGE
Total 076|082 0 | 0 0,39 |
Partlai Cantrifugal 0 (048|168 O 0,91
gompr. air
TOTAL DOWNTIME | 076 | 1,28 [ 1.88 0 0,9
Dawntima Days/Yr 1.886(1.987(1.888(1.988| 1.880 |AVERAGE
Tatal 0 1,02 Q 0 0 0.2
| Partal o | ol oo o8 0,17
| TOTAL | DOWNTIME | 0 [1.02] 0 |0.31] 0.81 0.3 |
Shutdowns N2 /Yr 1.982(1.983(1.984/1,988 AVERAGE
Total 1 1 0 0 0.8
Partial Cantrifugal 0 1 4 0 1,28
compr. alr
TOTAL |SHUTDOWNS| 1 2 4 0 1.76
Bhutdowns N2/ Yr 1.988(1.987|1.988|1.089| 1.980 AVIHAGE
Total 0 1 0 0 0 0.2
Partial 0 o 0 1 1 0.4
TOTAL [SHUTDOWNS| O 1 0 1 1 0.8
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TABLE X

STATISTIC FOR PLANT SHUTDOWNS IN THE 1981-1990 PERIOD

Yeaar Plant Cold Date |n. days of Notas
Shutdown | Shutdown oparation
1981 0 0 08.15.81 Re-start-up of plant
1982 1 1 03.12.82 209
| 1983 1 1 09.13.83 BBO
1984 | 0 o |
1985 " ___ |oa.20.85] 586 ___
Total 2 2
Average = 0,5 cold shutdowns/year In 4 years

Losa from reformer pipas = 2
Average = 0.5 loasas/yesar In 4 years of operation
Year Plant Cold Date |n. days of Notes
Shutdowns | Shutdowns oparation
1985 06.16.856 Re-start-up of plant
1 0 10.19.856 126
1986 | 1 0 06.18.86 242
1987 1 05.19.87 336
1 07.03.87 45
1 1 10.10.87 99
1988 1 1T 104.10.88 183 i
1989 1 1 04.26.89 380
1990 0 0 03.01.90 310
Total 7 3
Avaerage = 0,8 cold shutdowna/year in 5 years

Loas from reformer pipes

Avarage

=0

= 0.0 lossas/year In 5 years of operation




