Assessment of a Urea Reactor V9, March 17, 2023 Assumptions: 316L UG liner and only tubes outside the insulation as leak detection system

Where the Uree Industry meets

Hazard Scenario

Risk Ranking
Project phase Equipment part before Frevention Prevention steps (to reduce Likelihood) Mitigation steps (to reduce Consequences)

Revision Hazard & Initiating Event Consequences Document Number & Revision

Defects in the protective layer leads that ammonium carbamate

Bad workmanship, e.g. wrong can get into contact with carbon steel pressure bearing wall

design details andior wrong
materials leading to defects in the
protective layer. These defects
typically show up during the first
years of operation.

AMIMO LASER Leak Detection System, mirimizes time that ammonium carbamate s in contact with carbon steel and minimizes
Ammonium carbamate will be in contact with carbon steel UreaKnowHow.com Urea Incident Database: the isk of clogaing of the leak detecton tubes. Performing corrosion inspections during tumarounds by qualified and experienced
pressure bearing wal leading 1o potentally high corrosion rates | Engineefing Protective ayer Incidents 10-005, 05-001, 01-001, 95-001, 91- inspeciors wihafequency depending on age of eacorand previous nspecton indings: Hake use of sl and experisnced
(1000 mmiyear). This can threaten the mechanical inegrity of the 001,79-001 by skilful and

vessel. As leaking liquid in a urea reactor contains also urea, repac: aseure boating port

clogging of the leak detection tubes is likely to oceur.

1 |17 March 2023

Defects in the protective layer leads that ammonium carbamate

Bad workmanship, e.g. b con ge o contact wih carbon seel pressure bearing wal AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes
welding, wrong materials \eadmg to | Ammonium carbamate will be in contact with carbon steel UreaKnowHow.com Urea Incident Database: the risk of clogging of the leak detection tubes. Performing corrosion inspections during tumarounds by qualified and experienced
2 [17March2023 |defects in the pr wall leading to p igh corrosion rates Protective layer Incidents 10-005, 05-001, 01001, 95-001, 91- nspectors wilha requency dapencing on age of eactor and previous nspecton idings. Mk use of skilful and experienced I case of a eak stop the plant
pi ( is can threaten ity of the 001, 79001 by skilliul and
during th frst yoars of operaion. | veasel AS oaking auid i a urea reaclor containg 1o urea msped pressure bearing part.

clogging of the leak detection tubes is likely to occur.

17 March 2023

Chioride contamination behind the
liner leading to locally chioride
stress corrosion cracking and

Cracks in the protective layer leads that ammonium carbamate
can get nto contact with carbon steel pressure bearing wall
Ammonium carbamate will be in contact with carbon steel

in the protective

pr wall leading to p igh corrosion rates

layer
ingress of marine atmosphere.
during transportation.

is can threaten inegrity of the
vessel. As leaking liquid in a urea reactor contains also urea,
clogging of the leak detection tubes is likely to ocour.

Protective layer

AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes
he ko logaing of e lask deleclon e Ak any cnnlsmma(mn behind the liner and in the leak detection tubes by

During drilling the leak detection
holes in the carbon steel the liner
was also partly drilled leading to
first a very small leak in the liner

Defects in the liner lead that ammonium carbamate can get into
contact with carbon steel pressure bearing wall. Ammonium
carbamate will be in contact with carbon steel pressure bearing

Case discussed during UreaKnowHow.com 5-

AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes

7 Mach 2020 |t yeasof s g o | wlleaing o polentaly g corosion sl 1000 ). | Consucton | Ler Day res T Progom (e o looing of . i erecio e ke 30 o o ad oxponenced s
maybe s stil practice In the leaking liuid n a urea reactor contains aiso urea, clogging of
fabricaton process of certain | the leak detection tubes s fikely fo ocour.
vendors)
M 2008 e s araos st made. |8 s area was also the heat affectod zone with hgher Construction Liner reaknowHow com Urea Incident Database: AMIMO LASER Leak Detoction System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes
welds a 1 corosion rates, this area became a weak spot n the liner Incident 12.003 and 12-004 the risk of clogaing of the leak detection tubes. Make use of qualified and experienced fabricators.

Leak detection hole stil closed
uring operation,Note: When o

No leak detection available during operation. In case a defect in
a liner ocours, ammonium carbamate will be in contact with

IO LASER Loak Dotecion System, minimizos imo that ammonium carbamatoisn contact with carbon ool and minimizes

A
mives a sito these holes UreaKnowHow.com Urea Icident Database th il of logging of e ek et ubes Assursprporconnoctn and nstalaen of a AVHO LASER e
T Mareh 2028 et ngros o | cafbon stel pressur bearng wal leading o poenillyigh | Commissioining | Leak Detecon System | EEELS LASER loak cetoation setom focuses more aisnion o he fsks associatod wih
orrosion rates (1000 miyear). Ths can threaten the
chiorides and fouiing during rapery mark sk dtacion ek g abrcaton 1 vecsel a8 e 16 verous e o elos 1 gh pressure squpmert
A mechanical inegrity of the vessel
Chiorde contamination on process_|DEECtS I the proecive layer eads that ammonium carbamate
Chlrde contaminaton o process | ot conack i carbon tel peseurs bearingwal
side e olocaly chiorde | i il b I conac it carbo st
17Marcno0p [V COMBINGREKNG S0 | e Bcarng wal oang i ptental i comsioa s | Commissoning | Prtecti ayer
g ke e ot | e st e
fayror sxampl by using chords |LCCCo" . oakng i n & r reacirconai aissure
d 9 clogging of the leak detection tubes is likely to occur.
Loak detection systom wil dotect loak aftr start up of plant.
Buckingand damageof ier s to AT caamatewil b ncotactith carbon el Istall an ANMO LASER Leak Decton st vo reocuranceof i ncident. ks useofqalfed and experinced o
o |r7marcn 2023|150 ngh pressur bonnd et o | 9 wallsadng o pletly igh corosin tes Ler {aiators and wokdosfor epat ob. Wiz weln s feplr procecut. g eded make uss o 2552.2 weiding |Incasoof  ak sop th plant conseauence X
2 pressurised leak detection system | oot materialduring repait obs. 5
vessal. As loaking liquid i a urea reactor confains also urea, ®
clogaing of the leak detection tubes is ikely fo ocour,
Loak dtoction ystom il dolet e ator it u ofplant
e o Comonoty | Ammonium carbamate wil be n conact wi steel AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes Ma
o [1marcn202s  [Scam durig o ol tomperany eSSt barng walladng 0 elenialy igh coreaion s Lner th il of logging ofh ek oot ubes: Mako us ofqualfed and oporenced fabialors and weker o (9B IOB. |, o a ok st th pant consequence X
o mample erporar ogriy of the Minimizowolding o ropat rocacur. I wolding i eqred ko uso of 25222 wokdig malaial durin opar . A i Rare likelyhood
ooy '94P P vossal. Asloaking qid i a rem reacior coniang s uree, during heating up p Sam and add ith vacuum pressure rang ©)
clogaing of the leak detection tubes is ikely fo ocour,
Loak detection system wil dotect loak aftr start up of plant.
Ammonium carbamate will be in contact with carbon steel AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes Major
Buckling ofliner due to creating | pressure bearing wall leaing to potentialy high corrosion rates he isk of clogging of the leak detecion tubes. Make use of qualfied and experienced fabricators and welders for repair obs. consequence X
10 |17 March 2023 m in reacor ( “This can threaten inegity o the Liner Minimize welding as repair procedure. f welding is required make use of 25-22-2 welding maerial during repair jobs. Add air | " 25 of @ leak stop the plant Rare likelyhood
vessal. As loaking liquid i urea reactor confains also urea, during heating up pr steam and add ith vacuum pressure range. ®
clogaing of the leak detection tubes is ikely fo ocour,
Ammorium carbamae nconiact | Craks I carbon e ichar il o imposst 0 Gt Major
Wi carbonsec can o (2|1 whioh may compromisa v niogty of v reacr: N Ursanouto.com Urea nident Daabase: ANMO LASER Loak Detcton System, mininize e that ammorium carbamate i i cotact il carbonstel and minmizes o
17wz g repecion ey .| O Carbon Steol Wall | nides 10.005. 03,001, 04001, 86001, 5- n i of login f e 1k elecio e, Nt Tush b 0 i i sta.watr o condanste, Remove o e (IG5 o a sk 0 th pant B
cracking i case water s present | possible in case of @ solid wall reacor, however th 001 when a relining Job is due, so one Is able to assess the Integrity of the carbon steel pressure bearing wal ®
behind the liner. Comcetuences of cracks are more serers i a sl wal




Ammonium carbamate in contact
with carbon steel may lead to

Cracks i carbon e, whichar difiult ormpossblo o dotect
and which may compromise the integ; . Note:

reaknowHow.com Urea Incident Database:

AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes
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Major
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Major
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Rare likelyhood
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Major
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Major
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12|17 March 2023 | hyrogen induced sifess crtosion | The possbily o detec hese cracks during msmmn maybe ~|Operational Garbon Steel Wall | Ureaknoutiow. tn o clogging of th ek dofctin ubs. Removsodiner whon awlring b o, 50 on s abo 1 asoss th ey | n cas faeak stop th
cracking in carbon steel due to low | possible in case of a solid wall reactor, however the carbon sicel pressure bearing wall
oxygen environmen. Coneetuances ol cracke & more sevire m  soid wall
Ammonium carbamate in contact
with carbon steel pressure bearing
15 [17Merch202s | e Cracks in carbon steel on outside, which can harm the operational Garbon Stoel Wall reaknowHow.com Urea Inciden Database: Performing corrosion inspections by qualied and experienced inspeclors aso on outside of Urea Reactor. Focus on damaged ||| oo oo
farc (carbonate) sress corrosion mechanical integrity of the vessel perational aron Steel Wall )1 cigen 04.001 Jat Avoid on high quipme: In case of aleak stop the plan
cracking in carbon steels due fo
leaking carbamate falling on reactor
vessel
Nitrate sross corrosion cracking to
outside side of carbon stcel wall
0 |rrvanzgs |15 2900 SOOI | Cracs i caron see on e i, which can thesin the | Gorbon Soct wan | UreaKnowHo.com Ure nccent Database: Pertoming corionispectons by nd exprnc rsecrs o n s f U Resir s a2 | o sip o o
e andlornsulaton Not:tratescan | (2602 1 S S L SR peratona aon Steel Wall | ane, X< 004 niation reas. Asours and i proper melaton: nsal shlio o op f rect Incaso of aeak sop the pln
origin from local nitic acid or
ammonium nirate plant or even
urea conversion by bacieria
Suphurcooson o outsideside of
Piting corrosion of carbon steel on ouiside side, which can Performing corrosion inspections by qualified and experienced inspectors also on outside of Urea Reactor. Focus on damaged
18 |17 March 2023 fcarbon stoel wall due o e.6. bad |y og1e, ine mechanical integrity of te reactor. Operational Carbon Steel Wall insulation areas. Assure and maintain proper insulation; Installsheler on top of reactr. I case of aleak stop the plant
coppert design andio neuition.
Flange leakage leading to crevice
Gorrosion at flange connecion of Apply proper installation and tightening procedures for flange connections. Keep leaking flange connecion free of solids in order
16 |17 March 2023 | nozze leading to dama s may threaten the mechanical ntegriy of the lange Operational Flange connection that leak can be assessed and less risks can occur of Gorrosion of carbon and stainless steel parts of the flange connection. stop | In case of a leak stop the plant
stainless steel andlor carbon steel the plant and comect the situation
parts of flange connection.
Flange leakage leading o crevice
corrosion al flange connection of
y a . . .
17|17 Marcn 2023 | TEEY Sorer1E00ha 0 B O This may threaten the mechanical intagriy of the vessol Operational Flange connection Apply proper installation and tightening procedures for lange connections. In case of  leak stop the plant
steel and/or carbon steel parts of
flange connection
psshe comsin ity e o
thinning. Normal, pa
i, il Tiiimo of troys s 10- Insignificant
. Performing corrosion inspections during tumarounds by qualified and experienced inspectors with a requency depending on age
18 |17 March 2023 rs as corosion i from two | Somewhat less conversion o urea Operational Internals consequence
e o o) Lo ey of eactor an previous nspecton fincings. Measure walthickness of rays
of reactor as temperatures are
higher.
(Erosion) Corrosion of downcomer
leading fo hole and process upset Insignificant
L figures i synthesis as a Performing corrosion inspections during tumarounds by qualified and experienced inspectors with a requency depending on age
19 |17 Mach2023 | (more prone n bends and in Operational Internals. consequence X
e o anase |65 wih ot quid e ey of eactor and previous nspecton findings. Measure walthickness of owncomer.
flow regime and higher velociies)
(Condensation) Corrosion of ntemal y Performing corrosion inspections during tumarounds by qualified and experienced inspectors with a requency depending on age
20 [17March 2023 |pipe of radio-AMMO LASERSOUTCE | Jparonem<reg 279 POSSible fadio-AMMO Operational Internals reaKnowHow.com Urea Incident Database: of reactor and previous inspection findings. Measure wal thickness of intemal pipe. Apply higher alloy materials for this pipe. | in case of a ek stop the plant
contamination of reactor solution Incident 96-001
forlovel measurement Switch o radar type lovel measurement
No'sskdetsion svlale during poraton I case a defctin An MO LASER Leak Detction System witha rlsle and acura ammoniadelctor, ich i in opraton sinc the fst
2t |17Marcn 2023 | Leak detection hole st closed due |2 1ner occurs. s b S Loak Detection Systam | UreaKnowHow.com Urea Incident Database: start up, minimizes ime that Carbamate i and minimizes the sk ofcogaing of he lea ||
farc to crystallsation of urea during leak | 220" Stee! pressure bearing wall leading to potentilly hig! perational eak Detection System | gen 13002 detection tubes. Note: Only a vacuum system guarantees a direct monitoring of a maximum liner area. Apply tracing lo leak | " 25 0f @ leak stop the plant
Gorrosion rates (1000 mmiyear). This can threaten th Getoction lubes.
mechanical inegity of the vessel o
Ammonium carbamate will be in contact with carbon steel AMMO LASER Loak Deloion System, minimizes timo thalammerium carbamao s i coract wit carbon stea and minmizos
Passive comosion leading fo rossure bearing wall leading to pofentially high corrosion rates 2015 Al-Siyabi Omifco Helum Leak Detection tr o cogging of he tubes. tumarounds by qualified and experienced,
22|17 March 2023 | opening of subsuface defocts (1000 mmiyear). This can threaten the mechanical inegrity of the Operational Liner in High Pressure Urea Reactor (E-Library inspectors with a g, weseurs el hektess of moran. I case of aleak to he plant
Ieading to AMMO LASERcorrosion. | vessel. As leaking liuid in a urea reactor contains also urea, UreaKnowHow.com) Cveriey weldat s locaton i fogUIT (m tervle Make ues o qualie and expeteroed Fbrcators and weldrs for repair
clogging of the leak detection tubes i likely to ogaur. jobs. Minimize welding as ropair procedure. ff welding is required make use of 25-22-2 welding material during repair jobs.
Ammonium carbamate will be in contact with carbon steel AMMO LASER Loak Detoion System, minimizes timo thal ammerium carbamao s i coract it carbon stea and minmizos
Weld defect (e, weld decay, knife | PTeSSUre bearing wal leacing to potentaly hgh corrosion raes th risk of clogging of the tubes. tumarounds by qualified and experienced,
28 |17 March 2023 | e e ¥-k0ife | (1000 mrmiyear). This can threaten the mechanical inegriy of the |Operational Liner AICHE 2014 Yara paper inspectors with a feat reactor and o . Lon o 46100k n Inor e Make I case of alea i he plnt
vessel. As leaking liquid in a urea reactor confains also urea, use of quaifed and experienced fabricators and welders for ropar obs. Minmize walding as repai procedure. fwelding i
clogging of the leak detection tubes i likely to ogcur. required make use of 25-22-2 welding material during repairjobs.
Conosion (e weld decay, kif | AmMonium carbamate wil ba in contact with carbon stoel AMMO LASER Leak Dtacion Sstom, minimizss s hat ammarium carbama i i cotactwihcabon stol and miniizes
i attack) n Heat Affected Zone | ressure boaring wall leading to patentaly high carrosion raes the ik ofclogging of tube tumarounds by qualified and experi
24 |17 March 2023 {1050 mmiyar). s can reaten the mechanical nogrity of o | Operational Liner n case of aleak stop the plant

(HAZ) of weld of liner to carbon
steel w:

reactor contains also urea,
(1065173 of th loak detoction ubos 1 kol o 0ccor.

inspectors with a freq reactor and o ings. Pay attention to HAZ during corrosion
incpections Meke use ofaualfed and erpenenced fabrcato and welders fur ropairobs. Mininize weding as repalr procedure
I welding is required make use of 25-22-2 welding material during repar jobs

Major

consequence X

Rare likelyhood
)




Defect (full penetration, pinhole,

Ammonium carbamate wil be in contact with carbon steel
pressure bearing wallleading to potentially high corrosion rates

| AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes,
the risk of clogging of the leak detection tubes. A vacuum based leak detection system detects more quickly a leak. Performing
corrosion inspections durin ualified inspectors with o reactor

Insignificant

consequence X

Likely likelyhood
)

2|22 et ner. | 1000 mmiyean. Tis can esten e mochariclnertyof P E— Liner AICHE 1995 Thielsch paper o Tapocion AT Lok b Gl i il v o o o 10 me"e“ depending on 292 11899 |in case of a leak stop the plant
clogging ofthe leak datection tubes s kely to ocaur. ovs. Aasure Tl peneraton. and compirs nspeciati welds of i (design prase
Higher cormosion rates (AICHE 2014 Yara reports 0.2 mmiyr but
contonationcomoson ges | leding o sorerfeimes andleake n ner. MO LASER Loak Detacton Sytam, minnizs e that ammoniu caamat s ncotact i carbon steland miiizes
the risk of clogging of the leak detection ubes. A vacuum based leak delection system detecis more quickly a leak. Performing
ase part of reactor due fo heat | pressure bearing wall. Ammonium carbamate will be in contact
26 [17March 2023 | sinks like lifting lugs, bad tracing | with carbon steel pressure bearing wall leading to potentially | Operational Liner AICHE 2014 Yara paper corrosion inspections during qualiied inspectors with age of ©eactor |, a6 of a leak stop the plant
s Mo o a8 oo o and previous inspecton findings. Measure iner thickness at heal sinks. Assure and mainain proper tracing and insulation
. Suppx o : (temperalure above condensation temperature of vapours); remove lfing lugs; avoid hea sinks. Al these measures will increase
or patiorms. mechanical inegrity o the vessel. As leaking liquid in a urea lemperature o
reactor contains also urea, clogging of he leak detection tubes i
likely to occur.
Higher corrosion rates in areas with | Ammonium carbamate willbe in contact with carbon steel AMMO LASER Leak Detection System, minimizes fime that ammonium carbamate is in contact with carbon steel and minimizes
high velocites or in gaps (6.9 rossure bearing wall leading to pofentially high corrosion rates th ik of o ofh e dfcton ubos A vacuur based e dtection syt ctats mrs ikl ek Poroming
27 |17 Marcn 2025 | between vays and potocive aye) | (1000 mrmivear Tns can mestan tno mochanical gty of the |Operatonal Liner corosion inspections during by qualified e of reactor | In case of a leak stop the plant
leading to defecs in protecive layer | vessel. As leaking liuid in a urea reactor confains also urea, and provios mepaciion Tndinge. Forus on gape and i area batwean ey anl proacive ayer. Awid gape baweon tays anel
(erosion corrosion). clogging of the leak detection tubes i likely to ogaur. proteciive layer during design and fabrication phase.
Fatal falro of high pressure pping | Ammonium carbamate wil b in conact with carbon see! |AMMO LASER Leak Detection System, minimizes time that ammonium carbamate s in contact with carbon steel and minimizes
R o s s oty e oo o the risk of clogging of the leak detection tubes. A vacuum based leak delection system detecis more quickly a leak. Performing
28 |17 Marcn 2023 compieo yihesis secton and (1000 mmiyear) s can restan tho mechaical negiy of R E— Liner UreaknowHow.com Urea Incident Database: corrosion inspections of the high pressure piping system during tumarounds by qualified and experienced inspeclors witha |11 cagg of a leak stop the plant
iAo e e ot e of Incidents 98-003, 00-001 frequency depending on age of the plant and previous inspeciion findings. Make use of skl and experienced designers and
s e R s e o fabricalors also for high pressure piping systems; perform expeciting services by skillul and experienced persons. Never apply
g clamps on carbamale fines.
i possil ht parts of arsas ndemsth th Inor aro ot
tod by circulating ai (nofe there are two grooves in parallel
o e e e e e and s there can be low whil one groowe s cogged). Loak An AMMO LASER Leak Detection System, which i in operation since the first start up, minimizes time that ammonium
20 |17 March 2023 |{5,30 earler leak withou may be detected (oo late. Ammonium carbamate willbein | Operational Liner carbamate is in contact with carbon steel and minimizes the risk of clogging of the leak detection tubes. Note: Only a vacuum | In Gase of a leak stop the plant
ystem in ith carbon steel pressure bearing wall leading to System guarantees a direct monitoring of a maximum iner area also in case some parts are blocked.
vy contact wih ca o g ding ystem gt 9 pa
potentialy high corrosion rates (1000 mm/year). This can
throaten the mechanical inogriy of the vessal,
Clogged eak dtection hole andr | feak detection available. Ammonium carbamate will b in 41 AU LAGER Leak Detecion System, wich s n cporaon sinc e st startup, miinizs i et ammoium
T - ARk kb e s S T e oo oo i o St 3 i ok f o f b e s i O S A |
o et ek wito pnlennally high corrosion rates (1000 mmiyear). Thi e auarantaos  direct menoring o & maimum et srea a1 n 6o  laa detecton hles is blocked of oy one eak
L 5 threaten the mechanical integril of the vessel Sbtoction e s avalable
System in operaion.
Ammonium carbamate will be in contact with carbon steel
S msssss o S L S e e o e T S
31 [17March2023  |Cracking of 316L UG linerin area | (1000 mmiyear). This can threaten the mechanicalinegrty of the | oo iong) Liner corrosion inspect o ofreacior |Incase of aleak stopthe lant
iquid -ges Interface leading to | essel. As leaking liquid In a urea reaclor contains also urea, and previous mspecuun ndings. Look for racks a i Gasntriace. Mnimizs tops & st and auic coolng domh &
possible leaks. clogging of the leak detection tubes i likely to oecur. Note: o
These cracks in liner which grow with siow rates eating up procedures.
Defects in the protective layer leads that ammonium carbamate
Manystops & stats and quick |21 991 nto contact with carbon st prossuro bearing wal AMMO LASER Leak Detection System, minimizes fime that ammonium carbamate is in contact with carbon steel and minimizes
D o et s, | Ammonium carbamate wil be in contact with carbon steel th il o clogging of th ek doctin tubs. A vacuum basedleak etstio system delcts mors uick)y a e Parfoming
32|17 March 2023 |£00N9 down and healing L 19ads | pressur bearing wall Ieacing to potentially high corrosion rates| Operational Liner AICHE 1995 Thielsch paper Gorrosion inspecions during by qualifed age of reactor | In case of a leak stop the plant
iner or igher
frbrhisometito (1000 mmiyear). Ths can threaten the mechanical inegrity of the and provous mepection Tndings. Mimize sope 8. stars ang uick cooing down & heating up proceures. Miniice e
vossel. As leaking liquid in a urea reactor contains also urea, istance between the liner and the carbon steel.
clogging of the leak detection tubes i likely to ogcur.
Ammonium carbamate will be in contact with carbon steel
pressure bearing wall leading {0 potentially high corrosion rates Mo consequance e corosonnspectons g marounds by qulfi and eperencetnspecks i  feuency depenng on e o
33 |17Maron 2023 | Subsurtace defects open up due to {1000 mmygar) T con hreaten e mechanical ineartyof e oporationsl Overtay welding Faioro | eacor and proius nspsion i d to pinholes inds one INNOIe L || o oo o pant
passive corrosion. vessel. A defect in an overiay weld exposes only a imited area of P, o s irough nsulation during founds and
the carbon steel o ammonium carbamate. Leak before break is St doun the lant n e o1 & ook
more lkely scenario.
Ammonium carbamate will be in contact with carbon steel
ressure bearing wallleading to potentially high corosion rates. Mo consequance e corosonnspectons g marouns by qulfi and cperencetnspecks i  feuency depenng on e o
34 |17March 2005 |Weld decay in overlay weiding due | (1000 mimiyear). This can theaten the mechanical integrityof | oo Overtay welding Faioro +23UeN% | reactor and previous inspection findings. lead to pinholes finds one pINNOIS 1 | Lo plant
1o 100 high heat input the vessel. A defect n an overlay weld exposes only a limited ataoratey |1 ety o s irough nsulation during rounds and
area of the carbon steel to ammonium carbamate. Leak before shut down the plant in case of a leak.
break is a more lkely scenario
Pressure safety valve blows off, carbamate crystals will erode
Too high pressure in reacior caused  sea area, prossure safety valve noeds service and unexpected nsignificant
35 [17March2023 | by several possible process upset | down fime of some days. Further large amount of ammonia and | Operational Process consequence |Apply LESER flush safety valves, which do not require sendcing afer blowing of. Double check safe location at blow ofside of
conditions. GO aro emitted to an assumed safo location. Insignificant Likely likelyhood (5) v
safety consequence but environmental and financial issue.
Loss of passive Cr203 layer in the protective layer leads that
Loss of xygen or oo ess oxygen | MMM Carbamate can get nto conact with carbon seel
forproor pesiaton eadng o B e i b I contact AMMO LASER Leak Detection System, minimizes fime that ammonium carbamate is in contact with carbon steel and minimizes
36 |17 March 2023 MO L her 4 e e e | Operational Process the risk of clogging of the leak detection tubes. Take daily Nickel analysis in final product plus keep track of colour of final In case of a leak stop the plant
oot s sl e O T T et
reactor contains also urea, clogging of the leak detection tubes is
likely o oceur.
Defects in the protective layer leads that ammonium carbamate
b R [ it catoon siepressure beating T AMMO LASER Leak Detoton System, miimize mo tha ammonu carbamle i i conact wih carbon st and minizes
37 |17 March 2023 |passive Cr203 pressure bearing wall leading to potentially high corrosion rates | Operational Process «ablwawtnwc Php?=3381=16448p=B203#p8 ihe isk of cloaging of he leak detection lubes, Perlorming cormosion insbections dufing umarounds by Qualiied and exerenced 1 case of aleak stop the plant

oemersa sten of sy nduced
stress corrosion cracking

{1000 mmyoar). s can teaten the mechanica negriy e
sel. As leaking liquid in a urea reactor contains also urea,
(1065173 of th loak detoction bos 1 kol t 0ccor.

inspectors with a actor and
e process side and peform analsis atregula imé intenele

findings. Avoid




Sulphu

Defects in the protective layer leads that ammonium carbamate
with carbon steel

s
side loaing 3 \Wally ue«ms in
Cr

m carbam:

vate will be in contact with carbon steel
pressure bearing wallleading to potentally high corrosion rat

hitp:fiwww. ureaknowhow.com/ukh2/round-

|AMMO LASER Leak Detection System, minimizes time that ammonium carbamate is in contact with carbon steel and minimizes.
the risk of clogging of the leak detection tubes. Performing corrosion inspections during tumarounds by qualified and experienced
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fabricators and welders for ropair jobs. Minimize weldmu as muawprmdum nwalumg is required make use of 26-22-2 welding
material during repair jobs. Never use chioride containing markers.
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is can threaten the mechanical inegrity of the vessel. As. material during repair jobs. Never flush with steam or condens
leaking liquid in a urea reactor contains also urea, clogging of
the leak detection tubes is likely to occur.

Flushing with chioride and sulpfur
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